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option, either will repair the defective product without charge for parts and labor, or will provide a replacement in

exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration
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resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
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integration increases the time or difficulty of servicing the product.
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PRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR
BREACH OF THIS WARRANTY. TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF
WHETHER TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF
SUCH DAMAGES.
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Injury Precautions

Use Proper
Power Cord

Avoid Electric
Overload

Ground the Product

Do Not Operate
Without Covers

Use Proper Fuse

General Safety Summary

Review the following safety precautions to avoid injury and prevent damage
to this product or any products connected to it.

Only qualified personnel should perform service procedures.

To avoid fire hazard, use only the power cord specified for this product.

To avoid electric shock or fire hazard, do not apply a voltage to a terminal that is
outside the range specified for that terminal.

This product is grounded through the grounding conductor of the power cord.
To avoid electric shock, the grounding conductor must be connected to earth
ground. Before making connections to the input or output terminals of the
product, ensure that the product is properly grounded.

To avoid electric shock or fire hazard, do not operate this product with covers or
panels removed.

To avoid fire hazard, use only the fuse type and rating specified for this product.
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Operator’s Safety Summary

Do Not Operate in  To avoid electric shock, do not operate this product in wet or damp conditions.
Wet/Damp Conditions

Do Not Operate To avoid injury or fire hazard, do not operate this product in an explosive
in Explosive  atmosphere.
Atmosphere

Product Damage Precautions

Use Proper Do not operate this product from a power source that applies more than the
Power Source voltage specified.

Provide Proper  To prevent product overheating, provide proper ventilation.
Ventilation

Do Not Operate With  If you suspect there is damage to this product, have it inspected by qualified
Suspected Failures  service personnel.
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Safety

Safety Terms and Symbols

Terms in This Manual These terms may appear in this manual:

WARNING. Warning statements identify conditions or practices that could result in
injury or loss of life.

CAUTION. Caution statements identify conditions or practices that could result in
damage to this product or other property.

Terms on the Product  These terms may appear on the product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an injury hazard not immediately accessible as you
read the marking.

CAUTION indicates a hazard to property including the product.
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Operator’s Safety Summary

Symbols on the  The following symbols may appear on the product:
Product

4 S VAN

DANGER Protective Ground ATTENTION
High Voltage (Earth) Terminal Refer to
Manual

Certifications and Compliances

(]

Double
Insulated

CSA Certified Power  CSA Certification includes the products and power cords appropriate for use in
Cords the North America power network. All other power cords supplied are approved

for the country of use.

XXViii
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Welcome

This is the User Manual for the AWG2005 20MHz Arbitrary Waveform
Generator.

Section 1 Getting Started covers the features of the AWG2005, initial in-
spection, and start up. In particular, the start up section covers the proce-
dures required prior to turning on the unit and points that require special

care or caution. Be sure to read this section carefully.

Section 2 Operating Basics first describes the components of the
AWG2005 and their functions. Then it describes the operating procedures
used to output waveforms from the AWG2005 by presenting a few simple
examples.

Section 3 Functional Operation Summary presents a basic operational
overview of the AWG2005.

Section 4 Reference explains the specific functions and execution method
details for each menu.

Appendices describe option and accessories, specifications, sample wave-
form library, and various miscellaneous subjects.

Related Manuals

Other documentation for the instrument includes:

m  The AWG2005 Programmer Manual (Tektronix part number 070-8657-XX)
explains how to control the AWG2005 with a computer through the GPIB
or RS-232-C interface. This manual is a standard accessory.

®  The AWG2005 Service Manual (Tektronix part number 070-8962-XX)
provides information to maintain and service AWG2005, and provides a
complete board-level description of the instrument’s operation. This
manual is an optional accessory.

AWG2005 User Manual
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Welcome

Conventions In sections 2 through 4, you will find various procedures that contain steps
of instructions for you to perform. To keep those instructions clear and
consistent, this manual uses the following conventions:

Contacting Tektronix

Names of front panel controls and menu item names are printed in the
manual in bold with the same case (e.g., initial capitals, all upper case)
as they appear on the unit itself.

Instruction steps are numbered. When the number is omitted there is
only one step.

When menu items are displayed in the manual, the menu type, either
bottom menu, side menu, or sub-menu, is distinguished and indicated
as shown below.

Side Menu
or Sub-Menu

Bottom Menu

Consecutive button operations are expressed as shown below.
Setting (bottom) — View type... (side) — Timing (sub)
This expression describes the following button operations.

1) Selecting the "Setting” item from the bottom menu
2) Selecting the "View type...” item from the side menu.
3) Selecting the "Timing” item from the sub-menu.

Phone 1-800-833-9209
Address Tektronix, Inc.

Department or name (if known)
14200 SW Karl Braun Drive
P.O. Box 500

Beaverton, OR 97077

USA

Web site www.tektronix.com

Sales support 1-800-833-9200, select optiofi 1
Service support 1-800-833-9200, select optiof 2
Technical support Email: techsupport@tektronix.com

1-800-833-9200, select optior 3
1-503-627-2400

6:00 a.m. — 5:00 p.m. Pacific time

This phone number is toll free in North America. After office hours, please leave a
voice mail message.

Outside North America, contact a Tektronix sales office or distributor; see the
Tektronix web site for a list of offices.
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Overview

This section describes the features of the AWG2005, initial inspection, and
start up.

Product Description

The AWG2005 is a portable arbitrary waveform generator equipped with two
output channels and capable of generating both arbitrary and standard
function waveforms.

This arbitrary waveform generator provides these major features:
m  custom waveforms for simulation and testing
m  waveforms that can not be generated with function generators

As an arbitrary waveform generator, this instrument has a highest clock
frequency of 20 MHz, an independent 64K-word, 12-bit internal memory for
each channel, and an output amplitude to 10V, (into 50 Q). It can also
generate a one-bit marker output which can be placed anywhere within the
64K location memory corresponding to each arbitrary output channel.

There are several options available for the AWG2005, including four-channel
output, clock sweep, digital data output, and FFT and convolution waveform
editor. These options allow the AWG2005 to handle a wide range of applica-
tions.

This instrument has four editors for making waveform files. Each editor is
equipped with a variety of editing functions, as described below.

1. Waveform Editor — creates waveform data. This editor can display its
data in three formats: graphical, table, and timing, and the data can be
edited in the format appropriate for the application. Furthermore, the
waveform editor can edit up to three waveform files at the same time,
thus easing the creation of related waveform files.

2. Sequence Editor — creates sequences of waveforms by combining
waveform files created with the waveform editor.

3. Equation Editor — creates files with equations and compiles them into
waveform files.

4. Autostep Editor — programs waveform files, including output conditions
for each channel, in steps.

An FFT editor and a convolution waveform editor are provided with
AWG2005 units that include Option 09. These editors support frequency
domain editing and waveform convolution calculations.

Similarly, a clock sweep editor is provided for Option 05. This editor allows
the simple realization not only of linear and log sweeps, but also of arbitrary
sweeps.

AWG2005 User Manual
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As a function generator, this instrument can generate sine waves, triangle
waves, square waves, ramp waves, and pulse waves. It can set the frequen-
cy, amplitude, offset, polarity, and other factors for each of these waveforms,
independently for each channel.

The AWG2005 has a 3.5-inch floppy disk drive and non-volatile memory for
storing created waveform data and parameter settings. Each of these stor-
age devices can store the files created with the editors.

You control this instrument by way of its front panel hierarchical menu dis-
play system or its rear panel GPIB or RS-232-C interfaces.

Waveforms can be transferred directly through the GPIB interface from a
digital storage oscilloscope. Such direct waveform transfers allow for many
types of applications with other measurement equipment and computers.
Supported equipment includes our major digital storage oscilloscopes as
well as the digital storage oscilloscopes of other leading manufacturers.

Initial Inspection

Before unpacking the AWG2005 from its shipping carton, inspect it for signs
of external damage. If the carton is damaged, notify the carrier. The carton
contains the basic instrument and its standard accessories. Refer to the
Standard Accessories list in Appendix A.

This instrument was thoroughly inspected for mechanical and electrical
defects before shipment. It should be free of mars or scratches. To confirm
this, inspect the instrument for physical damage incurred in transit and test
instrument functionality by following the Operating Examples in this manual.
The Service Manual contains a full Performance Verification, and can be
ordered from Tektronix (part number 070-8962-XX). If a discrepancy is found,
contact your local Tektronix Field Office or representative.

NOTE

At installation time, save the shipping carton and packaging materi-
als for repackaging in case shipment becomes necessary.




Start Up

This section describes the procedures required prior to turning on the
AWG2005.

Installation

Before you begin, refer to the Safety Summary at the front of this manual for
power source, grounding, and other safety information.

Before you use the instrument, ensure that it is properly installed and pow-
ered on. To properly install and power on the instrument, perform the follow-
ing steps:

|:| Step 1: Check that the operating environment is correct.

The AWG2005 operates correctly in ambient temperatures from +10°C
to +40°C and relative humidity from 20% to 80%. If this instrument is
stored at temperatures outside this usage temperature range, do not
switch on the power until the chassis has come within the usage tem-
perature range. For the information on the other operating environment,
see Appendix B: Performance Characteristics.

NOTE

If you are installing this instrument in the dedicated rack, refer to
the instruction sheet that comes with the rack mounting kit.

|:| Step 2: Before switching on the power, double check that there is
nothing blocking the flow of air at the fan and air intake holes.

This instrument takes in outside air and cools itself by forcibly exhaust-
ing air with the fan on its left side. Leave space at the sides of this instru-
ment so that the heat generated within the instrument does not build up
and harm the operation. There are holes for air intake on the sides and
bottom of this cabinet. After switching on the power, double check that
the fan is turning. Here are the minimums for the space at the sides of
this instrument.

Top and rear: 3 inches

Left and right: 6 inches

Always unplug the power cord from the socket before checking the
line fuse to avoid electrical shock.
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[] step 3: Remove the fuse from the fuse holder on the rear panel and
check the fuse.

To remove the fuse, turn it counter-clock-wise with a screwdriver while
pushing it in. There are two types of fuses that may be used. Here are
the fuse types and ratings.

Fuse Part Fuse Cap Part
Fuse Number Number
0.25 inch x 1.25 inch (UL 159-0239-00 200-2264-00
198G,3AG): 6A FAST, 250 V.
5 mm x 20 mm (IEC 127):5A (T), 159-0210-00 200-2265-00
250 V.

|:| Step 4: Check that you have the proper electrical connections.

The AWG2005 operates at the following power supply voltage.

Line Voltage Range 90V - 250V

Line Frequency 48 Hz — 440 Hz (90 V — 127 V)
48 Hz — 63 Hz (127 V — 250 V)

Maximum Power 300 W

Instruments are shipped with a power cord appropriate for use with
normal 115 V power systems. If the AWG2005 is to be used with
230 V power, the power cord must be replaced with one appropri-
ate for the power source used. See Figure 1-2, "Optional Power
Cords”, for the available power cord types.

|:| Step 5: Connect the proper power cord from the rear-panel power
connector to the power system.
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Power On [] step 6: Push the PRINCIPAL POWER SWITCH (shown in Figure 1-1)
on the rear panel of this instrument. Power is now applied to the standby
circuit of this instrument.

Power Connector

Il

/
Fuse Principal Power
Switch

Figure 1-1: Rear Panel Controls Used In Start Up

AWG2005 User Manual 1-5



Start Up

Standard* Option A1 Option A3
North American Universal Euro Australian
115V 230V 230V

Option A4* Option A5 Option 1A* Option 1B
North American Switzerland North American North American
230v 230v 115V/High Power 3-Phase

* Canadian Standards Association certification
includes these power plugs for use in the
North American power network

Figure 1-2: Optional Power Cords




Start Up

D Step 7: Press the ON/STBY switch (shown in Figure 1-3) on the lower

left side of the front panel to switch on the power for this instrument.
This instrument needs to be warmed up for at least 20 minutes in order
to operate at its optimum precision.

Once this instrument is installed, it is typical to leave the PRINCIPAL
POWER SWITCH on and use the ON/STBY switch as the power switch.

l Tekironix AWG2005  ARBITRARY WAVEFORM GENERATOR ]

\
ON/STBY Switch

Figure 1-3: ON/STBY Switch

Start-up Diagnostics

[] step 8: Check the results of the start-up diagnostics.

When the power is applied to this instrument, the start-up diagnostics
are carried out. It checks whether the instrument is performing within its
defined operating characteristics.

If all the diagnostic items are completed without error, Pass is displayed
and the system moves on to the SETUP menu.

If an error is detected, Fail and the error code are displayed. You can
exit this state and operate this instrument, but until the error is cor-
rected, the waveform outputs can not be relied on. If the "Uncal” as the
error message is displayed, you should execute the calibrations in the
UTILITY menu. Still, when the error message is displayed, contact our
nearest representative. To exit the diagnostics system, press any of the
buttons. The system moves on to the SETUP menu.
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NOTE

In order to preserve the precision of this instrument, after the
completion of the warmup or temperature changes, calibrate this
instrument. For details on how to calibrate, see the explanation of
the Calibration item on the UTILITY menu in Section 4.

If this instrument is exposed to temperatures outside its usage temperature
range and the chassis temperature is inappropriate, an error will occur

during the diagnostics when the power is switched on. If this happens, wait
till the chassis temperature is appropriate, then switch the power on again.

Power Off

[] step 9: Toggle the ON/STBY switch.
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Introduction

This section will discuss the following:

Overview
The names of the parts of the instrument and their functions.
Basic Menu Operation

Operations commonly performed on the instrument and how to enter
numbers.

Operating Examples
Simple examples showing how to output waveforms.

These examples are designed to help you gain a basic understanding of
the instrument.
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Overview

The instrument can be divided into three main areas: the front panel, the
side panel and the rear panel. In this section, we will list the names and
functions of the parts in each of these areas. We will also list typical display
messages that appear on the screen and what they mean.

Front Panel

Refer to
Fig.2-2
% ) o .
X \
[Tektromx\ AWG2005 ARBITRARY WAVEFé@M GENERATOR ] £ MENLY
&w)p O&)RSOR %E @ %copv
O MoDE -— ITRIGGER
~ O O O =
Ull2| elaes
0S| galgl
ouTILITY [ <= 10KQ =10V
i sllEEE =
O[] ool S
0

Figure 2-1: Front Panel Overall View
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Overview

(1) Bottom Buttons

Use the seven bottom buttons to display corresponding menus. Pressing
any button in the MENU column, or the F.G button, displays its correspond-
ing menu. These menus are generally the highest level menus.

(2) Side Buttons

Use the five side buttons to select the side menus displayed on the right
side of the screen. Selecting any item from bottom menu displays a side
menu. The side menu is generally a lower level menu.

(3) CH3/CH4 Waveform Output Connector (Option 02)

Instruments that have the Option 02 installed are equipped with an addition-
al connector for output of CH3/CH4 waveforms. The maximum output level
is 10 Vp-p with a 50€2 termination.

Do not apply any external voltage to the output connector of this
instrument. Doing so can harm this instrument.

(4) CH1/CH2 Waveform Output Connector

CH1/CH2 waveforms are output from this connector. The maximum output
level is 10Vp-p with a 50€2 termination. Note, however that output may
exceed 10 Vp-p if AM, Add, Ext AM or Ext Add mode has been selected for
CH1 Operation from the SETUP menu.

Do not apply any external voltage to the output connector of this
instrument. Doing so can harm this instrument.

(5) Channel On/Off Buttons and Indicators

Press the channel on/off buttons to switch the output for each channel on
and off. When set to on, the LED indicator is lit and a waveform is output.
When set to off, the LED indicator is extinguished and a waveform is not
output.
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Overview

(6) CLEAR MENU Button

Press this button to cancel any entering alphanumeric input and return the
system to the data before input. Also, for a side menu item with ”...” at-
tached to it, pressing this button returns the system from the sub menu
(lower-level menu) to the side menu. Using remote commands, the user may
delete a message that has been entered in the message area (see Page
2-15).

(7) ON/STBY Button

When the PRINCIPAL POWER SWITCH on the rear panel has been
pressed to supply power to the standby circuit, this button can be pressed
to provide power to the other circuits of the instrument. Normally this button
is used as a power switch.

19
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Figure 2-2: Front Panel Button Detail
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(8) Menu Buttons and Indicators
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The MENU column comprises the SETUP, MODE, EDIT, LOAD/SAVE and
UTILITY buttons. To display one of these five main menus on the screen,
press the corresponding button in the MENU column. The corresponding
LED indicators show which menu has been selected. Each of these menus
is described in detail in Section 4A through 4F.

SETUP Menu

Use the SETUP menu to set the following waveform output parameters for
each channel: clock source and frequency, waveform/sequence file selec-
tion, operation, filter, amplitude and offset. See Section 4B for more informa-
tion.

MODE Menu

Use the MODE menu to set the operation mode. There are two main types
of operation modes: the trigger modes (Cont, Triggered and Gated) and
the modes in which waveforms are output in sequence for each trigger
(Waveform Advance and Autostep). This menu also has an item for con-
trolling master/slave unit in the system. See Section 4C for more informa-
tion.

EDIT Menu

The EDIT menu incorporates four types of editors: the waveform editor, the
equation editor, the sequence editor and the autostep editor. Editing can be
performed for each file type. Instruments with Option 05 installed also have a
clock sweep editor which provides linear, log and arbitrary sweep output for
clock frequencies. Instruments with Option 09 installed have an FFT editor to
permit editing in the frequency domain and a convolution editor to operate
the waveforms convolution in high speed.

The EDIT menu displays a list of files stored in internal memory. New files
can be created or existing files can be selected from this list and edited. See
Section 4A for further information.

LOAD/SAVE Menu
Press the Load/Save bottom button to select the appropriate menu.
See Section 4D for further information.

LOAD Menu — Used when loading files from a floppy disk or non-volatile
internal RAM (NVRam) into the internal memory of the AWG2005, or from
another instrument through the GPIB interface.

SAVE Menu — Used when saving files from the internal memory of the
AWG2005 to a floppy disk or to the instrument’s NVRam.
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UTILITY Menu

Use the UTILITY menu to operate on the files saved to a floppy disk or the
instrument’s NVRam; to set the parameters for the GPIB or RS-232-C inter-
face; to execute diagnosis or calibration of the instrument; or to set other
instrument parameters. See Section 4E for further information.

(9) < and — Buttons

Use the arrow buttons to shift to the right/left of the input digit or position
when a numeric value or character is input using the general purpose knob.
The digit input numeric value is indicated at the underscore. Hold down
these arrow buttons to shift in succession.

(10) CURSOR Button and Indicator

Use the CURSOR button to select a field or switch the active cursor. The
function of CURSOR button is different depending on each menu.

When the LED indicator is illuminated, cursor function is activated. When
special CURSOR button movement is required, a description of the CUR-
SOR button is displayed on the screen.

(11) VALUE Button and Indicator

Press the VALUE button to light the LED indicator. In this state, inputting the
numeric values or selecting the item can be done using the numeric keys or
the general purpose knob. After inputting or selecting, press the VALUE
button to enter the setting. When a special VALUE button movement is
required, an explanation of the VALUE button is displayed on the screen.

(12) General Purpose Knob

Use this knob to set a variety of functions and numerical values on the
instrument. A knob icon shown on the screen indicates that that item is
controlled by this knob.

(13) Delete Key

Use this key to delete the character just in front of the cursor. Hold down the
key to delete characters in succession.

(14) HARDCOPY Button

Use this button to output a hard copy of the data displayed on the screen.
The hard copy can be output to disk or to either the GPIB or RS-232-C
interface.
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(15) TRIGGER INPUT Connector

This connector is used to enter an external trigger or gate signal. With 10kQ
input impedance, the maximum external signal that can be input is =10V.

(16) TRIGGER MANUAL Button

When the operation mode is set to Triggered, Waveform Advance or
Autostep, pressing the MANUAL button will cause waveform output to
begin. Waveform output will proceed and stop in accordance with the mode
that has been set. In Gated mode, the waveform will be output only as long
as the MANUAL button is pressed. In Cont mode, pressing the MANUAL
button has no effect.

(17) Unit Keys and ENTER Key

The following unit keys are provided: ns, MHz/us, kHz/ms/mV and Hz/s/V.
Press the appropriate unit key to specify the desired numeric value and unit.
Also, if a hexadecimal radix is selected from the Waveform Editor Table
display, the unit key is used to input C—F. Press the ENTER key to enter the
numeric value and selected item.

(18) Numeric Keys

Press the numeric keys to enter numeric data. The numeric keys include the
numerals 0 through 9, and the ”.” and ”—" symbols. The ”.” and ”—=" numer-
ic keys are also used to input hexadecimal ”A” and "B”, respectively, in the
Waveform Editor Table display. Hold down a numeric key as desired to

repeat its input.

(19) F.G Button

Press the F.G button to switch from arbitrary waveform generation mode to
functional waveform generation mode. Use this mode to select one of the
standard function waveforms for each output channel and to set its
parameters. The functional waveforms include sine, triangular, square, ramp
and pulse waveforms. You can set each function’s parameters. See Section
4F for further information.
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Side Panel

LED Indicator Eject Button

Figure 2-3: Side Panel

(20) Floppy Disk Drive

The floppy disk drive is used for storing various types of files. Files can be
loaded or saved from/to floppy disk using the LOAD/SAVE menu. When the
disk drive is in operation, the LED indicator is lit. Remove a floppy disk by
pressing the eject button.

NOTE

Never press the eject button to eject the floppy disk while the disk
drive indicator light is lit, as the stored data may be corrupted and
errors may result.
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Rear Panel

Refer to Fig.2-5
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Figure 2-4: Rear Panel Overall View
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(21) Power Source Connector

A power cord is connected to the power source connector.

(22) PRINCIPAL POWER SWITCH

When this switch is on, power is supplied to the standby circuit in the power
system. Press the ON/STBY button on the front panel to supply power to the
rest of the instrument.

(23) Fuse Holder

The power supply fuse is enclosed in the fuse holder. The same fuse is used
for both 115V and 230 V systems. A 6 A fast-blow fuse is used.

NOTE

When using the AWG2005 in Europe, you should use an IEC-ap-
proved fuse. For details, see Page 1-4.

(24) SWEEP OUT Connector (Option 05)

This connector is provided only when Option 05 is installed. It is used to
output voltage proportional to the linear, log or arbitrary sweep output
created with the clock sweep editor. At an output impedance of 600L, the
maximum output voltage is 5 V with no termination.

(25) CH1 AM IN Connector

This connector is used to enter an external AM modulation waveform to
CH1. With a nominal input impedance of 10k, the maximum voltage of the
external signal that can be entered is 5 V. At =1 V input, 100% modulation
is possible.

(26) CH1 ADD IN Connector

This connector is used to enter an external added waveform to CH1. With a
nominal input impedance of 50€2, the maximum voltage of the external signal
that can be entered is =5 V.

AWG2005 User Manual
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(27) RS-232-C Connector

The RS-232-C connector enables remote control by a computer via this
serial interface.

(28) IEEE STD 488 Connector

The IEEE STD 488 connector enables remote control by a computer via an
IEEE STD 488 parallel interface.

(29) CH3/CH4 MARKER OUT Connectors (Option 02)

These connectors are only provided when Option 02 is installed. They are
used to provide a user-designated CH3/CH4 marker. The output impedance
will be at the TTL level at 50Q2 with no termination.

(30) CH1/CH2 MARKER OUT Connector

These connectors are used to provide a user-designated CH1/CH2 marker.
The output impedance will be at the TTL level at 50Q2 with no termination.

(31) CLOCK OUT Connector

This connector is used for internal clock output. The output impedance will
be at the TTL level at 502 with no termination.

(32) CH1/CH2 DIGITAL DATA OUT Connector (Option 04)

These connectors are used to output CH1/CH2 digital data. The output
impedance will be at the TTL level at 50Q2 with no termination. For details,
see Appendix A "Option 04.”

(33) CONTROL SIG OUT Connector

This connector is used for control signal output. When this instrument is
connected in parallel, the control signal is used to control the slave instru-
ment. The output impedance will be at the TTL level at 50Q2 with no termina-
tion.

(34) CONTROL SIG IN Connector

This connector is used for control signal input. With a nominal input imped-
ance of 10k<2, an external control signal at the TTL level can be entered.

(35) CLOCK IN Connector

This connector is used for external clock input. When this instrument is the
master instrument, the connector has an input impedance of 330Q2; when it
is the slave instrument, the connector has an input impedance of 10k<. In
either case, an external clock at the TTL level can be entered.

AWG2005 User Manual
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CRT Display

GPIB
Undo Buffer empty.

Continuous mode

Master|Stopped
T1-Nov-93 11:11:16

@

Towmrnsrnngl 172N R Y] Rl &1 Operation < C)
1000 pts  Yalue 0.0000 pes———s——/2 [Ue 0. 0000 b .
1.6065 i
cut
Copy
to Buffer
Paste
from Buffer @
Draw...
-1.0000 M
MARKER B| ore
10f3
@—»C TR Switch Cursor _J
Select/ i ; Standard |Close/
apen Zoom Setting Undo waveform Write

GPIE Continuous mode

Master|Stopped

11-Now-93 11:12:62

Catalog : Memory Free : 2480KR

Name Type Size Date & Time Comment
SAMPLE-1 WFM 2948 93-11-11 12:00
SAMPLE-2 WRM 2948 93-11-11 12:83
SAMPLE-3 WFM 2048 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12: 11
SAMPLE-4 WRM 2948 93-11-11 12:18
SAMPLE-5 SE0) a6e  93-11-11 12:13
SAMPLE-6 AST 554 93-11-11 12:15

Are you sure you want to
delete "SAMPLE-1.WFM" ?

v

I

Cancel

O.K.

Rename | Comment Delete All

Lock
On‘

®) )

Figure 2-6: CRT Display
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(1) Status Area

The status line always displays the status of the instrument, no matter what
menu is displayed on the screen. Five items are shown on the status line:
the interface status (see the AWG2000 Series Programmer Manual); the
operation mode and the trigger status (see Page 4C-5); and the clock icon
(which indicates that the instrument is busy and cannot accept input from
any other sources)(@)).

(2) Date and Time Area

The date and time are displayed here. The display can be turned on and off
in the UTILITY menu (see UTILITY section).

(3) Bottom Menu Label Display

The label for the selected bottom menu item is displayed.

(4) Side Menu

When selecting an item from a bottom menu, the corresponding side menu
is displayed at the right of the screen. ltem selection, numeral input, and
execution of functions are performed by pressing the button corresponding
to the side menu item.

(5) Bottom Menu

Press any button of the MENU column or the F.G button to display the
corresponding bottom menu in the lower part of the screen. To select an
item from a bottom menu, press the corresponding button.

(6) Message Display

This area displays inquiries, or warnings for the user, enclosed in a box.

(7) Button Operation Area

Explanations of each front panel button operation for the current menu are
shown in this area.

(8) Message Area

In the event of an error, a message (brighter than normal for easy visibility) is
displayed in this area. This is not an interrogative to the user. Remote com-
mands can be used to enter a user-designated message.

AWG2005 User Manual
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Basic Menu Operation

Menu Operations

Operations (settings, procedures and selection of parameters for waveform
output) are performed on this instrument by means of the system’s menus.

When one of the menu buttons in the center of the front panel is pressed,
the menu corresponding to that button will appear. There are six menu
buttons: the five buttons used in arbitrary waveform generation mode (SET-
UP, MODE, EDIT, LOAD/SAVE and UTILITY) and below them the button
used in function waveform generation mode (F.G). See Figure 2-7.

The menu items displayed on the screen are selected by pressing the
corresponding bezel buttons at the bottom of the screen (hereafter referred
to as bottom buttons) or to the right of the screen (hereafter referred to as
side buttons). There are 7 bottom buttons and 5 side buttons. When one of
the buttons is pressed to select an item, that item will be displayed inverted
on the screen to indicate that it is operational. See Figure 2-7.

MENU Buttons

( Tektronix  awG2005 ARBITRARY WAVEFORM GENERATOR )

venu L)
OseTuP
-
-,
- o o
Jilo
Oty
Side Buttons ——» O D)
O rc
Bottom Buttons O =
10
( ) —
Q) (D000 00OO @

_/

Figure 2-7: Menu Buttons and Bezel Buttons

When you select the desired menu item, the numeric input columns and the
selections controlled by that menu are displayed. To change the selections
and numeric values, use the numeric keys or general purpose knob.

AWG2005 User Manual
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When you select a menu item, one of the following occurs.

m  The lower-level menu is presented.

m  The desired item can be selected and may have these characteristics:
each time the bezel button is pressed, the selection changes.
a list is presented from which you can select.

®  Numeric values can be input.

®m  The moment the menu item is selected, the function is executed.

Menu Names

The on-screen menus are hierarchical. This section will give the names of
the menus in order from top (first level) to bottom.

Main Menus

There are several different main menus. Pressing one of the MENU buttons
causes the corresponding main menu to appear.

Bottom Menu

This menu is shown at the bottom of the screen. These items can be se-
lected by pressing the corresponding bottom button.

Side Menu

This menu is shown in the right-hand side of the screen. These items can be
selected by pressing the corresponding side button.

Sub-Menus

These menus are shown below the side menu. When an item in the side
menu is followed by an ellipsis (...), it indicates that that item has a sub-
menu listing additional choices.

Numeric Input

Generally, numbers are entered using one of the following methods:
®  Enter the desired value using the numeric keys
®m  Turn the general purpose knob to set the desired value

In the following section, we will explain these numeric input methods in more
detail.
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Using the Front Panel Numeric Keys

To specify numeric values with the numeric keys, ENTER key, and unit keys
on the front panel, perform the following steps.

D Step 1: Press the button for the menu item you want to change.
D Step 2: Use the numeric keys to input the desired value.
[] step 3: Press one of the unit keys or the ENTER key.

Figure 2-8 shows the menu displayed when Amplitude is selected from the
SETUP menu. In this figure, the numeric keys are used to change the ampli-
tude. Here the asterisk in the numeric input column indicates that the value
is being input. Press the front panel ENTER key to enter the value and
remove the asterisk.

GPIB Triggered mode Master|Waiting for Trigger
j I/\/ /&/ CH1 Amplitude
L] ; P
Through | [N | [G.000¢ ® CHI
Period: 106.0us # 2.5
Points: 10666
SINE.WEM Horm Max: ©.5000¥/500
Min: -0.5000v/50C CH2
m 1.000%
10. 06MHZ
(Through| [T.000¥| [©.096V]
Period: ——-——-
Points: ————-
[ | Max: ----—-
Min: ----—-
Clock | Waveform CH1 Filter Bl Offset
Sequence |Operation ’ Text

Figure 2-8: Numeric Input Using Numeric Keys

Numeric input keys

Four types of keys are used to enter numeric values: the numeric keys (0 —
9), the unit keys (ns, MHz/us, kHz/ms/mV and Hz/s/V), the Delete key and
the ENTER key. These are shown in Figure 2-9.

AWG2005 User Manual
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( ns )Q

MHzhs Delete Key
~

kHz/ms/mVD @

C D

Hz/sIV c ENTER

)
/
" No
" Neo

N
/
" Na

N o
/ / /

7 Ne

7
/
. " Nw
N N N / /

/\\I
/@

\ IR
T

Numeric Keys Unit Keys ENTER Key

Figure 2-9: Numeric Keys, Unit Keys, Delete Key, and ENTER Key

Numeric Input Examples

Example 1: Clock frequency numeric input
(Clock in SETUP menu)

The value before input mode was 100.0 Hz and is to be changed to 12.3 Hz.
Pressing the ”17, 727, ».”, ”3”, and ENTER keys in order changes the input
column this way:

Table 2-1: Numeric Value Input Example 1

Input Key Numeric Value Column Numeric Value Status

100.0 Hz Before input

1 * 1

2 * 12

During input

* 12.

3 * 12.3

ENTER 12.30 Hz Entered

When you press one of the numeric keys, the instrument switches to numer-
ic input status and the value that has been entered is displayed in the input
column, preceded by an asterisk. Enter other numbers as desired and then
press the ENTER key to confirm the value. Unless otherwise designated, the
unit that is used for numeric input will be the same as when numbers were
previously entered.
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To change the unit to MHz, press 17, ”2”, ”.”, ”3”, and MHz/us keys in
order. This changes the value to 12.30 MHz. The frequency is expressed by
a four-digit number.

When a value has been entered, pressing one of the unit keys will change
the unit to that value and will confirm the number that has been entered. If
you press the unit key before the instrument has entered numeric input
status), only the unit will change; the numeric value that is currently dis-
played will be unaffected.

NOTE

After a value has been entered, if you proceed to another menu
item without first pressing either a unit key or ENTER, the input
operation will be canceled; the value you have entered will be
discarded and the previous value will be retained. If you attempt to
enter a value outside the allowable range, whether too high or too
low, the value will change to the closest allowable value (in other
words, either the minimum or the maximum value).

Example 2: Offset numeric input
(Offset in SETUP menu)

This example changes the offset from 2.500 V to —0.030 V. The input is as
shown in this table.

Table 2-2: Numeric Value Input Example 2

Input Key Numeric Value Column Numeric Value Status
2.500V Before input
— * —
3 * 3 During input
0 * 30
kHz/ms/mV —0.030V Entered
In this case, pressing "—", ".”, ”0”, ”3” Hz/sec/V also enters a value of

—0.030 V. The unit is displayed as "V”.
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Using the General Purpose Knob

When the knob icon is displayed on the CRT screen, numeric values can be
set using the general purpose knob and the < (left/down) and — (right/up)
buttons. When setting numeric values in this manner, the value in the num-
ber column that is underlined will be increased or decreased. Values will
decrease when the general purpose knob is turned counter-clockwise and
increase when the general purpose knob is turned clockwise. Values cannot
be changed outside the parameter range. Figure 2-10 shows the general
purpose knob and arrow buttons. Figure 2-11 shows the knob icon and the
figure in the window with the first decimal place underlined, indicating that
this value may be changed.

O cursor O VALUE

-

S

Arrow Buttons General Purpose Knob
Figure 2-10: General Purpose Knob and Arrow Buttons

Knob Icon — 5 a

Internal
Clock

160, BOMHZ

Underscore

Figure 2-11: Knob Icon and Underscore

When a numeric value has been changed using the general purpose knob,
there is no need to confirm it by pressing the ENTER key on the front panel.
The numeric value is entered automatically without pressing the ENTER key.
To change a value using the general purpose knob, perform the following
steps.
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|:| Step 1: Press the button for the menu item you want to change.

Basic Menu Operation

[] step 2: Pressthe — and — buttons to specify the digit to be the index

for input.

The amount of change obtained by turning the general purpose knob is

controlled with the front panel <— and — keys. Press the < key to move the
underscore to the left and thus raise the amount of change to 10x. Or press
the — key to move the underscore to the right and thus reduce the amount

of change for general purpose knob turning to .

|:| Step 3: Turn the general purpose knob to change the value.

Numeric Specification Example

Turning the general purpose knob one click to the right increases the value
of the underscored digit by 1. Turning it one click to the left decreases the
value by 1. For example, if the value is 173.0 and the cursor is under the 7,
turning the general purpose knob left or right changes the value as shown

below. If the underscored value is already 1, turning the general purpose
knob left does not decrease the value any further.

173.0
183.0
193.0
203.0
213.0
Turning right

173.0
163.0
23.00
13.00

Turning left

When the value has already been increased to the maximum allowable value
for the parameter, turning the general purpose knob further to the right has

no effect. Similarly, when the value has already been decreased to the
minimum allowable value for the parameter, turning the general purpose
knob further to the left has no effect.

AWG2005 User Manual
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Operating Examples

In this section, we will use simple examples to illustrate the basic procedures
for waveform output on the AWG2005. Six examples will be given; these are
listed below. Buttons and menu items to be used will be shown to the left, and
a description of the corresponding operation will appear on the right.

First of all, you should make sure the power to the unit has been turned on;
see Section 1 "Start Up” for instructions on how to do this.

Example 1: Setting the Date & Time and Adjusting the Brightness
Example 2: Output of a Waveform Using the Sample Waveform Library Disk
Example 3: Creating Files and Arbitrary Waveform Outputs

Creating a Waveform File

Creating Arbitrary Waveforms Using the Point Draw Function
Creating Waveforms Arithmetically

Creating an Equation File

Creating a Sequence File

Creating Autostep Files

Setting the Output Parameters

Setting Operation Mode and Waveform Output

Example 4: Loading and Saving Files

Example 5: Loading Waveforms From Other Instruments

Example 6: Using the Waveform Function Generator

When a detailed description of a function is needed at the operation stage,

see the section dealing with that particular menu (4A — 4F).

NOTE

These examples do not cover all of the functions and special
features of the instrument. The purpose of the examples is only to
give you practice in executing basic operations on the instrument.

Necessary
Equipment

The following equipment is needed to execute Examples 1 — 6:

m  Digital storage oscilloscope (Tektronix TDS series instrument or equivalent)
m 50 Q cables (3)

= GPIB cable (1)

m 50 Q terminators (2)

m  Sample waveform library disk (included with the instrument as a stan-
dard accessory

AWG2005 User Manual
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m  Signal generator

Example 1: Setting
the Date & Time and
Adjusting the
Brightness

UTILITY

()

)
Date Time

In Example 1, you will set the date and time on the instrument’s built-in clock
and adjust the brightness of the screen.

Setting the Date and Time
In this operation, you will set the date and time on the instrument.

Be sure to do this when using the instrument for the first time. Once set,
there will usually be no need to reset these values. However, if the instru-
ment has not been used for an extended period of time, the date and time
may be incorrect; in such cases, you should set these values again using
the same procedure. The date and time are important, as they are used as a
time stamp when creating or editing files.

In this example, you will set the date to November 12, 1993 and the time to
15:30, using the following procedure.

[] step 1: Press the UTILITY button in the MENU column.

[] step 2: Select Date Time from the bottom menu.
The menu shown in Figure 2-12 will appear.

GPIB Continuous mode Master|Stopped

Date Time

Year
1993

Month

\ 11
@ 11-Noy-93
Day

11111
11

Hour
11

Minute

11

¥

Diag/Cal

il

Misc

GPIB

‘ [ ‘ ] a
R5232C |PEUCEN ]S

Disk NV Ram

Figure 2-12: Menu Display (showing Date/Time item selected)
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Year

@ 1993

Minute

@ 30

Operating Examples

[[] step 3: Select Year from the side menu.

|:| Step 4: Turn the general purpose knob to set the year to 1993.

[[] step 5: In the same manner, select Month, Day, and Hour from the
side menu and set the values to November, 12 and 15, respectively. The
time is displayed in 24-hour fashion.

[[] step 6: Select Minute from the side menu.

|:| Step 7: Use the general purpose knob to set the minute value to 30.

NOTE

When the setting for Hour or Minute is changed, the value for
seconds will be reset to 0.

AWG2005 User Manual

2-27



Operating Examples

£

.

Display...

Date Time
QFf
[On]

Date/Time Display

It is possible to have the date and time constantly displayed on the screen.
To do this, use the following procedure:

[[] step 8: Select Misc from the bottom menu.

[[] step 9: Select Display... from the side menu.

[[] step 10: Press Date Time in the sub-menu and select On. The current
date and time will be displayed in the upper right-hand corner of the
screen, as shown in Figure 2-13.

GPIB Continuous mode Master|Stopped
12-Noy-93 15:30:10

Misc

* =0

Figure 2-13: Date/Time Display
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Brighthess

& 0A100%

Setting the Display Brightness

Operating Examples

In this operation, you will set the display brightness of the screen. The
display offers three different levels of brightness. Use the following proce-

dure to adjust the overall display brightness to the proper level:

D Step 11: Select Brightness from the side-menu.

GPIB Continuous mode

vgh-vion I
vorn |

Master|Stopped

GPIB

Disk NYRam R§232C

B

Figure 2-14: Setting the Display Brightness

@

Date Time

Brightness
70%
Catalog
Order
Name 1

Go Back

Date Time

On

Diag/Cal

D Step 12: Turn the general purpose knob to set the brightness to the

proper level.

The brightness can be changed between 0% and 100% in 1% incre-

ments; the default setting is 70%.

This completes the Example 1.

AWG2005 User Manual
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. In Example 2, you will output a waveform using the sample waveform library
Example 2: Output of
a Waveform Using disk, a standard accessory included with the instrument.

the Sample ]
Waveform Library Loading Sample Waveforms

Disk The sample waveform should be loaded from the floppy disk to the internal
memory of the instrument.

LOAD/SAVE

(D) [] step 1: Press the LOAD/SAVE button in the MENU column.
Device [[] step 2: Select Device from the bottom menu.
= [[] step 3: Select Disk from the side menu.
Disk

Load [] step 4: Select Load from the bottom menu.

|:| Step 5: Insert the sample waveform library disk that comes with this
instrument into the floppy disk drive.

NOTE

Do not remove the floppy disk while the floppy disk drive is operat-
ing. This can destroy the data and cause errors.

Figure 2-15: Inserting the Floppy Disk
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The files will be displayed in the lower box of the LOAD menu. Figure 2-16
shows how the files on the sample waveform library disk are displayed on

the screen.
GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 2158KB Load
Mame  Type Size Date & Time Comment
Load
Load All
Catalog : Disk Free ; 665KB
Name  Type Size Date & Time Comment ]
EQU 93-11-15 12: AMPLI TUDE MODULATION
#AM WFM 40102 93-11-15 12:09
#*DMP_SIN EQU 822 93-11-15 12:11 DAMPED SINE WAYE
*DMP_SIN WFM 8162 93-11-15 12:11
*DOPSKI  WFM 60638 93-11-15 12:15 PI1/4DOPSK In phase signa
#*DOPSKO)  WRM 65638 93-11-15 12:16 PI1/4DOPSK Quadrature pha
*D_EXP EQU 744 93-11-15 12:65 DOUBLE EXPOMENTIAL PULSE ch
sD_EXP  WFM 20102 93-11-15 12:05 ange
#FM EQU 744  93-11-15 12:16 FREQUENCY MODULATION Directory
Device Load Save Auto Load
E Disk Off
Figure 2-16: Sample Waveform Library Disk Files
Load Al [] step 6: Select Load All from the side menu. The display shown in

Figure 2-17 will appear.

AWG2005 User Manual
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GPIB Continuous mode Master|Stopped

Catalog : Memory Free : 167 0KB Load
Name Type  Size Date & Time Comment

#AM EQU 842 93-11-15 12:09 AMPLI TUDE MODULATION

#A4M WFM 40048 93-11-15 12:09 Load
*DMP_SIN EQU 242 93-11-15 12:11 DAMPED SINE WAVE

#DMP_SIN  WFM 8948 93-11-15 12:11
*DOPSKI  WEM 66484 93-11-15 12:15 PI1/4DOPSK In phase sign
*DOPSKD  WEM 66484 93-11-15 12:16 P1/4DOPSK Quadrature ph

#D_EXP EQU 764 93-11-15 12:05 DOUBLE EXPONENTIAL PULS Load All
*D_EXP WFM 20048 93-11-15 12:05
*FM EQU 764  93-11-15 12:16  FREQUENCY MODULATION
Catalog : Disk Free : 515KB
Mame  Type Size Date & Time Comment "]
EQU 93-11-15 12: AMPLI TUDE MODULATION
#AM WFM 40102 93-11-15 12:09
*DMP_SIN EQU 822 93-11-15 12:11 DAMPED SINE WAVE

*DMP_SIN  WEM 8102 93-11-15 12:11
#DOPSKI  WEM 65638 93-11-15 12:15 PI1/4DOPSK In phase signa
*DOPSKO  WFM 65638 93-11-15 12:16 P1/4DOPSK Quadrature pha

«D_EXP  EQU 744 93-11-15 12:05 DOUBLE EXPOMENTIAL PULSE ch

*D_EXP  WFM 20162 93-11-15 12:05 ange

*FM EqQU 744 93-11-15 12:10 FREQUENCY MODULATION Directory
Device Load Save Auto Load
[ Disk Off

Figure 2-17: CRT Screen Display When Load All is Selected

All the files in the lower box on the screen are loaded into internal memory.
The loaded files are displayed in the internal memory list in the upper box on
the screen.

Turn the general-purpose knob to scroll through the list of files displayed in
the lower box on the screen. For explanations of the waveform in each file,
see Sample Waveform Library in Appendix C.

NOTE

The sample waveform library disk files are locked (and * is dis-
played next to their names). You must unlock these files before you
can edit them.
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Waveform
sequence

CH1

@ GAUSS_P.WFM

Operating Examples

Setting the Output Parameters

These parameters are used for waveform output.

[] step 7: Pressthe SETUP button in the MENU column. The SETUP
menu is displayed.

GPIB Continuous mode Master|Stopped
Waveform
Sequence
Mhrough  [7.000v]  [0.000V] L
Period: -----
Points; —--—--
Max: -----
Min: ----—- CH2

10. 0oMHZ

[Through) [1.660Y]| [0.000V]

Period: —--—-
Points: —---—-
[ | Max: -—--—-
Min: ----—-
. Display
Waveform CH1 ] . bl ol
Clock Operation Filter |Amplitude| Offset

Figure 2-18: SETUP Menu

[] step 8: Select Waveform Sequence from the bottom menu.

[[] step 9: Select CH1 from the side menu.

D Step 10: Turn the general-purpose knob to develop the waveform file
list. Select the file GAUSS_P.WFM from this list.

AWG2005 User Manual
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Select waveform/Sequence

DMP_SIN.WFM
DAPSKL.WFM
DAPSKO.WFM
D_EXP.WFM

FM.WEFM
GAUSS_P.WFM
LIN_SWP.WFM
LOG_SWP.WFM
LORENTZ.WFM
HYQUIST.WFM

PRES15.WFM
PWM.WFM

Figure 2-19: Waveform File List

K. [ step 11: Select O.K. from the sub-menu. The selected file will be con-

firmed and the output conditions will be automatically set. Figure 2-20
shows the SETUP menu with the file GAUSS_P.WFM selected.

NOTE

The selected file is locked. Therefore, although changes can be
made to the waveform clock, filter, amplitude, offset and other
output conditions, these changes cannot be saved to the file.
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MODE

GPIB

Continuous mode

Master Running

Operating Examples

VAN

L

20, 60hHZ

T CH1 Wwaveform
| L—IN _/\/ oo Sequence
Through | 1.000V]  [0.0007 L CHI

Period: 50.00us GALSS_P. WFM
Points: 10660
Hormal Max: ©.9000¥/5002
Min: -0.5000¥/50Q CH2
[Through) [1.660Y]| [0.000V]
Period: -----
Points: -----
| Max: ----—-
Min: -----
Display
Filter |Amplitude| Offset
Text

Clock Waveform CH 1_
G [Ileel| Operation

Figure 2-20: GAUSS_P.WFM File Output Parameters

[C] step 12: Press the MODE button in the MENU column. The MODE

menu is displayed.

The files selected from the SETUP menu are displayed in the MODE

menu.

AWG2005 User Manual
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GPIB Continuous mode Master Running
CH1 CH2
Waveform
GAUSS_P.WFM ]
GAUSS_P_WFM ] I

Configure
_ ] Waveform : .
O\l Triggered | Gated Advance | Autostep
Slave
Figure 2-21: MODE Menu
Cont D Step 13: Select Cont from the bottom menu. When Cont is selected,
the waveform is continuously output.

Waveform Output

[] step 14: Connect this instrument and the oscilloscope with a 50 Q
cable and a 50 Q2 termination as shown in Figure 2-22. This instrument’s
waveform output is calibrated to a 50 Q load.

AWG2005 Oscilloscope
——m
I (Q) | ——
H @ o O O
i —
in 2‘1 == | HQ O U |:|
S EEEEEEE © S——/0600
CH1 500 Termination CH1
\_
50Q Cable

Figure 2-22: Connections in Example 2
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D Step 15: Press the front panel CH1 On/Off button to switch on wave-
form output. Figure 2-23 shows the channel On/Off button and indicator.

On/Off Indicators

==

( 30Vp-p MAX OPEN CIRCUIT FROM 509

On/Off Buttons

Figure 2-23: Channel On/Off Buttons and Indicators

When the Channel is on, the indicator lights up and the set waveform is
output from the CH1 output connector.

|:| Step 16: Set the parameters for the connected oscilloscope as shown
below and display the waveform on the oscilloscope screen.

Volt/Div. 200 mV/Div.
Time/Div. 20 us/Div.
Trigger Mode Auto

When you change the Clock, Amplitude, or Offset items with the
SETUP menu, the waveform changes in real time.

This completes the example 2.

AWG2005 User Manual
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Examp|e 3: Creating When using the instrument for arbitrary waveform output, you should first

Files and Arbitrary use the editors in the EDIT menu to create the waveform to be output. In
this operation, you will create an arbitrary waveform with the editors, and

Waveform OUtPUts then you will set the conditions for waveform output (frequency, amplitude,
offset, etc.) in the SETUP menu. Finally, you will set the operation mode in
the MODE menu to output the waveform.

In Example 3, we will practice the following series of operations:

Creating a Waveform File

Creating Arbitrary Waveforms Using the Point Draw Function
Creating Waveforms Arithmetically

Creating an Equation File

Creating a Sequence File

Creating Autostep Files

Setting the Output Parameters

Setting Operation Mode and Waveform Output

Creating a Waveform File

Use the waveform editor graphic display to create a waveform file by per-
forming the following steps:

EDIT

(D) [] step 1: Press the EDIT button in the MENU column. Figure 2-24 shows
the initial menu displayed.

GPIB Continuous mode Master|Stopped

Catalog : Memory Free : 2557KB
Name Type Size Date & Time Comment ]

| £t

New
waveform

New
Equation

New
Sequence

More
10f2

Rename | Comment Delete All

Copy ‘ Delete

Figure 2-24: Initial Menu
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[] step 2: Select New Waveform from the side menu. Figure 2-25 shows

the waveform editor graphic menu. The default for the number of points
in the waveform is 1000.

GPIB Continuous mode Master|Stopped
ToxeveserrQ N A 999 R 99 ( gperation
1000 pts  Value 0.0000 m——————a (UC 0. 0000 P
1.0005 ]
cut
Copy
to Buffer
Paste

from Buffer

Draw...
-1.0000 ; "
MARKER |1 ore
I ] 10f3
FEETR: Switch Cursor
Select/ i : Standard |Close/
Open Zoom Setting Undo waveform Wwrite

Figure 2-25: Waveform Editor Graphic Menu

[] step 3: Press the front panel CURSOR button to activate the right side
vertical bar cursor (it becomes a solid line).

Pressing the CURSOR button toggles the selected vertical bar cursor
from right to left and back again. You can move the selected cursor
using the general purpose knob or the numeric keys.

D Step 4: Press the following key sequence: 4, 9, 9, ENTER. This sets the
point value for the right side vertical bar cursor to 499 (see Figure 2-26).
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GPIB Continuous mode Master|Stopped
Twsswnnsr ([ G A499 OREETT | operation
1000 pts  Value 0.0000 p———— /3 | e 0. 0000 p
1. 0005
5 cut
Copy
to Buffer
Paste

from Buffer

Draw...
-1.0000 »
: ore
MARKER Bl
3 1o0f3
FEER: Switch Cursor
Select/ i : Standard |Close/
Open Zoom Setting Unda Wwaveform Write

Figure 2-26: Setting the Point Value for the Right Side Vertical Bar

Cursor
ﬁtﬂm}lard [] step 5: Select Standard Waveform from the bottom menu.
averorm
Type [] step 6: Select Type from the side menu.
@ Sine D Step 7: Turn the general purpose knob to select Sine.
Cvcle .
[[] step 8: Select Cycle from the side menu.
2 ENTER
o OO [] step 9: Press "2” and ENTER in that order to set the number of cycles
for the sine wave to 2.
Eecute [] step 10: Select Execute from the side menu.
A two-cycle sine waveform is created between the vertical bar cursors

(see Figure 2-27).
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GPIB Continuous mode Master|Stopped
Tiwwwswwns L[ @ A 499 R 499 Standard
1000 pts  Value 0.0000 me—————— /2 [Le-0. 0249 Function
T.0005 /NN T
3 : Type
Sine
Cycle
2.0
Amplitude
2.0000
Offset
: 0.0000
-1. 0000 ff
MARKER 9] ............................................................................................... Evecute
CURSOR': Move Cursor
Select/ : : Standard |fe[1:F
Open Operation| Zoom Setting Undo write

Figure 2-27: Creating a Sine Waveform

Step 11: Press the CURSOR button to activate the right side vertical
bar cursor.

Step 12: Press the following key sequence: 9, 9, 9, ENTER. This sets
the point value to 999.

Step 13: Press the CURSOR button to activate the left side vertical bar
Cursor.

Step 14: Press the following key sequence: 5, 0, 0, ENTER. This sets
the point value to 500.

O 0 0o o od

Step 15: Select Type from the side menu.

D Step 16: Turn the general purpose knob to select Ramp.

D Step 17: Select Amplitude from the side menu.

D Step 18: Press ”1” and ENTER in that order to set the ramp wave
amplitude to 1.
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Cffset

5 ENTER

o o

Exdacute

Close/s
Write

‘write and
Close

[] step 19: Select Offset from the side menu.

[] step 20: Press”.”, ”5”, and ENTER in that order to set the ramp wave
offset to 0.5.

D Step 21: Select Execute from the side menu. A two-cycle ramp wave-
form is created between the vertical bar cursors (see Figure 2-28).

GPIB Continuous mode Master|Stopped
Toewewnnr ([ 500 A499 R 999 ( Standard
1000 pts  v¥alue 6.0005 /2 L 1.0005 Function
ICCEE A A CTTTT T
Type
Ramp
Cycle
2.0
............................................................................................... Amplitude
1.0000
Offset
0.5002
-1. 0608
WMARKER Bl Execute

FEETR Move Cursor

Select/ . . Standard [[ell{-Fg
Open Operation| Zoom Setting Undo write

Figure 2-28: Creating a Ramp Waveform

This completes the waveform creation. Next, name the waveform file and
exit the waveform editor.

[] step 22: Select Close/Write from the bottom menu.

[] step 23: Select Write and Close from the side menu.
The display used to enter the file name will appear.
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L S D Step 24: Input SAMPLE -1 as the file name. Use the general purpose
knob to select S from the character menu.
VALUE
D) Then press the VALUE button. S is inserted into the file name input

column. In the same manner, input A, M, P L, E, —, 1 (see Figure 2-29).

GPIB Continuous mode Master|Stopped
Tisewsrsrs [ 500 A 499 Rl 999 Close/
1000 pts  Value 9.0005 e ——————— /3 | Le 1.0005 Write
10005/ \ : /] /

Waveform Name = [SAMPLE-1] . WFM

WALUE
— : Insert character

— —» Cancel
— /= Move cursor
-1.0004
MARKER | O.K.
Select/ : : Standard |[e[aE]-Fd
Open Operation| Zoom Setting Undo Waveform

Figure 2-29: Naming a File

Ak D Step 25: When you finish inputting the file name, select O.K. from the

sub menu. The system returns to the initial menu and displays the
waveform file created (see Figure 2-30). The extender "WFM” will be
displayed after the file name; this indicates that the file is a waveform file.
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GPIB Autostep mode Master|Stopped

Catalog : Memory Free : 2491KB

Name Type  Size Date & Time Comment [ ] .
SAMPLE-1 WFM 2048 93-11-11 12:00 M Edit

New
Waveform

New
Equation

New
Sequence

More
10f2

Delete All On

Comment

Lock
Rename ‘

Copy ‘ Delete

Figure 2-30: Initial Menu File List

Creating Arbitrary Waveforms Using the Point Draw
Function

Arbitrary waveforms can be created on the graphic display with the POINT
DRAW function.

Use the following procedure to make a copy of the file SAMPLE—-1.WFM
created in the previous operation.

copy D Step 1: In the initial EDIT menu, select Copy bottom menu. The display

used to enter the name of the copy of the file will appear, as shown in
Figure 2-31.
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GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 2532KB
Mame

SAMPLE-1

UvWXxyz

Copy SAMPLE—1.WFM to [SAMPLE-1 .WFM

WALUE
—— : Insert character

— —» Cancel
/T Move cursor
O.K.
Lock
Rename | Comment Copy Delete | Delete All On
Off]

Figure 2-31: Entering a Name for the Copied File

In this example, you will name the copy SAMPLE —-2.

D Step 2: Press the Delete key on the front panel to delete the ”1” in the
file name.

[] step 3: Press "2.”

[] step 4: Select O.K. from the side menu.

SAMPLE -1 will be copied as a new waveform file named SAMPLE —-2.

[] step 5: Check to make sure that the SAMPLE —2 waveform file is
displayed inverted in the file list in the initial menu. If it is not selected,

turn the general purpose knob until the name SAMPLE -2 is displayed
inverted.

[] step 6: Select Edit from the side menu.
The SAMPLE -2 waveform file will appear on the screen.

You will now set the range for waveform creation. The arbitrary waveform will
be created within this range using the POINT DRAW function.

[] step 7: Press the CURSOR button on the front panel. This will activate
the vertical cursor bar in the left-hand side of the screen.
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2 5
o O

CURSOR

>

7 5
(GD R G

Operation

Drayy...

VALUE

0 ENTER

o CD

0 ENTER

o CO

D Step 8: Press "2”, 7’5", 70", and ENTER to set the point value of the left
cursor to 250.

D Step 9: Press the CURSOR button on the front panel again to activate
the vertical cursor bar in the right-hand side of the screen.

[] step 10: Press ”7”, ’5”, ”0”, and ENTER to set the point value of the
right cursor to 750.

GPIB Continuous mode Master|Stopped
TSMPLE2 ([ 250 AS500 OFNENEY ( operation
1000 pts  Value 0.0000 mu—— 2 | L0 0. 0005 b
1.0005 :
cut
Copy
to Buffer
Paste

from Buffer

Draw...
-1.0000 M
ore
MARKER Bl
1of3
FEER - switch Cursor
Select/ i : Standard |Close/
Open Zzoom Setting Undo waveform Write

Figure 2-32: Setting the Edit Range

You may now create the arbitrary waveform within the range designated by
these two vertical bar cursors, using the POINT DRAW function.

[] step 11: Select Operation from the bottom menu.

[[] step 12: Select DRAW... from the side menu.

The first point will be drawn.

[] step 13: Press the VALUE button on the front panel to determine the

direction in which the point cursor will move.

D Step 14: Using the general purpose knob, move the point cursor to
draw another point.
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[] step 15: Select Add Draw Point from the sub-menu.

The point will be confirmed and an _ will appear at that position.

D Step 16: Repeat steps 13 through 15 to determine other points. An
example is shown in Figure 2-33.

GPIB Continuous mode Master|Stopped
TSAWPIE2 [ 250  AS500 R 70 [ operation
1000 pts  Value 0.0000 m——— /3 |Llc 0.0005 P
1.0005 :
Add
Draw Point
Delete
Draw Point
Smooth
Oon
Go Back
-1.0000 : i
MARKER 0] Execute
CURSOR  RLE - Suitch Cursor oGS v:[09.2311
Select/ g : Standard |Close/
Open Zoom Setting Undo waveform Wwrite

Figure 2-33: Drawing a Waveform Using the Point Draw Function

[] step 17: Select Smooth from the sub-menu to turn smoothing ON.

When this is done, spline interpolation will be performed and the points
that have been drawn and the curve outside the area marked by the
vertical bar cursors will be connected in a smooth curve.

If smoothing is turned off, linear interpolation will be performed and the
points that have been drawn and the curve outside the area marked by
the vertical cursors will be connected using straight lines.

[] step 18: Select Execute from the sub-menu.

The points between the vertical cursors will be connected in a smooth
curve (using spline interpolation), as shown in Figure 2-34.
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GPIB Continuous mode Master|Stopped
1:SAMPLE-2 Llj £.500 RL 759 Operation
1000 pts  Yalue 9.0000 e —————/2 [Ue 0. 0005 b
1.0065 : H
Add
Draw Point
Delete
Draw Point
Smooth
Off
Go Back
-1.0000
MARKER Bl : : Execute
CORSTR AL - Syitch Cursor oGS  v:[0.231
Select/ i : Standard |Close/
Open Zoom Setting Unda Wwaveform Write ‘

Figure 2-34: Connecting the Points

Close/ [[] step 19: Select Close/Write from the bottom menu.
Wwrite

ngﬂ and [] step 20: Select Write and Close from the side menu.
05

EDIT menu will reappear.

Creating Waveforms Arithmetically

You will now add a noise waveform to the sine waveform.

New [] step 1: Select New Waveform from the side menu in the initial EDIT
wavefarm menu.
Standard [[] step 2: Select Standard Waveform from the bottom menu.
waveform
Amplitude [] step 3: Select Amplitude from the side menu.
1 ENTER
o CO [] step 4: Press "1” and ENTER in that order.

The data for the SAMPLE —2 waveform file will be updated and the initial

2-48



Execute

Type

@ Add Noise

Amplitude

3 ENTER

o o D

Exdacute

Operating Examples

[] step 5: Check to make sure that the parameters for other items in the
side menu are set to the values shown below. If they are different,
change them to the values shown below.

Type Sine
Cycle 1.0
Offset 0.0000

[[] step 6: Select Execute from the side menu.

The sine wave shown in Figure 2-35 will be created.

GPIB Continuous mode Master|Stopped
Towswnsnrs L[ @ A 999 R 999 Standard
1000 pts  Yalue 0.0000 p————— /2 UC-0. 0020 waveform
1.0005 ] Type
Sine
Cycle
1.0

Amplitude

1.0000
Offset
; 0.0000
-1.0000
MARKER 1| Execute
SESOR - Move Cursor
Select/ . . Standard (pefa}{F
Open Operation| Zoom Setting Undo write

Figure 2-35: Creating a Sine Wave

D Step 7: Select Type from the side menu.

D Step 8: Using the general purpose knob, select Add Noise.

D Step 9: Select Amplitude from the side menu.

D Step 10: Press ”.”, ”3”, and ENTER in that order.

[] step 11: Select Execute from the side menu.
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Noise will be added to the sine wave, as shown in Figure 2-36.

GPIB Continuous mode Master|Stopped
Towwwsrsex L[ @ A999 Rl 999 Standard
1000 pts  Value 9.039] e ——— /3 |Ue 0. 1597 waveform
1.0005 §: ]
i Type
Add Noise

Amplitude

0.3000
Offset
. 0.0000
-1.0000ff :
MARKER 1] Exacute
CIESTR Move Cursor

Select/ : : Standard (pe[aty=Fg
Open Operation| Zoom Setting Undo write

Figure 2-36: Sine Wave With Noise Added

Close/ [ step 12: Select Close/Write from the bottom menu.
write

wite and [] step 13: Select Write and Close from the side menu.
05e

[J step 14: Make SAMPLE-3 the file name. See Step 24 in the waveform
file creation procedure for instructions on how to enter the file name.
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Creating an Equation File

This procedure is used to create a waveform using an equation.

D Step 1: Select New Equation from the side menu.

Figure 2-37 shows the equation editor menu.

GPIB Continuous mode Master|Stopped
File Name : #xssssss FOU S —
Line : 1 Operation
Cut Line
Copy
to Buffer
Paste
from Buffer
word Table
= 1of 2
B cos([exp(] k [ pi [ x t ¥ + ) |@
log( | In{ |sqrt{| x t v - f\ )
max( | min{ {range{| ¥ (round{ int( | abs{ y ) Insert
rnd( | mark (| diff{|inteq{ norm(| ( )] = e J Other

CURSOR VALUE _ ENTER Equation
— : 6o to Cursor mode —— /2 Insert word q

Exit/

Setting write

Compile

Undo ‘

Figure 2-37: Equation Editor Menu Display

To initially define an equation, you must specify its region in time. Do this by
selecting "range(” in the component menu. When a new equation file is
created, "range(0,” will automatically appear in the first line of the equation.
Following this notation, you must input the equation end time, as shown in
subsequent steps.

Select Setting from the bottom menu. When this is done, the default setting
(1000) for the number of points will appear. If the clock frequency has been
set to 100 kHz in the SETUP menu, the value will be 10 us for each point.
Accordingly, for 1000 points the waveform period will be 10 ms.

[] step 2: Select Operation from the bottom menu.

|:| Step 3: Set the time from 0 to 5 ms. Press the 5, ms, ”)”, and "¢
(carriage return), in order, using the numeric keys and unit key or by
selecting and entering these characters from the items in the compo-
nent menu.
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NOTE

You can use the general purpose knob to select an item from within
the component menu. After selecting an item, press the front panel
VALUE button or ENTER button to enter the selected item into the
equation list.

Now you will create the equation for the time region set in the previous step.

D Step 4: For the equation, enter 0.5*sin(4*pi*x). Input 0, ”.”, 5, *, sin(, 4,
*, pi, *, X, ) with the numeric keys or from the component menu.

D Step 5: In the same manner, input the data as shown in Figure 2-38.

range(@,5ns)
0.5+5in(d#pixx)
range (5ms, 16ms)

iin 16*Ei*x)

Figure 2-38: Equation List Input

Compile [] step 6: Select Compile from the bottom menu.

After the compiling is complete, the waveform data is created from the
equation and the resultant waveform is displayed on the screen. Fig-
ure 2-39 shows the compiled waveform data.
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GPIB Continuous mode Master|Stopped

File Name : ##esssss FOU S
Line : [ § Compile

Eagggfﬂ overview

range (5

sin(10=p  +1.9

sin( -1e 1000 Poinits ; Clock Te+05 Hz

log( )

max( | 1 ) Continue
knd( | mark(Jdiff(Jinteq{norn{] © [ ) [ = [ e | Operation
Operation Setting ‘ EXIt\,'::rite

Figure 2-39: Display of Compiled Waveform Data

Continue D Step 7: Select Continue Operation from the side menu to return the
Operation system to the previous equation edit menu.

Exit/ [] step 8: Select Exit/Write from the bottom menu.
write

write and [] step 9: Select Write and Exit from the side menu.
Exit

D Step 10: Make SAMPLE -4 the file name. For details on how to input
the file name, see Step 24 from the waveform file creation procedure.

Ok [] step 11: When you are finished inputting the file name, select 0.K. from

the sub-menu.

The equation file (SAMPLE—-4.EQU) and the waveform file (SAM-
PLE—-4.WFM) of compiled data with the same name are created and the
system returns to the initial menu. See Figure 2-40.
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New
Saquence

GPIB Autostep mode Master|Stopped
Catalog : Memory Free : 2481KB
Name Type  Size Date & Time Comment [ ] .
SANPLE-1 WM 2048 03-11-11 12:00 I Edit
SAMPLE-2 WFM 2048 93-11-11 12:03
SAMPLE-3 WFM 2048 93-11-11 12:09 —
SAMPLE-4 EQU 206 93-11-11 12:11 N
SAMPLE-4 WFM 2048 03-11-11 12:10 ew
Waveform
New
Equation
New
Sequence
More
i 10f2
Lock
Rename | Comment Copy Delete | Delete All On
Off]

Figure 2-40: Initial Menu File List

Creating a Sequence File

In this procedure, you will create a sequence file that combines two files: the
waveform file created with the waveform editor (SAMPLE—-1.WFM) and the
waveform file created with the equation editor and then compiled (SAM-
PLE-4.WFM).

D Step 1: Select New Sequence from the side menu. Figure 2-41 shows
the sequence editor menu.
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GPIB Continuous mode Master|Stopped
File Name : s##sssx% SO -
Line : [T Operation
Destination Repeat & Catalog
| 1= backward LSRN Cut Line

SAMPLE-2.WFM
SAMPLE-3.WFM
SAMPLE-4.WFM

Copy
to Buffer
Insert hy
VALLE / EMTER
—
Paste

from Buffer

Show
Catalog
Entry
||= forward
T 6o to Move destination mode
i Show Exit/
Overview Unda ‘ Write

Figure 2-41: Sequence Editor Menu Display

D Step 2: Use the general purpose knob to select the waveform file from
the Catalog to go on the first line of the Destination list. Select SAM-
PLE—1.WFM here.

D Step 3: Press the VALUE button on the front panel.

The file SAMPLE—-1.WFM will be inserted in the first line of the Destina-
tion list. The inverted video cursor will move to the Repeat column on
the same line.

[] step 4: Now you will set the repetition count for the SAMPLE—1.WFM
file to 2.

Press "2” and ENTER in that order. The inverted video cursor will move
to the second line in the Destination list.

D Step 5: Repeat Steps 2 through 4 to enter SAMPLE—4.WFM in the
second line of the Destination list. The repetition count for this file
should be set to 1; since this is the default value, there is no need to
change it.

This completes the creation of the waveform sequence file. Figure 2-42
shows the resultant display.
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Show
Overview

GPIB Continuous mode Master|Stopped
File Nﬁmg él%***.sm W
Destination Repeat @ Catalog —
s e —CU b

SAMPLE-3.WFM
SAMPLE-4.WIM

Copy
to Buffer
Insert hy
VALLE / EMTER
—
Paste

from Buffer

Show
Catalog

Entry

||= forward |
CUREDR . . .
i : Go to Move destination mode HNumeric: Enter Repeat
i Show Exit/

Overview Unda ‘ Write

Figure 2-42: Sequence Example

D Step 6: Select Show Overview from the bottom menu to verify the
sequence waveform.

The sequence waveform is combined as the sequence: SAM-
PLE—-1.WFM twice and SAMPLE—-4.WFM once. See Figure 2-43.
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GPIB Continuous mode Master|Stopped
File Name : #seeexsx SEQ Show
Line : [ 2 Overview
SA o
SA ]
0.500Y ']
|
6.000Y
~0.5000 3000 Points : Clock Te+67 Hz
Continue
I 0 l Operation
; Show Exit/

Figure 2-43: Sequence Waveform Display With Show Overview
Selected

D Step 7: After verifying waveform, select Continue Operation from the
side menu to return the system to the previous sequence edit menu.

[] step 8: Select Exit/Write from the bottom menu.

[] step 9: Select Write and Exit from the side menu.

D Step 10: Input SAMPLE -5 as the name for this sequence file. For
details on how to input the file name, see Step 24 of the procedure for
waveform file creation.

D Step 11: When you are finished inputting the file name, select O.K. from
the sub-menu. The sequence (SAMPLE-5.SEQ) file is saved to internal
memory and the system returns to the initial menu.
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Mew
Autostep

VALUE

Creating Autostep Files

In this operation, you will program waveforms to be output, using the files
you have created in the previous operations, to form an autostep file.

[] step 1: Select New Autostep on the second page of the side menu in
the initial EDIT menu.

NOTE

Select More from the side menu to display the next page.

You will set the CH1 and CH2 files for Step 1.

D Step 2: Using the general purpose knob, move the cursor to the CH1
file setting column.

wrwrsnss, AST [Step  Tof 1
Clock CH1 Operation [Normal]
CH1 CH2
Filter Filter
Anp | anp |
0ffset 0ffset

Figure 2-44: Moving the Cursor

[] step 3: Press the VALUE button on the front panel.

The list used to select waveforms or sequence files will appear.
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Select wWaveform/Sequence

o

SAMPLE-1.WFM
SAMPLE-2.WFM
SAMPLE-3.WFM
SAMPLE-4.WFM

Figure 2-45: File List

@ SAMPLE-1.WFM [J step 4: Using the general purpose knob, select the SAMPLE—1.WFM

file.
Set [] step 5: Select Set from the side menu.
The waveform and output parameters for the SAMPLE —1.WFM file will
appear.
[xxxxxnnz AST] [Step  Tof 1
Clock 10. 06MHzZ CH1 Operation

CH1 CH2

SAMPLE-T.WFN
Filter |Through|Filter
Anpl 1.000%) Amp |

Offset | 0.000Y|| 0ffset

Figure 2-46: Setting Files

o [[] step 6: Using the general purpose knob, move the cursor to the CH2
file setting column.
VALUE
(GD) [] step 7: Press the VALUE button on the front panel.
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@ SAMPLE-2.WFM [] step 8: Turn the general purpose knob until the SAMPLE —2.WFM file is
selected.
Set [] step 9: Select Set from the side menu.
The waveform and output parameters for the SAMPLE —2.WFM file will
appear.
EECEEEEEN I [Step 1of 1
Clock CH1 Operation

CH1 CH2

(il

SAMPLE-1.WFM
Filter [Throughl| Filter [ Throug
anp | T.000V| | Amp | T. 000V
Offset | 0.000Y 0ffset | 0.0004

Figure 2-47: Setting the Files for Step 1

You will now set the CH1 and CH2 files for Step 2.

More [J step 10: Select More 1 of 2 from the side menu.
1012

NAPP::'C' [J step 11: Select Append New Step from the side menu.
aw Step

The Step 2 display will appear.

[##xeenes AST| [Step  20f 2
Clock CH1 oOperation [Normal]
CH1 CH2
Filter Filter
Amp | Amp |
Offset Offset

Figure 2-48: Step 2 Display
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D Step 12: Using the procedure described in Steps 2 — 9 above, set the
CH1 and CH2 files for Step 2.

wxrrsass AJT [Step  20f 2
Clock 16. bBhHZ CH1 Operation
CH1 CH2

e

SAMPLE-3. WEM SANMPLE-4. WFN
Filter | Through | Filter | Through
anp | T.000V|| Amp | 1. 000V
offset [ 0.000V)| 0ffset JENEEEN

Figure 2-49: Setting the Files for Step 2

[[] step 13: Select Exit/Write from the bottom menu.

[C] step 14: Select Write and Exit from the side menu.

D Step 15: Enter SAMPLE -6 as the name for the autostep file. See Step
24 of the waveform file creation procedure for instructions on how to
enter the file name.

D Step 16: When the file name has been entered, select O.K. from the
sub-menu.

The autostep file that you have created will be saved in the internal
memory under the name SAMPLE—6.AST and the initial menu will
reappear.
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SETUP

waveform
Sequence

@ SAMPLE-1.WFM

ENTER

(G

Clock

Internal
Clogk

0 KHz/ms/mV

1 0
o o o CD

Setting the Output Parameters

[] step 1: Press the SETUP button in the MENU column. Figure 2-50
shows the SETUP menu displayed.

GPIB Continuous mode Master|Stopped
waveform
Sequence
Mhrough : [T.000v| [G.oe0v] @
Period: -----
Points: -----
Max: -----
Min: ----- CH2

10. 09hHzZ

(Through [7.060Y] [©.000V ]

Period: ---—-
Points: ---—-
[ | Max: ----—-
Min: ----—-
Clock |l . CH1 Filter |Amplitude| Offset
Saquence |RelslIE iyl Text

Figure 2-50: SETUP Menu

D Step 2: Select Waveform Sequence from the bottom menu.

D Step 3: Turn the general purpose knob to select the SAMPLE—1.WFM
file.
[] step 4: Press the front panel ENTER button.

[] step 5: Select Clock from the bottom menu.

[] step 6: Select Internal Clock from the side menu.

D Step 7: Use the numeric and unit keys to input 1, 0, 0, kHz, in order, to
set the clock frequency.
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[] step 8: Press the Source button in the side menu to select Internal.

D Step 9: Select Amplitude from the bottom menu.

[] step 10: Select CH1 from the side menu.

D Step 11: Use the numeric and unit keys to input 5, V, in order, to set the
voltage value for full vertical scale.

Figure 2-51 shows the menu displayed as a result of these settings.

GPIB

Continuous mode

Master Running

j IN /&/ CH1 Amplitude
] ; P
Through | JECCEG | [©.6007 CH1
Period: 106.0us 5.000v
Points: 1000
SAMPLE-1.WIM Horm Max: 2.5000%/50<2
Min: -2.5600v/500 th2
m 1.000%
10. 06MHZ
[Through| | 1.660Y| [6.000Y |
Period: -----
Points: -----
[ | Max: ----—-
Min: ----—-
Clock | Waveform CH1 Filter |EYuelliefeld| Offset
Sequence [Operation ' Text

Figure 2-51: Setting Output Parameters

This completes the output parameter setting.
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Setting Operation Mode and Waveform Output

Now use an oscilloscope to see what type of waveform is generated. Con-
nect the AWG2005 to a oscilloscope using a 50 Q cable and a 50 Q termina-
tion as shown in Figure 2-52. The waveform output for this instrument is
calibrated for a 50 Q2 load.

CH1 500 Cable )
MARKER OUT,

AWG2005

Tt

79 Q Q@ ® S
CH1 CH2

Oscilloscope

50Q Cable

Figure 2-52: Connections for Example 3

Continuous Mode
Set the operation mode to Cont.

MODE

(G [] step 1: Press the MODE button in the MENU column. Figure 2-53
shows the MODE menu.
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GPIB Continuous mode Master Running
CH1 CH2
Waveform
SAMPLE-1.WFH ]

SAMPLE-T. WFM|] [l

Configure
_ : Waveform : "
Cont Triggered | Gated Advance Autostep r\r

Figure 2-53: MODE Menu

Cont D Step 2: Select Cont from the bottom menu.

This operation mode continuously outputs the set waveform. Also,
"Running” is displayed in the trigger status area on the upper right

section of the screen to show that the set waveform is being output.
CH1

(G D Step 3: Press the front panel CH1 On/Off button to enable waveform
output.

When the output is On, the On/Off indicator lights up. This operation
outputs the specified waveform from the CH1 output connector. Set the
oscilloscope appropriately to display the waveform on the oscilloscope
screen.

You can use the marker output from the rear panel of the instrument as
the external trigger for the oscilloscope. The default value for the point at
which the marker signal is high is 0. See Figure 2-54. The marker signal
can be set to any point using the waveform edit function.
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Lwwssanns 1[0 A0 @RI
1000 pts Value 0.0000) Yalue 9.0000
1.6005

-1.06000
MARKER 1 —“_I

‘ﬁ

Marker signal high at point O

Figure 2-54: Setting the Marker Default

Triggered Mode

In the following steps, set the operation mode to Triggered and generate
the trigger signal with the TRIGGER MANUAL button to control the wave-
form output.

Triggered [] step 4: Select Triggered from the bottom menu.

When you select this item, the side menu lists external trigger
parameters which allow you to set them. Figure 2-55 shows the menu
set for Triggered mode.
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GPIB Triggered mode Master |waiting for Trigger

Triggered
Slope

| S Positive |

CH1 CH2 L Negative

Waveform _//'
SAMPLE-1.WFH ] Level

SAMPLE-T. WFM|] [l

sTop

Configure

" . Waveform - -

Cont Lol Gated Advance Autostep r\r

Figure 2-55: Menu Displayed When Triggered is Selected

Figure 2-56 shows the MANUAL button and the TRIGGER INPUT connector
for inputting an external trigger signal.

@ rRcoeR R

MANUAL

MANUAL Button

INPUT

TRIGGER INPUT
Connector

10kQ<+10V

Figure 2-56: MANUAL Button and TRIGGER INPUT Connector

This procedure does not use an external trigger signal. Rather, it generates
the trigger signal when the MANUAL button is pressed.

MANUAL

(G [] step 5: Press the MANUAL button.

Check the oscilloscope to see that each time you press the MANUAL
button, a set waveform is output once.
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Autostep

Selact
Autostep
File

Autostep Mode

Using the following procedure, you can set the operation mode to Autostep
and use the MANUAL button to generate a trigger signal and control step
waveform output.

NOTE

When the operation mode is set to Autostep, it is not possible to
change the output parameters in the SETUP menu.

[] step 6: Select Autostep from the bottom menu.

The menu shown in Figure 2-57 will appear.

GPIB Autostep mode Master|Stopped

Autostep file : Step : 1 Autostep

Slope
| S Positive |

CH1 CH2 L Negative

v
L 1 L 1 Level

1.4V

Run
Continuous

Step

Select
Autostep
File

s1op

Configure

Slave

‘ Cont Triggered | Gated

Waveform _
Advance Autostep

Figure 2-57: Menu Displayed When Autostep is Selected

[] step 7: Choose Select Autostep File from the side menu.

A list of autostep files will appear.
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Select Autostep file

[ ] SAMPLE-6.AST 1

Figure 2-58: Autostep File List

D Step 8: Using the general purpose knob, select the SAMPLE—6.AST
file.

In this example, there is only one file in the list, so it will already be
selected.

[] step 9: Select O.K. from the sub-menu.

|:| Step 10: In the side menu, press the Run button and select Continu-
ous.

[] step 11: Press the CH1 and CH2 On/Off buttons on the front panel to
turn on waveform output.

[] step 12: Press the MANUAL button on the front panel.

Check on the oscilloscope to make sure CH1/CH2 waveform output
advances one step each time the button is pressed.

This completes the Example 3.
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Example 4: Loading
and Saving Files

LOAD/SAVE

(G

Device

7

NYRam

Save

NOTE

When the instrument is switched off, the data in the internal memory
is erased. Accordingly, it is necessary to copy any files that have
been created or edited onto a floppy disk or into the instrument’s
internal non-volatile memory (NVRam).

In Example 4, you will load and save the file created in the previous opera-
tion.

LOAD menu

Used to enter files from a floppy disk or the instrument’s internal NVRam.

SAVE menu

Used to save files that have been created or changed onto a floppy disk or
the instrument’s internal NVRam.

Saving Files

To save files into internal non-volatile memory (NVRam), perform the follow-
ing steps:

[[] step 1: Press the LOAD/SAVE button in the MENU column.

[[] step 2: Select Device from the bottom menu.

[[] step 3: Select NVRam from the side menu.

[[] step 4: Select Save from the bottom menu.

Figure 2-59 shows the SAVE menu displayed.
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GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 2480KB Save
Name Type  Size Date & Time Comment [ ]
SAMPLE-1 WFM 93-11-11 .
SAMPLE-2 WEM 2048 93-11-11 12:03 Save
SAMPLE-3 WFM 2048 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12:11
SAMPLE-4 WFM 2048 93-11-11 12:10
SAMPLE-5 SEQ 960 93-11-11 12:13 0
SAMPLE-6 AST 554 93-11-11 12:15 Save A
Catalog : N¥Ram Free : 26KB

Mame  Type Size Date & Time Comment

Device Auto Load
Load Save
CiNVRam Off
Figure 2-59: SAVE Menu
save Al [ step 5: Select Save All from the side menu.

When Save All is selected, all the files in internal memory (listed in the
upper screen) are saved to the NVRam. See Figure 2-60.
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Auto Load
Off

ON/STBY

(D)

LOAD/SAVE

(G

GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 2480KB Save
Name Type  Size Date & Time Comment [ ]
SAMPLE-1 WFM 93-11-11 .
SAMPLE-2 WEM 2048 93-11-11 12:03 Save
SAMPLE-3 WFM 2048 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12:11
SAMPLE-4 WFM 2048 93-11-11 12:10
SAMPLE-5 SEQ 960 93-11-11 12:13 0
SAMPLE-6 AST 554 93-11-11 12:15 Save A
Catalog : N¥Ram Free : 13KB

Mame  Type Size Date & Time Comment

SAMPLE-1 WM 2948 93-11-11 12:00 I

SAMPLE-2 WFM 2048 93-11-11 12:83

SAMPLE-3 WFM 2048 93-11-11 12:909

SAMPLE-4 EQU 206 93-11-11 12:11

SAMPLE-4 WFM 2048 93-11-11 12:10

SAMPLE-5 SENQ) 966 93-11-11 12:13

SAMPLE-6 AST 554  93-11-11 12:15

Device Load Save Auto Load

CSNYRam Off

Figure 2-60: Files Saved in NVRam

When Save is selected from the side menu, only the file displayed inverted
in the internal memory list is saved to NVRam.

[] step 6: Check to make sure that Auto Load in the bottom menu is Off.

If it is not Off, select Auto Load from the bottom menu, then select Off
from the side menu.

[] step 7: Power the instrument off, then on again.

Loading Files

The following procedure loads files into internal memory.

[C] step 8: Press the LOAD/SAVE button in the MENU column.

Make sure that there are no files in the internal memory file list in the
upper screen (see Figure 2-61).
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GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 2494KE Load
Name Type  Size Date & Time Comment
Load
Load All
Catalog : N¥Ram Free : 13KB
Mame  Type Size Date & Time Comment "]
SAMPLE-1 WFKM 93-11-11 :
SAMPLE-2 WFM 2048 93-11-11 12:03
SAMPLE-3 WFM 2048 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12:11
SAMPLE-4 WFM 2048 93-11-11 12:18
SAMPLE-5 SEQ 960 93-11-11 12:13
SAMPLE-6 AST 554 93-11-11 12:15
Device Load Save Auto Load
CINVRam Off

Figure 2-61: Internal Memory File List

Load [] step 9: Select Load from the bottom menu.

Here NVRam is selected in the Device bottom menu.

Load Al [[] step 10: Select Load All from the side menu.

When this item is selected, all the files in the NVRam (listed in the lower
screen) are loaded into internal memory. See Figure 2-62.
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Auto Load

]

from NVRam

ON/STBY

(D)

GPIB Continuous mode Master|Stopped

Catalog : Memory Free ; 2480KB Load
Name Type  Size Date & Time Comment

SAMPLE-1 WFM 2948 93-11-11 12:00 1

SAMPLE-2 WFM 2048 93-11-11 12:03 Load

SAMPLE-3 WFM 2048 93-11-11 12:09

SAMPLE-4 EQU 206 93-11-11 12:11

SAMPLE-4 WFM 2048 93-11-11 12:10

SAMPLE-5 SEQ 960 93-11-11 12:13

SAMPLE-6 AST 554 93-11-11 1215 Load All
Catalog : N¥Ram Free : 13KB

Mame  Type Size Date & Time Comment "]

SAMPLE-1 WFM 93-11-11

SAMPLE-2 WEM 2048 93-11-11 12:03
SAMPLE-3 WFM 2048 93-11-11 12:09

SAMPLE-4 EQU 296 93-11-11 12:11
SAMPLE-4 WFM 2048 93-11-11 12:10
SAMPLE-5 SE0) 960 93-11-11 12:13
SAMPLE-6 AST 554 93-11-11 12:15

Auto Load
Off

Device Load Save
CSNYRam

Figure 2-62: Files Loaded into Internal Memory

When you select Load from the side menu, the file displayed in inverted
video in the NVRam list is loaded into internal memory.

Auto Load

Using the Auto Load process, it is possible to automatically load files from a
designated device into the instrument’s internal memory when the power to
the instrument is turned on. You can do this with the following procedure:

[] step 11: Select Auto Load from the bottom menu.

[] step 12: Select from NVRam from the side menu.

[] step 13: Power the instrument off, then on again.

Check to make sure that the designated files were loaded from the
NVRAM to the internal memory when the power to the instrument was
turned on.

This completes the Example 4.
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Also, note that files are loaded/saved in the same manner when the Device
is set to Disk. For a floppy disk, hierarchical file structures can be created
using directories. See the UTILITY menu Disk item in Section 4E, Reference,
for directory creation instructions.

NOTE

You must format new floppy disks. See the UTILITY menu Disk item
in Section 4E, Reference, for formatting instructions.
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Example 5: Loading
Waveforms From
Other Instruments

This instrument can transfer waveforms via a GPIB cable from a digital
storage oscilloscope (DSO), etc. See Page 4D-7 for a list of instruments from

which waveforms can be transferred.

In Example 5, you will transfer waveforms from a Tektronix TDS series digital

storage oscilloscope.

[] step 1: Connect the AWG2005 and the other instruments as shown in

Figure 2-63.
GPIB Cable
IEEE STD 488
Connector / / gop rl; ﬁ ector
AWG2005 DSO
@ o o o
s [=iC
o © © © ® D 9 0O 00

Signal
Generator

CH1

oup- 50Q Cable

Figure 2-63: Connections for Example 5
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D Step 2: Adjust the amplitude of the signals from the signal generator so
that the waveform is displayed on the DSO screen with the amplitude
and sweep speed shown in Figure 2-64.

200mV/div 10us/div

Figure 2-64: DSO Screen
[] step 3: Press the MENU column LOAD/SAVE button for the AWG2005.

[] step 4: Select Device from the bottom menu.

[] step 5: Select GPIB from the side menu.

At this point, if the remote port is not GPIB or the GPIB is not configured
for waveform transferring, these settings must be changed. In such
cases, the message shown in Figure 2-65 will appear:

The GPIB configuration is not "waveform Transfer”
and the Remote Port is not "GPIB".

Are you sure of changing the parameters
to match the transfer operation ?

Figure 2-65: Confirmation Message (asking if it is O.K. to change the
remote port and GPIB configuration settings)

AWG2005 User Manual
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To change the settings, select O.K. from the sub-menu.

Load [] step 6: Select Load from the bottom menu.

@ Tek TDS CH1 [] step 7: Use the general purpose knob to select the name of the DSO

instrument connected to the instrument and the transferring source from
the Name column in the GPIB Source list. In this example, you should
select "Tek TDS CH1.” See Figure 2-66.

Catalog : GPIB Source

Name Loaded as [+
Tek TDS CH2 TDSCH2  WRM
Tek TDS CH3 TDSCH3  WRM
Tek TDS CH4 TDSCH4  WRM
Tek TDS REF1 TDSREF1  WFM
Tek TDS REF2 TDSREF2  WFM
Tek TDS REF3 TDSREF3  WFM
Tek TDS REF4 TDSREF4  WFM
Tek 2400 CH1 2400CHT  WFM

Figure 2-66: GPIB Source List

[] step 8: Setthe DSO GPIB address to 1 and its communication mode to
talk/listen.

NOTE

If the DSO GPIB debug mode is On, a time out error may occur. If
so, switch off the debug mode.

Load [[] step 9: Select Select Source Address from the side menu.

D Step 10: Use the general purpose knob to set the address to 1 which is
the same as the GPIB address of the load source DSO.

[] step 11: Select Load from the side menu.

When this is done, the waveform data will be transferred from the DSO
instrument to the AWG2005. The transferred waveform data will be
loaded into the internal memory of the AWG2005 under the name shown
in the "Loaded as” column of the GPIB Source list. In this example, the
waveform file is named "TDSCH1.WFM.” The clock, amplitude, and
offset values obtained from the waveform preamble are loaded into the
waveform file as setup data, together with the waveform data.
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NOTE

If the amplitude, offset, or clock is outside the range that can be set
for the AWG2005, it is replaced with the maximum or minimum
value that can be set. If an attempt is made to transfer a waveform
that exceeds any of these ranges, a message to that effect is dis-

played.
wl_-ghad . If Load Without Preamble in the side menu is selected, the waveform
preamble preamble will not be loaded (in other words, only the waveform data will be

loaded). In such cases, all parameters will be set to their default values.

This completes the Example 5.
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Example 6: Using the
Waveform Function
Generator

F.G

Channel
Sine

The instrument is equipped with a waveform function generator for generat-
ing simple waveform functions. Pressing the F.G button on the front panel
will change the mode to function generator (FG) mode and enable you to
set various waveform parameters.

In Example 6, you will select a sine wave for CH1 and a pulse wave for CH2.
Then you will set the parameters for each channel and output these wave-
forms.

D Step 1: Press the front panel F.G (Function Generator) button. The FG
mode menu is displayed.

CH1 Waveform Settings

First, as described below, you will define a 200 kHz, 5 V amplitude, 0 V offset
sine wave on CH1.

[[] step 2: Press the Channel button at the left end of the bottom menu
and select CH1.

The CH1 waveform is displayed on the top half of the screen enclosed
in a frame.

[] step 3: Select Sine from the bottom menu.

Figure 2-67 shows a sine wave displayed within the CH1 frame on the

screen.
GPIB Continuous mode Master Running
Sine
CH1 0.5000%
Frequency
200. 0kHz
Amplitude
—0.5000v 1.000v
Offset
CH2 0.5000% 0,000V
Polarity
1= Invert
—0.5000%
Period: 5.000us

/\/

CH1 Triangle Pulse

Channel
Square Ramp

||

m‘ﬂ

Figure 2-67: Screen When Sine Set for CH1
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Set the frequency to 200 kHz.

|:| Step 4: Select Frequency from the side menu.

|:| Step 5: Press 2, 0, 0, and the kHz/ms/mV key in the Unit key to input
the frequency with the numeric keys.

|:| Step 6: To set the frequency with the general purpose knob, select the
index digit for input with the front panel arrow buttons (~/-). Press the
~ button to move the underscore to the left or press the — button to
move the underscore to the right. Turn the general purpose knob with
the index digit selected to get a 200.0 kHz frequency.

In the same manner as the frequency, above, you will set the amplitude to
5V and the offsetto 0 V.

|:| Step 7: Select Amplitude from the side menu.

Use the general purpose knob or numeric keys to set an amplitude of
5.000 V.

[[] step 8: Select Offset from the side menu.

Turn the general purpose knob and check that the 0 V line (broken line)
on the screen moves within a range +5 V. Then set the offset to 0.000 V.
You could also input the offset value with the numeric keys.

|:| Step 9: Check that when you press the Polarity button in the side
menu, the polarity toggles between Normal and Invert and the polarity
of the sine wave on the screen is reversed. Then set the polarity to
Normal.

Figure 2-68 shows the screen when the output parameters are set for a
sine wave on CH1.

AWG2005 User Manual
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GPIB Continuous mode Master Running

Sine
CH1 2.5000¥%
Frequency

100. 6kHz

Amplitude

—2.5000v 5.000V

CH2 0.5000v

Offset
0.000Y

Polarity
JL Normal
1+ Invert

—0.5000v

Period: 10.00us

it | | B ||

Channel |JEER /\/

Triangle Square Ramp Pulse

Figure 2-68: CH1 Output Parameter Setting Display

CH2 Waveform Setting

You will define a pulse wave on CH2 with an amplitude of 3 V, an offset of 0
V, and a duty cycle of 30%.

Channel [] step 10: Press the Channel button in the bottom menu and select

CH2.

The bottom half of the screen is enclosed in a frame to indicate channel
selection.

[] step 11: Select Pulse from the bottom menu.
Pulse

A pulse wave is displayed within the CH2 frame on the screen.

D Step 12: Using the method given in Steps 7 through 9, give the pulse
wave an amplitude of 3 V, an offset of 0 V and a polarity of Normal.

[ff—tr [] step 13: Select Duty from the side menu.
uty

Use the general purpose knob or numeric keys to set the duty to 30%.

Figure 2-69 shows the screen for setting the output parameters for the
CH2 pulse waveform.
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GPIB Continuous mode Master Running

Pulse
CH1 2.5000¥%
Frequency

100. 6kHz

Amplitude
3.000¥v

—2.5000v

Offset

CH2 1.5000v 0.000¥

Polarity
JL Normal
1+ Invert

—1.5000%

Period: 10.00us
Square ‘ Ramp

Figure 2-69: CH2 Output Parameter Setting Display

/\/

Triangle

‘ channel ‘ f\/

CH2 Sine

This completes the sine and pulse wave output parameter setting. Now you
will check the actual waveform on the oscilloscope screen.
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Waveform Output

Connect the AWG2005 to an oscilloscope with 50 Q cables and 50 2 ter-
minations as shown in Figure 2-70. The waveform output for this instrument
is calibrated for a 50 €2 load.

AWG2005 Oscilloscope

C————

i IJQ) ) :‘O

I ]

S N A u
EEEEET Q00 6 S

CHi| | CH2 CH1{]

500 Termination &
\_
\ 502 Cable

Figure 2-70: Connections for Example 6

CH1 CH2
o OO [] step 14: Press the front panel CH1/CH2 On/Off buttons and switch
both channels on. The On/Off indicators should light up. In this opera-
tion, the waveform outputs continuously from the CH1 and CH2 output
connectors. Set the oscilloscope appropriately to display the waveform
on the oscilloscope screen.

This completes the Example 6.
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Introduction

This summary presents functional block diagrams, explains each block, and
gives some operating precautions which are of practical value in under-
standing the fundamental operating concepts of the AWG2005.
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Block Diagram

Figure 3-1 shows a block diagram of the AWG2005. In subsequent sections,
we will discuss each block in detail.

TRIGGER INPUT
CLOCK IN
CLOCK oUT
g?ffgrator ] CHI MARKER
CONTROL SIG IN out CHLAM N
©—» —©O ©—>
CONTROL SIG OUT]| CH1 ADD@ >
C= IN
Clock Trigger Digital Data CH1 Output
Sequencer |—» Waveform DJ/A Converter - Analog Circuit ——#Q)
Memory Analog Signal
[~ " optonos | |
| | [ Option 04 N
TRIGGER INPUT | | AM/ADD
| | CH1 DIGITAL
| CLOCKIN | _.| DATAOUT |
| CLOCK O | | Digital Out |
| LOCKOUT, | Bl I:l CH2 DIGITAL |
DATA oUT
| CONTROL SIG IN | Clock Sweep | | |
| CONTROL SIG OUT| | I_ ________ J
| sweep our | CH2 MARKER
ouT
| | SN
|_ B — _| Clock Trigger CH2 Output
Sequencer —ww Waveform D/A Converter - Analog Circuit —8Q)
Memory Digital Data Analog Signal
| CH3 Output |
Clock Trigger | Option 02 |
| CH3 and CH4 |
| CH4 Output |

Figure 3-1: Block Diagram
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Clock Generator

Figure 3-2 shows a block diagram of the clock generator.

TRIGGER INPUT .
© Trigger
Circuit Divider
10k (up to 23?)
Oscillator Internal Control IC END
= ~e— READY
T
External
Master
CLOCK IN NG CLOCK >
©
330Q (Master mode) Slave
10k (Slave mode)
CLOCK OUT Slaye oo |
@ o
e M
Master | Master
CONTROL SIG IN 1 G TRIG S
© ° °
Slave
10kQ
CONTROL SIG OUT Slaye s00 |
@ o
T M
Master |
Figure 3-2: Clock Generator
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This block changes the clock source, controls the clock using the trigger
and generates the control signals used when the AWG2005 is connected in
parallel with other instruments.

The oscillator for internal clock use is normally a PLL (phase lock loop) type.
It uses a liquid crystal oscillator that provides a stable 12.8MHz signal. The
oscillator oscillates between 10 and 20 MHz. When frequencies below
10MHz are required, the divider is used to divide the signal.

The internal operation will differ depending on which mode is set, so we will
discuss each mode briefly.

When the instrument is used by itself, it should be set to Master mode.
When the mode is set to Master, the following operations are possible:

CLOCK

This allows you to choose whether the clock source is internal or external.
When Internal is selected, it is possible to set the frequency. When External
has been selected, the signal connected to the CLOCK IN connector on the
rear panel will be used as the clock. The clock signal is output from the
CLOCK OUT connector while the waveform is being output.

Operations in Trigger Mode

Depending on which trigger mode is set, the following operations are pos-
sible:

Cont

The clock signal is sent to the sequencer continuously regardless of whether
or not there is a trigger signal.

Triggered

A clock signal is sent to the sequencer when an external trigger signal is
received from the TRIGGER INPUT connector on the front panel, or when a
trigger signal is sent by pressing the MANUAL key on the front panel, or
when a trigger command is received from the GPIB interface. When this
happens, a control signal is generated for external unit control.

Gated

A clock signal is sent continuously to the sequencer while the gate signal
(either the external gate signal from the TRIGGER INPUT connector on the
front panel or the signal sent when the MANUAL key on the front panel is
pressed) is TRUE. Even after the waveform ends, the waveform will be
repeated again from the beginning as long as the gate signal is TRUE.

When two or more instruments are connected in parallel, set one to Master,
and the others to Slave.
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Instruments are connected together with BNC cables, as shown in Fig-

ure 3-3. In order to make sure that the same clock signal is sent to all instru-
ments, the master CLOCK OUT is connected to the slave CLOCK IN and
the master CONTROL SIG OUT is connected to the slave CONTROL SIG
IN so the trigger signal is transmitted to the slave instrument. When there is
more than one slave instrument, the CLOCK OUT and CONTROL SIG OUT
from the master instrument are connected to the CLOCK IN and CONTROL
SIG IN, respectively, of all slave instrument. 50 Q terminators are connected
to the CLOCK OUT and CONTROL SIGNAL OUT connectors on the last
slave instrument in the chain, in order to prevent signals from being reflected
back up the cable.

Master Slave 1 Slave 2
_ _ - _ — _
|_| | Il A |_| | Il A
CLOCK IN CONTROL SIG oUT CLOCK IN CONTROL SIG oUT
o 8 8 CLOCK oUT o o CLOCK oUT o g CLOCK oUT
45 + +
[0/lo_© o o | ©]0o |
u m hmmas m = u
CONTROL N CONTROL ~ CONTROLE ﬁ
SIGouT | 50Q Cable SIG IN L 500 Cable SIG IN
50Q Termination
Figure 3-3: Connecting Three AWG2005 Instruments in Parallel

When this is done, the instruments designated as slave units are used for
the following operations:

CLOCK

The clock source is fixed at External, and so the clock signal input to the
CLOCK IN connector is sent to the sequencer. The clock signal is also
output to the CLOCK OUT connector so it can be used by the other slave
instrument. 50 Q terminators are connected to the CLOCK OUT connector
on the last slave instrument in the chain, in order to prevent signals from
being reflected back up the cable, as shown in Figure 3-3.

CONTROL

The CONTROL SIG OUT connector is connected to the CONTROL SIG IN
connector and the control signal is entered via this pathway. This signal is
used by the slave instrument as a trigger signal. At the same time, it is also
output as is to the other slave instrument from the CONTROL SIG OUT
connector. 50 Q terminators are connected to the CONTROL SIGNAL OUT
connector of the last slave instrument in the chain, in order to prevent sig-
nals from being reflected back up the cable, as shown in Figure 3-3. This
control signal is used to control the slave instrument. In Slave mode, the
TRIGGER INPUT connector on the front panel is not operational.




Trigger Input Signal
(slope: positive)

Master Side
MARKER Signal Output

Master Side Waveform Output
(unfiltered)

Slave Side Waveform Output
(unfiltered)

Block Diagram

The slave instrument are usually set to either "Cont” or "Triggered.” If other
modes are selected, the slave instrument may operate differently from the
master instrument. The slave instrument can only output waveforms while
the clock signal is output from the master instrument, so the length of the
waveform on the master instrument should be set to the longest possible
value.

NOTE

The length of (i.e., number of points in) the waveform need not
necessarily be the same; however, you should be aware that the
operation may be different from normal if the length of the waveform
differs.

The master instrument can be set up only with Triggered, Gated,
Waveform Advance or Autostep. It can’t be set up Cont mode.

Figure 3-4 shows the output timing relationship among the waveform and
MARKER signal on the master instrument side, and the waveform on the
slave instrument side when two instrument of AWG2005 are connected in
parallel and a trigger signal is applied from the outside.

— A —

B —»

C—»

A : 400 ns (Typical value)
B : 435 ns (Typical value)
C : (435 ns + delay due to the cable + 3.5 ns) (Typical value)

* Delay Due to the Cable: approx. 5 ns/m

Figure 3-4: Waveform Timing
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Block Diagram

Clock Generator
(Option 05: Clock

cal with those found on standard models.

Figure 3-5 shows a block diagram of the clock generator (when Option 05
"Clock Sweep” is installed). Dotted lines indicate the circuits that are identi-

Sweep)
r— T (I
TRIGGER INPUT | l_m,ggT\ | ——— |
S L jewewm N U Divider |
Sweep : :_ : :
I I
Control ] ControliC | R
I F——
| | L
SWEEP OUT I I
DAC Memory | I
- I
| — L _ j| |
| I
Oscillator Clock BE g I : |
CLOCK IN L [ S
-t - t—¢ = - _:_ -
I
| |
CLOCK OUT - | A : |
_—_—— ~
—0\._ A < g [ _:_ _|
N
CONTROL SIG IN T T T N
- e e 4 .
r I
| |
| |
CONTROL SIG OUT —— p |
———————— ~
| [ S vy S —— D S——
N
Figure 3-5: Block Diagram of the Clock Generator (Option 05: Clock Sweep)

The internal generator enters DDS (direct digital syn

thesis) mode and en-

ables clock sweep. Data for the frequency needed for clock sweep is stored
in the DDS memory and the oscillation frequency varies in accordance with

this data.

When the sweep mode is set to Triggered, the trigg

er signal is used for

sweep control and not for clock control. In such cases, the trigger is set to

Cont.

A voltage proportional to the frequency is output from the SWEEP OUT

connector on the rear panel.

Apart from the internal oscillator, this circuit is basically the same as the

normal clock generator circuit.




Block Diagram

Figure 3-6 shows a block diagram of the sequence, waveform memory and

Sequence, Waveform
D/A converter.

Memory and D/A

Converter
Sequencer Waveform Memory
| D/A converter
I
Sequence Memory Address Waveform |12 ! CH1 signal
Counter Memory ' DAC
32K_16bits |
| 12 bits
- _
CH1 MARKER
. 1 | Buffer ouT
64K_16bits
END — | A% ©
READY s Control Y iO!i — CHI1 DIGITAL
CLOCK equence contro : Option 04 DATA OUT
TRIG Data\
| 502 |clock
| > Buffer NW
| 12
: DIGITAL OUT -
Data\
I 12 500 | ook
| Buffer N
I
e L
________ CH2 DIGITAL
M DATA OUT
I
Sequence Memory Address Waveform |12 ! CH2 signal
Counter Memor ' DAC
32K_16bits y |
| 12 bi
ts
L __
. , | Buffer ggg_ MARKER
64K_16bits
END — | AN ©)
50Q
Sequence Control

Figure 3-6: Block Diagram of the Sequence, Waveform Memory and D/A Converter

Figure 3-6 shows a block diagram of the sequence, waveform memory, D/A
converter and DIGITAL DATA OUT (option 04). The operation is the same

for both Channel 1 and Channel 2, so this manual will discuss only Channel
1 operation.
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Block Diagram

Sequence

The sequence memory has a capacity of 32 K words, with each word com-
posed of 16 bits. When a file has been selected with Waveform Sequence
in the SETUP menu, data items such as the address of the waveform written
to the waveform memory, the number of loops for the waveform or se-
quence, and the operation mode are written to the sequence memory.

Clock and trigger signals from the clock generator are sent to the sequence
control circuit. This circuit reads out the contents of the sequence memory,
loads the contents to the required counter, and controls the address counter
of the waveform memory. It can also record (nest) sequences within se-
quences.

Table 3-1 shows an example of a sequence file that contains another se-

quence.
Table 3-1: Sample Sequence Files
Sequence File (EXAMPLE.SEQ)

File Name Repetition Count
AAA.WFM 3
XXX.SEQ 5
BBB.WFM 16

Configuration of XXX.SEQ

File Name Repetition Count
CCC.WFM 2
DDD.WFM 1
EEE.WFM 10

When the mode has been set to Waveform Advance, the contents of the
sequence memory are overwritten and the operation is in keeping with this
mode.
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Block Diagram

Waveform Memory

The waveform memory has a capacity of 64 K words, with each word com-
posed of 16 bits. When a file has been selected with the Waveform Se-
quence item in the SETUP menu, the marker data and waveform data that
are actually output are stored in this memory. The maximum number of
waveforms that can be written is 256.

Waveform data consists of 12 bits, while marker data consists of 1 bit. The
waveform data is sent to the DAC (digital/analog converter), while the mark-
er data passes through both the CMOS buffer and a resistance of 50 Q and
is finally output from the MARKER OUT connector on the rear panel. During
normal use, the circuit is terminated in series by this 50 Q resistance, so
termination is not required on the receiving end. When the waveform is
distorted by the cable or the receiving circuit, however, it should be termi-
nated with 50 Q resistance. When this is done, the output voltage will be cut
in half.

D/A Converter

This is used to convert digital waveform data to an analog signal. It has a
resolution of 12 bits.

Data Length

Generally, outputting high precision (high S/N ratio) waveforms requires an
adequate number of data points.

For example, when outputting triangular waveforms, about 8000 points are
needed to minimize the jaggedness of the waveform. That is why the
AWG2005 uses a DAC with a resolution of about 4000 (12 bits) for the
vertical amplitude.

Figure 3-7 shows the relationship between the triangular wave resolution
and the number of data points.

—

Resolution
4000

»é& ?

4000 4000
Points Points

Figure 3-7: Relationship Between Triangular Wave Resolution and
Number of Data Points
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Block Diagram

For a triangular wave, extra waveform points beyond 8000 are meaningless.
This applies not only to triangular waves but to smooth waveforms, in gener-
al.

In normal use, this level of precision is rarely required. When it is not, the
number of waveform points may be reduced. In the equation editor and the
waveform editor, the default value for the number of waveform points is
1000.

When a sine wave is created with 1000 points, the size of this fold back
component is —60 dB, which should be no problem in ordinary use.

When making a waveform with less than 1000 points, because you are
using the maximum clock frequency, use a filter. In this case, observe the
following points.

m  According to sampling theory, if the ideal filter is used, with a mere two
points of data for the highest frequency component the waveform has,
the waveform can be reproduced. In order to eleiminate overshoot and
ringing, the filters in the AWG2005 have Bessel characteristics with
relatively gentle shoulder characteristics, That is why more points are
required.

m  The amount of data required depends on the waveform shape, the S/N
ratio required, the filter cutoff frequency, and other such factors. There-
fore, output the waveform on the oscilloscope, spectrum analyzer, or the
like, and check that the waveform is what you need.

m  Care is particularly necessary in creating waveforms with the equation
editor.

Digital Data Output (Option 04)

The data and clock signal sent to the DAC pass unchanged through the
buffer and are output from the connector on the rear panel. As in the case of
the marker signal, a resistance of 50 Q has been inserted in series, so
normally there is no need for termination on the receiving end.
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Analog Circuit

Filter
500kHz

CH1Signal

CH1 AM IN

Figure 3-8 shows a block diagram of the analog circuit.

Multiplier

©

10k

Offset
\1v

Atten-
uator
x5

ADD Signal

CH1 ADD IN
©

502

Internal AM Signal

Block Diagram

Atten-
uator

x5

Offset

Filter

500kHz Atten- —e@ Atten-

éng uator

5MHz x5

CH2Z Signa /Igggnal CH2
> Signal Output
Figure 3-8: Block Diagram of the Analog Circuit
Filter
This circuit contains the four types of low pass filters shown in Table 3-2.
Each one has moderate shoulder characteristics to prevent overshooting
and ringing. These filters can be used to remove unnecessary frequency
elements from the waveform itself or reduce the number of elements
through reflection when the waveform is made up of a limited number of
points.
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Block Diagram

Table 3-2: Cutoff Frequencies and Delays

Cutoff Frequency Delay
500kHz 800ns
1MHz 340ns
2MHz 190ns
5MHz 74ns

Rising time is around 35ns when a filter is not needed. The delay times
shown in Table 3-2 are all standard values.

Multiplier

When external input has been selected, the signal connected to the CH1
AM IN connector on the rear panel can be used to provide AM modulation
to the CH1 signal. An offset of 1V is applied by the input ampilifier, so the
output in response to the input signal is like that shown in the table below;
100% modulation is obtained with an input of =1V. Table 3-3 shows the
signals that are output in response to various external signals.

Table 3-3: Output Signals for External Signals

External Signal Output Signal (CH1)
1V 100% of set value
ov 50% of set value

-1V 0%

If a signal greater than *1V is entered, the waveform may be distorted.

Figure 3-9 shows 100% modulation.

Figure 3-9: 100% Amplitude Modulation
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Block Diagram

When CH2 is selected as the modulation signal, no particular offset is ap-
plied, unlike when external input is selected (as described above). Table 3-4
shows the CH1 signal output in response to the amplitude of the CH2 signal.

Table 3-4: CH1 Signal Output for CH2 Signal Amplitude

CH2 Signal Output Signal (CH1)
5V 100% of set value
ov 0%
-5V —100% of set value
(signal is inverted)

Variable Gain Amplifier/Attenuator

The amplitude of the waveform output is determined through combination
with the attenuator.

Output Amplifier

This amplifies the signal to the designated output, using an amplifier with
approximately 10 times the gain.

When Ext Add has been selected, the external signal is added to the CH1
signal at this stage.

When Add is selected, the CH2 signal is added to the Ch1 signal at this
stage.

NOTE

Whether set to Ext Add or Add, the output voltage should not
exceed 10Vp-p, as this will result in waveform distortion.

Offset

This is the current source used to determine the offset for the waveform
output. Current of up to 200mA can be output. With termination of 50 &, an
offset of up to =5V is applied; with no termination, an offset of up to =10V is
applied.

AWG2005 User Manual
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Introduction

Sections 4A through 4F will describe in detail the functions contained in
each of the menus.

Section 4A EDIT Menu
Section 4B SETUP Menu
Section 4C MODE Menu
Section 4D LOAD/SAVE Menu
Section 4E UTILITY Menu
Section 4F FG Menu

Each section will describe menu functions in the following order:
®  Menu Structure

Each menu will be shown in a diagram listing the menu items from left to
right, with the highest menu level on the left and the lowest menu level
on the right. There are three types of menus: the bottom menu, the side
menu and the sub-menus. An ellipsis (...) in a side menu item indicates
that it has a sub-menu. If a menu has many levels, there will be a "De-
scription” section at the beginning which shows the detailed menu
configurations for that function.

®m  Menu Functions

This is a list showing the menu functions and the number of the page on
which you can find a description of that function.

= CRT Display
This shows a typical screen for that menu and a brief explanation.
m  Description

This section gives a detailed explanation of the functions in each menu.
It includes examples with step-by-step instructions showing how the
function is used. Menu items in the text are shown in a bold typeface.

Menu Items Available With Each Editing Function

Menu items for the bottom and side/sub-menus are shown with the words
enclosed as shown below to make them easy to distinguish from one
another.

Bottom Menu Side Menu or Sub-Menu
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Mare
10f3

Go Back

Execute
Undo

rCancel

Continue

More

When the side menu consists of two or more pages, this item is used to
display the next page. In the example shown at left, the side menu being
displayed consists of three pages and the first page is currently being
displayed.

Go Back

This item is displayed when you select a side menu item that has a sub-
menu. It allows you to escape from the sub-menu and return to the side
menu level. (The CLEAR MENU bezel button can also be used for this
purpose.)

Execute

Select this button to execute the currently selected menu function. For
example, in the Draw... menu, pressing this button will cause the waveform
to be drawn; in the Shift... menu, it will cause the waveform to move.

Undo

Select this button to cancel the most previous operation — for example,
Execute, calculations in the Math... sub-menu, or Marker settings, or Cut,
Paste, Insert or other operation. Pressing Undo again will cancel the Undo
operation and restore the waveform to the status before Undo was pressed.

O.K.

Select this button to confirm that you really want to perform an operation, or
to respond to a query when a popup menu has appeared. A warning mes-
sage will appear when it is necessary to confirm an operation in this manner.
If you are sure you want to execute the operation, press this O.K. button.

Cancel

This button is usually displayed along with the O.K. button. Select it when
you want to cancel an operation. (You may also use the CLEAR MENU
bezel button for this purpose.)

Continue

This item appears in the side menu when a panel containing an error mes-
sage appears on the screen, or when the Show Catalog Entry or Show
Overview command is used to display a waveform in graphic form. Pressing
this button causes the panel to disappear. (You may also use the CLEAR
MENU bezel button for this purpose.)




EDIT Menu

General Description

To use the AWG2005 to output arbitrary waveforms, you must first create a
file for the waveform to be output. There are four file types, each created by
a different editor. Files created in this manner will have an extension after the
file name that identifies what type of file they are.

Editor File Extension
Waveform Editor Waveform file WFM
Equation Editor Equation file .EQU
Sequence Editor Sequence file .SEQ
Autostep Editor Autostep file AST
NOTE

Instruments with Option 05 installed have a clock sweep editor to
permit creating the clock sweep file (extension .CLK). This file
provides linear, log and arbitrary sweep output for clock frequen-
cies.

When option 09 is installed, there are two additional functions: a
high-speed convolution function and an FFT editor. These allow you
to perform convolution calculations and edit the waveform file
within the frequency range.

Pressing the EDIT button in the MENU causes the initial menu to be dis-
played. When you want to edit an existing file or create a new file, you select
the appropriate editor from this initial menu. In this section, we will briefly
describe these editors.

Waveform Editor

This editor is used to create and edit waveform files. The waveform data
display formats are graphic, table, and timing.

Equation Editor

This editor is used to create and edit equation files. Equation file data takes
the form of mathematical equations. An equation file is compiled to create a
waveform file and to output the waveform.

AWG2005 User Manual
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EDIT Menu

Sequence Editor

This editor is used to create and edit sequence files. Sequence files as-
semble a number of waveforms or sequence files in order.

Autostep Editor

This editor is used to create and edit autostep files. Autostep files are
created by programming waveforms or sequence files for each channel.
Each time a trigger is received, the waveform moves on to the next step in
this program. Since the output parameters set for each waveform or se-
quence file are part of the autostep file, the output parameters can change
for each waveform.
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Initial Menu

MENU Button

EDIT Menu

To create or edit waveform files, press the EDIT button of the MENU column
to display the initial menu. Figure 4A-1 shows the structure of the initial EDIT

menu.

Initial Menu Structure

Editor

EDIT

Selecting
—| an Existing
File

Bottom Menu Side Menu
Initial Menu
Selecting .
1 an Existing [— Edit
File
New Waveform
New Equation
New Sequence
New Autostep
New Clock
Sweep
Convolve
Waveform
Selecting Edit in
— an Existing — Frequency
.WFM File Domain
gﬁ Igifg% Expand SEQ
- 9 1~ into wFm
.SEQ File into
Rename
Comment
Copy
Delete
Delete All
Lock On/Off

! Graphic Display i
. Waveform o !
.WFM: Editor Timing Display

Table Display

.................

Equation Editor .

Sequence Editor

1 Autostep Editor .

Convolution Waveform Editor,

( Option 09 ) |

. FFT Editor

. (Option 09 )

Figure 4A-1: Initial EDIT Menu Structure
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EDIT Menu

Menu Functions

The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-1: Menu Functions

Menu Function Page

Edit Editing an existing file 4A-7

New Waveform Creating a new file (WFM) 4A-6
Waveform editor 4A-13
Graphic display 4A-22, 4A-28
Timing display 4A-28, 4A-94
Table display 4A-28, 4A-127

New Equation Creating a new file (.EQU) 4A-6
Equation editor 4A-135

New Sequence Creating a new file ((SEQ) 4A-6
Sequence editor 4A-158

New Autostep Creating a new file (.AST) 4A-6
Autostep editor 4A-169

New Clock Sweep Creating a new file (.CLK) (Option 05) 4A-6
Clock sweep editor 4A-187

Expand SEQ into WFM Expanding a sequence file into a waveform file 4A-11

Convolve Waveform Convolution waveform editor (Option 09) 4A-204

Edit in Frequency Domain | FFT editor (Option 09) 4A-210

Rename Renaming a file 4A-7

Comment Comment input 4A-9

Copy Copying a file 4A-9

Delete Deleting a file 4A-9

Delete All Deleting a file 4A-9

Lock On/Off Locking and unlocking files 4A-10
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GPIB

@7& catalog : Memory

CRT Display

Figure 4A-2 shows the initial menu of the EDIT. A description for each callout
follows.

Continuous mode

Free : 1774KB

Master|Stopped

EDIT Menu

Mame  Type Size Date & Time Comment .
C1125 WM 5348 93-11-11 09:21 Edit
CHIRP_S EQU 206 93-11-11 69:21
CHIRP_S WFM 17332 93-11-11 69:21
D125  WFM 5348 93-11-11 89:22
D_EXP_P EQU 530 93-11-11 09:22 New
DEXP_P WFM 26948 93-11-11 69:22 waveform
ET125  WFM 5348 93-11-11 09:22
EXPP  EQU 206 93-11-11 69:22

. New
GAUSS_P  EQU 296 93-11-11 69:22 .
GAUSS_P WP 9140 93-11-11 09:23 Equation
HD_RED  SEQ 1184 93-11-11 09:23 HD_SIGNAL
LORENT_P EQU 296 93-11-11 69:23
LORENT_P WFM 9148 93-11-11 89:23 New
M_DISK_W EQU 530 93-11-11 69:23
M_DISK W WFM 1348 93-11-11 09'23 Sequence
NEW_T¥T EQU 2480 93-11-11 09:24 0
NEW TY1 WFM 10100 93-11-11 69:24 0 More
NEW_T#12 SEQ 960 93-11-11 69:24
NEW_TY¥2 EQU 2480 93-11-11 09:24 180 1 0f 2

Lock

Rename | Comment Copy Delete | Delete All On

Figure 4A-2: Display of the Initial Menu

(1) Catalog:Memory

The display list shows the files in internal memory.

(2) Free Memory

Available internal memory is indicated.

(3) Scroll Indicator

The file area of memory displayed on the screen is indicated by an inverted
display area in the scroll indicator. Up to 20 files can be displayed on the
screen. To display more files, scroll the screen up or down by turning the
general purpose knob.
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EDIT Menu

New
waveaform

New
Equation

New
Sequence

Mew
Autostep

Meaw
Clock
Sweaapn

(4) File List

This list displays the files in the internal memory of the instrument. The
display gives the following information about the file: Name, Type, Size,
Date & Time and Comment. Select a file by turning the general purpose
knob. The selected file will appear inverted on the display.

Name — Files saved in internal memory are displayed in this column.

Type — Name extensions of each file are displayed in this column. Name
extensions are WFM, EQU, SEQ, and AST. The file is identified by its name
extension for each editor.

Size — The memory occupied by each file is indicated in bytes.

Date & Time — The date and time the file was saved in the internal memory
is displayed in this column.

Comment — Any comment defined for the file is displayed.

Creating or Editing a File

Select one of the items from the side menus in the initial menu to create a
new file (New Waveform, New Equation, New Sequence, or New Auto-
step) or to edit an existing file (Edit).In the instruments with Option 05
installed, New Clock Sweep is added in the side menu. Use the item to
permit creating the clock sweep file.

Creating a New File

When a New command (New Waveform, New Equation, New Sequence,
New Autostep or New Clock Sweep) is selected, a new file will be created
by the appropriate editor.

Procedure

|:| Step 1: Press the EDIT button in the MENU column to display the initial
menu.

|:| Step 2: Select one of the following editors in the side menu, depending
on what type of file you wish to create.

® New Waveform Waveform editor
m New Equation Equation editor
m  New Sequence Sequence editor
®  New Autostep Autostep editor

m  New Clock Sweep Clock sweep editor (Option 05)

To select the autostep editor, select More from the side menu in the
initial menu and then select Autostep Editor from the second page of
the side menu.
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Edit

Rename

EDIT Menu

|:| Step 3: Select an editor and create the file. The file name in the upper
left of the screen has not yet been assigned, so it is ******** extension.

Editing an Existing File
To edit an existing file, select Edit and perform the following steps:
Procedure

|:| Step 1: Press the EDIT button in the MENU column to display the initial
menu.

|:| Step 2: Turn the general purpose knob to select a file from the internal
memory file list displayed in the initial menu.

|:| Step 3: Select Edit from the side menu. The system automatically
enters the editor appropriate for the file-type extension so the selected
file can be edited.

Using File Editing Functions

The following operations can be performed for the file that has been created:

®  Rename Renaming a file
m Comment Comment input
= Copy Copying afile
m  Delete Deleting afile
NOTE

When the file is locked (indicated by an asterisk displayed in front
of the file name), it is not possible to change the file name, enter a
comment or delete the file. See "Locking and Unlocking Files” in
this section.

Renaming a File
The Rename item is used to change a file name.
Procedure

|:| Step 1: Use the general purpose knob to select the file to be renamed
from the initial menu file list.

|:| Step 2: Select Rename from the bottom menu. The menu for changing
the file name is displayed. See Figure 4A-3.
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EDIT Menu

GPIB Continuous mode Master|Stopped

Catalog : Memory Free : 1774KB

BCDEFGHIJ| @
LMNOPQRST
VWXYZ #5%
(J#+-0n_~
123456789
Rename GAUSS_P.EQU to [GAUSS_P | .EQU
&5 - Insert character
— —» Cancel
— /== Move cursor
NEW_T¥12 SEQ) 960 93-11-11 09:24 O.K
NEW_T¥2 EQU 2480 93-11-11 69:24 186 o
Lock
FEIGEI M Comment Copy Delete | Delete All On
Off]

Figure 4A-3: Menu Displayed When Rename is Selected

Before entering the new file name, you must delete the current file name.

D Step 3: To delete a character, press the Delete button on the front
panel. This deletes the character right before the cursor. The cursor can
be moved with the front panel +— and — buttons.

Now, input the new file name.
D Step 4: Use the general purpose knob to select a character.

D Step 5: Press the front panel VALUE button. The selected character is
inserted immediately before the cursor blinking in the file name input
column.

D Step 6: Repeat Steps 4 and 5 until the entire name has been entered.
Up to 8 characters can be input.

NOTE

The following cannot be used as file names: CLOCK, CON, AUX,
COM1, COM2, LPT1, LPT2, LPT3, NUL, and PRN. Also, the ” 7,
"*” and ”+” characters in the character menu can not be used in
file names and cannot be selected.
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Comment
Copy

‘ Delete Delete All

EDIT Menu

|:| Step 7: To enter the file name, select O.K. To cancel that file name,
select Cancel.

When O.K. is selected, the file is saved into internal memory with the
changed file name and displayed in the file list on the CRT screen.
Select O.K. or Cancel to return to the initial menu.

NOTE

If there is already a waveform file in internal memory with the name
the compiled waveform file will be given, a message is displayed
asking if you are sure you want to overwrite the old file. Overwriting
erases the data in the old file.

Comment Input

Select Comment to input a comment. The input method for the comment is
the same as that for Rename above. The comment may be up to 24 charac-
ters long. All the characters in the character menu can be used.

Copying a File

Select Copy to display a menu for inputting the copy destination file name.
The input method for the file name is the same as that for Rename above.

Deleting a File

Select Delete or Delete All to delete unnecessary files. Delete deletes files
in internal memory one at a time; Delete All deletes all the files in internal
memory.

Procedure

|:| Step 1: Use the general purpose knob to select the file to be deleted
from the file list in the initial menu.

[[] step 2: Select Delete from the bottom menu. This instrument asks you
if you are sure you want to delete the selected file. See Figure 4A-4.
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EDIT Menu

Loc

Off

GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 1774KB
Name Type  Size Date & Time Comment [ ]
C1125 WFM 5348 93-11-11 089:21
CHIRP_S EQU 206 93-11-11 69:21

CHIRP_S WFM 17332 93-11-11 89:21
D1125 WFM 5348 93-11-11 09:22
D_EXP_P EQU 530 93-11-11 09:22
D_EXP_P  WFM 20048 93-11-11 09:22
E1125 WFM 5348 93-11-11 09:22

EXP_P EQU 206 03-11-11 69:22

EXP_P WK

GAUSS_P EQU

GAUSS_P  WFM

Egﬁgﬁ? p EES Are you sure you want to

LORENT_P WEM delete "LORENT _P.WFM" ? .

M_DISK_W EQU Cancel

M_DISK_W WFM

NEW_T¥1 EQU

NEW_TV] “IFM — T Iow I 11T 11T 9. &aT A4

NEW_TV12 SEQ 960 93-11-11 09:24 O.K

NEW_T¥2 EQU 2480 93-11-11 89:24 188 o
Lock

Rename | Comment Copy Delete All On

Off]

Figure 4A-4: Menu Displayed When Delete is Selected

If you select O.K. from the side menu, the file is deleted. If you decide not to
delete the file, select Cancel. When either O.K. or Cancel is selected, the
system returns to the initial menu.

Locking and Unlocking Files

Select Lock to lock or unlock a file. When the file is locked, it is not possible
to delete the file or change the file name or the comments for that file.

NOTE

While a locked file can have its output parameters changed with the
SETUP menu, the original output parameters are retained. Thus,
when the locked file is loaded again into waveform memory, the
original parameters are set again.

Procedure

D Step 1: Use the general purpose knob to select the file to be locked
from the file list in the initial menu.

[] step 2: Press the Lock bottom menu button. The selected file is locked
and On is selected for the Lock label. Locked files have "*” next to their
names in the display. See Figure 4A-5.
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EDIT Menu

GPIB Continuous mode Master|Stopped
Catalog : Memory Free : 1774KB
Name Type  Size Date & Time Comment [ ] .
*B1125 WP 5348 93-11-11 69:20 Edit
*C1125 WM 5348 92-11-11 69:21
CHIRP_S EQU 206 93-11-11 09:21
*CHIRP_S WFM 17332 93-11-11 69:21 N
01125  WPM 5348 92-11-11 69:22 ew
D_EXP_P EQU 530 93-11-11 09:22 waveform

*D_EXP_P  WFM 20048 93-11-11 69:22
*E1125 WFM 5348 93-11-11 09:22

off

EXP_P  EQU 206 93-11-11 09:22 New

sEXP_P WFM 9140 93-11-11 09:22 ;
GAUSS_P  EQU 206 93-11-11 69:22 Equation

*GAUSS_P  WEN 9140 93-11-11 09:23

HD_RED  SEQ 1164 93-11-11 09:23 HD_SI GNAL

LORENT_P EQU 206 93-11-11 09:23 New

*LORENT_P WFM 9140 93-11-11 09:23

M_DISK_W EOQU 530 03-11-11 69:23 Sequence

+H_DISK_W WFM 1348 93-11-11 09:23 -
NEW_T¥1 EQU 2480 93-11-11 09:24 © More
NEW_T¥1 WFM 10100 93-11-11 09:24 9

NEW_T¥12 SEQ 960 93-11-11 09:24 10f 2

Lock

Rename | Comment Copy Delete | Delete All ‘

Figure 4A-5: Menu Displayed When Lock is Selected

[] step 3: Select Delete from the bottom menu. Check to make sure that
the words “File locked.” is displayed in the message area to indicate
that it is not possible to delete the file.

D Step 4: If you press the Lock bottom menu button again, the file is
unlocked and Off in the Lock label is displayed inverted. Files on a
floppy disk or in NVRam can be locked/unlocked in the same manner
with the UTILITY menu.

Expanding a Sequence File into a Waveform File

The "Expand SEQ into WFM” item is displayed when a sequence file has
been selected from the file list in the initial menu. It is used to expand a
waveform created from a sequence file (.SEQ) into a waveform file (WFM).

Procedure

D Step 1: Select More from the side menu in the initial menu to display
the second page of the side menu.

|:| Step 2: Using the general purpose knob, select a sequence file (the file
name should end in .SEQ) from the file list in the initial menu. The "Ex-
pand SEQ into WFM” item will appear in the side menu.

|:| Step 3: Select Expand SEQ into WFM from the side menu. You will be
asked to provide a name for the resulting waveform file. See Figure
4A-6. If necessary, change the default name. See "Renaming a File”
described above.

AWG2005 User Manual

4A-11



EDIT Menu

Catalog : Memory Free : 1774KB

GPIB Continuous mode Master|Stopped

ECDEFGHIJ| &
LMNOPOQRST
VWXYZ H#%
() @A~
123456789

Expand HD_RED.SEQ into HD_RED ] . WFM

WALUE
—— : Insert character

— —» Cancel
/T Move cursor
NEW_TW12 SEQ 960 93-11-11 09:24 O.K
NEW_T¥2 EQU 2480 93-11-11 69:24 180 o
Lock
Rename | Comment Copy Delete | Delete All On
Off]

Figure 4A-6: Menu Display When Expand SEQ into WFM is Selected

[J step 4: Press O.K. to confirm the file name. Press Cancel to cancel the

operation.

When O.K. is pressed, the sequence file will be expanded into a wave-
form file and the initial menu will reappear. The name of the new file will
be added to the file list in the initial menu. If a waveform file with that
name already exists, you will be asked whether it is all right to overwrite
the existing file with the new data. Be careful when answering this query,
as a "yes” will cause the existing data to be deleted and replaced with
the new file. Pressing "Cancel” will cancel the operation and the initial
menu will reappear.
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Waveform Editor

New Edit
waveform

Use the waveform editor to create or edit waveform files with the extension
of .WFM. Waveform files contain waveform data, marker signal data, and the
waveform output parameters set with the SETUP menu. The waveform data
display formats are graphic, table, and timing. The editing functions dis-
played depend on the data display format.

In the waveform editor, 0 to 4094 in 12-bit resolution on the vertical axis is
expressed as —1.0000 to +1.0000 (with 4095 as 1.0005). At this level, there
is no relationship to the Amplitude/Offset setting in the SETUP menu used
when the waveform is output.

Entering the Waveform Editor
Procedure

[C] step 1: Press EDIT in the MENU column. The initial EDIT menu will
appear.

[[] step 2: Select Edit or New Waveform from the side menu.

= Edit Use this command to select and edit an
existing waveform file ((WFM)

m New Waveform Use this command to create a new wave
form file

As a result of the procedure described above, the waveform editor will
appear on the screen. The waveform editor can be displayed in one of
three formats: graphic, timing or table; the default setting is graphic
display. Figure 4A-7 shows an example in which an existing waveform
file has been selected.

AWG2005 User Manual

4A-13



EDIT Menu

GPIB Continuous mode Master|Stopped
TSINE NN A 999 R 999 [ gperation
1000 pts  Yalue 9.0000 m— ——— /2 [Uc-0. 0059 b
1.0005 :
Cut
Copy
to Buffer
Paste

from Buffer

Draw...
-1.0000 M
MARKER |1 ore
I 10f3
FEER: Switch Cursor
Select/ i . Standard |Close/
Open Zoom Setting Unda Wwaveform Write

Figure 4A-7: Graphic CRT Display

In graphic display, the waveform is created or edited with the waveform
displayed in the waveform editor in graphic display. For details on the
different formats, see "Timing Display” and "Table Display”.

Opening and Selecting Editing Areas

Select/ Up to three waveforms can be displayed and edited in the waveform editor
Qpen at the same time. This makes it easy to edit several related waveforms.
Figure 4A-8 shows an example in which three waveforms are displayed. In
this example, the box around the Waveform2 area shows that this waveform
is selected and is currently being edited.
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GPIB Continuous mode Master|Stopped

Towwwswsrs L[ @ A999 Rl 999 Select/
1000 pts  Value 0.0000 o ———————— /3 | -0 0122 Open

1.0005
Waveforml

EEEEE LTS |

-1.0000 1
MARKEFR |1}

2:********0L._:] A 909 R QQQ-
1000 pts  ¥Yalue 0.0000 m———— /7 |Uc-0.0083| | FTTTTLLLRE

1.0005

Waveform2

Waveform3

EEEEEEE T
-1.0000 - WM

MARKER |1 I

Frwwwxraxr [ @ A 909 RL 999
1000 pts  Value 1.0000 m—— /3 | Lic- 1. 0000

1.0005

-1.0000 J
HMARKER |1 |k

FEEEDR: Switch Cursor

Select/ ] : Standard |Close/
Operatlon Zoom Setting Undo waveform write

Figure 4A-8: Waveform Editor With Three Editing Areas

When there is more than one waveform displayed in the waveform editor,
the following menu items will be added:

m  Cursor Link to... will be added to the Setting menu item. See
page 4A-33.

Cursor Link to... — Used to link the cursors in different editing areas.

®m  Three additional commands (Multiple Copy..., Convolute...,
Compare...) will be added to the Operation menu item. See
pages 4A-78, 4A-83 and 4A-86, respectively.

Multiple Copy... — Used to copy a waveform in one editing area
that has been designated with the vertical bar cursors into another
editing area (in the space designated with the vertical bar cursors in
that area), using the interval specified with Interval.

Convolute... — Used to perform convolution calculations for the
waveform in one area (in the space designated with the vertical bar
cursors) with the part of a waveform in another editing area desig-
nated by the vertical bar cursors in that area.

Compare... — Used to compare the waveform in the area desig-
nated by the vertical bar cursors with the waveform in another
editing area.
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Procedure

In this example, you will select three waveforms in the waveform editor. The
following procedure starts in the initial EDIT menu.

[] step 1: Select New Waveform from the side menu. The new waveform
will be displayed in area 1.

D Step 2: Press Select/Open from the bottom menu. In the side menu,
"Waveform1” refers to the waveform file in editing area 1.

[] step 3: Select Another Waveform from the side menu. A file list will
appear, allowing you to select the waveform file to be displayed in
editing area 2.

The top item in the list (New Waveform) is used to create a new wave-
form file. The subsequent items are the names of existing waveform
files. See Figure 4A-9.

GPIB Continuous mode Master|Stopped
1oxreee ey L NGNGE A 999 Rl 999 Select/
1000 pts  Value 0.0000 m——— /3 |Lic 0.0000 Open
1.0005 ; Show
i Catalog
Select the waveform Entry
[+ Hew Waveform I
DC1.WEFM
DC2.WFM i
RAMP . WFM —
SAMPLE-1.WFM ]
SAMPLE-2.WFM
SINE.WFM
SOUARE.WFM
TRIANGLE.WFM
Cancel
-1.0000 l :
MARKER |1 0K
Select/ ; ; Standard |Close/
Operation| Zoom Setting Undo waveform write

Figure 4A-9: Menu Display When Another Waveform is Selected

D Step 4: Using the general purpose knob, select New Waveform. The
new waveform file created in this step will be assigned to editing area 2.

[J step 5: Select O.K. from the sub-menu. When this is done, Waveform2
will be added to the side menu and the Waveform2 editing area will
appear on the screen. See Figure 4A-10.
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GPIB Continuous mode Master|Stopped

Tiwwwwwers L[ @ A 009 Rl 999 Select/

1000 pts  Value 90000 e ————— /3 | e 0. 0000 Open
1. 085 ] i

Waveforml

EEEEE LTS |

Waveform2

sasaksas WEM

-1. 0000
MARKER 1

2:********0[_:1 A 999 R 999
1000 pts  Value 9.0000 p———— /7 |Lic 0. 0000
1. 0005
Another
—1. BpOG
MARKER 1] waveform
FEEEDR - Switch Cursor
Select/ ] : Standard |Close/
Operatlon 2oom Setting Undo waveform write

Figure 4A-10: Waveform2 Added

[] step 6: Select Another Waveform from the side menu.

D Step 7: Using the general purpose knob, select a waveform file. In this
example, we will select an existing waveform file.

D Step 8: Select Show Catalog Entry from the sub-menu. This allows
you to check the waveform for the selected file on the screen. See
Figure 4A-11.

SINE.WFM

1.9

-1.0 1000 Points

Figure 4A-11: Menu Display When Show Catalog Entry is Selected
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[] step 9: Select Continue from the sub-menu.

[] step 10: Select O.K. from the sub-menu. Waveform3 will be added to
the side menu and the Waveform3 editing area will appear on the
screen. See Figure 4A-12.

GPIB Continuous mode Master|Stopped
Toeewssers [0 A999 R 999 [ Select/
1000 pts  Value 0.0000 m—— /3 |Lic ©.0000 Open

1.0005

Waveformi

wxswksas, WEM

-1.0000 J
HMARKER |1 |k

PRI | | A 999 R
1000 pts  Yalue 9.6600 p——————'/2 [UC 0.0000 | sxrxeses YN

1.0005

ol Waveforn2

Waveform3

SINE. WFM

-1.0000 J
HMARKER |1 |k

3:SINE o A 999 R 999

1000 pts  VYalue 9.0000 m——— /2 | Le-0. 0059

1.0005

-1.0000
MARKER |1 I

FERSOR - Switch Cursor

Select/ . . Standard |Close/
Operatlon Zoom Setting Undo waveform write

Figure 4A-12: Waveform3 Added

The three waveform items (Waveform1, Waveform2 and Waveform3) will
be displayed in the side menu. You will select the waveform to be edited
from among these items.

[] step 11: Select Waveform2 from the side menu. A box will appear
around the editing area to indicate that this waveform has been se-
lected.

To close a waveform, once again select that Waveform from the side menu
and then select Close/Write from the bottom menu. See "Saving Files and
Exiting the Editor” in this section.

4A-18



Close/s
write

EDIT Menu

Saving Files and Exiting the Editor

When you select Close/Write from the bottom menu, the newly created or
edited file currently selected in the side menu will be saved to the instru-
ment’s internal memory and the waveform editor will disappear.

NOTE

The procedure for saving files and exiting the editor is the same for
all editors. The only difference is that the Close/Write item in the
waveform editor changes to Exit/Write in the other editors; it func-
tions in the same manner. (The word "Close” is used in the wave-
form editor because more than one waveform is opened in this
editor.)

Choices When Exiting the Editor

Select Close/Write from the bottom menu to display a side menu containing
Write and Close, Close without Writing, and Write menu items. These
functions are explained next.

Write and Close

When a new file is created, if you select Write and Close, a menu for
naming the file is displayed. Input the file name, then select O.K. from
the sub-menu. The file is saved into internal memory with that name and
the system returns to the initial menu. If Cancel is selected, the input file
name is canceled and the system returns to the editor.

When you exit the editor after editing an existing file and you select
Write and Close, the menu for naming the file is not displayed. Instead,
the system immediately returns to the initial menu and the file created in
internal memory is saved with the existing file name.

Close without Writing

When this item is selected, the system returns to the initial menu with-
out saving the created or edited file to internal memory. In this case, a
message asking you if it is ok to erase the created data is displayed on
the CRT screen. Reply O.K. or Cancel.

Write

When Write is selected, the file name menu is displayed. If you input or
change the file name, then select the sub-menu O.K. item, the created
or edited waveform data is saved into internal memory with that file
name and the system returns to the editor it has been in. If the file name
is changed, the old file is left as is and a new file is created with the new
file name. If you select Cancel, the input file name is canceled and the
system returns to the editor without saving the data into internal
memory. Although the created or edited data is not saved at this time, it
is retained for further editing.

AWG2005 User Manual
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Naming a File

When saving a newly created file, a file name must be created. The menu for
creating a file name is the same for all the editors.

Procedure
[] step 1: Select Close/Write from the bottom menu.

[[] step 2: Select Write and Close from the side menu. Figure 4A-13
shows the menu with the file name.

GPIB Continuous mode Master|Stopped
Towwwwwsws L[ @ A 999 Rl 999 Close/
1000 pts  VYalue 9.0000 p——— /2 | Ue-0. 0093 Write
1.666515 ]
BCDEFGHIJ| @
LMNOPQRST
VWXYZ #5%
(J#+-0n_~
123456789
waveform Name = [ |.WFM
&5 - Insert character
—  —3 Cancel
T/ = Move cursor
-1.0000 Input filename and press O.K. ]
MARKER 1] O.K.
Select/ : - Standard |[efu}]:F
Open Operation| Zoom Setting Undo Waveform

Figure 4A-13: Menu With File Name

NOTE

When no editing has been performed in the editor, selecting the
Write and Close item will not cause the menu used to enter the file
name to appear; the initial menu will reappear instead.
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Now, input the file name.

|:| Step 3: Use the general purpose knob to select a character.

o

|:| Step 4: Press the front panel VALUE button. The selected character is
inserted immediately before the cursor.

waveform Name = @: .WFM

|:| Step 5: Repeat Steps 3 and 4 until the entire file name has been en-
tered. In this example, we will enter the name SAMPLE.

waveform Name = [SAMPLE | .WFM

Up to 8 characters can be input. To delete a character, press the Delete
button on the front panel. This deletes the character right before the
cursor. The cursor can be moved with the front panel <~ and — buttons.

NOTE

The following can not be used as file names: CLOCK, CON, AUX,
COM1, COM2, LPT1, LPT2, LPT3, NUL, and PRN. Also, the ” ”
and "*” and "+ characters in the character menu can not be used
in file names and can not be selected.

[[] step 6: To enter the file name, select O.K. To cancel that file name,

select Cancel from the side menu.

When O.K. is selected, the file will be saved to the internal memory
under the file name that has been entered and the initial menu will
reappear. The new file name will be displayed in the file list in the initial
menu. If Cancel is selected, the name that has been entered will be
disregarded and the editor screen will reappear.

NOTE

If there is already a waveform file in internal memory with the name
the complied waveform file will be given, a message is displayed
asking if you are sure you want to overwrite the old file. Overwriting
erases the data in the old file.
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Graphic Display

In graphic display, the waveform is displayed in graphic form in the waveform
editor and it is created or edited in that form. The horizontal axis indicates time
or number of points, while the vertical axis indicates the levels. Waveforms are
displayed at each data point in 12-bit resolution. On the beneath the waveform,
the on/off state of the marker signal is displayed in timing form. All editing
operations are performed between the two vertical bar cursors.

Graphic Display Menu Structure

Figure 4A-14 is a diagram showing the menu structure for the waveform
editor in graphic display. This is not a complete list; for a complete list, see
the diagram at the beginning of the section on each menu. An ellipsis (...)
next to an item in the side menu indicates that there is a sub-menu below
that item listing additional choices. Commands in the sub-menu are
executed with the Execute command; when Go Back is selected, the sub-
menu disappears and the side menu reappears.
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Bottom Menu Side Menu Sub-Menu
— Waveforml1
— Waveform2 *1
[ Select/Open ———————+— waveform3 ‘1
] — Another Waveform
Waveform Editor
— Cut
— Copy to Buffer
— Paste from Buffer
,— Add Draw Point
— Draw... |_ Delete Draw Point
Smooth
. — Shift
— Shift...
L— Value
Scale
': Factor
Scale... |: New Size *2
Origin *2
— Invert... Invert
. Clip
P “— Level
I— Set High
—— Operation ——  — — Marker... |_ Set Low
Set Pattern
— Insert Other Waveform  ——— Show Catalog Entry
— Single Waveform Math... — Type
Add
| Sub
Dual Waveform Math... Mul
Show Catalog Entry
. 1 Source
Multiple Copy... 4' Interval
— Convolute...”1 Source
— Source
— Compatre... 1 Hysteresis
L Set Result to
— Type
— Region Shift... Shift Scale Value
— Config...
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Bottom Menu Side Menu Sub-Menu

— Horizontal Zoom in
—  Horizontal Zoom out 3
—— Horizontal Zoom fit *3
—— Horizontal Pan *3
— Zoom
—— Vertical Zoom in
—— Vertical Zoom out *4
— Vertical Zoom fit *4
— Vertical Pan *4

— Waveform Points

— View type... Timing
— Table

—— Horiz.Unit

— Setting | Clock 5

— Waveformx
—— Cursor Link to...” 1 ——— 1 Waveformxx
— Link Off

— Grid
— Undo
Type
Cycle *6
Standard Fy %
I Waveform requency
Amplitude
Offset

Write and Close
— Close/Write 4E Close without Writing
Write

Figure 4A-14: Waveform Editor Graphic Display Menu Structure

*1  Another Waveform under Select/Open in the bottom menu appears when another editing
area has been edited.

*2  If Horizontal is selected for Scale in the sub-menu, New Size appears; if Vertical is se-
lected, Origin appears.

*3  The Horizontal Zoom in item under Zoom in the bottom menu item appears when the
waveform on the screen has been zoomed in the horizontal direction.

*4  The Vertical Zoom in item under Zoom in the bottom menu appears when the waveform on
the screen has been zoomed in the vertical direction.

*5  This item appears when Time has been selected for Horiz. Unit in the side menu.

*6 If Point is selected for Horiz. Unit under Setting in the bottom menu, Cycle appears; if Time
is selected for this item, Frequency appears.
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The following list describes the functions for each of the menu items and
gives the number of the page on which you can find a more detailed ex-

planation of that item.

Table 4A-2: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 4A-14
Operation Editing waveforms in graphic display 4A-41
Cut Cutting waveforms 4A-42
Copy to Buffer Copying waveforms 4A-43
Paste from Buffer Pasting waveforms 4A-43
Draw... Draw function 4A-45
Shift... Shift function 4A-48
Scale... Scaling function 4A-51
Invert... Invert function 4A-53
Clip... Clip function 4A-55
Marker... Setting a marker 4A-56
Insert Other Waveform Inserting other waveforms 4A-59
Single Waveform Math Single waveform calculations 4A-62
Dual Waveform Math... Calculations with other waveform data 4A-67
Region Shift... Specified region shift 4A-71
Multiple Copy... Multiple copy 4A-78
Convolute... Convolution calculations 4A-83
Compare... Comparing waveforms 4A-86
Zoom Zooming waveforms 4A-90
Setting Settings for the waveform to be edited 4A-28
View type... Selecting the waveform data display format 4A-28
Waveform Points Setting waveform point count 4A-29
Horiz. Unit Setting horizontal axis units 4A-31
Clock Setting clock frequency 4A-32
Cursor Link to... Linking the vertical bar cursors 4A-33
Grid Displaying a grid in the editing area 4A-35
Undo Canceling function execution 4-2
Standard Waveform Creating a standard function waveform 4A-36
Close/Write Saving files and exiting the editor 4A-19
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Graphic Display Screen

The general graphic display is shown in Figure 4A-15. A description for each
callout follows.

C GPIB Aut step mpde Mast% Stopped
1;********0L | 475 RL 553 O aration
(6)— | 1000 pts__value-0.2501 Value-0.0460 P

0.5002
cut

Copy
to Buffer

Paste
from Buffer

?7@i

Draw...
-9.5002 C C .
MARKER |0 i ore
10f3
@_>C CURSTR': Switch Cursor
Select/ ot ; Standard |Closes
Open zoom Setting Undo Waveform Write

Figure 4A-15: Graphic Display Screen

(1) File Name

The name of the waveform file being edited. The number preceding the file
name indicates the sequential number of that editing waveform. In this
editor, up to three waveforms can be displayed and edited at the same time.
If the name has not been set, ******** s displayed.

@)L

Value
Shows the left vertical bar cursor position time or point value (L) and the
vertical level (Value). When the cursor value is displayed inverted, this
means the cursor value can be changed with the general purpose knob or
numeric keys.

(3)n

Shows the time or point count between the left and right vertical bar cursors.
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(4) Horizontal Scroll Indicator

When the display is magnified horizontally with Zoom, this indicator is
displayed to show where waveform point positions are in the CRT display
area. The area displayed on the CRT is shown with inverted display.

(5)R

Value
Shows the right vertical bar cursor position time or point value (R) and the
vertical level (Value).

(6) No. of Waveform Points

Shows the number of points in the waveform being edited.

(7) Top Waveform Level

Shows the top level for the waveform data displayed on the CRT.

(8) Vertical Scroll Indicator

When the display is magnified vertically with Zoom, this indicator is dis-
played to show where the CRT display area is in terms of the vertical axis full
scale. The area displayed on the CRT is shown with inverted display.

(9) Bottom Waveform Level

Shows the bottom level for the waveform data displayed on the CRT.

(10) Marker

Shows the timing for the marker signal. The number to the right of the word
"MARKER” indicates the state value for the marker at which the active
vertical bar cursor (the one displayed with a solid line) locates.

(11) Left Vertical Bar Cursor

The active cursor is displayed with solid lines and the non-movable is dis-
played with broken lines. The left cursor indicates the left starting point for
editing.

(12) Right Vertical Bar Cursor

Indicates the right end point for editing.
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(13) Button Operations

This area shows how the front panel buttons operate in this menu.
FESTE: Switch Cursor

Press the CURSOR button to toggle the active vertical bar cursor be-
tween left and right.

FESDR: Move Cursor

The vertical bar cursor can be moved by pressing the CURSOR button.

Settings for the Waveform to be Edited

Setting Before waveform data is created, you must use the Setting item in the side
menu to select the environment for editing. The following settings are avail-
able:

m  View type... Selecting the waveform data display format
m  Waveform Points Setting waveform point count
®  Horiz. Unit Setting horizontal axis units
m  Clock Setting clock frequency
m  Cursor Link to... Linking the vertical bar cursors
m Grid Displaying a grid in the editing area
NOTE

These settings are the same in all display formats (graphic, timing
and table).

In the following section, each of these items will be discussed in detail.

Selecting the Waveform Data Display Format

View type...

o The View type... item allows you to set the display format for the waveform
Graphlc

data. There are three choices: graphic, timing and table. The following
diagram shows the menu configuration.

G_ra_phic
Setting (More 1 of 2)— View type... Timing

Table

Go Back

When you open the waveform editor, Graphic display is selected as the
default option. If you want to change the display format, select Setting from
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the bottom menu and then View type from the side menu, then select the
desired format (Timing or Table) from the sub-menu. Pressing the Go Back
button cancels the operation and causes the side menu to reappear. See
page 4A-94 for a discussion of timing display and page 4A-127 for a discus-
sion of table display.

Setting Waveform Point Count

Waveform Points sets the number of points for waveform data. The follow-
ing diagram shows the menu configuration.

Setting (More 1 of 2— Waveform Points

The following formula is used to derive the number of points per period for
the waveform to be created:

Clock frequency

No. of points =
Frequency of output waveform

For example, for output of a 20kHz sine wave, setting the clock frequency to
10MHz will result in a waveform point value of 10MHz/20kHz = 500 points.

When you create a new waveform file, the waveform point size is set to the
default value of 1000. Technically, you can change this size to any value up
to 262,144 points and edit the waveform data as desired. However, due to
hardware limitations, the waveform point size on this instrument is limited to
16 — 65,536 points. In the event that you have edited the data to a wave-
form point size outside this range, you will be given an opportunity to
change to the nearest allowable size (in other words, 16 or 65,536 points)
when you save the file.

®  When the waveform point size is less than 16 points:

For example, if the waveform point size is 10 points, the following mes-
sage will appear:

The data size dose not fit to this instrument.
size = 10 < 16 (Minimum)
Please select action.

The following items will be displayed in the side menu:
m  Append 0

’0” (7FF) values will be added after the data until a size of 16 points
is reached.
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= Expand
The data will be interpolated and expanded to make it 16 points.
= Expand with Clock

The data will be interpolated and expanded to make it 16 points,
and the clock will be speeded up to the same degree.

= Cancel
The operation will be canceled and the editor screen will reappear.
m Leaveasitis

The operation will be canceled and the data will be written as is. The
file that has been created cannot be output on this instrument.

®  When the waveform point size is greater than 65,536 points:

For example, if the waveform point size is 262,144 points, the following
message will appear:

The data size dose not fit to this instrument.
size = 262144 > 65536 (Maximum)
Please select action.

The following items will be displayed in the side menu:
®m  Shrink

The data will be interpolated and reduced to make it 65,536 points.
m  Shrink with Clock

The data will be interpolated and reduced to make it 65,536 points,
and the clock will be slowed down to the same degree.

= Cancel
The operation will be canceled and the editor screen will reappear.
m lLeaveasitis

The operation will be canceled and the data will be written as is. The
file that has been created cannot be output on this instrument.

Select the appropriate command from the side menu and change the wave-
form point size.

If the data point count is set longer than the current waveform data, new
points with a value of zero are added at the right end of the waveform. On
the other hand, if the data point count is set shorter than the current wave-
form data, points are deleted from the right end.

Procedure
To set the waveform point value to 500:

[] step 1: Select Setting from the bottom menu.
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[] step 2: Select Waveform Points from the side menu.

|:| Step 3: Use the numeric keys or the general purpose knob to enter a
value of 500.

In the case of the numeric keys, press 5, 0, 0 and ENTER in that order.

Setting Horizontal Axis Units

Horiz. Unit

polnt Horiz. Unit sets the units for the horizontal axis for the displayed waveform
Time in either time or number of points. The following diagram shows the menu
configuration.

_ Point
Setting (More 1 of 2)—— Horiz. Unitg‘
Time

Each time the Horiz. Unit button in the side menu is pressed, the units
toggle between Time and Point. When Time is selected, the Clock item is
added to the side menu and the clock frequency can be set.

Time — Sets the horizontal axis unit to time. The cursor position data at the
top of the CRT is displayed in time and data can be edited in time units.

Point — Sets the horizontal axis unit to points. The cursor position data at
the top of the CRT is displayed in points and data can be edited in points.

In Figure 4A-16, the display on the left shows the horizontal axis unit set to
Point, while the display on the right shows this value set to Time.

Horiz. Unit Horiz. Unit
Fuinl Polnt

Time

I 250N R 759 gy 25.0us T R 75.0u8
1060 pts  Value ©.68E0 walue 0.08g0 1060 pts  Value 8.6850 yalue 9.6850
1. 6065 ; 1.6085 i

-1_page -1_6088
WARKER WARKER

Figure 4A-16: Setting the Unit for the Horizontal Axis

AWG2005 User Manual 4A-31



EDIT Menu

Clodk

When the horizontal axis unit is changed, even if you switch to table or
timing display mode, the horizontal axis there is changed too.

Setting Clock Frequency

When the unit of the horizontal axis is Time, the clock frequency can be set.
The following diagram shows the menu configuration.

Setting (More 1 of 2)—— Horiz. Unit ( Time ) — Clock

Select Clock from the side menu to set the clock frequency. This parameter
determines the time between the data points (the inverse of the clock fre-
quency). For example, when the maximum clock frequency on the
AWG2005 is set to 20MHz, waveform data can be edited at a resolution of

50ns. Figure 4A-17 shows the Setting menu for Clock.

GPIB

Ti#ssseess L 12.50ug

1000 pts
1.0005

-1.6000
MARKER

B

Continuous mode

A 25.00Us

R 37.50us
Yalue 0.0000 m—————————— /2 |Uc 0.0000

Master|Stopped

TR Move Cursor

Select/
Open

Operation

Setting

waveform

Points
1000

View type...

Graphic

Horiz. Unit

Point

Zoom Setting Undo

More

10f2
Standard |Close/
waveform write

Figure 4A-17: Menu Displayed When Clock is Selected

Procedure
[ step 1:
[ step 2:
[ steps:
[ step 4:

Select Setting from the bottom menu.

Press the Horiz. Unit button in the side menu to select Time.

Select Clock from the side menu.

Input the clock frequency with the numeric keys or the general
purpose knob.
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The default setting for clock frequency is 10MHz. The clock frequency set in
this process will be displayed in the Internal Clock item in the SETUP menu
via the waveform file. When the clock frequency is changed, even if you
switch to table or timing display mode, the clock frequency there is changed
too.

Linking the Vertical Bar Cursors

Lii’fﬁ'_‘” The Cursor Link to... item appears when two or more waveforms are being
edited simultaneously. This item is used to link the movement of the vertical
bar cursors in different editing areas. For example, when the cursors in
editing area 1 are linked to those in editing area 2, moving the one of the
cursors in editing area 1 will cause the corresponding cursor in editing area
2 to move the same distance. The following diagram shows the menu con-
figuration.

Waveform x
Waveform xx

Link Off
Go Back

Setting (More 2 of 2) — Cursor Link to ...

Figure 4A-18 shows a display in which two editing areas have been created
and Cursor Link to... in the sub-menu has been selected.

GPIB Continuous mode Master|Stopped

Tewmnres ([ %50 A477 R 7

1000 pts  Value 0.0000 ——————— /3 |Llc 0.2135
T. 0085 : E

Setting

Waveforml

swwngknes WM

-1.0000
MARKER @] :
2 wwmamans | 258 A48 iy 0 739 )
1000 pts  ¥Yalue 0.0000 m———— /2 |L1C 0.0000 Link Off
1. 00085 :
Go Back
-1.0000
MARKER 0]
FEREOR - Switch Cursor
Select/ ; : Standard |Close/
Operation| Zoom Settin Undo .
Open P Waveform Write

Figure 4A-18: Sub-Menu Showing Cursor Link to... Selected
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The 1+ at the top of editing area 2 indicates that this area has been linked
to editing area 1.

Procedure

In the following procedure, you will link the vertical bar cursors in editing
area 2 (Waveform2) to the ones in editing area 1 (Waveform1) while editing
area 1 is being edited.

|:| Step 1: Select Select/Open from the bottom menu.
[] step 2: Select Waveform2 from the side menu.
[[] step 3: Select Setting from the bottom menu.

[] step 4: Select More 1 of 2 from the side menu and then select Cursor
Link to... .

|:| Step 5: Select Waveform1 from the side-menu. 1« will appear at the
top of editing area 2.

[[] step 6: Select Go Back from the side-menu. The Setting side menu will
reappear.

|:| Step 7: Select Select/Open from the bottom menu.
[] step 8: Select Waveform1 from the side menu.
[[] step 9: Press the front panel CURSOR button.

|:| Step 10: Using the general purpose knob, move the active vertical bar
cursor in editing area 1 and check to make sure that the vertical bar
cursor in editing area 2 moves to the same degree.

Procedure

In the following procedure, you will unlink the editing areas that you linked in
the previous example while the waveform in editing area 1 is being edited.

|:| Step 1: Select Select/Open from the bottom menu.
[] step 2: Select Waveform2 from the side menu.
|:| Step 3: Select Setting from the bottom menu.

[] step 4: Select More 1 of 2 from the side menu and then select Cursor
Link to... .

[[] step 5: Select Link Off from the side-menu. The link will be canceled
and the 1+ at the top of editing area 2 will disappear.
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Displaying a Grid in the Editing Area

Ei;';: This item is used to display a grid in the editing area to make it easier to edit
On the waveform. The following diagram shows the menu configuration.
Off
—

Setting (More 2 of 2) = Grid |
On

Figure 4A-19 shows an example of an editing area with the grid set to On.

GPIB Continuous mode Master|Stopped
Toeswwnnns | 12.50u§ A 25.00us R 37.50u§ Setting
1000 pts  Value 9.0000 e —————————— /7 | Llc 00000
1.0005 i :
Grid
Off
:
-1.0000 .
i : ore
MARKER 0] i g
: - 2of 2
FEER: Move Cursor
Select/ ] ; Standard |Close/
Operation| Zoom Settin Undo .
Cpen b waveform write

Figure 4A-19: Grid Set to On

D Step 1: Select Setting from the bottom menu.
[] step 2: Select More 1 of 2 from the side menu.

D Step 3: Press the Grid button in the side menu and select On. A grid
will appear in the editing area.

NOTE

Grid On/Off can be set same as timing and table display. However,
grid display is only effect in graphic display.
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Standard
Waveform

Type

Creating a Standard Function Waveform

When you select the Standard Waveform item, a function waveform is
created in the area between the specified vertical bar cursors, or a waveform
is created through calculation of the original waveform and a function wave-
form.

When you select Standard Waveform from the bottom menu, the following
items are displayed in the side menu. Some of the items will change de-
pending on the settings. For example, if you press Setting in the bottom
menu and Horiz. Unit in the side menu and then select Point, the Cycle
item appears in the menu; if you press Setting and Horiz. Unit and select
Time, the Frequency item appears in the menu.

® Type Select the type of function waveform

m  Cycle Set the cycle

®  Frequency Set the frequency

®  Amplitude Set the amplitude

m  Offset Set the offset

m  Execute Execute the process (draw the waveform)

In the following section, each of these items will be discussed in detail.

Selecting Function Waveform Type and Calculation Method

The Type item is used to select the type of function waveform and the
calculation method to be created. There are six choices for waveform type
and three choices for calculation method, making a total of 18 different ways
in which this item can be set.

Type of Function Waveform Calculation Method
Sine wave(Sine) Substitute
Triangle wave(Triangle) Add(Add)
Square wave(Square) Multiply (Mul)

Ramp wave(Ramp)
Noise wave(Noise)

DC(DC)
Example: Sine The data between the vertical bar cursors is
replaced by a sine wave
Add Sine A sine wave is added to the data between
the vertical bar cursors
Mul Sine The data between the vertical bar cursors is

multiplied by a sine wave
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Setting the Parameters for Function Waveforms

The following parameters can be set for each type of function waveform
designated with the Type command. Note, however, that only Amplitude
and Offset can be set for a Noise waveform, while only Offset can be set
for a DC waveform.

Cycle — 0.1 to 100,000 (in 0.1 increments)
Frequency — 2MHz to f/5 (f = Clock frequency set with Setting menu item)

Amplitude — +2.0005 (if set to a negative number, the wave form will have
inverse polarity)

Offset — —1.0000 to +1.0005

Procedure 1: Creating a Sine Wave

In this example, you will replace the data between the vertical bar cursors
with a sine wave. The procedure begins at the initial menu level.

[[] step 1: Select New Waveform from the side menu in the initial menu.
[[] step 2: Select Standard Waveform from the bottom menu.

[[] step 3: Check to make sure that the left and right vertical bar cursors
are all the way to the left and right, respectively, to encompass the entire
editing area. If they are not, use the general purpose knob to set them in
this manner.

|:| Step 4: Press the Type button in the side menu and select Sine.

|:| Step 5: Select Cycle from the side menu. Use the numeric keys or the
general purpose knob to set the number of cycles for the sine wave to 2.

|:| Step 6: Select Amplitude from the side menu. Use the numeric keys or
the general purpose knob to set the p-p amplitude for the sine wave
to 1.

[] step 7: Select Execute from the side menu.

When Execute is selected, the sine waveform is created between the
vertical bar cursors with the set parameters. See Figure 4A-20.
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GPIB Continuous mode Master|Stopped
Tiwwwwwers L[ @ A 999 Rl 999 Standard
1000 pts  Value 9.0000 o ———————— /3 | Lic-0. 0059 waveform
1.0065 ] Type
Sine
Cycle
2.0

Amplitude
1.0000
Offset
; 0.0000
-1.0000 !
MARKER 1] Exacute

TR Move Cursor

Select/
Open

Operation| Zoom Setting

R kTGl Close/

Figure 4A-20: Creating a Sine Wave

Procedure 2: Adding a Waveform to Existing Data

In this example, you will add noise to the sine wave you created in Proce-
dure 1. The procedure starts from where you left off in Procedure 1.

D Step 1: Select Type from the side menu. Turn the general purpose knob
or press the Type button in the side menu and select Add Noise.

D Step 2: Select Amplitude from the side menu. Using the numeric keys
or the general purpose knob, set the p-p amplitude for the noise to 0.1.

[] step 3: Select Execute from the side menu.

When you select Execute, a noise waveform will be added to the sine
wave displayed between the left and right vertical bar cursors. See
Figure 4A-21.

4A-38



EDIT Menu

1.8605

Figure 4A-21: Adding Noise to the Sine Wave

NOTE

Portions of the waveform that protrude outside the editing area
when the other waveform is added will be clipped.

AWG2005 User Manual

4A-39



EDIT Menu

Procedure 3: Multiplying Waveforms

In this example, you will multiply the sine wave you created in Procedure 1
by another sine wave with a different frequency. The procedure starts from
where you left off in Procedure 2.

[C] step 1: Select Undo from the bottom menu. This will eliminate the noise
waveform added in Step 2.

[] step 2: Select Type from the side menu. Turn the general purpose knob
or press the Type button in the side menu and select Mul Sine.

[] step 3: Select Cycle from the side menu. Using the numeric keys or
the general purpose knob, set the number of cycles for the sine wave to
30.

[] step 4: Select Amplitude from the side menu. Using the numeric keys
or the general purpose knob, set the p-p amplitude for the sine wave
to 1.

[[] step 5: Select Execute from the side menu.

When you select Execute, the sine wave between the vertical bar cur-
sors will be multiplied by the different frequency sine wave. See Fig-
ure 4A-22.

O — [ —— JR—

Figure 4A-22: Multiplying Sine Waves
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Editing Waveforms in Graphic Display

When Operation is selected with the waveform editor set to graphic display,
it is possible to edit the waveform data in various ways.

The side menu has four pages. Select More to switch the side menu to the
next page. The following is a list of the items in the side menu and their
functions.

Cut

Copy to Buffer
Paste from Buffer
Draw...

Shift...

Scale...

Invert...

Clip...

Marker...

Insert Other Waveform

Single Waveform Math...

Dual Waveform Math....

Region Shift....

Cutting waveforms

Copying waveforms

Pasting waveforms

Draw function

Shift function

Scaling function

Invert function

Clip function

Setting a marker

Inserting other waveforms
Single waveform calculations
Calculations with other waveform data

Specified region shift

When editing two or more waveforms simultaneously, three more items are
added to the side menu (and the size of the menu increases to four pages).

m  Multiple Copy... Multiple copy

= Convolute... Convolution calculations

m  Compare... Comparing waveforms

Items with "...” have further low-level side menus, called sub-menus.

Setting Editing Areas

The editing operations available under Operation are all performed in the
editing area located between the left and right vertical bar cursors. Before
beginning the editing process, you should define the editing area using the
following procedure.

Procedure

[[] step 1: Select Operation from the bottom menu.

[C] step 2: Press the CURSOR button on the front panel to make the left
vertical cursor active (solid line).

|:| Step 3: Using the numeric keys or the general purpose knob, move the
left cursor to the starting point for the editing operation you wish to

perform.
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[] step 4: Press the CURSOR button on the front panel again to make the
right vertical cursor active (solid line).

D Step 5: Using the numeric keys or the general purpose knob, move the
right cursor to the endpoint for the editing operation you wish to per-

form.
GPIB Continuous mode Master|Stopped
Bl I— RN ORINNEY [ operation
1000 pts  Value 0.0000 e ———— /3 |Llc 0.0000 P
1.0005 :
. cut
4— Starting point
: Copy
Endpoint——» to Buffer
Paste
from Buffer
54— Editing area —» Draw. ..
-1.0000 M
MARKER Bl ore
10of 4
FEREOR - Switch Cursor
Select/ g : Standard |Close/
Open Zoom Setting Undo Function Wwrite

Figure 4A-23: Defining the Editing Area

Subsequent editing operations will be performed in the area that you have
set between the left and right vertical bar cursors.

The following section will describe each of the items in the side menu in
detail.

Cutting Waveforms

This command is used to remove a portion of the waveform from the editing
area. The following diagram shows the menu configuration.

Operation (More 1 of 3) — Cut

Move the right and left vertical bar cursors to define the area you wish to cut
and then select Cut from the side menu. There is no sub-menu for this
command; when it is selected, the section of the waveform that you have
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defined is cut instantly. Marker signals associated with that waveform data
are also cut. Removing part of a waveform will naturally reduce the number
of points in that waveform.

Figure 4A-24 shows an example of a waveform before and after a section is
cut. Note that only the section between the two vertical bar cursors is re-
moved including the bar cursors.

1.8085

-1.06088
WARKER @

Before

copy
to Buffer

Paste
from Buffer

After

Figure 4A-24: Cutting Waveforms

Waveform data that has been cut is stored in the paste buffer. You can paste
this data into another editing area (by selecting Paste from Buffer), insert it
into another waveform (by selecting Insert Other Waveform) or use it to
perform calculations with another waveform (by selecting Math).

NOTE

If you cut out waveform data by mistake, select Undo from the
bottom menu to restore the original waveform data.

Copying/Pasting Waveforms

Use the Copy to Buffer and Paste from Buffer items to copy the edited
waveform area and paste it to another location. The following diagram
shows the menu configuration.
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Operation (More 1 of 3) — = Copy to Buffer

Operation (More 1 of 3) — Paste from Buffer

There are no sub-menus associated with these commands; when they are
selected, the copy or paste operation is performed instantly. Marker signals
associated with that waveform data are also subjected to the copy and
paste operations. Pasting data into a waveform will naturally increase the
number of points in that waveform.

Procedure

|:| Step 1: Specify the waveform to be copied with the left and right vertical
bar cursors. Select Copy to Buffer from the displayed side menu.

When Copy to Buffer is selected, the waveform data between the
vertical bar cursors (including the left and right vertical bar cursor data)
is copied into the paste buffer. Marker signals associated with that
waveform data are also subjected to the copy operation. This operation
does not affect the display on the CRT.

|:| Step 2: Press the front panel CURSOR button.

|:| Step 3: Use the general purpose knob to specify the position to paste
the data with whichever of the vertical bar cursors is active.

The data is pasted directly before the active vertical bar cursor. However,
when the cursor is at the end of the waveform, the data is inserted
directly after the cursor.

[[] step 4: Select Paste from Buffer from the side menu.

Figure 4A-25 shows an example of a waveform before and after additional
data is pasted into that waveform.
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Figure 4A-25: Pasting Waveforms

When Paste from Buffer is selected, the waveform data copied into the
paste buffer with the copy processing is pasted directly before the active
vertical bar cursor. The left and right vertical bar cursors move to the two
ends of the pasted waveform data.

The paste buffer data can be inserted into a waveform or used for opera-
tions with waveforms by selecting Insert Other Waveform or Math from the
Operation menu.

Draw Function

This command is used to draw points between the specified vertical bar
cursors and connect these points to create an arbitrary waveform. The
following diagram shows the menu configuration for the Draw... item.

Draw...

Add Draw Point
Delete Draw Point

Operation (More 1 of 3) —= Draw... Smooth —— 82
Go Back
Execute

Figure 4A-26 shows an example of the screen with the Draw... item se-
lected. This figure will be discussed in the following section.
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GPIB Continuous mode Master|Stopped
Tovwener ([ 250 A500 R 758 [ operation
1000 pts  Value 6.0000 o ——————— /2 |Ue 0. 0000 P
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Draw Point
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Go Back
~1.0000 ,
MARKER 0] ( \ Execute
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Undo Function
Figure 4A-26: Menu Display When Draw... Item is Selected

Setting

Close/
Write

(1) Point Cursor

Used to draw points. When this cursor can be moved, the direction in which
it can be moved is shown by the arrows.

(2) X-Y Coordinate Axis

Shows the X and Y coordinates of the point cursor described in (1) above.
When the coordinates for a coordinate axis are displayed inverted, it indi-
cates that the cursor can be moved in that direction.

(3) Button Operations
FZEEIE Swilch Cursor

Pressing the CURSOR button toggles the active vertical bar cursor from left
to right and back again. Pressing the VALUE button toggles the direction in
which the point cursor can be moved from up-down to left-right and back
again.

Procedure

D Step 1: Move the left and right vertical bar cursors to define the area
within which the waveform will be drawn and then select Draw... from
the side menu.
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The point cursor will appear in the middle of the vertical axis between
the left and right vertical bar cursors.

[] step 2: Press VALUE button on the front panel.

|:| Step 3: Use the general purpose knob to move the point cursor to the
location where you want to place a point.

Each time the front panel VALUE button is pressed, the direction of
movement for the point cursor switches between horizontal (X) and
vertical (Y). The X=Y coordinates for the point cursor position are dis-
played at the bottom right of the CRT display.

[[] step 4: Select Add Draw Point from the sub-menu to place the draw
point.

Draw points can be placed outside the left and right vertical bar cursors.
However, such points are not drawn when Execute is pressed.

NOTE

You cannot set multiple draw points above the same horizontal
position. If you try to do so, the system asks you if you want to
change the level for the point already above the horizontal position.
To do so, select O.K. To abort the operation, select Cancel.

|:| Step 5: Repeat Steps 3 and 4 to place as many points as desired.

|:| Step 6: To delete a draw point added with Add Draw Point, move the
point cursor to the point to be deleted, then select Delete Draw Point.
This deletes the point.

If Delete Draw Point is pressed repeatedly, the added points closest to
the point cursor are deleted in order.

[[] step 7: Press the Smooth button in the sub-menu to switch on smooth-
ing.

m  Smoothing — Smoothing can be toggled On or Off by pressing the
Smooth button. When smoothing is On, the waveform data is spline
interpolated and the curve outside the left and right vertical bar cursors
and the placed points are connected with a smooth curve. When
smoothing is Off, the interpolation is linear and the curve outside the left
and right vertical bar cursors and the placed points are connected with a
straight line. When the vertical bar cursors are at the ends of the wave-
form being edited, the waveform start and finish are given the values to
be smooth waveform as the repetition waveforms whether smoothing is
on or off.

|:| Step 8: Select Execute from the sub-menu. The points between the
vertical bar cursors will be connected with smooth curves, as shown in
the left screen in Figure 4A-27. This is called spline interpolation.
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D Step 9: To return to the original waveform, select Undo from the bottom
menu.

[] step 10: Press the Smooth button in the sub-menu to switch off
smoothing.

[] step 11: Select Execute from the sub-menu. The points between the
vertical bar cursors will be connected with straight lines, as shown in the
right screen in Figure 4A-27. This is called linear interpolation.

Smooth Smooth
i an
aff
Tomms [ %0 A5 - E T —i Y R
1660 pts  Yalue B.0688 - ¥alue B.000 1880 pts

Yalue 8. 0000 —— /1 [LE 0. 0606

1. 96095 1.5605

-1.6060 : i -1.0668
NARKER 8| WARKER

Spline Interpolated Display Linear Interpolated Display

Figure 4A-27: Smoothing

NOTE

To cancel drawing execution, select Undo from the bottom menu.
The waveform before the drawing is displayed again.

[] step 12: Select Go Back from the current sub-menu. The display
moves from the Draw... sub-menu to the side menu.

This completes the drawing procedure.

Shift Function

hift Use Shift... to shift the waveform data in the area specified with the vertical
bar cursors in the vertical or horizontal direction. The following diagram
shows the menu configuration for the Shift... item.
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Go Back

: Horizontal
shift—_ Vertical
Operation (More 2 of 3) — ghift... Value
Execute

In the horizontal direction, the shift value is the number of points or time; in
the vertical direction, the shift value is specified with the vertical value.

Procedure

[C] step 1: Move the left and right vertical bar cursors to define the section
of the waveform to be shifted. Then select Shift... from the second page
of the side menu (More 2 of 3).

ShiFt
Hurizunlal

Horizontal shift

Vertical
ke [[] step 2: Press the Shift button in the sub-menu to select Horizontal.

The Shift side menu item selects the direction in which the waveform
data between the vertical bar cursors is to be shifted.

[] step 3: Select Value from the sub-menu.

|:| Step 4: Use the general purpose knob or the numeric keys to input the
shift point value. This value will be expressed as either number of points
or time, depending on the horizontal unit setting (the value set with
Horiz. Unit under Setting).

m  Horizontal shift — This command allows you to shift all of the points or
time values in the whole editing area; it can be set to either a positive or
a negative value. When the shift value is positive, the waveform moves
to the right; when it is negative, the waveform moves to the left. Data
that protrudes outside the range defined by the vertical bar cursors as a
result of shifting is added to the end of either the right or left vertical bar
cursor, depending on whether the shift value is positive or negative.

[C] step 5: Select Execute from the sub-menu. The waveform is shifted
horizontally with the specified conditions.

Figure 4A-28 shows the waveform between the vertical bar cursors
shifted right 100 points.
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Figure 4A-28: Horizontally Shifted Display

shift . .
Horlzontal Vertical shift

[[] step 6: Press the Shift button in the sub-menu to select Vertical.

D Step 7: Select Value from the sub-menu. Use the general purpose knob
or the numeric keys to input the shift point value.

m  Vertical shift — The waveform can be shifted between —1.0000 and
+1.0005 for the full scale of the vertical axis. A positive shift moves the
waveform up, a negative shift down. However, any points shifted beyond
the vertical full scale are clipped.

[] step 8: Select Execute from the sub-menu. The waveform is shifted
vertically with the specified conditions. Figure 4A-29 shows the wave-
form between the vertical bar cursors shifted up 0.3.

Tiersesese L[ 200 £ 660 Tawnmenen | poilt | 4 68 R &h
1686 pts  Yalue-D.0156 - Value 00000 190 pts Value 82547 oe—— - (uc 8. 30600
1.0006 ; ; 1.0005 : :

-1.0680
WARKER 6

-1.0009
MARKER 8

Before ' After

Figure 4A-29: Vertically Shifted Display
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[[] step 9: Select Go Back from the sub-menu.

Scaling Function

Use Scale... to change the scale for the waveform data between the vertical
bar cursors. Executing scaling changes the waveform data. The following
diagram shows the menu configuration for the Scale... item.

Scale...

Horizontal — New Size
Scale—L_ \ortical  — Origin
Operation (More 2 of 3) —Scale... Factor
Go Back
Execute

Scale
Procedure

ertical

|:| Step 1: Move the left and right vertical bar cursors to define the editing
area for scaling, then select Scale... from the second page of the side
menu (More 2 of 3).

Horizontal Scaling

[[] step 2: Press the Scale button in the sub-menu to select Horizontal.

The Scale sub-menu item selects the direction in which the data be-
tween the vertical bar cursors is scaled.

[[] step 3: Select Factor or New Size from the sub-menu.
The magnification for scaling can be set with either Factor or New Size.

m  Factor — The waveform data between the vertical bar cursors is ex-
panded/reduced by this ratio. This parameter is linked with New Size.
Factor can be set within the range =100 in steps of 0.01. However, the
total number of points for the entire waveform can not exceed 262144,
so if x100 scaling would give more total points than that, the maximum
setting factor drops to the one that gives 262144 points. A negative
factor reverses the waveform between the vertical bar cursors creating a
mirror image.

Scaling with a factor under 1.00 and greater than —1.00 (+0.99) re-
duces the waveform horizontally between the vertical bar cursors and
reduces the number of points for the entire waveform. Scaling with a
factor greater than 1.00 or less than —1.00 expands the waveform
horizontally between the vertical bar cursors and increases the number
of points for the entire waveform.

m  New Size — This parameter expands/reduces the waveform data be-
tween the vertical bar cursors in units of points. This parameter is linked
with Factor. The limit on the range of New Size is that the number of
points between the vertical bar cursors can not be increased to more
than x100 their original number and the number of points for the entire
waveform can not exceed 262144.
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D Step 4: Use the numeric keys or general purpose knob to input the
scaling factor or the number of points.

[] step 5: Select Execute from the sub-menu. The section of the wave-
form between the vertical bar cursors will be scaled horizontally in the
middle of the left vertical bar cursor.

Figure 4A-30 shows a waveform expanded to x2 horizontally between
the vertical bar cursors with a Factor.

B — R @ - Tmwsmnss [ 200 A 001  —
1606 pts  Walue B. 0000 m—— 2 e 0. BO00 123681 pts  Yalue B.5000 m—— \a lue-9. geas
1_0885 ; 1.0005 ; |

-1.6080
MARKER Ei|

-1.0608
MARKER |0

Before After

Scale
Horizontal

JarLical

Figure 4A-30: Display Expanded Horizontally

Vertical Scaling
[] step 6: Press the Scale button in the sub-menu to select Vertical.

D Step 7: Select Origin from the sub-menu. Use the numeric keys or the
general purpose knob to input the numeric value of the origin.

m  Origin — This value is used as a reference when scaling vertically. It
may be set to any value between —1.0000 and +1.0005 for the full scale
of the vertical axis.

Step 8: Select Factor from the sub-menu.

O d

Step 9: Use the numeric keys or general purpose knob to input the
scaling factor.

m  Factor — Factor can be set within the range =100 in steps of 0.01. A
negative factor causes the waveform between the vertical bar cursors to
produce a mirror image about the origin value.

Scaling with a factor under 1.00 and greater than —1.00 (+0.99) re-
duces the waveform vertically between the vertical bar cursors. Scaling
with a factor greater than 1.00 or less than —1.00 expands the waveform
vertically between the vertical bar cursors. Waveform data pushed
beyond the full scale of the vertical axis by scaling is clipped.
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[[] step 10: Select Execute from the sub-menu. The waveform is scaled

with the specified conditions.

Figure 4A-31 shows an example of Factor being used to enlarge the
section of the waveform between the vertical bar cursors. In this exam-
ple, the waveform has been enlarged 1.5 times vertically around the

reference line.

1.6m95

-1.66068
MARKER |A

Before

s ) —
¥a lue-8. 0BA5 1301 pts  Walue 6.0008

A Bl

RIﬂ'ﬂ
Value-9.9005

After

Figure 4A-31: Display Expanded to x1.5 Vertically

Invert...

Invert
| Inriznntal
vertlcal

[] step 11: Select Go Back from the sub-menu. The system moves from
the Scale... sub-menu to the previous side menu.

Invert Function

Use Invert... to invert the waveform data in the area specified with the vert-
ical bar cursors either up/down or left/right. The following diagram shows

the menu configuration for the Invert... item.

Operation (More 2 of 3) —— Invert...

Invert ——
Go Back
Execute

Horizontal
Vertical

Procedure

D Step 1: Move the left and right vertical bar cursors to define the editing
area for inversion, then select Invert... from the second page of the side

menu (More 2 of 3).
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Inverting the waveform horizontally

[] step 2: Press the Invert button in the sub-menu to select Horizontal.

The Invert selects the direction in which the waveform data between the
vertical bar cursors is inverted.

[] step 3: Select Execute from the sub-menu. The waveform is inverted
horizontally with the specified conditions.

Figure 4A-32 shows an example of the waveform before and after it is
inverted horizontally.

T:wwwmunnn L@ A 358 ka Tiaesseass L[ o  A358 [T GO
1201 pts  Yalue 8. 4001 m——— Walue 8. 6800 1301 pts value 0. 0000 m——— value 9. 4881

1. 0605 ! 1.0605

-1.9680 -1. 0668
MARKER 1@ WARKER 8

Before After

Figure 4A-32: Horizontally Inverted Display
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Inverting the waveform vertically
[] step 4: Press the Invert button in the sub-menu to select Vertical.

[] step 5: Select Execute from the sub-menu. The waveform is inverted
vertically with the specified conditions. Figure 4A-33 shows an example
of the waveform before and after it is inverted vertically.

I Cf oo IS — S )
1301 pts Value 8400 | n—— Walue 8. 5668 1381 pts  Value-0,d90 | Walue O,0006

-1.8080
MARKER

1.0685 :

-1.06460
MAREER |8

Before

dip...

After

Figure 4A-33: Vertically Inverted Display

D Step 6: Select Go Back from the current sub-menu. The system returns
from the Invert... sub-menu to the side menu.

Clip Function

Use Clip... to clip (remove) any waveform data between the vertical bar
cursors that is above or below the set level. The following diagram shows
the menu configuration for the Clip... item.

Clic— [fver

Operation (More 2 of 3) — Clip... Level
Go Back
Execute

Procedure

D Step 1: Move the left and right vertical bar cursors to define the editing
area for clipping, then select Clip... from the second page of the side

menu (More 2 of 3). A horizontal (broken) line showing the clip level will
appear.
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D Step 2: Press the Clip button in the sub-menu to select Upper or
Lower.

The Clip sub-menu item selects the area of the waveform data between
the vertical bar cursors to be clipped. Either the area above the clip level
(Upper) or below the clip level (Lower) can be selected.

[] step 3: Select Level from the sub-menu.

D Step 4: Use the numeric keys or the general purpose knob to input the
clip level.

D Step 5: Select Execute from the sub-menu. The waveform is clipped
with the specified conditions. Figure 4A-34 shows the waveform clipped

above 0.3.
WHH B b | A doh Hlﬂ Tieedeedes L[ oW LY R o
1680 pls  VWalue B. 00— 7 (L2 0. G000 1db pts ¥alue _Bﬁﬁ o value A 60

1. 0% 1. 0605

-1.5688 ; -1.e098
VAREER | i MARKER [0

Before After

Figure 4A-34: Display of Waveform Clipped Above Clip Level

[] step 6: Select Go Back from the sub-menu. The system returns from
the Clip... sub-menu to the side menu.

Setting a Marker

The Marker... item is used to set the marker signal (shown at the bottom of
the screen) for the section of the waveform between the vertical bar cursors.
This signal may be set to High, Low or Pattern. The following diagram shows
the menu configuration for the Marker... item.

Marker...
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Operation (More 3 of 3) ——= Marker...

~_Impot Line Data /
Clear Pattern

Set High — Key Data — 1Bit

Set Low Y 4 Bits

Go Back 0
— Initial Srciz 1

Set Pattern —

- User defined Initial Code | _ (1)

Code Config...
— High/Low
L Out [VO];‘i Invert/Keep
— Cancel
— O.K.
NOTE

When a new waveform file is created, the marker signal for the first
point of the waveform data is set to high as a default value.

The output level for the marker signal is 2V with a termination of 50 Q. The
marker signals for CH1 and CH2 are output from the CH1 MARKER OUT
and CH2 MARKER OUT connectors, respectively, on the rear panel. Similar-
ly, when Option 02 is installed, the CH3 and CH4 marker signals are output
from the CH3 MARKER OUT and CH4 MARKER OUT connectors, respec-
tively, on the rear panel.

The marker level changes to low after waveform output is complete or when

the

STOP button in the MODE menu is pressed.

Procedure

O

O

Step 1: Move the left and right vertical bar cursors to define the area for
marker setting, then select Marker... from the third page of the side
menu (More 3 of 3).

Step 2: Press the sub-menu Set High or Set Low button to set the
desired marker state. Figure 4A-35 shows marker signal set high be-
tween the vertical bar cursors.

Set High — The marker signal for the section of the waveform between
the vertical bar cursors will be set to High.

Set Low — The marker signal for the section of the waveform between
the vertical bar cursors will be set to Low.
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Figure 4A-35: Marker Signal Set High

D Step 3: Select Go Back from the sub-menu. The system returns from
the Marker... sub-menu to the side menu.

Setting a Marker Pattern

In this example, you will set a pattern for the marker and then create a
marker signal with that pattern used as the period. Marker patterns are set
with the Set Pattern item.

Procedure

[] step 1: Move the left and right vertical bar cursors to define the area for
setting a marker pattern, then select Marker... from the third page of the
side menu (More 3 of 3).

[[] step 2: Select Set Pattern from the sub-menu. The sub-menu for this
item will appear.

D Step 3: Using the numeric keys, enter the data for the marker pattern.
Data can be entered in either 1-bit or 4-bits increments.

Key Data — Pressing this button toggles the increment setting from 1
Bit to 4 Bits and back again.

Import Line Data/Clear Pattern — Pressing the Import Line Data
button imports the marker data for the designated editor as pattern data.
When this is done, the menu item will change to Clear Pattern. This
command is used to delete all of the pattern data that has been im-
ported or created. When the Clear Pattern button is pressed to delete
the pattern data, the menu item changes back to Import Line Data.

User defined Code Config... — Used to define a custom conversion
table for code conversion.
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For detailed instructions on pattern setting, see "Setting Pattern Data” in the
timing display in this section as well as "Pattern Codes” in Appendix D.

For more detailed information on the method used to set patterns, see
”Setting Pattern Data” in the Timing Display in this section and "Pattern
Code” in Appendix D.

Figure 4A-36 shows an example of pattern data being entered.

Pattern length ;. @

Point/Step : 1

@ Cursor Position: @
o, [ I I I I I | I | |39

0:°0 key
1 : other Numeric key

CUR=0R
—— : Toqqle Cursor

Enter Pattern and Press O.K.

Figure 4A-36: Entering Pattern Data

D Step 4: When you have finished creating the pattern data, select O.K.
The marker data between the left and right vertical bar cursors will be
replaced with the pattern data that you have created. To cancel the
operation, select Cancel. Whichever option you select O.K. or Cancel,
the menu that was displayed before Set Pattern was selected will reap-
pear.

[[] step 5: Select Go Back from the sub-menu. The system returns from
the Marker... sub-menu to the side menu.

Inserting Other Waveforms

Use Insert Other Waveform to insert other waveforms into any desired
location within the waveform being edited. The following diagram shows the
menu configuration.

Show Catalog . continue

Entry

. Insert Other

Operation (More 3 of 3) —» Waveform Cancel
O.K.
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Procedure
D Step 1: Press the front panel CURSOR button.

D Step 2: Use the general purpose knob to move the active vertical bar
cursor to the position where the other waveform is to be inserted.

(RO 333 A 666 RL 999
1000 pts  Value 0. BBB5_U3IUE 0. 6844

1.00865
-1.0000

MARKER B|

Figure 4A-37: Defining the Location for Insertion

The other waveform is inserted right before the active vertical bar cursor.
However, when the cursor is at the end of the waveform, the data is inserted
directly after the cursor.

D Step 3: After setting the position to insert the other waveform, select
Insert Other Waveform from the side menu. A list of waveform files is
displayed.

Data placed into the paste buffer with Cut or Copy is listed at the top of
the file list with the name ”Paste Buffer.” The data in the paste buffer
can be inserted into any desired location by selecting this item.

|:| Step 4: Use the general purpose knob to select the waveform file to be
inserted from the file list.
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Select the waveform for inserting.

o Paste Buffer
Waveform1
DC1.WFM
DC2.WFM
RAMP.WFM
SAMPLE-1.WFM
SAMPLE-2.WFM
SINE.WFM
SOUARE.WFM
TRIANGLE. WFM

Figure 4A-38: List of Files for Insertion

D Step 5: Select the Show Catalog Entry from the sub-menu. The wave-
form for the selected file is displayed.

SINE.WFM

1.8

VAR

-1.0 200 Points

Figure 4A-39: File Waveform Display

[] step 6: Select O.K. from the sub-menu.

The waveform from the selected file is inserted right before the active
vertical bar cursor. Select Cancel to cancel the waveform insertion.
When O.K. or Cancel is selected, the display returns to the menu dis-
played before Insert Other Waveform was selected.
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BRORo- ] 533 A 666 R 1199
1200 pts  Value 6. 3395— Walue-0. 0044

1.06005
-1.0000

MARKER B|

Figure 4A-40: Inserting Waveforms

Single Waveform Calculations

wonge The Single Waveform Math... item allows you to perform mathematical
Math. ... calculations for the waveform itself. Calculations are applied to the portion of
the waveform between the vertical bar cursors.
m  Absolute Determines the absolute value for the amplitude
m  Square Doubles the absolute value for the amplitude; if the

amplitude is a negative number, the calculated result is
also negative

m  Cube Triples the amplitude

m  Square Root  Determines the square root for the absolute value of the
amplitude; if the amplitude is a negative number, the
calculated result is also negative

®  Normalize Normalizes the amplitude values so that the maximum
absolute value is 1.0 (i.e. a value of +1.0 or —1.0)

m [ntegral Integrates the amplitude and normalizes

m  Differential Differentiates the amplitude and normalizes

The following diagram shows the menu configuration for the Single Wave-
form Math... item.

4A-62



EDIT Menu

Go Back Differential
Execute

Absolute
Square
Cube
Type Square Root
. Normalize
Operation (More 3 of 3) —» |\S/||2tghle Waveform{ Integral

Procedure

To derive the Absolute value for the amplitude of a sine wave between the
vertical bar cursors:

[[] step 1: Create the sine wave to be subjected to Absolute calculation.
Figure 4A-41 shows the sine wave before calculations are performed.

| EEXITIINT Lg A 009 qm
1996 pts  Value 0. 0590 m—d [ue-0. 0234

1.0005

-1.0000ff
MARKER ai

Figure 4A-41: Waveform Example before Calculation

[] step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, move the left and right vertical
bar cursors to define the area for calculation.

D Step 4: Select Single Waveform Math... from the third page of the side
menu (More 3 of 3).

D Step 5: Press the Type button in the sub-menu and select Absolute.

[] step 6: Select Execute from the sub-menu. The absolute value will be
derived for the section of the waveform located between the vertical bar
cursors. Figure 4A-42 shows the waveform after calculation.
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[T TETE R |
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MARKER
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A 490 R

1.6085
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-1.0w0
MARKER |8

Figure 4A-42: Absolute Calculation

D Step 7: Select Go Back from the sub-menu. The system returns from
the Single Waveform Math... sub-menu to the side menu.

The following diagrams show examples of a waveform before and after
various calculations are performed.

Square — Doubles the absolute value for the amplitude

Tosessases 1] 306 A490 R 70
Value B_G008 1000 pts  ValUe 6008 Value B_G008

1.606805

-1.6686
MARKER &

Before After
Figure 4A-43: Square Calculation

Cube — Triples the amplitude
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IRt 264 M468 R 765

1080 pts  Yalue 0.0000 m————0UE 0. 0000
1.0005 : i

Before

Figure 4A-44: Cube Calculation

Square Root — Determines the square root for the absolute value of the

amplitude

1iwededees |

A 490 R|

Tiwwnmbamn | @E A dea R EE
1990 pts Value 0, 0D00 o—— - (UE O 0500

1.0005

I I |
1686 pts  Malue D.0000m— ' [UE 0. 0000

1.6005 : g

-1. 0685
MARKER

Before

After

Figure 4A-45: Square Root Calculation
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Normalize — Normalizes the amplitude

TR LR
1604 pts

L ] A 498 R

1.66085

[ 204 [ 7oq
Yalue 8. 5600 m—— 3 U O 5660

T wewmwnin L 365 A d6a R L
180 pts Yalue 8. 96000 m——— o (uE O, 6600

1. 0085

Before

-1.0608
MARKER
Before
Figure 4A-46: Normalize Calculation
Integral — Integrating the amplitude
Tieeredees | 50 A 590 R 758 1 #ededess | ;| A 500 ?SE
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Figure 4A-47: Integral Calculation
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Differential — Differentiating the amplitude

Tiserrenes L[ M ASN R______7od Toassazans [ 240 AGHA
1008 pts  Value-B 7400 pe—— V2 [1e B 7504 1088 pts  valug 9. 9000 m— 1 L 0. 00
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MARKER @ MARKER ©
Before After

Figure 4A-48: Differential Calculation

Calculations With Other Waveform Data

el Use Dual Waveform Math... to perform math calculations with the waveform

Math... currently being edited and other waveform data. The following calculations
can be performed:

= Add Adds the waveform data being edited and the other
waveform file data.

m  Sub Subtracts the other waveform file data from the wave
from data being edited.

= Mul Multiplies the waveform file data being edited by the
other waveform file data.

The region pushed out beyond the vertical axis full scale by the calculations
is clipped.

The following diagram shows the menu configuration for the Dual Wave-
form Math... item.

Add
Sub
Operation (More 3 of 3) —— Dual Waveform Math... Mul
Cancel
Show Catalog Entry
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Procedure

D Step 1: Create the waveform to be operated on with the other waveform
file data. Figure 4A-49 shows the example of waveform before the arith-
metic operations.

Towwwwwrns L[ 9 A 009 RC__ 999
1000 pts  Value 0.06000 p——— /2 | Uc-0. 0059

1. 0005

-1.0000f
MARKER 1|

Figure 4A-49: Example of Waveform Before Arithmetic Operations

[J step 2: Press the front panel CURSOR button.

D Step 3: Using the general purpose knob, move the vertical cursor bars
to define the area for calculation.

D Step 4: Select Dual Waveform Math... from the third page of the side
menu (More 3 of 3).

D Step 5: A list of files will be displayed on the screen. Using the general
purpose knob, select the file for which the calculations will be per-
formed. Calculations will be executed for both the section of the wave-
form data being edited between the vertical bar cursors and the
selected waveform file.
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Select the waveform for math.

L

Pasie Buifer
wavefortl
DC1.WFM
DC2.WFM
RAMP.WFM
SAMPLE-1.WFM
SHMPLE-2.WFM
SINE.WFM
SOUARE.WFM
TRIAHNGLE.WFM

EDIT Menu

D Step 6: Select Show Catalog Entry from the sub-menu. The waveform
for the selected file is displayed. See Figure 4A-51.

1.6

-1.6

MATH.WFM

1660 Points

Figure 4A-51: Selected File Waveform Display

D Step 7: After verifying the waveform, select Continue from the sub-
menu. The waveform will disappear and the system returns to previous
Dual Waveform Math... sub-menu.

O

Step 8: Select the desired calculation type from the sub-menu. The
moment a calculation type is selected, the calculation is carried out and
the results are displayed on the CRT screen. The display returns to the
menu on display before Dual Waveform Math... was selected. Fig-

ure 4A-52 displays the waveforms added (Add) between the vertical bar

cursors.
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Figure 4A-52: Waveform Addition Display

If you select Cancel, the menu returns to the menu on display before
Dual Waveform Math... was selected without any calculations being
made.

Data placed into the paste buffer with Cut or Copy is listed at the top of the
file list with the name ”"Paste Buffer.” When this item is selected, an opera-
tion is carried out with the data in the paste buffer.
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Specified Region Shift

The Region Shift... item shifts a user-specified region of a waveform in one
of the following ways.

m  Right or left
m  Expand (out from the center)
m  Compress (in toward the center)

If the specified amount of the shift is less than the sampling interval, the
original waveform is resampled using data interpolation to derive the shifted
values. The Region Shift... item has the following menu configuration.

Operation ( More 4 of 4) ——» Region Shift... —|

Right
— Left
— T
ype E Expand
—— Compress
. . Linear
Shift Scale Value Interpolation ——— Quadratic
Add
' -~ Data Value ————| Replace
— Config...
c Point E Exclude
— Cursor Point——__ | o
— Go Back
— Go Back
L Execute — Smooth +/— Points

Table 4A-3 lists the differences between the Specified Region Shift function
and the Shift function described on page 4A-48.

Table 4A-3: Differences Between the Shift Operations

ltem

Shift Region Shift

Area affected

Rotates the area inside the range delim-
ited by the cursors

Shifts the area inside the range delim-
ited by the cursors to a different area

Shift amount

Data point spacing

Amounts less than the data point
spacing

Interpolation at inter-
section

None

Interpolation performed

Data changed by manipulations performed from the Region Shift... menu
can be restored to the prior state (for one operation only) using the Undo
item on the bottom menu. If the result of the operation was not what was
intended, use the Undo function to restore the original data. You can obtain
optimal settings for shift parameters using the Undo function. If the new shift
parameters do not produce the desired results, use Undo to cancel the
operation. Then enter new shift parameters and use Undo to cancel each
operation until you achieve the desired results.
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Type

Shift Type Selection

There are four types of specified region shifts. The Type item selects which
shift operation will be performed. Right or Left shifts the selected region to
the right or left, respectively. Expand moves the data out from the center.
Compress moves the data toward the center.

Right or Left — Shifts the area delimited by the left and right vertical bar
cursors the amount specified by the Shift Scale Value item. When the shift
type is Right the data shifts to the right; when Left the data shifts left. In the
example of Figure 4A-53 the shift type is Right. The original data shifts to the
right by one sampling point (Data Shifted to Right by 1). The maximum value
that you can specify for a right or left shift is the number of waveform data
points. If a section of data is shifted beyond the maximum number of data
points, the data contained in that section is lost after the shift.

® Sampling Point

e Sampling Point

01 2 3456 7 8 910 1112 01 2 3456 7 8 9101112

Original Data Data Shifted to Right by 1

Figure 4A-53: Data Shifted Using the "Right” Item

Expand or Compress — The area delimited by the left and right vertical bar
cursors is divided into two adjacent regions located between the cursors.
For the Compress shift type, the two regions shift toward the center point.
For the Expand shift type, the two regions shift away from the center. The
Shift Scale Value item determines the amount of shift for the Compress
and Expand operations. In the example of Figure 4A-54 the shift type is
Compress. The original data (left side of figure) is compressed as shown by
the right example (Data Compressed by 1).

® Sampling Point

® Sampling Point

01t 2 345 6 7 8 910 1112 01 2 345 6 7 8 910 11 12

Original Data Data Compressed by 1

Figure 4A-54: Data Compressed Using the "Compress” ltem
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The Shift Values For Selecting Expand or Compress

Expand — The maximum value that you can specify for a shift is the number
of waveform data points. If a section of data is shifted beyond the maximum
number of data points, the data contained in that section is lost after the
shift.

Compress — The value of the shift must be less than one-half the size of
the area surrounded by the left and right vertical bar cursors. If the Data
Value item (described on page 4A-76) is set to Replace, the section that
exceeds the position of one-half the region is lost after the shift.

Shift Scale Value

When shifting waveform data, it is possible to specify a Shift Scale Value
with a precision that exceeds that of the sampling points. In the AWG2040
arbitrary waveform generator, values may be specified with a resolution as
fine as /1000 point. However, it is not always possible to realize a shift of that
precision due to the form of the waveform itself. Changes in the lowest digit
of the shift value will not be reflected in the output unless the amplitude of
the original waveform spans the full scale of the data representation.

NOTE

Since data values between the data points are calculated by
interpolation when shifting by a fractional value, certain character-
istics of the original waveform may be lost. Therefore, a filter must
be inserted to prevent aliasing.

If the changes in the waveform are extremely smooth, fractional
shift amounts may not result in the intended effect.

Procedure

|:| Step 1: Specify the region to be shifted with the left and right vertical
bar cursors, and select the Region Shift... item on the fourth page of
the side menu (More 4 of 4).

|:| Step 2: Select the shift type by pressing the sub menu Type button.
[] step 3: Select Shift Scale Value from the sub menu.

|:| Step 4: Enter the shift amount using either the general purpose knob or
the numeric keys. The shift value can also be displayed as a time value.

|:| Step 5: If other settings related to the shift need to be specified, select
the Config... item from the sub menu. See the ”"Other Shift Settings”
item on page 4A-74 for more information.

[[] step 6: Select Execute from the sub menu. The waveform in the edit
region will be shifted with the specified conditions.
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Canfig...

Interpolatlon

Other Shift Settings

The following parameters can be set from the Config... item.

Interpolation Selecting the interpolation method

Data Value Handling of overlapping regions in the shift result

Cursor Point Interpolation of the data on the cursors

Smooth +/— Points Setting the smoothing width at the data boundary
positions

Interpolation

The data is resampled when shifting by fractional amounts. Data values
between data points are acquired by interpolation. The Interpolation item
selects the interpolation method used. The following options are provided.

®m  Linear interpolation is appropriate if the original waveform consists of
straight lines, such as triangle or square waves. However, the peaks in
waveforms with extremely sharp peaks may be slightly flattened.

m  Quadratic interpolation is appropriate for waveforms with curves, such
as sine waves. However, in waveforms with extremely sharp peaks,
some peaks may become wider.

Linear Interpolation — Figure 4A-55 provides an example of linear interpola-
tion. If the point X, is shifted to the left by 0.2, the new value is calculated by
interpolating with the next point to the left.

A
Ya - e -
Yor-omrr s o= ’7’4 -
-
Yop oo A !
~ .
~ .
Y- [ ]
o ‘
~ ' ,
X1 Xz Xz X3 -

Figure 4A-55: Linear Interpolation

If the coordinate of the shifted point is X5, then the value of point Y»" is given
by the following formula.

Y,=02xY,+(1-02)xY,
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Quadratic Interpolation — Figure 4A-56 provides an example of quadratic
interpolation. If point X> is shifted to the left by 0.2, the new value is calcu-
lated by interpolation using three points: the shifted point, the point preced-
ing the shifted point, and the point following the shifted point.

Figure 4A-56: Quadratic Interpolation

Quadratic interpolation is expressed as follows.
f(x) = A + Bx + C

The coefficients A, B, and C in the above formula are derived using the three
points including those directly preceding and following the position to be
derived.

yi = A + Bx, + C
Y = AX. + Bx, + C

Simplifying by letting x; = =1, %0 = 0, x3 = 1, gives:

vi=A-B+ C
y, = C
ys= A+B + C

This allows the coefficients A, B, and C to be derived as follows:

+
A=Y12Y3_y2
_Ys— VY
B = 2
C=y,

Using these values, the value y»’ at position x»’ can be derived as follows.

, + -
Yo = A5 -y x (027 + S x (- 0.2+,
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Data Yalue Data Value
Addd

Replace

This item selects how overlapping regions in the shift result are handled.
m  Add — Adds the shifted data and the overlapping data.

m  Replace — Replaces the region with the shifted data. When Type is
Compress, the data for points shifted beyond the center are lost.

Cursor Folnt— cyrsor Point
Exclude

Include

This item selects whether the data boundary points are interpolated. The
selections are Exclude and Include.

When the Cursor Point is Exclude, the points on the left and right vertical
bar cursors are not interpolated. Figure 4A-57 shows how the original data
will appear when Exclude is selected following a shift to the right. In this
example, the first and last data points remain at their original values. You
can minimize this error by inserting an appropriate anti-aliasing filter.

Original Data Data Shifted to Right by 0.5

Figure 4A-57: Shift with "Cursor Point” Set to "Exclude”

When the Cursor Point is Include, the points on the left and right vertical
bar cursors are interpolated.

Smooth Smooth +/— Points
+f- Points
This item specifies the smoothing width with points at the data boundary

positions. Smoothing is only performed over the points specified for the area
around the boundary positions. No smoothing is performed if this point is
set to zero. Points can be set within the range 0 through 20.

Smoothing is performed on a specified region without regard for the shift.
The smoothing technique used takes the average of the point itself and the
two adjacent points (three points) as the new value of the point. Smoothing
is performed over regions centered on the end points of the pre-shift region
and the post-shift region, respectively, and is extended in both directions by
the smoothing points.
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Figure 4A-58 shows an example of smoothing. The original data appears on
the left and the smoothed data is on the right.

Before Smoothing After Smoothing

Figure 4A-58: Smoothing

NOTE

Since smoothing is equivalent to low pass filtering, features of the
original waveform can be lost resulting in significant changes to the
waveform. To acquire appropriate output waveforms, experiment
with a variety of values for the Smooth +/— Points parameter.

Side Effects from Shifting

The left side of Figure 4A-59 shows data before shifting. The right side of the
figure shows the result of shifting the data between the cursors (solid vertical
lines) by 0.5 units to the right. In the example of Figure 4A-59, the data
location must be determined 0.5 units to the left of each point in order to
achieve the 0.5 unit shift to the right. Linear interpolation is used in this
example to determine the data location.

Original Data Data Shifted to Right by 0.5

Figure 4A-59: Data Shifting
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When the resulting data is output through an appropriate filter, the waveform
will be shifted to the right by 0.5 units. After the shift operation is completed,

the data point at the position of the left cursor is lowered. This is a side effect
of the interpolation process. Following are several ways that you can prevent
this data lowering phenomenon.

®m Increase the size of the area
m  Set the Cursor Point setting to Exclude

m  Apply smoothing (there are waveforms for which smoothing may not be
effective)

Increasing the Size of the Area

Data that is identical across the operation can be acquired by increasing the
size of the area (Figure 4A-60). Smooth data is acquired when this area is
shifted, as shown by the right example of Figure 4A-60.

AR R

Multiple
Copy...

Original Data Data Shifted by 0.5 to Right

Figure 4A-60: Increasing the Size of the Area

The smooth data results when using linear interpolation because the value
of the data does not change when interpolating between points with the
same value. An unchanged data value is the same as not performing a shift.
However, you can minimize this error by inserting an appropriate anti-alias-
ing filter.

Multiple Copy

The Multiple Copy... item appears in the menu when two or more wave-
forms are being edited simultaneously. It is used to copy the section of the
waveform between the two vertical bar cursors in one editing area to the
waveform between the vertical bar cursors in another editing area, at the
interval specified with Interval. The following diagram shows the menu
configuration for the Multiple Copy... item.
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Source
Operation (More 4 of 4) —— Multiple COPV---‘E g(t)eg/:(l;k

Execute

See "Opening and Selecting Editing Areas” on page 4A-14 for further in-
formation on designating multiple editing areas.

Procedure

In this example, we will copy the waveform between the vertical bar cursors
in editing area 1 to editing area 2. We will start from the point at which only
one waveform has been designated in the waveform editor.

To designate a second editing area in the waveform editor:
|:| Step 1: Choose Select/Open from the bottom menu.
[] step 2: Select Another Waveform from the side menu.

D Step 3: Using the general purpose knob, select New Waveform from
the waveform list and then select O.K. A second editing area will appear,
as shown in Figure 4A-61.

GPIB Continuous mode Master|Stopped
Towswnsnrs L[ @ A 999 R 999 Select/
1000 pts  Value 0.0000 m——— /3 | Lic-0. 0186 Open
L] :
] Waveformi
sk okokskokok | WM
Waveforn2
] wkwkskkok WEM
-1. ooeo i
MARKER (0]
2:********0L_:] A 009 R 999
1000 pts  Value 0.0000 m——— /3 |Lic 0.0000
7.0065
Another
-1. 0000
MARKER (1] waveform
FEESIR - Switch Cursor
Select/ ; ; Standard |Close/
Operatlon Zoom Setting Undo waveform write

Figure 4A-61: Two Waveform Editing Areas Designated

To select the area for waveform copying:

D Step 4: Select Waveform1 from the side menu to designate this wave-
form area as the source for copying.
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[] step 5: Press the CURSOR button on the front panel.

[J step 6: Using the numeric keys or the general purpose knob, move the
vertical bar cursors to designate the section of the waveform to be
copied. In this example, we will set the left cursor to point 250 and the
right cursor to point 749.

NOTE

Copying will include the point at which the cursor is located. The
value indicated by A at the top of the waveform area indicates the
number of points between the two cursors, so the number of points
that will be copied will be this value plus one point (the point at
which the cursor is located).

GPIB Continuous mode Master Running
Tiswewsnrs | 250 A 499 @F 749 Select/

1000 pts  Value 0.0000 o ———————— /3 | Le-0. 0313 Open
1. BEE5 i

Waveforml

smwngnwe WEM

Waveform2
sasskmss WM
-1.0000
MARKER (@l :
2o dkmkdknn | g A 099 R 999
1000 pts  Value 9.0000 p———— /7 | Llc 00000
1. oeas[; .
: Another
-1. o000 M :
MARKER [1] ] Waveform
FEEEDR: Switch Cursor
Select/ : : Standard |Close/
Operation| Zoom Setting Undo waveform write

Figure 4A-62: Setting the Copy Source

Setting the Destination for Waveform Copying

D Step 7: Select Waveform2 from the side menu to designate this area as
the destination for copying (the area to which the waveform will be
copied).

[] step 8: Press the CURSOR button on the front panel.

D Step 9: Using the numeric keys or the general purpose knob, move the
vertical bar cursors to set the area within which the waveform will be
copied. In this example, we will set the left cursor to point 0 and the right
cursor to point 999.

4A-80



EDIT Menu

GPIB Continuous mode Master Running
Towwwwwers [ 250 A 499 R 749 Select/

1000 pts  Value 9.0000 e —————— /3 | Le-0. 0313 Open
1. BEE5 : :
waveformi

EEEEE LTS |

Waveform2
: sasskmss WM
-1.0000 : :
MARKER (@l : 5
2:********0L_§] A909 R 999
1000 pts  Value 9.0000 p———— /7 |Lic 0. 0000
1. 0005
Another
-1.2000
MARKER |1} Waveform
FEEEDR - Switch Cursor
Select/ ] : Standard |Close/
Operatlon Zoom Setting Undo waveform write

Figure 4A-63: Setting the Copy Destination

To copy the waveform:
[] step 10: Select Operation from the bottom menu.

D Step 11: Select Multiple Copy... from the fourth page of the side menu
(More 4 of 4).

When three waveform areas have been designated in the waveform
editor, select one of the remaining two editing areas as the source for
waveform copying with Source item in the sub-menu.

[] step 12: Select Interval from the sub-menu.

D Step 13: Using the numeric keys, set the interval value to 500 points.
When copying the section of a waveform between the bar cursors in one
editing area to the area between the bar cursors in another editing area,
the Interval value determines the interval at which the waveform will be
repeated horizontally (in points).

[] step 14: Select Execute from the sub-menu.

If the number of points in the waveform between the vertical bar cursors
in the copy source is the same as the value set for Interval, the copied
waveform will be displayed repeating at the interval designated with
Interval. In the example shown in Figure 4A-64, both the waveform point
size and the Interval value are set to 500.
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el —c L —
1000 pts  Value 0.0000 m———— /2 | Uc-0. 0313
1. 0005 : ;

-1, E0
MARKER |0 ; 5
Drmkkanr L ] A 999 R 999
1000 pts  Value 0.0000 p— /2 | Uc-0. 0313

1. 00058

N
MARKER (1]

Figure 4A-64: Waveform Copying
(number of points in waveform = Interval value)

If the number of points in the waveform between the vertical bar cursors in
the copy source is less than the value set for Interval, data at level O (in
other words, a straight line) will be added at the end of the waveform. Fig-
ure 4A-65 shows an example in which the waveform point size has been set
to 500 and the Interval has been set to 600. Data at level 0 has been added
from point 500 to point 599; the next waveform begins from point 600.

Toesswasxs [ 250 A 499 L 749
1000 pts  Value 0.0000 m——————— /2 |Uc-0. 0313
7. 0005 : 5

=1, @08
MARKER (@l

Dokdktkns | g A 999 R 999

1000 pts  Value 0.0000 p————— /2 -0 0313
1.0885 ]

-1. 0000 |l
MARKER |1

Figure 4A-65: Waveform Copying
(number of points in waveform < Interval value)
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If the number of points in the waveform between the vertical bar cursors in
the copy source is greater than the value set for Interval, the overlapping
portion will be added to the waveform. Figure 4A-66 shows an example in
which the waveform point size has been set to 500 and the Interval value
has been set to 300. The copied waveform will be pasted at intervals of 300,
starting from points 0, 300, 600 and 900, and so the waveform will overlap in
phase between points 300 — 499, 600 — 799 and 900 — 999. As a result,
the amplitude in these areas will be doubled.

B —- —
1000 pts  Value 0.0000 m——————— /2 [Uc-0. 0313
1. 0005 : :

-1. 0000
MARKER @] : 5
Frwwwgunnr | g A 000 R 999
1000 pts  Value 0.0000 p————— /2 | -0 . 0625

. G0aS

1. o00 i
MARKER 1]

Figure 4A-66: Waveform Copying
(number of points in waveform > Interval value)

D Step 15: Select Go Back from the current sub-menu. The display
moves from the Multiple Copy... sub-menu to the side menu.

Convolution Calculations

The Convolute... menu item appears when two or more waveforms are
being edited. It is used to convolute the section of the waveform between
the two vertical bar cursors in one editing area with the waveform between
the vertical bar cursors in another editing area. The result is normalized. The
following diagram shows the menu configuration for the Convolute... item.

Source
Operation (More 4 of 4) — Convolute...AE Go Back
Execute

See "Opening and Selecting Editing Areas” on page 4A-14 for further
information on designating multiple editing areas.
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On a discrete system, convolution is called discrete convolution. The con-
volution y (n) of waveform x (n) and waveform h (i) can be expressed by the
following formula, where N is the number of data items :

The operation expressed by this formula is called convolution.
Procedure

With the waveform between the vertical bar cursors in editing area 1 as the
Source, in this example we will perform convolution between this waveform
and the one in editing area 2.

In the following example, a Gaussian pulse of 500 points is used for Wave-
form1, while a pulse waveform of 1000 points is used for Waveform2. Use
the Gaussian pulse included on the Sample Waveform Library Disk that
came with the instrument, and change its point size to 500 using the Scal-
ing function for graphic display. Figure 4A-67 shows the waveforms for
Waveform1 and Waveform2. The pulse waveform is created using the
waveform editor as shown in the figure.

1.9

-1.9

GAUSS_P2.WFM PULSE.WFM

1.8

-1.8

560 Points 1000 Points

Figure 4A-67: Waveforms Used for Waveform1 and Waveform2

The procedure after the two waveforms have been set in each editing area is
as follows:

Setting the convolution range
|:| Step 1: Select Select/Open from the bottom menu.
[J step 2: Select Waveform1 from the side menu.

[] step 3: Press the CURSOR button on the front panel.
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|:| Step 4: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors to define the section of
the waveform for convolution. In this example, we will set the left cursor
to point 125 and the right cursor to point 375.

[] step 5: Select Waveform2 from the side menu.
|:| Step 6: Select Setting from the bottom menu.

[[] step 7: Select Waveform Points from the side menu and, using the
numeric keys or the general purpose knob, set the waveform point size
to 1250.

1000 points is sufficient for the range of operation for Waveform2; in
order to display all of the results of operation, the Waveform2 editing
area (where the results will be displayed) must be enlarged. The area
needed is the sum of the point sizes for the two waveforms.

Step 8: Press the CURSOR button on the front panel.

OO

Step 9: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors to define the section of
the waveform for convolution. In this example, we will set the left cursor
to point 0 and the right cursor to point 1250.

Calculating the waveforms
|:| Step 10: Select Operation from the bottom menu.

|:| Step 11: Select Convolute... from the fourth page of the side menu
(More 4 of 4).

When three waveform areas have been designated in the waveform
editor, select one of the other two editing areas as the source for wave-
form convolution with Source item in the sub-menu.

[] step 12: Select Execute from the sub-menu.
Figure 4A-68 shows the screen before and after convolution.

In this example, the results of operation will be displayed between the left
and right vertical bar cursors in editing area 2 (the one enclosed by a box on
the screen) where editing is being performed. The convolution process will
take approximately 30 seconds.

NOTE

The convolution process will take around 80 seconds for two
waveforms consisting of 1000 points each; the time will vary slightly
depending on the type of waveform. An instrument with Option 09
installed is equipped with the convolution waveform editor which
performs convolution at high speed.
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1, e

TGAIBS P2 L A58 @ TEARSSPZ L[ 12 A
588 pts  Ualue 8.8889 : value 8.e6ee 500 pts  Value B.0000 m— 2 (e 0. 5000
T e : 5 :

—1 , (B —1, 0o0a
MARHER |3 MARFER  H B
2*AILSE L g 4 1249 R 3 2 PULSE Q A 1249 R |
1258 pts  Value 8,888 Value 6.8668 1256 pts  Value 6.0000 m—a (U 0. 0000
[ |

-1, gl
MARKER (3]

~1. ool
MARKER %]

Before

Compare.__

After

Figure 4A-68: Convolution

D Step 13: Select Go Back from the current sub-menu. The display
moves from the Convolute... sub-menu to the side menu.

Comparing Waveforms

The Compare... item appears when two or more waveforms are being
edited simultaneously. It is used to compare the section of the waveform
between the two vertical bar cursors in one editing area to the waveform
between the vertical bar cursors in another editing area. The following
diagram shows the menu configuration for the Compare... item.

Source
Hysteresis
Operation (More 4 of 4) —= Compare... Set Result to—{__ |\D/|',:TRAKER
Go Back
Execute

See "Opening and Selecting Editing Areas” on page 4A-14 for more detailed
information regarding how to designate multiple editing areas.

Depending on whether the result of comparison is displayed in the editing
area or in the MARKER area (as determined by the Set Result to item), the
results are displayed in one of the following formats.
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DATA selected in Set Result to

Comparison Result (waveform level)
Destination > Source 1.000 (FFE in hexadecimal format)
Destination < Source 0.000 (7FF in hexadecimal format)

MARKER selected in Set Result to

Comparison Result (MARKER)
Destination > Source 1
Destination < Source 0

Procedure

In this example, we will designate the portion of the waveform between the
vertical bar cursors in editing area 1 as the reference (Source) and then
compare it with the waveform between the vertical bar cursors in editing
area 2. The procedure begins from the point at which two waveforms have
been selected in the waveform editor.

Designating the Section for Comparison
|:| Step 1: Select Select/Open from the bottom menu.

[[] step 2: Select Waveform1 from the side menu. This waveform will be
the reference for comparison.

[[] step 3: Press the CURSOR button on the front panel.

|:| Step 4: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors to define the section of
the waveform for comparison. In this example, we will set the left cursor
to point 125 and the right cursor to point 625.

NOTE

The value indicated by A shows the difference in points between
the left and right vertical bar cursors. This value includes the point
occupied by the cursor, so the number of points in the waveform is
A+ 1.

[[] step 5: Select Waveform2 from the side menu. This waveform will be
compared to the reference waveform.

[[] step 6: Press the CURSOR button on the front panel.

|:| Step 7: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors to define the section of
the waveform for comparison. In this example, we will set the left cursor
to point 125 and the right cursor to point 875.
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[[] step 8: Select Operation from the bottom menu.

[] step 9: Select Compare... from the fourth page of the side menu (More
4 of 4). Figure 4A-69 shows the menu with the Compare... item
selected.

When three waveform areas have been designated in the waveform
editor, select one of the remaining two editing areas as the source for
waveform comparison with Source item in the sub-menu.

GPIB Continuous mode Master|Stopped
Toesmwenns ([ 129 A500 R 68 [ operation
1000 pts  Value 6.4001 me———— /3 e 0.4001 P
1. 0005 ; 5 Source
Hysteresis
0.0000
-1.0000
MARKER (] ; : -
LI 1 A 750 R 575 Set Result to
16000 pts  Value 0.8002 mes——— /2 |Uc-0. 7007 DATA
1. 0005 : MARKER
Go Back
-1, 0000 Execute
MARKER (]
EEESIR: switch Cursor
Select/ i : Standard |Close/
Open Zoom Setting Undo waveform write

Figure 4A-69: Compare... Item Selected

[] step 10: Press the Set Result to button in the sub-menu to select
MARKER.

This item is used to set where the results of comparison will be dis-
played.

D Step 11: If you would like to apply hysteresis to the reference wave-
form, select Hysteresis and enter a value. If hysteresis is not necessary,
this item should be set to 0.

Hysteresis comparison uses a higher and lower signal level than the
Source signal level; the degree is determined by the value set with the
Hysteresis item.
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[C] step 12: Select Execute from the sub-menu.
Comparison Without Hysteresis

The left part of Figure 4A-70 shows a comparison of a triangular wave
for Waveform2 and a square wave for Waveform1, with the results
output to the Waveform2 MARKER display area. The figure on the right
has been provided as an aid to understanding this process.

Comparison is only performed for the section of Waveform2 between
the vertical bar cursors (in other words, from point 125 to point 875).

Data outside this range is preserved as it was before comparison. The
figure on the right shows the default marker set at point O remains ”*1.”

As there is less data in the Source waveform than the destination wave-
form, data at level O (in other words, a straight line) has been automati-
cally added from point 626 to point 875 in the Source waveform.

Tiessasess L[ 189  ADBA
1860 pts  value 9. 4001 m—— 1 L 0. 4001 Destination Waveform
7. 0505 i : Comparison Area

Source Waveform
Comparison Area

=1 B30
MARKER

PRI ' L= A750 ﬁ 5/ o /
1009 pts  Value 0. 3000 me— a1 [ 1c-0, 7007 Lo \ / '

>

1. 3385

Figure 4A-70: Comparison Without Hysteresis

Comparison With Hysteresis

The left part of Figure 4A-71 shows a hysteresis comparison between a
triangular wave as Waveform2 and a square wave as Waveform1, with
the results output to the MARKER display area in the Waveform2 area.
The figure on the right has been provided as an aid to understanding
this process.

In hysteresis comparison, the waveform only becomes high level when
the destination waveform exceeds the level above the Source waveform
set for Hysteresis. The waveform only becomes low level when the
destination waveform exceeds the level below the Source waveform set
for Hysteresis.

Comparison is only performed for the section of the waveform between
the vertical bar cursors (in this example, from point O to point 999).
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1iseestase |

[ d
1600 pts  Value @.4881
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Source signal level — Hysteresis value

PRI ] g
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1.0
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Zoom

Figure 4A-71: Comparison With Hysteresis

D Step 13: Select Go Back from the current sub-menu. The display
moves from the Compare... sub-menu to the side menu.

Zooming Waveforms

The Zoom item is used to enlarge or reduce the waveform being displayed,
either horizontally or vertically. This process is for display purposes only; it
does not affect the waveform data. The side menu consists of 2 pages: the
first page contains the horizontal zoom items and the second page contains
the vertical zoom items.
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GPIB Continuous mode Master|Stopped
Toawasazas L A 999 —L Y ——
1000 pts  Value 0.0000 m— 1¥alue-0.6249 coom
0.5002) | .
j Horizontal Yertical
Zoom in Zoom in
Horizontal Yertical
Zoom out Zoom out
Horizontal Yertical
Zoom fit Zoom fit
Horizontal Yertical
Pan Pan
-0.5002| | »
: ore
MARKER |1 More
: 10f2 20f2
PSR Move Cursor
Select/ : o : Standard |Close/s
Open Operation Setting Undo waveform wrlte
Figure 4A-72: Zoom Menu
Horizontal Zooming
Horizontal When the waveform is enlarged horizontally using the Horizontal Zoom in
zoom in item, three additional items are displayed in the side menu:

m  Horizontal Zoom out
m  Horizontal Zoom fit

m  Horizontal Pan

Procedure

Used to reduce the waveform

Used to return to normal waveform size (x1)

Used to scroll through the waveform when it
is enlarged

[] step 1: Select Zoom from the bottom menu.

[] step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, move the active vertical bar
cursor to the center of the position at which you want the waveform to

be displayed.

Horizontal waveform enlargement will be centered around the active

vertical bar cursor.

[] step 4: Select Horizontal Zoom in from the side menu. The waveform
will be enlarged horizontally.
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Figure 4A-73: Horizontal Zoom

[] step 5: Select Horizontal Zoom in again from the side menu.

The degree of enlargement will increase each time the button is
pressed. When the maximum enlargement is reached, the Horizontal
Zoom in item will disappear. The displayed inverted portion of the hori-
zontal scroll indicator above the waveform editing area indicates which
section of the waveform is currently being displayed on the screen.

[] step 6: Select Horizontal Zoom out from the side menu.

The degree of enlargement will decrease each time the button is
pressed. When normal size (x1) is reached, the Horizontal Zoom out
item will disappear.

D Step 7: Select the Horizontal Zoom in item once again to enlarge the

waveform.

[] step 8: Select Horizontal Pan from the side menu.

This item enables you to scroll through the entire waveform by turning
the general purpose knob. The displayed inverted portion of the horizon-
tal scroll indicator above the waveform editing area indicates which
section of the waveform is currently being displayed on the screen.

D Step 9: Turn the general purpose knob and check to make sure the

waveform moves horizontally.

[] step 10: Select Horizontal Zoom fit from the side menu. The waveform

will revert to normal size (x1).
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Vertical Zooming

vertical When the waveform is enlarged vertically with the Vertical Zoom in item,
Zoom in three new items will be added to the side menu:
m  Vertical Zoom out Used to reduce the waveform
m  Vertical Zoom fit Used to return to normal waveform size (x1)
m  Vertical Pan Used to scroll through the waveform when it is
enlarged

The process of vertical zooming is the same as that for horizontal zooming.
However, the waveform is enlarged/reduced as the reference for the center
of the vertical axis.

Figure 4A-74 shows an example of a waveform before and after vertical

zooming.
Tisssmesss L[ 8 AdH | Tiwemamexx 1 @ A90D
1080 pts  Walue 9.9000 o 3 |00, 6249 1068 pts Yalue B.606B g'/a lue-0. 0249
1. 0005 ; 5.5062] | i
-1.0008 -5.5002| |
MARKER [1f MARKER (1]
Before After

Figure 4A-74: Vertical Zoom
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Timing Display

To show the timing display for the waveform editor using the View type....
item in the Setting menu:

Procedure
D Step 1: Select Setting from the bottom menu.
[] step 2: Select View type... from the side menu.

Three items will be displayed in the sub-menu: Graphic, Timing and
Table.

D Step 3: Select Timing from the sub-menu.

The timing display of the waveform editor will appear. See Figure 4A-75.

GPIB Triggered mode Master|Stopped

Toven o N A 999 I
1000 pts  Value 7FF peeeeesesssss— /2. | L1 7FF
DATA 116

DATA 18(1
DATA 901
DATA Bl :
DATA 71 Timing
DATA 61 :
DaTA 51
DATA 401
DaTa 31
DATA 201
DATA 101
DATA B)1
MARKER |1

Setting

Graphic

Table

Go Back

FEER: Switch Cursor

Select/
Open

Standard
waveform

Close/s

Undo Wwrite

Operation

Zoom Satting

Figure 4A-75: Timing Display

[] step 4: Select Go Back from the sub-menu. The system moves to the
previous Setting side menu.
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Timing Display Menu Structure

Figure 4A-76 shows the menu configuration for the timing display.

Bottom Menu

— Select/Open

Waveform Editor

— Operation

Side Menu Sub-Menu

Waveform1
Waveform2 ™1
Waveform3 ™

Another Waveform

Cut
Copy to Buffer
Paste from Buffe
Line
I: Set High
Set... ': Set Low
Set Pattern
Line
Shift... [
L— value
Invert... Line
Source
Copy Line... M

(S Destination

) Source
Exchange L/ne...4[
Destination

Source
Logical Function. 4E Destination
Func Type

Data Expand... Factor

Insert Other Waveform

Line

Shift Register [

Generator... ': Register Config...
User defined
Code Config...
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Bottom Menu Side Menu Sub-Menu

— Horizontal Zoom in
| Horizontal Zoom out 2
— Zoom | Horizontal Zoom fit 2

L Horizontal Pan™?

— Waveform Points Graphic

— View type... [ Timinél

Table

L Horiz.Unit
— Setting
— Clock® Waveformx

—— Cursor Link to.*.l. |_ Waveformxx

I— Link Off

— Grid
— Undo
— Pattern

| Standard — Step
Waveform - Max™@

L Min*4
— Write and Close
_— Close/Write———————— Close without Writing

— Write

Figure 4A-76: Waveform Editor Timing Display Menu Structure

*1  This item appears when two or more waveforms are being edited simultaneously with
Another Waveform in the side menu (under Select/Open in the bottom menu).

*2 These items appear when the displayed waveform data has been zoomed in the horizontal
direction with Horizontal Zoom in in the side menu (under Zoom in the bottom menu).

*3  This item appears when Time has been selected for Horiz. Unit in the side menu (under
Setting in the bottom menu).

*4  These items appear when Count Up or Count Down has been selected for Pattern in the
side menu (under Standard Waveform in the bottom menu).
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The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-4: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 4A-14
Operation Editing waveform data in timing display 4A-102
Cut Cutting waveforms 4A-42, 4A-102
Copy to Buffer Copying waveforms 4A-43, 4A-102
Paste from Buffer Pasting waveforms 4A-43, 4A-102
Set... Setting waveform data 4A-102
Shift... Shifting waveform data 4A-115
Invert... Inverting waveform data 4A-116
Copy Line... Copying lines 4A-117
Exchange Line... Exchanging lines 4A-118
Logical Function... Applying logical operations to lines 4A-119
Data Expand... Expanding waveform data 4A-120
Insert Other Waveform Inserting other waveform data 4A-59, 4A-121
Shift Register Generator... | Pseudo-random pulse generator using shift register 4A-121
Zoom Zooming displayed waveform data 4A-90, 4A-127
Setting Settings for the waveform to be edited 4A-28, 4A-99
Waveform Points... Setting waveform point count 4A-29
View type... Selecting the waveform data display format 4A-28
Horiz. Unit Setting horizontal axis units 4A-31
Clock Setting clock frequency 4A-32
Cursor Link to... Linking the vertical bar cursors 4A-33
Grid Displaying a grid in the editing area 4A-35
Undo Canceling function execution 4-2
Standard Waveform Creating standard waveform data 4A-99
Close/Write Saving files and exiting the editor 4A-19
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Timing Display Screen

Figure 4A-77 shows the timing display screen. This section will describe
each portion of the screen; however, descriptions of areas that are identical
to the graphic display will be omitted. See "Graphic Display Screen” for a
description of the graphic display.

GPIB Triggered mode Master|Stopped

o0 pr L 8B e | Operation
DATA 110
DATA 18[1 | cut
DATA 9P | E \_
w70 [ L [T L | || tosufer
o <o T ITIAT TACUETATUTT AT | o st
MARKER 0 More

10f3
FEER: Switch Cursor

Figure 4A-77: Timing Display Screen

(1) DATA 11 — DATA 0

This area shows the timing for each of the data lines (11 — 0). Data line 11 is
the MSB. The number next to the data lines (11 — 0) indicates the time or
point value at the location of the active vertical bar cursor.

(2) Marker

This area shows the timing for the marker. The number to the right of the
word "MARKER” indicates the state of the marker for the time or point value
at the location of the active vertical bar cursor.

(3) Button Operations

This area shows how the front panel buttons operate in this menu.
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EURSDR - Switch Cursor

Pressing the CURSOR button toggles the active vertical bar cursor
between left and right.

FHRSOR - Move Cursor

When the CURSOR button is pressed, the vertical bar cursor can be
moved.

Settings for the Waveform to be Edited

Before waveform data is created, you must use the Setting item in the side
menu to set the environment for editing. The method used to set values is
the same as for the graphic display. See ”Setting for the Waveform to be
Edited” for a description of the graphic display.

Creating Standard Waveform Data

Use this item to create waveform data in the area between the designated
vertical bar cursors.

The following diagram shows the menu configuration for the Standard
Waveform item.

— Step
— Max
— Min
— Step
— Max
— Min
Gray Code ——  Step

Count Up

Pattern
— Count Down

Standard Waveform

Execute

Pattern Types

Use this item to select the waveform to be created. You can choose from the
following three pattern options:

m  Count Up — Data is created sequentially, increasing from the initial
value designated with Min to the maximum value designated with Max.
When the maximum value is exceeded, the waveform will return to the
initial value and begin counting up again. In the example shown in
Figure 4A-78, the waveform point size is 4096, Step has been setto 1,
and the Min and Max values have been set to 0 and 4095, respectively.
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1:wswmnnns LE A 4005 OR
4096 pts  VYalue 000 pe——————| /2 |U¢  FFF
DATA 11 1 |
DATA 10 1
DATA 9 1
DaTA B 1_,__,__,__,__,__|—_,—_,—
DATA 71T U Uy Uy

T

DATA 51!
DATA 41§
DATA 31
DATA 201
DATA 111
DATA 01
MARKER 0|

Figure 4A-78: Count Up Pattern Display

The following parameters can be set:

Step Step — The number of points for each data item. This value can be set
to1 —10.
Max Max — The maximum value for the data. This value can be set anywhere

between (Min value + 1) and 4095.

Min Min — The minimum value for the data. This value can be set anywhere

between 0 and (Max value — 1).

m  Count Down — Data is created sequentially, decreasing from the initial
value designated for Max to the minimum value designated for Min.
When the minimum value is exceeded, the value returns to the maxi-
mum value and countdown begins again. The values for Step, Max and
Min can be set in the same manner as with Count Up.

m  Gray Code — A data pattern is created in which the difference between
adjacent data is only 1 bit. When the 4096 items of 12-bit data end, the
data repeats again from the beginning. In the example shown in Fig-
ure 4A-79, the waveform point size has been set to 4096 and Step has
been set to 1. Only the Step parameter is set for the Gray Code pattern
option.
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T | — Y GO 1
4006 pts  Value 000 m——— /7 [Le 00
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DATA 30
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MARKER 6|

Figure 4A-79: Gray Code Pattern Display

Example of Waveform Data Creation

In the following operation, you will replace the data between the vertical bar
cursors with a Count Up pattern, with the waveform point size set to 4096.

Procedure
[] step 1: Select Standard Waveform from the bottom menu.

D Step 2: Press the CURSOR button on the front panel. Using the general
purpose knob, move the left and right vertical bar cursors all the way to
the left and right, respectively, so the entire editing area is selected.

[] step 3: Select Pattern from the side menu, then select Count Up by
turning the general purpose knob or pressing the Pattern button in the
side menu.

[] step 4: Select Step from the side menu. Using the numeric keys or the
general purpose knob, set the step to 1.

D Step 5: Select Max from the side menu. Using the numeric keys or the
general purpose knob, set the end point for the Count Up pattern to
4095.

D Step 6: Select Min from the side menu. Using the numeric keys or the
general purpose knob, set the starting point for the Count Up pattern
to 0.

[] step 7: Select Execute from the side menu.
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The data between the vertical bar cursors will be replaced by the Count
Up pattern that you have designated. Figure 4A-78 shows the Count Up
pattern created with the values used in this example.

Editing Waveform Data in Timing Display

Operation Use Operation to edit the waveform data in a variety of ways.

The side menu is made up of 3 pages. To get to the next page of the menu,
select More. The following list shows the names and functions of the items
in the side menu.

= Cut Cutting waveforms

= Copy to Buffer Copying waveforms

m  Paste from Buffer Pasting waveforms

m  Set... Setting the waveform data

= Shift... Shifting waveform data

®  [nvert... Inverting waveform data

m  Copy Line... Copying lines

= Exchange Line... Exchanging lines

= Logical Function... Applying logical operations to lines
m  Data Expand... Expanding waveform data

= Insert Other Waveform Inserting other waveform data

m  Shift Register Generator... Pseudo-random pulse generator

Using shift register

Cut, Copy, and Paste Processing Function

Cony Use these functions cut, copy to the buffer, and paste to any other time or
to Buffer point value within the waveform data area between the vertical bar cursors.
The functions for these items are the same as for the corresponding items in

Paste waveform editor graphic display. See pages 4A-42 and 4A-43.
from Bufrar

Cut

Setting Waveform Data

Set... Use Set... to designate data for each data line and marker in the editing
area between the designated vertical bar cursors. The following diagram
shows the menu configuration for the Set... item.

~Impot Line Data /
Clear Pattern
Set High — KeyData —— 5y
Operation (More 1 of 3)—»= Set... Set Low 0
Go Back — Initial Src B
Set Pattern — . 4{7 0
 Userdefined g code [ O
Code Config... -1
— High/Low
Out [”o]iL Invert/Keep
— Cancel
— O.K.
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Setting Data to High/Low

Set set Use Set High and Set Low to set the data lines or marker in the area desig-
High Low nated by the right and left vertical bar cursors to either High or Low.
Procedure

D Step 1: Select Set... from the side menu displayed.
D Step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, move the vertical bar cursors
to designate the area for the High or Low state.

D Step 4: Select Line from the sub-menu. Using the general purpose
knob, select the data line (DATA 11 — DATA 0) or the marker (MARK-
ER) that you want to set to High or Low.

D Step 5: Select Set High or Set Low to set the state between the vertical
bar cursors for the selected line.

Set High — Sets the state to High
Set Low — Sets the state to Low

Figure 4A-80 shows an example in which the state of the DATA 5 line
between the vertical bar cursors has been set to Low.

Tneens L350 A300 —
1000 pts  Value 7DF m——— /2 | ¢ 7DF
DATA 110 : :

DATA 101
DATA 91
DATA 81
DATA 7|1 :
DATA 61

— DATA 50 ' '
DATA 41 g :
DATA 31
DATA 2|1
DATA 1]1
DATA @1
MARKER )

Figure 4A-80: Setting Waveform Data to High/Low

[] step 6: Select Go Back from the current sub-menu. The system moves
from the Set... sub-menu to the previous side menu.
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Set
Pattern

Setting Pattern Data

Use Set Pattern to designate pattern data for the part of a data line or
marker between the designated vertical bar cursors. Figure 4A-81 shows the
pattern data menu that appears when you select Set Pattern from the
sub-menu.

Pattern Length : 8
Point/Step : 1
@ Cursor Position : 8

e [ 1 1 I I 1 I | | 39
a1611118

0:°0 key
1 : other Numeric key

CURZOR
i : Toggle Cursor

Enter Pattern and Press O.K.

Figure 4A-81: Pattern Data Setting Menu

When the designated pattern is shorter than the area between the vertical
bar cursors, the pattern data is repeated. You can create a variety of bit
strings for the same pattern data by selecting Code in the menu.

Press the CURSOR button on the front panel to select the items needed for
setting the pattern data. The following items can be selected; use the gener-
al purpose knob to set the desired value.

m  Cursor Position (sets the position of the cursor)
m  Point/Step (sets the number of points per step)
= Code (used to select the data code)

Entering Pattern Data and Pattern Length

To enter the pattern data, press the CURSOR button on the front panel and
select Cursor Position. A knob icon will appear to the left of the Cursor
Position area. The value next to "Cursor Position” in the menu indicates
the current position of the cursor.

Pattern Length : 60 [ S —

@ Cursor Position : 22
-4 I N [ N I AN AN AN A N B 4
00116100016101160111160016611616161111066,
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Now you can use the numeric keys to enter the pattern data. Any value up
to 32,768 bits can be entered for pattern data. However, only 40 bits can be
displayed on the screen at one time; use the general purpose knob to scroll
through the rest of the data. The inverted display area in the Pattern Length
indicates the portion of the pattern data currently being displayed on the
screen.

Pattern Length indicates the length of the pattern data that has been en-
tered. This value will increase each time more pattern data is entered.

Changing the Data Bits

When entering pattern data, you can enter data either 1 bit at a time (for
each keystroke) or 4 bits at a time, depending on the setting for Key Data in
the side menu.

Key Data 1 Bit — When Key Data is set to 1 Bit, the 0 key has a value of 0
and the other numeric keys have a value of 1, meaning that 1-bit data is
inserted each time one of these keys is pressed. In the figure shown below,
numeric key values of 0, 1, 0 and 1 have been entered in that order.

@ Cursor Position : 4
el | 1 1 1 1 I I I 1 | 39
8101

0:'0 key

1 : other Numeric key

Key Data 4 Bits — When Key Data is set to 4 Bits, a hexadecimal number
(4-bit data) is entered each time one of the numeric keys is pressed. In the
figure shown below, numeric key values of 0, 1 and 2 have been entered in
that order.

@ Cursor Position : 12
ol 1 | I

I 1 1 1 | 39
000000010010
0000 ;0" key
0001 : "1" key
0010 ; '2" key

1110 : °E’ key
1111 : F key
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Point/Step

Point/Step is used to set how many points make up each item of pattern
data. The data after Code conversion will be one item of pattern data. For
example, when NRZ is selected for Code and Point/Step is set to 2, each
pattern will consist of 2 points.

To set the point size for each item of pattern data, press the CURSOR
button on the front panel and then select Point/Step. A knob icon will ap-
pear to the left of the Point/Step area.

" ) Point/Step : IE

Pattern Code

Code is used to select the coding system used when the pattern strings are
output. Depending on the designated length of the area between the vertical
bar cursors, the code may be cut off in the middle.

To select the code, use the following procedure:
Procedure

|:| Step 1: Press the CURSOR button on the front panel and select Code.
A knob icon will appear in the upper left-hand corner of the Code area.

|:| Step 2: Using the general purpose knob, select the desired code from
the choices listed. The following 8 code options are available:

NRZ

NRZI

RZ

MFM
BI-PHASE
f/2f

1-7 RLL

2-7 RLL
ueer defined

The "user defined” code allows the user to create a custom conversion
table. See "User defined Code Conversion” later in this section. For a
description of the other codes, see "Pattern Codes” in Appendix D.
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Sample Pattern Data Setting

In the following example, pattern data (at DATA 5; Point/Step: 2, Code:
NRZI) will be created in the area between the vertical bar cursors.

Procedure
[] step 1: Select Set... from the side menu.
D Step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, move the vertical bar cursors
to define the area in which the pattern will be set. In this example, we
will set the left vertical bar cursor to 250 and the right vertical bar cursor
to 750.

D Step 4: Select Line from the sub-menu. Turning the general purpose
knob, select DATAS for which you want to set the pattern.

[] step 5: Select Set Pattern from the sub-menu.

D Step 6: Press the CURSOR button on the front panel to select Cursor
Position.

D Step 7: Press the Key Data button in the sub-menu to select 4 Bits.

[] step 8: Press 1, 2in that order.

@ Cursor Position : 8
e | 1 1 1 1 1 | 39
goo1e01a

D Step 9: Press the CURSOR button on the front panel to select Point/
Step.

D Step 10: Using the general purpose knob, set Point/Step to 2.

[ ] Point/Step : IE

D Step 11: Press the CURSOR button on the front panel to select Code.

D Step 12: Using the general purpose knob, select NRZI.

D Step 13: Select O.K. from the sub-menu. The pattern that you have set
in the preceding steps will appear between the vertical bar cursors. See
Figure 4A-82.
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BN Lﬂ A 500 R
1000 pts  Value 7DF m—— /2 | L 7FF
DATA 110 : :

DATA 181
DATA 91
DATA 81
DATA 71 : |
DATA 61

DATA 41 :

DATA 31
DATA 2]1
DATA 171
DATA 61
MARKER 0|

Figure 4A-82: Setting Pattern Data

User defined Code Config...

user deined  Users can define their own conversion tables for code conversion. This
Cgﬁg;__ function enables RLL codes, etc. to be freely defined. For sample codes, see
"Pattern Codes” in Appendix D. Conversion tables defined with this menu
item are protected by the backup battery, so they are preserved even after
the power is turned off. To reset this item to the factory default (NRZ), select
Reset to Factory in the UTILITY menu.

Procedure
The following process is used to create a user-defined conversion table.

D Step 1: Perform steps 1 through 5 of the sample process for defining
pattern data.

|:| Step 2: Select User defined Code Config... from the side menu. See
Figure 4A-83.
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GPIB Triggered mode Master Waiting for Trigger
L gy - a A O pl ool .
Source Data Pattern Converted Code Qperation
4] M i o
1 1 initial Src
0]
1
[1/6] initial Code
out[1/0
o 1: High [:]
0: Low
out [1/0]
High/Low
Invert/Keep
Go Back
0: 0 4: Prev Src is 0 0: 8
1: 1 5. Prev Src is 1 1.1
2: Prev Code is © 6. Next Src is @ 2. Prev Code
3: Prev Code is 1 7: Next Src is 1 3. Prev Src
@ Move Cursor  Enter:insert empty line
Selects i ; standard |Closes
Open zoom Setting ‘ Undo waveform Write

Figure 4A-83: User defined Code Conversion Menu

Step 3: Define the codes as desired (see "Basic Operations” below).
Step 4: Select Go Back to return to the Set Pattern menu.

Step 5: Define the pattern data, using the same procedure as in
steps 6 — 10 of the sample process for defining pattern data.

Step 6: Press the CURSOR button to select Code menu item. A knob
icon will appear in the upper left side of the code selection menu.

Step 7: Turn the general purpose knob to select user defined.

Step 8: Press O.K. in the sub-menu to execute code conversion. The
result will be inserted between the cursors on the data line defined in
Step 1.

OO0 O O00

Basic Operations
Moving the Cursor

To move the cursor, turn the general purpose knob. The cursor can be
moved throughout the area where data has already been defined, plus one
more space. From the Source Data Pattern item, the cursor moves to the
Converted Code item. When the cursor reaches the last data item, it will
return to the beginning. The cursor can also be moved using the left and
right arrow buttons.
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Inserting a Blank Line

Pressing the ENTER key causes a blank line to be inserted above the data
item marked by the cursor.

NOTE

Blank lines cannot be inserted if there are more than two consecu-
tive blank lines or if there are more than 16 lines in all.

Defining Data

Move the cursor to the desired location to enter a value on the numeric
keys. The value at that location will be replaced by the one you have en-
tered. Enterable values will vary depending on the location of the cursor:

In the Source Data Pattern area, only numeric keys 0 through 7 are opera-
tional.

In the Converted Code area, only numeric keys 0 through 3 are operational.

Deleting Data

Pressing the delete key will delete the data indicated by the cursor. When a
data item is deleted, all of the subsequent data items will move forward one
space. If there is no data at the cursor position, the cursor will move one
position to the left.
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1

Prev Code is @
Prev Code is 1
Prev Src is @

Prev Src is 1

Next Src is @

Next Src is 1

~ U W=

Converted Code

8. 0
1: 1
2: Prev Code
3: Prev Src

initial Src
B
1
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Deleting a Line

When all of the data on the line indicated by the cursor has been deleted,
that line will also be deleted and all subsequent data will move up one line.

Setting ltems

Used to write the pattern for input data.

0
1

N o o~ WD

Data at that position is LOW

Data at that position is HIGH

The preceding Converted Code data item is 0
The preceding Converted Code data item is 1
The preceding Source Data Pattern data item is O
The preceding Source Data Pattern data item is 1
The following Source Data Pattern data item is O

The following Source Data Pattern data item is 1

Limitations

2, 3, 4 and 5 can only be written at the beginning of Source Data
Pattern

6 and 7 cannot be written at the beginning of Source Data Pattern
Only the data for the immediately preceding time can be referenced
with 2, 3, 4 and 5

6 and 7 are effective as long as the pattern can be written

After the first time 6 and 7 appear, 0 will be treated as 6 and 1 will
be treated as 7

6 and 7 read the input data and search for the same pattern; when
the same pattern has been detected, the portion of the data that
has been read is returned to its original status and then the next
pattern is analyzed

0,1,2,3,4,5,6 and 7 can be used together

Writes the output data pattern

0
1
2

Sets the output data to LOW
Sets the output data to HIGH

Turns the inverse of the preceding Converted Code data item into
output data

Turns the inverse of the preceding Source Data Pattern data item
into output data

The default value for the source pattern. Affects output data when the
Source Data Pattern is 4 and 5 and when 3 is used for Converted Code.
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initial Code

1

Gut [1/50]
Hiqh'Liow

The default value for the output pattern. Affects output data when the

Source Data Pattern is 2 and 3; when 2 is used for Converted Code; and

when Out [1/0] is set to Invert/Keep.

Determines the handling of 1/0 for data converted using Converted Code.

Invert/Keep High/Low 1:data HIGH O0: data LOW
Invert/Keep 1: outputisinverted 0: datais output as is
Sample Conversion
(1) When Source Data Pattern is unaffected by other conditions
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
00 00
01 11
10 20
11 30
In the case of the above conversion, the data will be as follows:
Position -3 -2 -1 0 1 2 3 4 5 6 7
Source Data Pattern | 0 0 0 1 1 0 1 1 0 1 0
Converted Code 0 0 1 3 0 1 1 2 0 2 0
Result 0 0 1 1 0 1 1 0 0 1 0
NOTE

1) 3 0of 30 in pattern 11 starting from position 0 is the inverse of
the 0 in the Source Data Pattern at position —1.

2) 2 of 20 in pattern 10 starting from position 4 is the inverse of
result 1 at position 3.

3) 2 of 20 in pattern 10 starting from position 6 is the inverse of
result 0 at position 5.
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When Out[1/0] is set to Invert/Keep for the same tsble, the data will be

as follows:
Source Data Pattern 0 0 0 1 1 0 1 1 0 1 0
Converted Code 0 0 1 3 0 1 1 2 0 2 0
Invert/Keep (Previous) 0 0 1 1 0 1 1 0 0 1 0
Result 0 0 1 0 0 1 0 0 0 1 1
(2)When Source Data Pattern is affected by other conditions
m |f 4 and 5 are used:
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern | Converted Code
40 0001
41 010
50 0100
51 1000
Time -1 0 1 3 4 5 6 8
Input 0 0 1 1 0 1 0 0
Pattern 40 40 41 50 41 51 50 41 50 40
m [f 6 and 7 are used (1):
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
07 0001
17 0010
06 0100
16 1000
In the case of the above conversion, the data will be as follows:
Time -1 0 1 3 4 6 8
Input 0 0 1 1 0
Pattern 06 07 16 07 17 16 07 16 06
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m [f 6 and 7 are used (2):

Intial Sr 0

Initial Code 0

Out[1/0] High/Low

Source Data Pattern Converted Code

o077 00000001
076 00000010
177 00000100
176 00001000
067 00010000
066 00100000
167 01000000
166 10000000

In the case of the above conversion, the data will be as follows:

Time -1 0 1 2 3 4 5 6 7 8
Input 0 0 1 0 1 1 0 1
Pattern 067 076 167 077 176 167 076 166
Importing Waveform or Marker Data as Pattern Data
Import This command is used to import the selected bit data as pattern data. It can

Line Data

be used to perform code conversion even for waveform data.

The commands in the Import Line Data menu will change depending on
whether or not there is data in the pattern data area. When there is no data,
the Import Line Data command will appear in the sub-menu. When data
has been entered, this command will change to Clear Pattern.

Procedure
[[] step 1: Select Set... from the side menu.

|:| Step 2: Select the data to be imported and then use the cursors to
specify the required range.

[[] step 3: Select Set Pattern from the sub-menu.

|:| Step 4: If pattern data exists, press Clear Pattern button in the sub-
menu to clear the existing data.

|:| Step 5: Select Import Line Data from the sub-menu.
The selected bit data will be read into the pattern data input area.
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Clear Pattern

When data has been entered in the pattern data input area, the Import Line
Data item in the sub-menu will change to Clear Pattern. Pressing the Clear
Pattern button will delete all pattern data.

Shifting Waveform Data

Use the shift function to shift the data between the designated vertical bar
cursors in individual data lines or markers by the specified points or time.
The following diagram shows the menu configuration for the Shift... item.

g Line
Operation ( More 2 of 3) > Shift... t \C/;)Iul??ack
Execute

Procedure

|:| Step 1: Move the vertical bar cursors to define the part of the waveform
data to be shifted, then select Shift... from the second page of the side
menu (More 2 of 3).

|:| Step 2: Select Line from the sub-menu. Turning the general purpose
knob, select the data line (DATA 11 — DATA 0) or marker (MARKER) on
which the data is to be shifted.

|:| Step 3: Select Value from the sub-menu. Using the general purpose
knob or the numeric keys, input the shift point value.

Value sets the amount of the shift in points or time. The range for the
shift value is = (designated waveform point size). To shift the data
between the vertical bar cursors to the right, enter a positive value;
points that shift out beyond the right cursor will be shifted in from the
left. To shift the data to the left, enter a negative number; points that shift
out beyond the left cursor will be shifted in from the right.

[[] step 4: Select Execute from the side menu. The waveform data is
shifted with the specified conditions. Figure 4A-84 shows the screen
before and after the data on line DATA 5 between the vertical bar cur-
sors is shifted 30 points to the right.
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Towenwswwn [ 3030  AGS R Timmemmazs L[ 4039 AGS |
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Figure 4A-84: Shifting Waveform Data
[] step 5: Select Go Back from the current sub-menu. The system returns
from the Shift... sub-menu to the previous side menu.
Inverting Waveform Data
Invert... Use Invert... to invert each data line or marker between the designated

vertical bar cursors. The following diagram shows the menu configuration for
the Invert... item.

Line
Operation ( More 2 of 3) — Invert... —E Go Back
Execute

Procedure

[C] step 1: Move the vertical bar cursors to define the section of the data to
be inverted. Then select Invert... from the second page of the side
menu (More 2 of 3).

D Step 2: Select Line from the sub-menu. Turning the general purpose
knob, select the data line or marker whose state is to be inverted.

[] step 3: Select Execute from the sub-menu. The state is inverted with
the specified conditions. Figure 4A-85 shows the screen before and after
the data between the vertical bar cursors on line DATA 5 is inverted.
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Toawwwenew [ 4039 AGS R Treesesers [ qe3f 2 AGS Rl o084
4696 pts  Value B4 pvalue  Bag 4006 pts Malue 861 pfalue 628
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DaTA 100 DATA 188
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DaTA 89 : DATA 8B
DATA 78 DATA 78
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DATA 48 DATA 4B =
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Figure 4A-85: Inverting Waveform Data State
[] step 4: Select Go Back from the current sub-menu. The system returns
from the Invert... sub-menu to the previous side menu.
Copying Lines
Capy Line... Use Copy line... to copy the waveform data between the designated vertical

bar cursors from one data line to another data line. Copy processing re-
places the previous value of the copy destination line with the data of the
copy source. The following diagram shows the menu configuration for the
Copy Line... item.

Source

_ . Destination
Operation ( More 2 of 3) ——= Copy Llne...AE Go Back
Execute

Procedure

[] step 1: Move the vertical bar cursors to define the section of the data to
be copied. Then select Copy Line... from the second page of the side
menu (More 2 of 3).

D Step 2: Select Source from the sub-menu. Turning the general purpose
knob, select the copy source data line or marker.

Source selects the waveform data copy source. Data line DATA 11 —
DATA 0 or marker (MARKER) can be selected.

[[] step 3: Select Destination from the sub-menu. Turning the general
purpose knob, select the copy destination data line or marker.
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Destination selects the destination to which the waveform data selected

with Source will be copied. Data line DATA 11 — DATA 0 or marker
(MARKER) can be selected as the copy destination. From the copy
source to the copy destination is indicated with an arrow.

[] step 4: Select Execute from the sub-menu. The data is copied with the
specified conditions. Figure 4A-86 shows the screen before and after the
section of waveform data between the vertical bar cursors on line DATA

0 is copied to line DATA 11.

R o
— DATA 118 ;
DATA 108 ;
DATA 98
DATA €8
DATA 78
DATA 61
DATA 50
DATA 49 :
DATA 30 |_
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Exchange
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Figure 4A-86: Copying Lines

[] step 5: Select Go Back from the current sub-menu. The system returns

After

from the Copy Line... sub-menu to the previous side menu.

Exchanging Lines

Use Exchange Line... to take the data between the designated vertical bar

cursors on one line and interchange it with the data on another line. The
following diagram shows the menu configuration for the Exchange Line...

item.

Operation ( More 2 of 3) —=Exchange Line...—E

Source
Destination
Go Back
Execute

Procedure

[] step 1: Move the vertical bar cursors to define the section of the data to
be exchanged. Then select Exchange Line... from the second page of

the side menu (More 2 of 3).
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D Step 2: Select Source from the sub-menu. Turning the general purpose
knob, select one of the data lines or marker for data interchange.

[] step 3: Select Destination from the sub-menu. Turning the general
purpose knob, select the other data line or marker for data interchange.

D Step 4: Select Execute from the sub-menu. The data will be exchanged
as designated. Figure 4A-87 shows the screen before and after the data
on line DATA 0 is exchanged with the data on line DATA 11.

Tovononwin L[ 030 A R Tieeseerss L 4  AGS
4006 pts  Value ad1 pialue [ de6d6 pts  Malue B48 m¥a lue ]
— DATA T1[8 : — DATA 111

OATA 1ajd DATA 1889
OATA 9 oATA 98 ! ;
DATA R DAt R
DATA 72 DATA 70
OATA  6[1 DaTA 61
DATA 5@ DaTA 568
DATA 4 ] DaTA 48
DATA 2P0 DATA 39
oon o T LT T || o e T A T U LT LT
— DATA a1 —+ DATH B8 ]
U U U A UV ULUUIE
HARKER |8 ; NARKER 9
Before After
Figure 4A-87: Exchanging Lines
D Step 5: Select Go Back from the current sub-menu. The system returns
from the Exchange Line... sub-menu to the previous side menu.
Applying Logical Operations to Lines
Logical Use Logical Function... to apply a logical operation to the data between the
Function... vertical bar cursors on one data line with the data on another line and re-

place the data on the designated line with the result. The following diagram
shows the menu configuration for the Logical Function... item.

Source QQED
Destination

Operation ( More 3 of 3) —= Logical Function... Func Type E(R;R
Go Back EX-OR
Execute EX-NOR

Types of Logical Operations

AWG2005 User Manual

4A-119




EDIT Menu

Data
Expand...

You can choose from the following six logical operation options in the Func
Type sub-menu:

AND

NAND

OR

NOR

EX-OR

EX—NOR

See "Logical Operation” in Appendix D for a description of each of these
operations.

Procedure

[C] step 1: Move the vertical bar cursors to define the section of the data to
which a logical operation is applied. Then select Logical Function...
from the third page of the side menu (More 3 of 3).

|:| Step 2: Select Source from the sub-menu. Turning the general purpose
knob, select the first data line or marker for logical operation.

|:| Step 3: Select Destination from the sub-menu. Turning the general
purpose knob, select the other data line or marker for logical operation.
The calculated result will replace the data line or marker designated with
Destination.

|:| Step 4: Select Execute from the sub-menu. Logical operation will be
performed for the selected lines.

[[] step 5: Select Go Back from the current sub-menu. The system returns
from the Logical Function... sub-menu to the previous side menu.

Expanding Waveform Data

Use Data Expand... to expand the section between the designated vertical
bar cursors for all of the data lines and marker. The following diagram shows
the menu configuration for the Data Expand... item.

Factor
Operation ( More 3 of 3) — Data Expand... —E Go Back

Execute

Procedure

[[] step 1: Move the vertical bar cursors to define the section of the data to
be expanded. Then select Data Expand... from the third page of the
side menu (More 3 of 3).

[] step 2: Select Factor from the sub-menu.

Factor is used to set the degree of expansion to any value between 2x
and 10x.
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D Step 3: Using the numeric keys or the general purpose knob, set the
degree of expansion.

[] step 4: Select Execute from the sub-menu. The section of the wave-
form between the vertical bar cursors will be expanded to the desig-
nated degree, and the waveform point size will increase accordingly.
Figure 4A-88 shows the screen before and after the data between the
vertical bar cursors is expanded by a factor of 2.

T p— v R — e L —i
1000 pts  Value  BER : Vale 1B 1224 pts  Value  0E® : Value  1BF
DATA 118 ; DATA 118 ; 5
DATA 199 DATA 180
DATA 9B DATA 90
DATA 26 DATA 80 ; : [
DATA 7|1 . DATA 71 |——| | [
DATA - B)1 L il ] ] L[ LT ] T O I D e N |
g1 o i R R R A
DATA 38 A AT e DATA 2 0 [ MMM TR
DATA 2

DATA
DaTA

20 DATA
W .

WARKER ﬂ|

MARKER B|

Insert
Qther
waveform

shift
Register
Generator. ..

Before After

Figure 4A-88: Expanding Waveform Data

[] step 5: Select Go Back from the current sub-menu. The system returns
from the Data Expand... sub-menu to the previous side menu.

Inserting Other Waveform Data

Use Insert Other Waveform to insert data from another waveform at a
designated point in the waveform being edited. This item is located on the
third page(More 3 of 3) of the side menu. The functions of this item are the
same as for the Insert Other Waveform item for the graphic display of the
waveform editor. See Page 4A-59.

Pseudo-Random Pulse Generator Using Shift Register

Use Shift Register Generator... to set a pseudo-random pulse pattern using
a shift register for the data between the designated vertical bar cursors on a
data line or marker. The following diagram shows the menu configuration for
the Shift Register Generator... item.
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_ Line — Clear All Taps
~_ Set Maximal
. Register Linear Taps
Config... — Set All Regs
— Cancel
— OK. 0
Operation ( More 3 of 3 y—> Zhift Retgister ] [ Initial Sre —
enerator... '
- Userdefined | g code [ 0
Code Config... 1
High/Low
— out[i/o] [ Invert/Keep
— Go Back
— Execute

Register
config...

Register Configuration

The pseudo-random pulse generator (with shift register) consists of 2 to 32
registers together with the register output for each and the tap of the feed-
back loop that performs the EX-OR operation. Selecting Register Config...
from the sub-menu enables you to set the pattern for the shift register gener-
ator. Figure 4A-89 shows the menu used to set the shift register.

Register Length :[ 32
Point/Step ;[ 1]
@ Ragister Position ; ]

HiapnapppappnpEpappnaEnapEnaEnn

T2 Toggle Cursor  C— :Toggle Tap  6:Set® 1:Set 1

Figure 4A-89: Shift Register Configuration Menu

Use the CURSOR button on the front panel to select the items needed for
the shift register. The following items can be selected; the general purpose
knob is used to set the desired value for each item.

m  Register Length (sets the length of the register)

m  Register Position (sets the position of the cursor)

m  Point/Step (sets the number of points per step)
m  Code (used to select the data code)

Setting the Register Length

The register length may be set to any value between 2 and 32. The register
length is displayed at the top of the shift register configuration menu, as
shown below. In this example, the shift register is made up of 32 items.

@ Register Length : JE¥
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Entering the Register Value and Setting Taps

To enter the register value and set taps, press the CURSOR button on the
front panel and select Register Position. A knob icon will be displayed to
the left of the Register Position area. Turn the general purpose knob to
move the cursor. The current location of the cursor is shown beside the
Register Position item.

@ Register Position : I

rﬂ1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\1\ﬂﬂﬂﬂﬂﬂﬂﬂﬂ%r
AA A

Taps

Figure 4A-90: Register Values and Taps

The numeric keys can now be used to enter the register value at the position
of the cursor.

Press 0 to set the register value to 0
Press 1 to set the register value to 1

Pressing the VALUE button on the front panel toggles the tap between on
and off.

Clearing All Taps
Use Clear All Taps in the sub-menu to delete all taps that have been set.

Setting the Maximum Length Code Series for Taps

Set Maximal Linear Taps in the sub-menu allows you to easily create M
series (maximum length code series) bit strings. M series bit strings are
combined with several different kinds of tap arrangements. The tap arrange-
ment will change each time the Set Maximal Linear Taps button is pressed.

Setting Register Values
Use Set All Regs in the sub-menu to set all register values to 1.

Sample Settings for Register Values and Taps
Set simply set register and tap values as follows:

Register Length: 3
Register Value: 101
Use Set Maximal Linear Taps to set taps

Figure 4A-91 shows the output for the above settings. This output will be the
maximum length code series.
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Figure 4A-91: Sample Settings for Register Values and Taps

Point/Step

Point/Step is used to set how many points make up each data bit. The data
after Code conversion will be one item of bit data. For example, when NRZI
is selected for Code and Point/Step is set to 2, each data bit will consist of
4 points.

" ] Point/Step : JE

Code

This command selects the code system used when data pattern strings are
output. The user defined code enables you to define a custom conversion
table. For a detailed description of each code, see "Pattern Codes” in Ap-
pendix D.

(1:1)
1:2
(1:2)

User defined Code Config...

The following process is used to execute a user-defined code conversion.
D Step 1: Select Shift Register Generator... from the side menu.
[] step 2: Select User defined Code Config... from the sub menu.

D Step 3: Define the codes as desired. For the basic operations used
when defining codes, see "User defined Code Config...” on
page 4A-108.

D Step 4: Select Go Back to return to the Shift Register Generator...
menu.

[] step 5: Select Register Config... from the side menu.
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Step 6: Set the values for Register Length and Point/Step as well as
the register value and tap.

Step 7: Press the CURSOR button to select Code menu item. A knob
icon will appear in the upper left side of the Code selection menu.

Step 8: Turn the general purpose knob to select user defined.

Step 9: Press O.K. in the sub-menu to confirm the settings. The Shift
Register Generator... menu will automatically reappear.

Step 10: Using the general purpose knob, define the data line and area
where the pattern will be inserted.

O O oo o0 od

Step 11: Press Execute in the sub-menu. The result will be inserted
between the cursors on the data line selected in the previous step.

Creating the M Series Pseudo-Random Signal

An M series pseudo-random signal has a length of 2"—1 assuming the
number of levels for the shift register is n. In this example, we will create an
M series pseudo-random signal of 215—1 bits (15 levels) with 2 points for
each step. This signal is included on the Sample Waveform Llibrary Disk that
came with the AWG2005.

Procedure
|:| Step 1: Select Setting from the bottom menu.

[[] step 2: Select Waveform Points from the side menu. Then set the
waveform point size to 65534 using the numeric keys. The waveform
point size needed to display all the bits of the pseudo-random signal is
given by the following formula:

(Value for Point/Step) (2"—1)=2_(215-1)=65534

|:| Step 3: Select Shift Register Generator... from the third page of the
side menu (More 3 of 3).

[[] step 4: Press the CURSOR button on the front panel.

[] step 5: Using the general purpose knob, move the vertical bar cursors
to designate the area to which pseudo-random signals are inserted. In
this example, we will set the left cursor to point 0 and the right cursor to
point 65533.

|:| Step 6: Select Line from the sub-menu. Turning the general purpose
knob, select DATA11 for which you want to set the pattern.

[[] step 7: Select Register Config... from the sub-menu.

|:| Step 8: Press the CURSOR button on the front panel to select Register
Length.
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D Step 9: Using the general purpose knob, set the register length to 15.

@  Register Length : &

D Step 10: Select Clear All Taps in the sub-menu to delete all taps.
D Step 11: Select Set All Regs in the sub-menu to set all registers to 1.

D Step 12: Press the CURSOR button on the front panel to select Regis-
ter Position.

D Step 13: Using the general purpose knob, set the Register Position
to 13.

[] step 14: Press the VALUE button on the front panel to set the tap.

& Redgister Position : B
LIRIIEIRRRRARARNANINNND 1

D Step 15: Press the CURSOR button on the front panel to select Point/
Step.

D Step 16: Using the general purpose knob, set Point/Step to 2.

") Point/Step : [JE

[[] step 17: Press the CURSOR button on the front panel to select Code.
D Step 18: Using the general purpose knob, select NRZ.
@ Code

NRZ (1:1)
NRZI 1:2

RZ (1:2)

[[] step 19: Select O.K. from the sub-menu.

D Step 20: Select Execute from the sub-menu. The timing display shown
below will appear.

—= DATA 1111

[] step 21: Select Go Back from the sub-menu.
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Zooming Waveforms

The function for this item is the same as for the Zoom item in for waveform
editor graphic display. See Page 4A-90.

Table Display

To show the table display for the waveform editor using the View type....
item in the Setting menu:

Procedure
[] step 1: Select Setting from the bottom menu.
D Step 2: Select View type... from the side menu.

Three items will be displayed in the sub-menu: Graphic, Timing and
Table.

[] step 3: Select Table from the sub-menu.

The table display of the waveform editor will appear. See Figure 4A-92.

GPIB Triggered mode Master|Stopped
Tveerere- QUL A 999 9% [ settin
1000 pts  Value 0.0000) Value 0.0000 9
POINT INDEX DATA MARKER
g o111 1111 1111 1 Graphic

1 8111 1111 1111 6
2 8111 1111 1111 @
3 8111 1111 1111 @
4 8111 1111 1111 @
5 8111 1111 1111 @
6 0111 1111 1111 @
7 0
8 0
9 (S

(S

o

Timing

Table
8111 1111 111N
8111 1111 111N Go Back
8111 1111 111
16 o111 1111 1111
11 8111 1111 1111
- Edit value
Select/ ; i Close/
Open Operation Setting Undo ‘ Write

Figure 4A-92: Table Display

[] step 4: Select Go Back from the sub-menu. The system moves to the
previous Setting side menu.

AWG2005 User Manual

4A-127



EDIT Menu

Table Display Menu Structure

Figure 4A-93 shows the menu configuration for the table display.

Bottom Menu Side Menu Sub-Menu
— Waveform1
— Waveform2 *1
— Select/Open
— Waveform3 *1
— Another Waveform
— Cut
. — Bulffe
— Operation Copy to Buffer
—— Paste from Buffer
— Insert Other Waveform
— Waveform Points
|— Graphic
— View type... Timing
. . . — Point
Waveform Editor — Horiz. Unit L -
Time
L Setting Clock*2
— Waveformx
| Cursor Link to..”1 Waveformxx
— Link Off
— Binary
— Radix... Hexadecimal
— Real
. r— Off
-— Grid
L On
— Undo
Write and Close
— Close/Write 4E Close without Writing
Write

Figure 4A-93: Waveform Editor Table Display Menu Structure

*1  This item appears when two or more waveforms are being edited simultaneously with
Another Waveform in the side menu (under Select/Open in the bottom menu).

*2  This item appears when Time has been selected for Horiz. Unit in the side menu (under
Setting in the bottom menu).
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The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-5: Menu Functions

Menu Function Page

Select /Open Opening and selecting the editing area 4A-14
Operation Editing waveform data in table display 4A-134

Cut Cutting waveforms 4A-42, 4A-134

Copy to Buffer Copying waveforms 4A-43, 4A-134

Paste from Buffer Pasting waveforms 4A-43, 4A-134

Insert Other Waveform Inserting other waveform data 4A-59, 4A-134
Setting Settings for the waveform to be edited 4A-28 4A-132

Waveform Points Setting waveform point count 4A-29

View type... Selecting the waveform data display format 4A-28

Horiz. Unit Setting horizontal axis units 4A-31

Clock Setting clock frequency 4A-32

Cursor Link to... Linking the vertical bar cursors 4A-33

Radix... Setting a cardinal number 4A-132

Grid Displaying a grid in the editing area 4A-35
Undo Canceling function execution 4-2
Close/Write Saving files and exiting the editor 4A-19
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Table Display Screen

Figure 4A-94 shows the table display screen. This section will describe each
portion of the screen; however, descriptions of areas that are identical to the
graphic display will be omitted. See "Graphic Display Screen” for a descrip-
tion of the graphic display.

PO @

GPIB Trlggered mode Master|Stopped
1:SINE QUINEEENER A? I [ i
1000 pts  Value 0. oo Value o.az21 | operation
7/ POINT TRNDEX / DATA “\/MARKER
152 || 1611 6166 6016 || 0 Cut
153 1011 6166 8118 B

154 || 1611 o100 1010

Copy
155 || 1011 o100 1101 to Buffer
@ > 136 || 1011 6101 6601
157 || 1011 6101 8101 Paste

158 || 1011 6191 1000 from Buffer
159 || 1611 6161 11006

o
o
0
0
0
(S
[ 166 || 1011 8161 1111 |6 <
o
o
e

® 0 ©

161 || 1611 6110 6011
162 || 1611 o110 6110
Insert

163 || 1011 6110 1001
N U Y, Y, Other

Waveform
L Edit value

Select/ i ; Close/s
Open Setting Undo ‘ ‘ write

Figure 4A-94: Table Display Screen

mu

Value

Shows the data value (Value) indicated by a real number and the time or
point count (U) for the current position of the upper line cursor. The value in
the displayed inverted field can be changed using the numeric keys or the
general purpose knob.

2) A

Shows the time or point count between the upper and lower line cursors.
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(3) Data

This shows the waveform data for the point count or time. The waveform
data can be displayed as binary, hexadecimal, or decimal data, depending
which base has been selected. If binary numbers have been selected, the
left end of the data is the most significant bit (MSB).

(4) Horizontal Scroll Indicator

Indicates which portion of the waveform is currently displayed on the screen.
The displayed inverted portion of the indicator shows the portion of the
waveform currently being displayed.

(5) L

Value
Shows the data value (Value) indicated by a real number and the time or
point count (L) for the current position of the lower line cursor.

(6) Upper Line Cursor
The line that is brightly highlighted by the upper line cursor is active.

(7) Marker

Binary display of the state of Marker for the waveform point or time.

(8) Lower Line Cursor

The line cursor enclosed in a frame ([ ]) is inactive.

(9) Point Index or Time

Shows the waveform point or time. The units are set with the Setting item in
the bottom menu.

(10) Button Operations
This area shows how the front panel buttons operate in this menu.

LLE - Edit value

When the VALUE button is pressed, a block cursor appears within the
inverted display cursor and the numeric keys can be used to input the
data. Pressing an arrow button (—/-) moves the block cursor left/right.

CHRSIR: Move Line Cursor

When the CURSOR button is pressed, the line cursor can be moved.
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Setting

Radix...

Settings for the Waveform to be Edited

Before waveform data is created, you must use the Setting item in the side
menu to set the environment for editing. Apart from the cardinal number
settings, the procedure for setting values is the same as for the graphic
display. See "Setting for the Waveform to be Edited” for a description of the
graphic display.

Setting a Cardinal Number

Use Radix... to set a cardinal number to display waveform data in a table
format. Waveform data can be displayed in numeric form as Binary, Hexa-
decimal or Real numbers.

When Radix... is selected, the following items appear in the sub-menu:

m  Binary

m  Hexadecimal

®  Real

= Go Back

The description of these cardinal numbers is given below.

Binary — 12-bit waveform data is created using the 0 or 1 numeric
keys.

Hexadecimal — Waveform data is created using the 0—9 and A—F
numeric keys. When the cardinal numbers are changed to Hexadeci-
mal, numeric keys and unit keys are allocated to A—F.

Real — The data is input, as with regular number input, by pressing
numeric keys, then pressing the ENTER key to enter the number. Any
real number (Real), up to the vertical axis full scale, can be entered in
the graphic display.

The markers are displayed in binary notation even when the cardinal num-
bers are set to Hexadecimal or Real.

Procedure
[[] step 1: Select Setting from the bottom menu.

[] step 2: Select Radix... from the second page of the side menu (More 2
of 2).

|:| Step 3: Select the desired cardinal number (Binary, Hexadecimal or
Real) from the sub-menu. Figure 4A-95 shows how the same waveform
data is displayed in each of the cardinal numbers.
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Binary
POINT INDEX DATA
156 1611 6611 10811
151 1611 6611 1111
152 1611 6100 6610
153 1611 6100 8110
154 1611 6100 1010
155 1611 90160 1161
156 1611 9161 oea1
157 1811 8161 8161
158 1611 6101 1600
159 1811 0181 1108
166 1811 8101 1111
[ 161 1811 6110 0011

EDIT Menu

Hexadecimal Rea

MARKER POINT INDEX  DATA MARKER POINT INDEX DATA  MARKER
7] 156 B3 0O 150 0.4645 @

4] 151 B3F 0O 151 0.4064 @

4] 152 B42 0O 152 0.4679 @

3] 153 B46 0O 153 0.4699 @

3] 154 Bd4a 0O 154 0.4118 @

1] 155 B4D 0 155 0.4133 @

1] 156 B51 @ 156 0.4152 @

1] 157 B35 @ 157 0.4172 @

1] 158 B5E @ 158 0.4187 @

a 159 B5C © 159 06.4206 @

a 166 BSF © 160 06.4221 @

0 ] [ 161 B63 0 ] [ 161 0.42490 08 ]

Figure 4A-95: Numeric Displays for Waveform Data

|:| Step 4: Select Go Back from the current sub-menu. The system returns
from the Binary... sub-menu to the previous side menu.

Editing Waveform Data

Waveform data can be edited at the waveform point, regardless of what item
is selected in the bottom menu.

Procedure
Move the line cursor to the data point to be edited.

[[] step 1: Press the CURSOR button on the front panel to move the line
Cursor.

|:| Step 2: When the CURSOR button is pressed, the active line cursor is
toggled between Upper and Lower.

|:| Step 3: Use the general purpose knob to move the active line cursor to
the time or point value to be edited.

Enter the waveform data

|:| Step 4: Press the VALUE button on the front panel to input the wave-
form data with the set cardinal number.

Within the inverted display active line cursor is a block cursor. The data
in the block cursor can be changed.

[[] step 5: Usethe — and - buttons on the front panel to move the block
cursor to the data to be changed.
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Operation

Cut

Copy
to Buffer

Paste
from Buffer

Insert
Qther
wavefor

When the block cursor is at the left end of the DATA, pressing the —
button moves the block cursor to MARKER for the previous waveform
point or time value. When the block cursor is at the MARKER, pressing
the - button moves the block cursor to the left and of the DATA for the
subsequent waveform point or time value.

[[] step 6: Data can be input with the numeric keys. Pressing numeric or
character keys unrelated to the cardinal number you have designated
will have no effect on the data.

When a number or character is input, the block cursor moves to the next
character to the right.

Editing Waveform Data in Table Display

Use Operation to edit waveform data for the area between the upper and
lower line cursors.

The following list shows the names and functions of the items in the side
menu.

= Cut Cutting waveforms

= Copy to Buffer Copying waveforms

m  Paste from Buffer Pasting waveforms

= Insert Other Waveform Inserting other waveform data

Cut, Copy, and Paste Processing Function

Use these functions cut, copy to the buffer, and paste to any other time or
point value within the waveform data area between the upper and lower line
cursors. The functions for these items are the same as for the corresponding
items in waveform editor graphic display. See pages 4A-42 and 4A-43.

Inserting Other Waveform Data

Use Insert Other Waveform to insert data from another waveform at a
designated point in the waveform being edited. The functions of this item are
the same as for the Insert Other Waveform item for the graphic display of
the waveform editor. See Page 4A-59.
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Use the equation editor to edit files with the extension of .EQU. Equation file
data takes the form of mathematical equations. An equation program file
can have up to 100 lines. An equation file is compiled to create a waveform
file and to output the waveform.

Equation Editor

Figure 4A-96 shows an example of a waveform obtained by compiling the
data from an equation file and its equation.

Equation File
range(0,5ms)
sin(4*pi*x)
Overview
+1.0
-1.0 g
1600 Points ; Clock 2e+05 Hz

Figure 4A-96: Example of Equation File Data and Resulting Waveform

Entering the Equation Editor

New Procedure

Equation
[] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

Edit

[] step 2: Select Edit or New Equation from the side menu.
Edit — Used to select and edit an existing equation file (.EQU)
New Equation — Used to create a new equation file

The equation editor screen will appear.
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Exit/
Write

Equation Editor

Saving Files and Exiting the Editor

Use Exit/Write in the bottom menu to save the file to the internal memory of
the AWG2005 and exit from the editor depending on the selected side menu

item.

The same procedure is used to save the file and exit from the equation
editor as for the waveform editor. See "Saving Files and Exiting the Editor” in
the section on the waveform editor.

When you compile the equation then exit the equation editor, the waveform
file and the equation file are saved in internal memory with the same name

but different extension.

If there is already a waveform file in internal memory with the name
the compiled waveform file will be given, a message is displayed
asking if you are sure you want to overwrite the old file. Answer
either Cancel or O.K.

NOTE

Equation Editor Menu Structure

The Equation Editor menu has the structure shown in Figure 4A-97.

Bottom Menu

—— Operation

Setting
—— Compile

— Undo*l

—  Exit/Write

Side Menu

Cut Line

Copy to Buffer
Paste from Buffer

Word Table

Insert Other Equation

Waveform Points

Write and Exit
Exit without Writing

Write

Figure 4A-97: Equation Editor Menu Structure

*1 This item appears when Operation in the bottom menu has been selected.
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Menu Functions

EDIT Menu

The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-6: Menu Functions

Menu Function Page

Operation Editing functions 4A-153

Cut Line Cutting a line 4A-153

Copy to Buffer Copying a line 4A-153

Paste from Buffer Pasting a line 4A-153

Word Table Changing the component menu 4A-142

Insert Other Equation Inserting other equation file 4A-154
Setting

Waveform Points Setting waveform point count 4A-155
Compile Compiling equations into waveform data 4A-156
Undo Canceling function execution 4-2
Exit/Write Saving files and exiting the equation editor 4A-19, 4A-136

AWG2005 User Manual
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Equation Editor Menu Display

Figure 4A-98 shows the general equation editor display. A description for
each callout follows.

C) GPIB Continuous mode Master|Stopped
File Name : F_SQUARE.EQU -
(:) »line : [ 5 Operation

( [range(®, 160US)
SiN(2#pi*x)+1/3*5iN(3#2#pi*x)+1/5%5iN(5+2%pi*x) .
V7S IN(724p T43) +1/0%8 IN(9#25p i £x) +1/11#5 N (1142%p 1 £X) Cut Line

v+1/13*sin(13*2*ﬁ i*x)+1/15%s in(15*2*ﬁi*x)
Copy
C to Buffer

Paste
from Buffer

word Table
— = 10f2
Il cos( [exp(| k [ pi | x t ¥ + )
log( | In{ |sqrt(| x t v - / f‘\ )
C max( | min{ {range{| ¥ (round{ int( | abs{ y ) Insert
| rnd{ | mark(|diff(|integ( norm{| ( )] = e J Other

CURSOR VALUE  ENTER Equation
@—> — : Go to Scroll mode — /= GotoInsert mode @ Move cursor 4

Wwrite
Figure 4A-98: Equation Editor CRT Display

Setting Compile Undo

(1) File Name

This is the name of the file being edited. If the file has not been named yet,
the display is ******** EQU.

(2) Line

This is the line number of the equation or range displayed inverted within the
equation list.

(3) Equation List

An equation list contains two components: equations and a range for which
the equations apply. The equation is input from the component menu, with
the numeric keys or unit keys.
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(4) Component Menu

The component menu contains the elements used to create an equation.
The menu consists of two pages. The first page contains functions, opera-
tors, constants, variables and syntax items. The second page contains
characters and symbols. These items are selected with the general purpose
knob. Use Word Table under Operation to move between pages.

(5) Button Operation

This area shows how the front panel buttons operate in this menu.

CURSOR
——; Go to Cursor mode

When you press the CURSOR button, the line cursor within the inverted
cursor in the equation list can be moved with the general purpose knob.

VALUE  ENTER
— /= Go to Insert mode

When the VALUE or ENTER button is pressed, the system goes into a
mode in which you can insert an item into the equation list from the
component menu. Pressing the VALUE or ENTER button again inserts
the item inverted in the component menu.

WALUE  ENTER
— /2 Insert word

Pressing the VALUE or ENTER key inserts the item selected from the
component menu into the equation list.

CURSOR
— : Go to Scroll mode

When you press the CURSOR button, the inverted cursor in the equa-
tion list can be moved with the general purpose knob.

@ Move cursor

Turning the general purpose knob moves the cursor (1) in the equation
list.

AWG2005 User Manual
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Creating and Editing Equation Files

Select Operation in the bottom menu to create or edit an equation file.
When this item is selected, the time range can be designated with the
component menu and the equation can be created. Figure 4A-99 shows a
menu with Operation in the bottom menu selected.

GPIB Triggered mode Master|Stopped
File Name : #sssssss EOQU -
Line :[__1 Operation
Cut Line
Copy
to Buffer
Paste
from Buffer
word Table
= 10f2
B cos([exp(] k | pi [ x t % + ) |
log( | In{ |sqrt(| x t v - / A )
max( | min{ |rangei| , )} |round{ int( | abs( v )] Insert
rnd( | mark (| diff{|inteq{ norm(| ( )] = e J Other

CUREOR VALUE  ENTER Equation
—— : Go to Cursor mode — /= Insertword q

Exit/

Setting write

Compile

Undo ‘

Figure 4A-99: Menu With Operation Selected

Specifying the Time Domain

The equation must specify the time domain. If the time domain is not de-
fined, this is an error. The time domain is specified with range().

When making a new equation file, range(0, is input in the first line of equa-
tion. Next, the time is specified. This setting is valid until the next range(
item is specified. With the first range() specification, any number of lines of
equation can be input. Text written after the range() on the same line is
invalid. Here is the format for the range( item.

range( Equation starting time, Equation ending time )

Specification of subsequent time ranges use the component menu range(
item.The clock frequency is obtained from the total time (period) set with
range() and the waveform point count set with Setting, thus:

Waveform point count
Clock frequency =

Equation period
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Procedure

In this example, you will create a sine wave with a period of 1ms, using the
following equation:

range(0,1ms) Time range
sin(2*pi*x) Equation

[[] step 1: Select Operation from the bottom menu.

|:| Step 2: After range(0, in the equation list, use the numeric keys and the
unit keys to enter 1,ms. The expression now reads range(0,1ms.

|:| Step 3: Using the general purpose knob, select ) from the component
menu.

|:| Step 4: Press VALUE or ENTER on the front panel. The ) that you
selected in the component menu will be inserted in front of the position
of the cursor (1) , in the inverted line cursor in the equation list. The
expression now reads range(0,1ms).

Step 5: Press the — key. The inverted line cursor will move to the next
line.

Step 6: Using the general purpose knob, select sin( from the compo-
nent menu.

Step 7: Press VALUE or ENTER on the front panel. The expression sin(
will appear on the screen.

Step 8: Using the numeric keys, enter 2. The expression now reads
sin(2.

O o o o 0Od

Step 9: Repeat steps 6 and 7 to enter *, pi, *, X, and ). The expression
now reads sin(2*pi*x).

Using the Front Panel Buttons in Editing

The functions of the CURSOR, VALUE, and ENTER button affect the opera-
tion of the general purpose knob and the cursor. Here are details on these
functions.

CURSOR Button — When you press the CURSOR button, you can move
the inverted line cursor and the cursor (I) with the general purpose knob.
Each time you press the CURSOR button, the cursor that can be moved
with the general purpose knob toggles between the inverted line cursor and
the cursor. While the inverted line cursor can be moved with the general
purpose knob, you can also move the inverted line cursor directly to the
desired line by using the numeric keys to enter the desired line number.

AWG2005 User Manual
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word Table

1of 2
2of 2

VALUE/ENTER Buttons — After the CURSOR button has been pressed,
pressing the VALUE or ENTER button makes it possible to select an item
from the component menu. In this state, pressing the VALUE or ENTER
button again inserts the items selected from the component menu into the
equation list. At this time, input with the numeric keys is also possible.

The cursor (I) can also be moved using the — and — keys on the front
panel.

Decimal Point

When Option 09 is installed, all internal calculations use 32-bit floating point
precision (IEEE 754 compatible). If Option 09 is not installed, 32-bit fixed
precision is used when precision is not required (minimum unit 15 us or
greater). When precision is required, 32-bit floating point precision (IEEE
754 compatible) is used.

For fast and highly precise calculations, we recommend that Option 09 be
installed.

Component Menu

The component menu contains the items used to set the time range as well
as functions, operators, variables, constants, syntax items and characters.
You can use these items to create equations and enter comments.

To display the other page of the menu, press Word Table in the side menu
under Operation. Figure 4A-100 shows the two pages of the components
menu.

Word Table
2of 2
Bl cos( [ exp(] Kk pi X t p + )
log{ | In({ [sqrt(]| x t v - / n )
max{ | min{ |range( , ) [round( int{ | abs( % )
rnd{ | mark( | diff(|integ( norm{ ( ) = e M|
word Table
10f2
Bl = [ v [ c [ d[ e[ f[g]h i
j k | n n 0 P q r 5
t u v W X y Z % $ &
@ I ~ ® + - / = _

Figure 4A-100: Component Menu
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Syntax ltems

These are parentheses — (and ) — for specifying the order of opera-
tions. Each opening (left) parenthesis must be paired with a closing
(right) parenthesis. When there are two arguments — for example,
range, max, min — they are separated with a ,(comma).

Variables
Here are the variables that can be used in an equation.

t : Time from the head of that range() statement.

x : Variable taking on a value from 0.0 to 1.0 within that range ()
statement.

v : Variable showing the current value of the waveform data at that
position.

Operators
+! _) *! /

These add, subtract, multiply, or divide the components. The priorities
are the same as usual for these four operators — * and / have priority
over + and —.

~n

Expresses exponents. Only integers can be raised to a higher power.
~ has the same priority as * and /. Therefore, parentheses are required
to give priority to multiplication.

Example) pi * (2" 3) * x where 2" 3 = two raised to the third power.
Comment

Comments are preceded by a number sign (#). When a number sign is
entered, all characters after that until the end of the line are treated as a
comment. All of the items in the component menu can be used in a
comment.

Characters

The characters available in the component menu are the letters of the
alphabet (a—z) and several symbols (%, $, & @, A and _). These are
used in comments.

Other items
pi,e, k, =,

pi
The circumferential ratio.
e
Exponent (for an implied 10)
The range for numbers expressed in this scientific notation is from
|5.9e—39] to |3.4e38]|.
(Examples: 1e6=1,000,000, 1e—3=0.001)

AWG2005 User Manual
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k

The kO—k9 can be specified; these are constants that may be used in
equations. Specifying a new value for the same k# replaces the old
value with the new one. If no constant is defined for k, this value will be
automatically set to O.

Equals sign. = is used with k constants.
Example: k0=2*pi

U
Ends the line for the range or equation; inserting a return (CJ) in the
middle of the line partitions it.

Functions
Here are the functions that make up the equation.

m  sin(, cos(— The arguments for these trigonometric functions are in
radians.

Example: range(0,100 us)

COS(2*pi*x)

-0 1600 Points : Clock 1e+87 Hz

Figure 4A-101: Trigonometric Function Waveform Expressed With
Variable x
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Example: range(0,100 us)
sin(2*pi*1e4*t)

-0 10060 Points ; Clock Te+87 Hz

Figure 4A-102: Trigonometric Function Waveform Expressed With
Variable t

m exp(, log(, In(
Exponential function, common log function, natural log function. The
log and In arguments must be positive.

Example: range (0,50 us)
1—exp(—5*x)
range(50us,100us)
exp(—5*x)

-0 1000 Points : Clock 1e+067 Hz

Figure 4A-103: Equation Using exp(
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Example: range(0,100 us)
log(10*(x+0.1))

-1.8

1000 Points ; Clock 1e+07 Hz

Figure 4A-104: Equation Using log(

Example: range(0,100 us)
In(2*(x+0.2))

-1.0

1000 Points ; Clock 1e+07 Hz

Figure 4A-105: Equation Using In(
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m sqri(
The square root; the argument must be a positive value.

Example: range(0,100 us)
sqrt(sin(pi*x))

1.0 1000 Points : Clock Te+67 Hz

Figure 4A-106: Equation Using sqrt(

®  abs(
The absolute value.

Example: range(0,100 us)
abs(sin(2*pi*x))

-0 1000 Points : Clock 1e+67 Hz

Figure 4A-107: Equation Using abs(

= int(
Truncates the fraction to obtain the integer.
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Example: range(0,100 us)
int(5*sin(2*pi*x))/5

-0 1606 Points ; Clock 1e+067 Hz

Figure 4A-108: Equation Using int(

®  round(
Rounds off the fraction to obtain the integer.

Example: range(0,100 us)
round(5*sin(2*pi*x))/5

-0 1000 Points ; Clock 1e+67 Hz

Figure 4A-109: Equation Using round(

®  norm(
Normalizes the range specified with range() and scales the ampli-
tude values so that the maximum absolute value is 1.0 (i.e. a value
of +1.0 or —1.0). The norm() statement comprises an entire line.
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Example: range(0,100 us)
sin(2*pi*x)+rnd()/10
normy()

-0 1000 Points ; Clock 1e+67 Hz

Figure 4A-110: Equation Using norm(

m  max(— Takes the larger of two values.
min( — Takes the smaller of two values.

Example: range(0,100 us)
sin(2*pi*x)
range(0,50us)
min(v,0.5)
range(50us,100us)
max(v,—0.5)

-0 1600 Points ; Clock 1e+067 Hz

Figure 4A-111: Equation Using max( and min(
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®m  rnd (integer from 1 to 16777215)
!'When an argument is specified, generates a random number
sequence using that argument as the initial value. If the argument is
omitted, 1 is used.

Example: range (0,100 us)
rnd(2)/3

-0 1009 Points ; Clock 1e+87 Hz

Figure 4A-112: Equation Using rnd(

See "Random (rnd) Function” in Appendix D for a discussion of the
algorithms for rnd functions.

m diff(
Differentiates the function over the range specified with range().
Specified with diff(). The diff() comprises an entire line.

Example: range (0,33 us)
-0.5
range(33us,66us)
0.5
range(66us,100us)
-0.5
range(0,100us)
diff()

Differentiating the waveform in Figure 4A-113 gives the waveform shown
in Figure 4A-114.

4A-150



EDIT Menu

-0 1000 Points ; Clock 1e+67 Hz

Figure 4A-113: Waveform Before Calculation

-0 1606 Points ; Clock 1e+87 Hz

Figure 4A-114: Waveform After Differentiation Using diff(

See "Differentiation” in Appendix D for a discussion of the algorithms for
diff functions.
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integ(

Integrates the function over the range specified with range().
Specified with integ(). The integ() comprises an entire line. After
integ(), specify normalization (norm()) as necessary.

Example: range (0,33 us)

-0.5
range(33us,66us)
0.5
range(66us,100us)
-0.5
range(0,100us)
integ()

norm()

Figure 4A-113 shows the waveform before integration.Figure 4A-115
shows the waveform after integration.

-0 1606 Points ; Clock 1e+67 Hz

Figure 4A-115: Waveform After Integration Using integ(

See "Integration” in Appendix D for a discussion of the algorithms for
integ functions.

mark(Marker 1)
Sets the marker for the range set with range(). After compiling,
there is no marker display, but the set marker can be verified with

the waveform editor. The mark() statement comprises an entire line.

For example, when mark(1) is input, nothing else can be input on
that line.

4A-152



Operation

Cut Line
Copy Paste
to Buffer from Buffer

EDIT Menu

Editing Functions

When you select Operation in the bottom menu, the following items appear
in the side menu:

m  CutLine

= Copy to Buffer

m  Paste from Buffer
m Word Table

m [nsert Other Equation

Cutting a Line

Use Cut Line to cut out a line in the equation list.
Procedure

|:| Step 1: Select Operation from the bottom menu.

|:| Step 2: Pressing the front panel CURSOR button twice puts the system
into scroll mode. Pressing the CURSOR button toggles the unit between
cursor mode and scroll mode.

Cursor mode — Cursor moves between items in the equation list,
item by item.

Scroll mode — A inverted line cursor moves through the lines in the
equation list, line by line.

|:| Step 3: Use the general purpose knob to move the displayed inverted
line cursor to the line to be deleted from the created equation list.

[] step 4: Select Cut Line from the side menu.

When Cut Line is selected, the line displayed inverted in the equation
list is deleted. The deleted line is placed in the paste buffer. To restore
this line to its original state, select Undo from the bottom menu or Paste
from Buffer from the side menu.

Copying and Pasting a Line

Use the Copy to Buffer and Paste from Buffer items to copy a line in the
equation list and paste it to another line.

Procedure

|:| Step 1: Use the same procedure as described in Cutting a Line to line
up the inverted display cursor with the line to be copied.

|:| Step 2: Select Copy to Buffer from the side menu.

When Copy to Buffer is selected, the line displayed inverted in the
equation list is placed in the paste buffer. This item has no effect on the
CRT display.
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D Step 3: Use the general purpose knob to specify the position to paste
the copied line with the inverted display cursor. The position for pasting
is directly before the inverted display cursor in the equation list.

[] step 4: Select Paste from Buffer from the side menu.

Insert Other Equation File

Insert

Other Use Insert Other Equation to select an equation file from internal memory
Equation (see Figure 4A-116). An equation file is inserted from this list into the equa-
tion list.
GPIB Triggered mode Master|Stopped

File Name : GAUSS_P.EQU .
Line :[__ 3 Operation

range(0, 160us)
exg -P1#((2%(25x-1))72)) J

Select the Equation for inserting.

" ] AM_MOD.EQU

A_RLC.EQU

CHIRP_S.EQU

D_EXP_P.EQU

EXP_P.EQU

GAUSS_P.EQU

LORERT _P.EQU

M_DISK_W.EQlU

NEW_TV1.EQU

NEW_TY2.EQU = Cancel
Bl cos( [ exp(] Kk P_MOD_S.EQU
log{ | In{ |sqrt(] x SINE_X_P.EQU
max( | min{ |range{| , SQU_SIN.EQU
rnd{ | mark(| diff( integ_‘ O.K.

o . . Exit/

Setting | Compile Undo ‘ write

Figure 4A-116: Menu Displayed When Insert Other Equation is Selected

Procedure

D Step 1: Use the same procedure as described in Cutting a Line to line
up the inverted display cursor with the line where the other equation file
is to be inserted.

Step 2: Select Insert Other Equation from the side menu.

D Step 3: Use the general purpose knob to select the equation file to be
inserted.

D Step 4: After selecting the file, press the O.K. side menu button to
insert the selected file directly before the inverted cursor within the
equation list. Press the Cancel side menu button to cancel the selection
and return the system to the equation editor.
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Setting Waveform Point Count

Setting When Setting is selected from the bottom menu, the number of waveform
points for equation file compilation and waveform file creation can be set.

Figure 4A-117 shows the menu for when Setting is selected.

GPIB Triggered mode Master|Stopped

File Name : GAUSS P.EQU .
Line : [ 3 Setting

range(, 100US) I waveform

exp(-P1#{(2%(2%x-1))"2))

Points
1000

B cos([exp(] k | pi [ x t *
/

log( | In{ |sqrt(] x t 1% -
max( | min{ {range{| Y |round{ int( | abs{
rnd( | mark (| diff{|inteq( norn( { ) =

|| =]+
o | | | e

. . . Exit/
Operation Satting Compile ‘ write
Figure 4A-117: Setting Waveform Point Count
wWaveform
PoInts Procedure

[] step 1: Select Setting from the bottom menu.

D Step 2: Use the numeric keys or the general purpose knob to set the
number of waveform points.

The default value for the number of waveform points is 1000. The waveform
point size can be set to any value between 16 and 32,768. However, when
the set value causes the calculated clock frequency to become greater than
20MHz, the clock frequency will be limited to the maximum value of 20MHz
and the following message will appear, asking you to confirm that this is all
right. If it is, select O.K. from the side menu. In such cases, the waveform
period will change.

The clock calculated (xxxxx Hz)

is not supported by this instrument.
The waveform will be output

with the maximum clock of 2e+07Hz.
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Compile

Compiling Equations into Waveform Data

Use the Compile item to convert the assembled equation into waveform
data and to create a waveform file. This waveform file is given the same
name as the equation file it was compiled from.

Procedure

Here is the procedure for compiling the equation to make a waveform file.

D Step 1: Select Compile from the bottom menu. The equation is com-
piled.

The busy icon is displayed on the status line of the CRT display to show
that the compilation is being processed. Cancel is displayed in the side
menu. Selecting this item cancels the compilation.

[[] step 2: The equation is converted into waveform data and the wave-
form is displayed. Along with the waveform, the set number of waveform

points and clock frequency are displayed. Figure 4A-118 is an example
of the display of a compiled waveform.

GPIB Triggered mode Master|Stopped
File Name : GAUSS_P.EQU .
Line : [ 3 Compile
range(o, - T
exp(-Pl 4 Overview
+1.8
B -0 i I
1000 Points ; Clock 1e+87 Hz
log( ) A
max( | | ) Continue
rnd( | mark{Jditf{Jinteg{norm{] C | J | = [ e | d Operation
Operation Setting ‘ Exn\i-frite

Figure 4A-118: Example of Compiled Waveform Display
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|:| Step 3: Verify the waveform, then select Continue Operation from the
side menu. The system returns to the equation editor.

When an error is detected, an error message is displayed at the top of
the screen at high intensity and the inverted display cursor is moved to
the equation or time domain with the syntactical error. In this case,
correct the error as instructed by the message, and then compile again.

The compiled waveform file contains the settings for the number of wave-
form points (set with Setting) and the clock frequency (obtained from the

total time set with the range item.) Other output parameters are set to the
default values.

The compiled waveform also has a vertical axis on which —1.0 is data value
0 and +1.0 is data value 4094. There is no relation between these values
and the actual output voltage.
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Sequence Editor

Use the sequence editor to edit files with the extension of .SEQ. Sequence
files assemble a number of waveforms or sequence files in order. The file
data contains waveform file names in sequence, their repetition counts, and
the sequence waveform output parameters. Sequences may be up to
approximately 4000 lines long.

Figure 4A-119 shows an example of the data in a sequence file and the
waveform display for that data.

Sequence File

. Number of
File name repetitions Waveform
WAVE—1.WFM 5 /\/
WAVE—2.WFM 1
WAVE —3.WFM 2 /\/

Figure 4A-119: Sequence File Data and Sample Waveform Display
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EDIT Menu

Entering the Sequence Editor
Procedure

[C] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

|:| Step 2: Select Edit or New Sequence from the side menu.
Edit — Used to select and edit an existing sequence file (.SEQ)
New Sequence — Used to create a new sequence file

The sequence editor screen will appear.

Saving Files and Exiting the Editor

Use Exit/Write in the bottom menu to save the file to the internal memory of
the AWG2005 and exit from the editor depending on the selected side menu
item.

The same procedure is used to save the file and exit from the equation
editor as for the waveform editor. See "Saving Files and Exiting the Editor” in
the section on the waveform editor.
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Sequence Editor Menu Structure

The Sequence Editor menu has the structure shown in Figure 4A-120.

Bottom Menu Side Menu
— Cut Line
—— Copy to Buffer
—— Operation —— — Paste from Buffer
—— Show Catalog Entry

— Insert Contents of Sequence

Sequence Editor Show Overview
*
— Und02
— Write and Exit
—— EXxit/Write Exit without Writing
——  Write

Figure 4A-120: Sequence Editor Menu Structure

*1  This item appears in the side menu when a sequence file (XXX.SEQ) has been selected with
Catalog in the menu.

*2  This item appears when Operation in the bottom menu has been selected.

Menu Functions

The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-7: Menu Functions

Menu Function Page

Operation Editing functions 4A-165

Cut Line Cutting a line 4A-165

Copy to Buffer Copying a line 4A-165

Paste from Buffer Pasting a line 4A-165

Show Catalog Entry Catalog file waveform display 4A-166

Insert Contents of Sequence | Inserting a sequence file 4A-167
Show Overview Sequence file display 4A-167
Undo Canceling function execution 4-2
Exit/Write Saving files and exiting the sequence editor 4A-19, 4A-159
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EDIT Menu

Figure 4A-121 shows the general sequence editor display. A description for
each callout follows.

®

Triggered mode Master|Stopped

(: ) GPIB

File Name : ##ssssxs SEQ

<:> »Line : 4 Operation
Destination \/Repeat @ Catalog
RAMP.WIM = ABS WM ;
SINE. WFM 2 [~ hackvard COS.WFM Cut Line
SQUARE.WFM 3 DC.WFM
TRIANGLE. WFM | DIFF-1.WFM
F_SQUARE.WFM
NOISE.WFM to Buffer
Insert by RAMP WFM
WALUE 7 ENTER || SAMPLE-1.WFM
T S—1
SAMPLE-2.WFM Paste

SAMPLE-3.5EQ from Buffer

SINE.WFM
SQUARE.WFM
TRIANGLE. WFM Show
WAVE-1.5EQ Catalog
Entry
= forward |
CUREOR . . .
— : Go to Move destination mode Humeric; Enter Repeat
i Show Exit/
Overview Undo ‘ ‘ Write ‘

Figure 4A-121: Sequence Editor CRT Display

(1) File Name

The name of the sequence file being edited; if the name has not been set
yet, *¥*****x* SEQ is displayed.

(2) Line

The line number displayed inverted in the Destination list or Repeat
column.

(3) Destination

List of the waveform or sequence files included in the sequence file being
edited.
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(4) Repeat

The repetition count for the file in (3), above. The waveform or sequence file
is repeated the specified number of times. This number can be set from 1 to
65535.

(5) Catalog

List of the waveform or sequence files in internal memory; a sequence file is
created by selecting files from this list.

(6) Button Operations

This area shows how the front panel buttons operate in this menu.

CURZOR . -
— : Go to Move destination mode

When you press the CURSOR button, you can scroll through the files in the
Destination list or Repeat column with the general purpose knob.

Hureric: Enter Repeat

The repetition count is set with the numeric keys. Pressing the VALUE or
ENTER button enters the input value into the Repeat column.

VALUE | ENTER
— /i Go to Insert mode

Pressing the VALUE or ENTER button puts the system into insert mode. In
this mode, files can be selected from the Catalog and the selected files can
be inserted into the Destination list.

Insert by
WALLIE f ENTER
(s L

Pressing the VALUE or ENTER button inserts the file that is displayed in-
verted within the Catalog directly before the inverted display cursor in the
Destination list.

&= backward

Pressing the — button moves the inverted cursor left or up one step in the
Destination list or Repeat column.

= forward

Pressing the — button moves the inverted cursor right or down one step in
the Destination list or Repeat column.
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Creating and Editing Sequence Files

Select Operation in the bottom menu to create or edit a sequence file. After
you have done this, you can select a waveform or sequence file from Cata-
log and then put together a sequence and set the number of repetitions for
that file to create the sequence file.

Creating a Sequence File
In this example you will create a new sequence file.
|:| Step 1: Select Operation from the bottom menu.

|:| Step 2: Use the general purpose knob to select the file from the Cata-
log to insert into the Destination list.

|:| Step 3: Press the front panel VALUE button or ENTER button. The file
selected from the Catalog is inserted into the Destination list. The file
being inserted is placed directly before the inverted display cursor.
When the file is inserted, the inverted cursor will move to Repeat on the
same line.

|:| Step 4: Use the numeric keys to input the repetition count, then press
the ENTER button to enter the value. The inverted cursor will move to
Destination on the next line.

The default value for repetition counts is 1. If there is no need to change
this value, press the — button. The inverted cursor will move to Destina-
tion on the next line.

|:| Step 5: Repeat Steps from 2 to 4 to create the desired sequence. As
long as there is enough memory, the sequence may be up to approxi-
mately 4000 lines long.

Figure 4A-122 shows an example of sequence creation.
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GPIB Triggered mode Master|Stopped
File Name : ##sssxxx SEQ .
Line : Operation
Destination Repeat o Catalog
RAMP.WFM = ABS.WFM ;
SINE.WFM — backward COS.WFM tutLine
SOUARE.WFM DC.WFM
TRIGHNGLE.WFM DIFF-1.WFM
EXP.WFM co
F_SQUARE.WFM Py
NOISE.WFM to Buffer
Insert by RAMP.WFM
JALLE 7 ENTER SAMPLE-1.WFM
—f o
SAMPLE-2.WFM Paste

SAMPLE-3.5EQ

from Buffer

SINE.WFM
SQUARE.WFM
TRIANGLE.WFM Show
WAVE-1.5EQ Catalog
Entry
||= forward
CUREDR . . .
> : Go to Move destination mode Humeric: Enter Repeat
o Show Exit/

Figure 4A-122: Sequence File Creation Example

Button Functions

To select files within the Destination list, press the CURSOR button, then
select with the general purpose knob or numeric keys. When the numeric
keys are used, input the specified line number in the Line input column at

the top left of the CRT screen. Pressing the VALUE or ENTER button enters
this line number and moves the inverted display cursor to the specified line
number.

When the CURSOR button has been pressed, if the VALUE button or EN-
TER button is pressed, the system goes into Insert mode. Pressing either of
these buttons again inserts the file selected from the Catalog into the Des-
tination list.

Pressing the — button causes the inverted cursor to move to the right or
downward. Pressing the — button causes the inverted cursor to move to the
left or upward.
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Cuk Line
copy Paste
to Buffer from Buffer

EDIT Menu

Editing Functions

When you select Operation in the bottom menu, the following items appear
in the side menu:

m  CutLine

= Copy to Buffer

m  Paste from Buffer

m  Show Catalog Entry

m  [nsert Contents of Sequence
(Appears when a sequence file has been selected with Catalog)

Cutting a Line

Use Cut Line to cut out a line in the Destination list.
Procedure

|:| Step 1: Select Operation from the bottom menu.
|:| Step 2: Press the front panel CURSOR button.

|:| Step 3: Use the general purpose knob to select the line to be cut from
the Destination list.

[] step 4: Select Cut Line from the side menu.

When Cut Line is selected, the line displayed inverted in the Destina-
tion list is deleted. This deleted line is put into the paste buffer. To return
the Destination list to its original state, select Undo from the bottom
menu or Paste from Buffer from the side menu.

Copying and Pasting a Line

Use Copy to Buffer and Paste from Buffer items to copy a line in the
Destination list and paste it to another line.

Procedure
|:| Step 1: Select Operation from the bottom menu.

|:| Step 2: Press the front panel CURSOR button. Use the general pur-
pose knob to select the line to copy from the Destination list.

[[] step 3: Select Copy to Buffer from the side menu. When Copy to
Buffer is selected, the line displayed inverted in the Destination list is
copied into the paste buffer. This operation does not affect the display
on the CRT.

|:| Step 4: Use the general purpose knob to specify the position to paste
the copied line with the inverted display cursor. The position for pasting
is directly before the inverted display cursor in the Destination list.
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[] step 5: Select Paste from Buffer from the side menu.

Each time Paste from Buffer is selected, the line copied into the paste
buffer with the copy processing are pasted into whatever line you want.

Catalog File Waveform Display

CSETE,“,‘:Q Use this item to observe the waveforms of the files being assembled into the
Entry sequence.

Procedure
|:| Step 1: Select Operation from the bottom menu.

D Step 2: Use the general purpose knob to select the file you want to
observe from the Catalog.

[] step 3: Select Show Catalog Entry from the side menu.

The waveform is displayed and the file name, the vertical axis voltage,
the number of waveform points, and the clock frequency data are
shown. Figure 4A-123 is an example of waveform display for when
Show Catalog Entry is selected.

GPIB Triggered mode Master|Stopped
File Name : s#sssx%, SFQ .
Line : [__4 Operation
ﬁ M_DISK_W WFM
SINE
sl 9.500Y
TRIA
0.000Y
M
]
~0.500¢ 200 Points ; Clock 2e+67 Hz
T _ Continue
CURsOR I = - Operation
—— : Go to Move destination mode Humeric: Enter Repeat
ot Show Exit/
Overview Unda ‘ Write

Figure 4A-123: Example of Waveform Display When Show Catalog
Entry is Selected

|:| Step 4: After observing the waveform, select Continue Operation from
the sub menu to return to the sequence editor.
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Inserting a Sequence File

Select a sequence file in the Catalog to display the Insert Contents of
Sequence item in the side menu. When this item is selected, the contents of
the sequence file are developed and inserted into the Destination list.

NOTE

When creating sequence file, you cannot use as sources sequence
files that contain other sequence files. If you try to do this, a mes-
sage will be displayed telling you that you cannot. In this case, you
can use the Insert Contents of Sequence item to develop the
sequence and insert it.

Procedure
|:| Step 1: Select Operation from the bottom menu.
|:| Step 2: Press the front panel CURSOR button.

|:| Step 3: Use the general purpose knob to select the line where the
developed sequence file is to be inserted from the Destination list. The
developed file is inserted directly before the inverted display cursor in
the Destination list.

[[] step 4: Press the front panel VALUE button.

|:| Step 5: Use the general purpose knob to select the sequence file from
the Catalog. The Insert Contents of Sequence item will appear in the
side menu.

|:| Step 6: Select Insert Contents of Sequence from the side menu. The
contents of the selected sequence file are inserted directly before the
inverted display cursor in the Destination list.

Sequence File Display

Use Show Overview from the bottom menu to display the waveform for the
created or edited sequence file.

Procedure
[C] step 1: Select Show Overview from the bottom menu.

The waveform will be displayed, together with such information as the
voltage indicated by the vertical axis, the waveform point size and the
clock frequency. Figure 4A-124 shows an example of a waveform dis-
play with the Show Overview item selected.
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GPIB Triggered mode Master|Stopped
File Name : #sxexxsx SFQ Show
Line : Overview
TRI
SINE
saly 9.500Y
3]
DC.
6.000Y
]
]
- ; ]
0500 8000 Points : Clock Te+67 Hz
. Continue
I 0 l - Operation
; Show Exit/

Figure 4A-124: Example of CRT Display When Show Overview is
Selected

D Step 2: After observing the waveform, select Continue Operation from
the side menu to return to the sequence editor.
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Use the autostep editor to edit files with the extension of .AST. Autostep files
are created by programming waveforms or sequence files for each channel.
Each time a trigger signal is received, the waveform changes to the wave-
form for the next step, in accordance with the program. Each waveform or
sequence file contains the output conditions that have been set for that file,
so the output conditions can be changed for each waveform.

Files created with the autostep editor are started up using Autostep in the
MODE menu. At this point of time, it is not possible to change the output
parameters in the SETUP menu. Figure 4A-125 shows an example of the
data and output waveform for an autostep file.

Autostep File

CH1 CH2
. Output . Output
Step File Name Conditions Waveform | Step File Name Conditions Waveform
Amplitude 2V Amplitude 3V
1 SIN-1.WFM 1 SQUARE.WFM
Offset 0 V Y Offset 0 V L
Amplitude 3 V Amplitude 2V
2 SQUARE.WFM 2 SIN-1.WFM
Offset 0 V "L Offset 0 V Y
Amplitude 1V Amplitude 4 V
3 RAMPWFM 3 SIN-2.WFM
Offset 0.5 V 1 Offset 0.5 V Y
CH1 CH2
1.5V
Y
Step : 1 ov /_\/ oV
-1v
-1.5v
SIN-1L.WEM SOQUAE.WIM
1.5V

Step : 2 ov

-1.5V

1v
Step : 3 ov

—
|

SOUAE.WFM

]

RAMP.WEM

1v
ov /\/
-1V

SIN-1.WEFM
2v
ov
-2V
SIN-2.WEM

Figure 4A-125: Autostep File Data and Output Waveforms
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Edit

New
Autostep

Exit/
Write

Entering the Autostep Editor
Procedure

[C] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

|:| Step 2: Select More from the side menu to display the second page of
the side menu: More 2 of 2.

[[] step 3: Select Edit or New Autostep from the side menu.
Edit — Used to select and edit an existing autostep file (.AST)
New Autostep — Used to create a new autostep file

The autostep editor screen will appear.

Saving Files and Exiting the Editor

Select Exit/Write from the bottom menu in the autostep editor to save the
file (which you have either created or edited, depending on the side menu)
to the internal memory of the AWG2005 and exit from the editor.

The same procedure is used to save the file and exit from the autostep
editor as for the waveform editor. See "Saving Files and Exiting the Editor” in
the section on the waveform editor.
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The Autostep Editor menu has the structure shown in Figure 4A-126.

Bottom Menu

— Operation

Autostep Editor

—— Jump

—— Undo

o L
— EXit/Write
L

* 1) Select Operation
from the bottom menu.
2) Select the icon on the
screen.

3) Press the VALUE button.

— Filte | ] ————

— el ] ———

— offset ] ——]

Side Menu

Cut Step

Copy Step
Paste Step
Insert New Step

Append New Step

Insert Current SETUP

Swap Channel Contents...

Step No.
To First Step
To Last Step

Write and Exit
EXxit without Writing
Write

Internal Clock

External Clock
Default Value
Normal

Add

AM
Ext AM

Ext Add

Show Catalog Entry
Clear

Set Without Parameter

Set
Through

5 MHz
2 MHz

1 MHz
500 KHz

Amplitude
Default Value

Offset
Default Value

Figure 4A-126: Autostep Editor Menu Structure
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Menu Functions

The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-8: Menu Functions

Menu Function Page

Operation Editing function 4A-184

Cut Step Cutting a step 4A-184

Copy Step Copying a step 4A-184

Paste Step Pasting a step 4A-184

Insert New Step Adding a step 4A-185

Append New Step Adding a step 4A-185

Insert Current SETUP Inserting SETUP menu waveforms and output 4A-185

parameters

Swap Channel Contents... | Swapping steps between channels 4A-185
Jump Jumping to a step 4A-186
Undo Canceling function execution 4-2
Exit/Write Saving files and exiting the editor 4A-19, 4A-170

Items selected on the screen

Clock Clock settings 4A-179
CH1 Operation CH1 operation settings 4A-180
Waveform/Sequence Setting files 4A-175
Filter Filter settings 4A-181
Amplitude Amplitude settings 4A-182
Offset Offset settings 4A-183
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Autostep Editor Menu Display

Figure 4A-127 shows the general autostep editor display. A description for
each callout follows.

GPIB Continuous mode Master|Stopped

[##essees AST| Step 20 6 Operation

Clock 20. 00Nz CH1 Operation —
CH1 CH2 cut

I,_,_,_r'_,_,_,_,’ e
copy

STAIR_W. WM

Filter| 5 MHz||Filter |Through Step

anpl [ 7.0007 Anpl | 1.000¥

0ffset [ 9.000Y]| 0ffset | ©.000Y paste
Step
Insert

L ) New Step

L )
é é More

@—’C @ : Move Cursor <= :Previous Step =, :NextStep LU : Change Yalue 10f2

Exit/
Write

Undo ‘

Figure 4A-127: Autostep Editor CRT Display

(1) File Name

The name of the autostep file being edited; if the name has not been set yet,
*xxxxxxx AST is displayed.

(2) Step No.

Indicates the step number in the program. In the example shown in the
figure above, the step shown is step 2 out of a total of 6.

(3) CH2 File Setting Area

Indicates the file set for CH2 in the step indicated by (2). The waveform and
output parameters for that file are shown in this area. These output
parameters may be changed.
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(4) CH1 File Setting Area

Indicates the file set for CH1 in the step indicated by (2). The waveform and
output parameters for that file are shown in this area. These output
parameters may be changed.

(5) Clock Frequency and CH1 Operation
Indicates the clock frequency and CH1 operation mode that have been
saved to the CH1 file. These output parameters may be changed.
(6) Button Operation
This area shows how the front panel buttons operate in this menu.
@ : Move Cursor

Output parameters can be selected by turning the general purpose knob.

<=, : Previous Step

Pressing this key at a programmed step moves to the previous step.

— : Next Step

Pressing this key at a programmed step moves to the next step.

£ : Change Value

Pressing the VALUE button makes it possible to set the selected output
parameter. Use the general purpose knob to select the output parameter to
be set.
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Creating and Editing Autostep Programs

Select Operation from the bottom menu to create or edit autostep pro-
grams. Up to 100 steps can be programmed for each channel. If blank steps
exist in both CH1 and CH2 in the autostep program that has been created,
these steps will be deleted when you quit the editor. If blank steps exist in
both CH1 and CH2 in an autostep file created on an instrument with

Option 02 (4-channel output) installed, the instrument will stop at a blank
step when the file is started up.

Setting Files
The following procedure is used to set a new file at each step.
Procedure

D Step 1: Select Operation from the bottom menu.

To set a file for Step 1 of the autostep program:

D Step 2: Using the general purpose knob, select the item for which a file
will be set on CH1.

wansnnns AST [Step  Tof 1
Clock CH1 Operation [ Normal |
CH1 CH2
Filter Filter
anp | Amp |
0ffset 0ffset

Figure 4A-128: Selecting the Item for File Setting

D Step 3: Press the VALUE button on the front panel. A list of files that
can be set will appear.
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Select the wWaveform/Sequence

o
A_RLC.WFM
CHIRP_S.WFM
D_EXP_P.WFM
EXP_P.WFM
GAUSS_P.WFM
LORENT_P.WFM
M_DISK_W.WFM
P_MOD_S.WFM
SaU_SIN.WFM
STAIR_W.WFM
TEST.SEQ
TRAN_YOL.WFM

Figure 4A-129: File Selection List

D Step 4: Using the general purpose knob, select the desired file.

C?t‘;‘gg [] step 5: If you want to check the waveform of the selected file, select
Entry Show Catalog Entry from the side menu.

LORENT_P.WFM
0.560Y
0.000Y
~0.560V 4096 Points ; Clock 2e+87 Hz

Figure 4A-130: Sample File Waveform Display

The waveform for that file will appear along with the waveform point size,
the clock frequency and the voltage value.

[] step 6: Select Continue from the sub-menu.

The menu shown before you selected Show Catalog Entry will reap-
pear.
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MNew Step
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[] step 7: Select Set from the side menu.

The selected file will be inserted and the output parameters for that
waveform will be set.

BEEEEERE AS] [Step 1of 1

Clock 20. 6ONHZ CH1 Operation
CH1 CH2

A

LORENT_P. WFM

Filter| 5 WMHZ| Filter
anp | 1.0004 | anp |
0ffset | 0.0004| 0ffset

Figure 4A-131: Setting a File

Selecting Cancel will cancel the setting operation and the previous
menu will appear.

Use Set Without Parameter instead of Set when you want to designate
the waveform without changing the parameters. The default parameters
will be set when the editor is opened using New Autostep or when a
waveform is designated for a new step added with Insert New Step or
Append New Step. The default values for the output parameters are
shown below.

Clock 10.00MHz
CH1 Operation Normal
Filter Through
Ampl 1.000V
Offset 0.000V

Among them, Clock and CH1 Operation depend on the CH1 file.

Use Clear to delete the file setting for the channel indicated by the
Cursor.

D Step 8: Repeat Steps 2 through 7 to set a file for CH2.

To add a step:

D Step 9: Select More 1 of 2 from the side menu and then select Append
New Step. The instrument will proceed to Step 2. See "Adding a Step”
in this section.

Repeat this procedure to create the program.
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Changing Parameters

It is possible to change the output parameters for a file that has been set.
Changing the output parameter values does not change the parameters in
the original file.

Procedure

|:| Step 1: Use the < and — buttons on the front panel or the Jump item
in the bottom menu to move to the step whose parameters you want to
change.

Step 2: Select Operation from the bottom menu.

Step 3: Turn the general purpose knob to select the parameter to be
changed.

Step 4: Press the VALUE button on the front panel. The menu for that
parameter will appear.

Step 5: Set the parameters as desired. See the descriptions of the
individual parameters on the following pages.

Step 6: Select O.K. from the side menu. The parameters will be up-
dated to the selected items or set values. Selecting Cancel will cancel
the setting operation and the previous menu will reappear.

O 0O O OO0
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Clock Settings

Select clock [ ] using the general purpose knob. Then press the
VALUE button on the front panel. The menu shown in Figure 4A-132 will

appear.
Triggered mode Master|Stopped
EECEEEEER I Step 20 3 Operation
Clock 20. 6OMHzZ CH1 Operation
CHI1 CH2 Internal
Clock
_/L jk 20. 60MHz
CAUSS_P.WiN || [ LORENT P.WE Ege”;al
Filter[ 5 hHz| | Filter| 5 WAz oc
anpl [ 7.000Y| Anpl [ 1.000V
0ffset | 0.000Y|| 0ffset | O.000Y Default
Value
Cancel
K.
ot Exit/

Figure 4A-132: Clock Setting Menu

Set the clock source and the clock frequency by selecting the appropriate
items in the side menu. The settings for clock source and clock frequency
are used for both channel 1 and channel 2.

Internal
Clodk Internal Clock

Selects the internal clock. Use the numeric keys or the general purpose
knob to set the internal clock frequency.

External External Clock
Clock
Selects the external clock. The external clock signal is input through the
CLOCK IN connector on the rear panel of the instrument.
Default Default Value
yalue
Sets the internal clock frequency to the default value of 10.00 MHz.
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After setting the clock source and clock frequency, select O.K. from the side
menu. The values for clock source and clock frequency will be updated to
the values you have set.

CH1 Operation Settings

Select CH1 operation[ ] using the general purpose knob. Then press
the VALUE button on the front panel. The menu shown in Figure 4A-133 will

appear.

GPIB Continuous mode Master|Stopped

wawmgkns AST Step 3of 5 Operation

Clock [26.00008MHzZ CH1 operation EIEEIH A —
CH1 CH2

jk /\ Select Operation
LORENT_P. WFM M_DISK_| 9o i
Filter[ 5 HHZ FilterE W

Anp | 1.000Y|| anpl fiM

0ffset | 9,000y 0ffset Ext AM
Ext Add

Cancel
K.

Figure 4A-133: CH1 Operation Setting Menu

Using the general purpose knob, select the type of operation to be per-
formed with the CH1 waveform. See "CH1 Waveform Operations” Section
4B "SETUP Menu.” After selecting the type of operation, select O.K. from
the side menu. The operation type will be updated to what you have set.
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Filter Settings

Using the general purpose knob, selectthe Filter[ ] for the channel
that you want to change and then press the VALUE button on the front
panel. The menu shown in Figure 4A-134 will appear.

GPIB Continuous mode Master|Stopped

wawkdknx AST Step 3 of 5 Operation

Clock [26.00000MHZ CH1 Operation N
CH1 CH2

jk /\ Select Filter

LORENT_P. WFM M_DISK [ Y Through W
Filter RLLHE | Filter 5 MHz
anpl 1.606Y| | Anp | 2 MHz
0ffset | 8.000Y| 0ffset 1 MHz
500 klz
I Cancel
O.K.

Figure 4A-134: Filter Setting Menu

Using the general purpose knob, select the type of filter. After selecting the
filter type, select O.K. from the side menu. The filter type will be updated to
what you have set.
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Amplitude

Default
yalue

Amplitude Settings

Using the general purpose knob, select the ampl [ ] for the channel
that you want to change and then press the VALUE button on the front
panel. The menu shown in Figure 4A-135 will appear.

GPIB Continuous mode Master|Stopped
EECEEEEER I Step 60 6 Operation
Clock 16. 60NHzZ CH1 Operation
CH1 CH2 anp | i tude
1.000Y
STAIR_W.YWFM TRAN_YOL. WFM
Filter [Through| Filter [ 1 MHzZ
anpl 1. 600Y 1 1.000Y
0ffset | 9.000Y|| 0Tfset | 0.000Y Default
value
Cancel
O.K.

Figure 4A-135: Amplitude Setting Menu

Select the appropriate item in the side menu and set the amplitude.

Amplitude

Select this item and use the numeric keys or the general purpose knob to
set the desired amplitude value.

Default Value
This item sets the amplitude to the default value of 1.000 V .

After setting the amplitude, select O.K. from the side menu. The value for
amplitude will be updated to the value you have set.
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Offset Settings

Using the general purpose knob, select the offset [ | for the channel
that you want to change and then press the VALUE button on the front
panel. The menu shown in Figure 4A-136 will appear.

GPIB Continuous mode Master|Stopped

EECEEEEER I Step 60 6 Operation
Clock 16. 60NHzZ CH1 Operation
CH1 CH2 0ffset
0. 000
STAIR_W.YWFM TRAN_YOL. WFM
Filter |Through||Filter | 1 MHZ
ampl [ 1.000V||anpl [ 1.000Y A
Offset PUREELN] | 0Tfset | 0. 0004 Default
value
Cancel
O.K.

Exit/

Jump ‘ ‘ ‘ Undo ‘ write

Figure 4A-136: Offset Setting Menu

Select the appropriate item in the side menu and set the offset.

Offset Offset

Select this item and use the numeric keys or the general purpose knob to
set the desired offset value.

Default Default Value
yalue

This item sets the offset to the default value of 0.000 V .

After setting the offset, select O.K. from the side menu. The value for offset
will be updated to the value you have set.
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Operation

arn
step

Copy Paste
Step step

Editing Functions

When you select Operation in the bottom menu, the following items appear
in the side menu:

m  Cut Step

m  Copy Step

m  Paste Ste

m  Insert New Step

m  Append New Step
m  Insert Current Setup

m  Swap Channel Contents...

Cutting a Step

Use Cut Step if you wish to delete a step in the autostep file that you have
programmed.

Procedure
[] step 1: Select Operation from the bottom menu.

|:| Step 2: Using the <— and — buttons on the front panel, move to the
step to be deleted.

[[] step 3: Select Cut Step from the side menu.

When Cut Step is selected, the current step is deleted. All of the steps
after the one that you have deleted will move up one step. To restore this
step to its original state, select Undo from the bottom menu or Paste
from Buffer from the side menu.

Copying and Pasting a Step

Use the Copy Step and Paste Step items to copy a step in the program
and paste it to another step.

Procedure

|:| Step 1: Move to the step to be copied, using the same procedure as in
’Cutting a Step” above.

[] step 2: Select Copy Step from the side menu.

When Copy Step is selected, the current step is placed in the paste
buffer. This item has no effect on the CRT display.

|:| Step 3: Use the <— and — buttons on the front panel or the Jump item
in the bottom menu to move to the step to which the step in the paste
buffer is to be pasted.

|:| Step 4: Select Paste Step from the side menu.
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All of the steps after the one that has been pasted will move down one
step.

Adding a Step

Use Insert New Step and Append New Step when you wish to add a step
to an autostep file being created.

Insert New Step
Used to insert a step at the current step number.

For example, suppose the current step number is Step 2 of 3. Selecting
Insert New Step at this point will add a blank step at Step 2 and the step
display will read Step 2 of 4.

Append New Step
Used to add a step after the current step number.

For example, suppose the current step number is Step 2 of 3. Selecting
Append New Step at this point will add a blank step at Step 3 and the step
display will read Step 3 of 4.

Inserting the SETUP Menu Waveforms and Output
Parameters

Use Insert Current SETUP to insert the waveforms and output parameters
for all channels that are currently set in the SETUP menu at the current step.

Swapping Steps Between Channels

Use Swap Channel Contents... to interchange the contents of steps on
different channels. The following diagram shows the menu configuration.

CH1-CH2
CH1-CH3
h | CH1-CH4
— Channe CH2-CH3
CH2-CH4
< on I CH3-CH4
. wap Channel __|
Operation ( More 2 of 2 )— Contents Current Step
— Range {

All Steps

— Go Back

— Execute

Autostep files created on instruments with Option 02 installed may have files
set for CH3 and CH4. In such cases, it is possible to swap step contents
with CH3 or CH4.

AWG2005 User Manual

4A-185



EDIT Menu

Jump

Step No.

TO
First Step

To
Last Step

Channal

Range
Currant Step

All Steps

Procedure

O
O

O

O
O

O

Step 1: Select Operation from the bottom menu.

Step 2: Using the <— and — buttons on the front panel, move to the
step whose contents are to be swapped with another channel.

Step 3: Select More 1 of 2 from the side menu and then select Swap
Channel Contents...

Step 4: Select Channel from the sub-menu.

Step 5: Using the general purpose knob, select the channel with which
the step contents are to be swapped.

Step 6: Press Range in the sub-menu and select Current Step or All
Steps.

Current step
Swaps only the contents of the current step.
All Steps

Swaps the contents of all steps.

[[] step 7: Select Execute in the sub-menu.

Data will be exchanged between the designated steps in the designated
channels.

Jumping to a Step

Use Jump in the bottom menu to go quickly to a certain step in the autostep
program. Using the items in the side menu, you can jump to the first step,
the last step or to any step in between.

Step No.

Used to move to a step other than the first or last step.

Use the numeric keys or the general purpose knob to enter the number of
the desired step.

To First Step

Used to move to the first step.

To Last Step

Used to move to the last step.
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Clock Sweep Editor

(Option 05)
Mew
Edit Oock
Sweep

Exit/
Wwrite

On instruments with Option 05 installed, there is a clock sweep editor that
enables you to create or edit clock sweeps. Using this editor, you can easily
create arbitrary sweeps for clock frequencies. Clock sweep files are denoted
by the extender .CLK. Figure 4A-137 shows an example of a simple linear
up/down clock sweep waveform. In the actual clock sweep waveform, the
frequency will change in steps. The vertical axis indicates frequency and the
horizontal axis indicates time.

Peak Frequency >
1 Step
Start Frequency —» <+— Stop Frequency
Dwell Time —» F—
. g
Sweep Time

= Dwell Time x No. of Steps

Figure 4A-137: Sample Linear Up/Down Clock Sweep Waveform

Use the Clock item in the SETUP menu to select files created with the clock
sweep editor.

Entering the Clock Sweep Editor
Procedure

[[] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

|:| Step 2: Select More from the side menu to display the second page of
the side menu: More 2 of 3.

[[] step 3: Select Edit or New Clock Sweep from the side menu.
Edit — Used to select and edit an existing clock sweep file (.CLK)
New Clock Sweep — Used to create a new clock sweep file

The clock sweep editor screen will appear.

Saving Files and Exiting the Editor

Use Exit/Write in the bottom menu to save the file (which you have either
created or edited, depending on the side menu) to the internal memory of
the AWG2005 and exit from the editor.

The same procedure is used to save the file and exit from the equation
editor as for the waveform editor. See "Saving Files and Exiting the Editor” in
the section on the waveform editor.

AWG2005 User Manual
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Clock Sweep Editor Menu Structure

The clock sweep editor menu has the structure shown in Figure 4A-138. An
ellipsis (...) next to an item in the side menu indicates that the item also has
a sub-menu below that level. In the sub-menu, there are two additional
commands besides those listed here: Execute is used to execute a function,

while Go Back is used to return to the side menu.

Bottom Menu Side Menu

— Cut
Copy to Buffer
Paste from Buffer

— Operation | Draw..

— Hold..:

Horizontal Zoom in

—— Horizontal Zoom out *1
—— Horizontal Zoom fit *1
—— Horizontal Pan *1

— Zoom
— Vertical Zoom in
Clock Sweep Editor [~ Vertical Zoomout *2
Vertical Zoom fit *2
— Vertical Pan *2

— Total Step
— Setting I Y_A,X'S )
—— Horiz.Unit
— Duwell
— Undo
| Standard
Sweep Type
Write and Exit
— Edit/Write 4E Exit without Writing
Write

Figure 4A-138: Clock Sweep Editor Menu Structure

Sub-Menu

Add Draw Point
Delete Draw Point
Interpolation
Range

Set Hold

Clear Hold

*1 These items appear when the displayed waveform has been zoomed in the horizontal
direction with Horizontal Zoom in in the side menu (under Zoom in the bottom menu).

*2 These items appear when the displayed waveform has been zoomed in the vertical direction
with Vertical Zoom in in the side menu (under Zoom in the bottom menu).
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The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-9: Menu Functions

Menu Function Page
Operation Editing clock sweep data 4A-200
Cut Cutting data 4A-42, 4A-200
Copy to Buffer Copying data 4A-43, 4A-200
Paste from Buffer Pasting data 4A-43, 4A-200
Draw... Draw function 4A-45, 4A-200
Hold... Setting hold bits 4A-201
Zoom Zooming clock sweep waveforms 4A-90, 4A-203
Setting Settings for editing clock sweep data 4A-200
Total Time Setting number of steps 4A-200
Y —Axis Setting Y-axis scale 4A-193
Horiz.Unit Setting horizontal unit 4A-193
Dwell Setting dwell time 4A-194
Undo Canceling function execution 4-2
Standard Sweep Creating a standard clock sweep waveform 4A-195
Exit/Write Saving files and exiting the editor 4A-19, 4A-187

AWG2005 User Manual

4A-189



EDIT Menu

Clock Sweep Editor Menu Display

Figure 4A-139 shows the general clock sweep editor display. A description

for each callout follows.

<:> GPIB Continuous mode Master|Stopped
File Name : ssssssss CIK o i
(3) Total Step : 1000 Total Sweep Time :  1.600000s peration
o Dwell : 1.600ms
oL LT | cut
10. 490065Hz 10. 39886MHZ
g 11.0MHz Copy
to Buffer
@_’ |/ 10.6MHz Paste
from Buffer
9._0hHZ Draw...
. C More
10f2
@—’C EHRSIR : Switch Cursor
i ; Standard | Exit/
Zoom ‘ Setting Undo sweep write

Figure 4A-139: Clock Sweep Editor CRT Display

(1) File Name

The name of the clock sweep file being edited; if the name has not been set
yet, *¥*****x* CLK is displayed.

(2) Total Sweep Time

Indicates the time for one period of the sweep waveform. This is the dwell
time multiplied by the number of steps.

(3) Total Steps

Indicates the number of data items in the sweep waveform. This value can
be set to a maximum of 8,192.
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(4) Dwell

Indicates the sweep time for each step of the sweep. This value can be set
anywhere between 1us and 65.535ms.

(5) L

xxx Hz
Indicates the time or step value (L) and frequency (xxx Hz) at the current
position of the left vertical bar cursor.

(6) R

xxx Hz
Indicates the time or step value (R) and frequency (xxx Hz) at the current
position of the right vertical bar cursor.

(7) Sweep Waveform Display Area

This area shows the sweep waveform currently being edited. The vertical
axis indicates frequency and the horizontal axis indicates either time or the
number of steps. Horizontal and vertical scroll indicators are located above
and to the left of the sweep display area. This indicator is displayed to show
where the CRT display area is in terms of the full scale. The area displayed
on the CRT is shown with inverted display.

(8) Left Vertical Bar Cursor

The left cursor indicates the left starting point for editing. The active cursor is
displayed with solid lines and the non-movable is displayed with broken
lines.

(9) Right Vertical Bar Cursor
Indicates the right end point for editing.

(10) Hold Bit Display Area

This area shows the hold bits that have been set. When Sweep Mode has
been set to Triggered, the instrument will wait for a trigger signal before
reading the data item for which a hold bit has been set.

(11) Button Operations
This area shows how the front panel buttons operate in this menu.

FHEEDR - Switch Cursor

Press the CURSOR button to toggle the active vertical bar cursor between
left and right.

AWG2005 User Manual
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CURSOR: Move Cursor

The vertical bar cursor can be moved by pressing the CURSOR button.

Settings for Editing Clock Sweep Data

Setting Before creating clock sweep data, you should use the items in the side
menu under Setting to set the environment for the clock sweep data. The

following items can be set:

Total Steps No. of steps for clock sweep

Y —Axis Y-axis scale (Linear or Log)

Horiz. Unit The unit for the horizontal axis (Step or Time)
Dwell The dwell time

Each of these items will be explained in detail in the following pages.

Setting the Number of Steps

Total Step Use Total Step to set the number of steps for each period of clock sweep
data. Multiplying this value by the dwell time (Dwell) gives the total time of
the clock sweep:

Sweep time (Total Sweep Time) = Total Step x Dwell

For example, if Total Step is set to 1000 and Dwell is set to 1ms, Total
Sweep Time will be 1s.

When creating a new clock sweep file, the default setting for Total Step is
1000. This value can be set to any value up to 8192.

Procedure

To set the number of steps to 500:

[[] step 1: Select Setting from the bottom menu.

[[] step 2: Select Total Step from the side menu.

|:| Step 3: Using the numeric keys or the general purpose knob, input 500.
When using the numeric keys, press 5, 0, 0 and ENTER.
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Setting the Y-Axis Scale

Linagr The Y-axis scale for the clock sweep waveform can be changed to linear
Log (Linear) or logarithmic (Log) scale. Figure 4A-140 shows an example of a
clock sweep waveform with the Y-axis scale set to Linear and Log.
Y-Axls Y—AKls
1irnnar Linear
Lag | g
¢ | I R 9 o | I RL__ 999
18. 06080kHz 20.00006HHZ -~ 16. 988600kHz 20. 60000MHz
z 10. 60000MHZ
1. 000000MHZ
106. 0000kHZ
10.00800kHZ
10MHz 1.60000kHz
108. 68HzZ
10. 66HZ
1. 08HzZ
0.16Hz
0.01Hz
Linear Log

Horiz. Unit

Step
Time

Figure 4A-140: Y-Axis Scale Settings

Setting the Horizontal Unit

Use Horiz. Unit to set the unit for the horizontal axis of the clock sweep
waveform to either Step or Time. Pressing the Horiz. Unit button in the side
menu toggles the unit between Step and Time. Figure 4A-141 shows an
example of a clock sweep waveform with the horizontal unit set to Step and
Time.

Time — Sets the horizontal axis to express time. The cursor position data at
the top of the screen is expressed in terms of time and editing is also done
in time units.

Step — Sets the horizontal axis to express steps. The cursor position data at
the top of the screen is expressed in terms of steps and editing is also done
in step units.

AWG2005 User Manual
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Total Step :
Dwell

L

10. 00000kHZ

Horiz. Unit

Time

1000 Total Sweep Time ;. 1.0000005

. 1.000ns

RL_____ 999
+ 20.00000NHz

20MHz

16MHz

Step

Horiz. Unit
step

Total Step : 1068 Total Sweep Time :  1.000000s

Dwell ©1.000ns

R[__999.000ns
¥ 20. 00000MHZ

L

70.00000kHz 26MHz

16MHZ

Time

E

Figure 4A-141: Horizontal Unit Settings

Setting the Dwell Time

The sweep frequency actually changes in steps. The time for each step of
the sweep is called the dwell time. Multiplying the dwell time (Dwell) by the
number of steps (Total Step) gives the total time of the clock sweep (Total
Sweep Time).

When creating a new clock sweep file, the default setting for Dwell is
1.000ms. The dwell time can be set to any value between 1us and
65.535ms.

Procedure

To set the dwell time to 2ms:

[] step 1: Select Setting from the bottom menu.
[] step 2: Select Dwell from the side menu.

D Step 3: Using the numeric keys or the general purpose knob, input
2ms.

If the value for Total Step is 1000, the Total Sweep Time will be 2s.
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Type

Stop frequency ——»

Start frequency ——& 5
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Creating a Standard Clock Sweep Waveform

Use Standard Sweep to create a standard clock sweep waveform in the
area designated by the vertical bar cursors.

The following diagram shows the menu configuration for the Standard
Sweep item.

— Start

— Linear ————— Stop

L Execute
— Start

— Log ——— — Stop

— Execute
— Start/Stop
— Peak
— Duty
L— Execute
— Start/Stop
— Peak
— Duty

L Execute

Frequenc
L— Constant —[ Exec(]:ute ’

Standard Sweep —= Type — Linear U/D ——

— Log U/D

Each of these items will be discussed in detail in the following pages.

Setting the Parameters and Type of Standard Clock Sweep

Use Type to select the type of clock sweep waveform to be created. You can
select any one of five types of clock sweep.

Linear — The frequency changes linearly. You can set the Start and

Stop frequencies.
lL____ 9 RL_____999
100. 0000kHz * 20, 00000MHZ
: 20hHz
16MHz

Figure 4A-142: Sample Linear Clock Sweep
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Log — The frequency changes logarithmically. You can set the Start
and Stop frequencies.

L ¢ RL_ 999
100. 0000kHz + 20. 00060MHz

Stop frequency —— 20MHz

10MHz

Start frequency — 5

Figure 4A-143: Sample Log Clock Sweep

Linear U/D — The frequency changes linearly from the start to the
peak frequency and from the peak to the stop frequency. You can set
the Start/Stop frequency, the Peak frequency, and the Duty.

N I RL 999
100.0000kHz + 100. 6000kHz

Peak frequency ——» y; 20MHz

10MHz

Start/Stop frequency

Figure 4A-144: Sample Linear U/D Clock Sweep
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Log U/D — The frequency changes logarithmically from the start to
the peak frequency and from the peak to the stop frequency. You can
set the Start/Stop frequency, the Peak frequency, and the Duty.

L8 RL______999

Peak frequency ——»> 20MHZ

100. 0000kHzZ ' 100. 0000kHZ

16MHz

Start/Stop frequency ——»

Figure 4A-145: Sample Log U/D Clock Sweep

Constant — In this clock sweep, the frequency is constant. You can
set the value for Frequency.

N I RL 999
10. 6000GNHZ + 10. 00000NHZ

20MHz

Constant Frequency — 10MHz
(Frequency) ’ ]

Figure 4A-146: Sample Constant Clock Sweep
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start

Stop

Start/Stop

Peak

Frequency

Duty

Setting Parameters for Clock Sweep Waveform

The following parameters can be set for the clock sweep designated with
Type. Values can be set using either the numeric keys or the general pur-
pose knob. Each frequency can be set anywhere between 0.01Hz and
20MHz.

Start

Used to set the frequency for the start point of the Linear or Log clock
sweep.

Stop

Used to set the frequency for the stop point of the Linear or Log clock
sweep.

Start/Stop

Used to set the frequency for the start/stop point of the Linear U/D or Log
U/D clock sweep.

Peak

Used to set the frequency for the peak point of the Linear U/D or Log U/D
clock sweep.

Frequency

Used to set the frequency for the Constant clock sweep.

Duty

Used to set the duty for the Linear U/D or Log U/D clock sweep. The duty
can be set anywhere between 0 and 100%.

A
o
v_

A
iy
— N

Duty = b/a x 100 (%)

Figure 4A-147: Duty for U/D Clock Sweep
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Sample Creation of a Linear U/D Clock Sweep

In this example, you will replace the data between the vertical bar cursors
with a Linear U/D clock sweep. The Start/Stop frequency will be 1 MHz, the
Peak frequency will be 20MHZ, and the Duty will be 70%. The procedure
begins from the point at which you have selected New Clock Sweep from
the initial EDIT menu.

|:| Step 1: Select Standard Sweep from the bottom menu.

[[] step 2: Check to make sure that the vertical bar cursors are all the way
to the left and right to encompass the entire editing area. If they are not,
use the general purpose knob to move them to these positions.

Step 3: Press Type in the side menu and select Linear U/D.

Step 4: Select Start/Stop from the side menu. Using the numeric keys
or the general purpose knob, set the Start/Stop frequency to 1MHz.

Step 5: Select Peak from the side menu. Using the numeric keys or the
general purpose knob, set the peak frequency to 20MHz.

Step 6: Select Duty from the side menu. Using the numeric keys or the
general purpose knob, set the duty to 70%.

O 0O O OO0

Step 7: Select Execute from the side menu.

When you select Execute, the data between the vertical bar cursors will
be replaced by the Linear U/D clock sweep that you have specified. See
Figure 4A-148.

N I RL_____ 999
1.000000MHZ + 1. 000000MHZ

20MHz

10MHz

Figure 4A-148: Creating a Linear U/D Clock Sweep
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Operation

Drawy...

Editing Clock Sweep Data

When Operation is selected with the clock sweep editor, it is possible to edit
the clock sweep data in various ways. The side menu has two pages. Select
More to switch the side menu to the next page. The following is a list of the
items in the side menu and their functions.

Cut Cutting data
Copy to Buffer Copying data
Paste from Buffer Pasting data
Draw... Draw function
Hold... Hold function
Items with ”...” have further low-level side menus, called sub-menus.

Setting Editing Areas

The editing operations available under Operation are all performed in the
editing area located between the left and right vertical bar cursors. Before
beginning the editing process, you should define the editing area. For a
description of the procedure used to define the editing area, see "Setting
Editing Areas” in the section on the waveform editor graphic display.

Cutting, Copying and Pasting Data

Cut, Copy to Buffer and Paste from Buffer have the same functions as the
identical commands in the waveform editor graphic display. See ”"Cutting
Waveforms” and ”Copying/Pasting Waveforms” in the section on the wave-
form editor graphic display.

Draw Function

This command is used to draw points between the specified vertical bar
cursors and connect these points to create an arbitrary clock sweep wave-
form. The following diagram shows the menu configuration for the Draw...
item.

Add Draw Point
Delete Draw Point

' _ Li
Operation (More 1 of 2) —= Draw... Interpolation I_Inear
Go Back o9
Execute

Draw... has the same function as the identical command in the waveform
editor graphic display. See "Draw Function” in the section on the waveform
editor graphic display. However, the points will be connected through linear
or logarithmic interpolation rather than by smoothing.
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Interpolation — There are two types of interpolation, Linear and Log (loga-
rithmic); the Interpolation button toggles between these two. When Inter-

polation is set to Linear, the points are connected with straight lines. When
Interpolation is set to Log, the points are connected in a logarithmic curve.

Interpolation Interpolation
Linear Linear
Log
S— L — T— —
20, 6060aMHzZ " 8. 612303MHz 20MHz 20. 00006MHZ " 8.612303MHz 26MHz

10MHz 16KHZ

Linear Interpolation Logarithmic Interpolation

Figure 4A-149: Connecting Points

Setting Hold Bits

If Sweep Mode in the SETUP menu has been set to Triggered, when the
instrument encounters data with a hold bit, it will wait for a trigger signal
before reading that data.

Hold...

Use Hold... to set or reset a hold bit at the position of the active vertical bar
cursor or between the vertical bar cursors. The following diagram shows the
menu configuration for the Hold... item.

Clear Hold
Go Back

Range E At Cursor
Between
. Set Hold
Operation (More 2 of 2) — Hold...

Procedure

In this example, you will set a hold bit at the step indicated by the active
vertical bar cursor.

|:| Step 1: Select Operation from the bottom menu.

[[] step 2: Select More 1 of 2 and Hold... from the side menu.

Range
AT (LIPSO

|:| Step 3: Press Range in the sub-menu and select At Cursor. This speci-
Between fies that the hold bit will be set for the step indicated by the active vert-
ical bar cursor.

AWG2005 User Manual 4A-201



EDIT Menu

Sel
Hold

Clear
Hold

At Cursor

Sel
Hold

Rahge

Eatwaen

[] step 4: Press the CURSOR button on the front panel to make the
desired vertical cursor active.

|:| Step 5: Using the general purpose knob, move the active vertical bar
cursor to the step at which you want to set the hold bit.

[[] step 6: Select Set Hold from the sub-menu.

A hold bit will be set for the step indicated by the active vertical bar
cursor. Figure 4A-150 shows an example in which a hold bit has been
set at the position of the active vertical bar cursor.

CJ8 500 RC__ 999
20, 00000MHZ 10, 00000MHzZ

: 20hHz

<«—— Active 10MHz

Vertical Bar Cursor

T

Hold Bit

Figure 4A-150: Hold Bit Set at Active Vertical Bar Cursor

[[] step 7: Select Clear Hold from the sub-menu. The hold bit set in Step
6 will be cleared.

In the next example, you will set hold bits for the steps between the vertical
bar cursors.

|:| Step 8: Press Range in the sub-menu and select Between. This speci-
fies that the hold bits will be set for the steps between the vertical bar
cursors.

|:| Step 9: Using the general purpose knob, move the vertical bar cursors
to define the steps for which you want to set the hold bits.

[[] step 10: Select Set Hold in the sub-menu.

Hold bits will be set for the steps between the vertical bar cursors.
Figure 4A-151 shows an example in which hold bits have been set
between the vertical bar cursors.
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L L 639
20. 60000NHz 17.39470MHz

20MHz

10hHz

—
L |
Hold Bits

Figure 4A-151: Hold Bits Set Between Vertical Bar Cursors

Clear [] step 11: Select Clear Hold from the sub-menu. The hold bits set in
Hold .
Step 10 will be cleared.

[[] step 12: Select Go Back from the current sub-menu. The system
moves from the Hold... sub-menu to the side menu.

Zooming Clock Sweep Waveforms

Z00m The Zoom item is used to enlarge or reduce the clock sweep waveform,
either horizontally or vertically. This process is for display purposes only; it
does not affect the waveform data. The side menu consists of 2 pages: the
first page contains the horizontal zoom items and the second page contains
the vertical zoom items.

For a description of the zooming function for clock sweep waveforms, see
*Zooming Waveforms” in the section on the waveform editor graphic display.
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Convolution Waveform ©On instruments with Option 09 installed, high-speed convolution and cor-
. . relation can be performed for up to 32,000 words of waveform data in exist-
Editor (OptIOI‘I 09) ing waveform files (those bearing the extender .WFM).

The number of points in the waveform after calculation will be the sum of the
point sizes of the two selected waveform files. The calculated amplitude will
be normalized.

NOTE

The calculated result of waveforms consisting of P number of
points and N number of points will be P + N — 1. For the sake of
convenience, however, on this instrument a final value of 0.0 is
added , so the resultis P + N.

On discrete systems, the convolution y(n) of waveform x(n) and waveform
h(i) is expressed by the following formula. Here N is the number of data
items. The operation expressed by this formula is called convolution.

y ()= » x (hhin-i)

Alternately, the correlation y(n) of waveform x(n) and waveform h(i) is ex-
pressed by the following formula. Here N is the number of data items. The
only difference between this equation and the one expressing convolution
above is the minus sign in the parentheses, so with left-right symmetrical
waveforms the results will be identical.

N-1

y () = > x ()h(n +i)

I1=0

Entering the Convolution Waveform Editor

Convolve In this editor, you select an existing waveform file and perform either con-
waveform volution or correlation and then create a new file. Use the following proce-
dure to open the editor:

Procedure

[C] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

|:| Step 2: Select More from the side menu to display the third page of the
side menu: More 3 of 3.

[[] step 3: Select Convolve Waveform from the side menu.

The convolution waveform editor screen will appear.
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Saving Files and Exiting the Editor

When you select Exit/Write from the bottom menu, depending on what you
have selected in the side menu, a file name will be assigned to the calculated
result and the file will be saved to internal memory, after which the editor will
close. When you quit the editor, the initial EDIT menu will reappear.

The same procedure is used to save the file and exit from the convolution
waveform editor as for the waveform editor. See "Saving Files and Exiting
the Editor” in the section on the waveform editor.

Convolution Waveform Editor Menu Structure

The Convolution Waveform Editor menu has the structure shown in Fig-
ure 4A-152.

Bottom Menu Side Menu
— Waveform 1
— Waveform
— Waveform 2

Convolution
— Functype — |
Correlation

O, ti Math t None
eraton———  — — Ma e —[ ) .
p P Differential

— Execute

L—  Exit/ Write

Figure 4A-152: Convolution Waveform Editor Menu Structure

Menu Functions

The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-10: Menu Functions

Menu Function Page
Waveform Selecting a waveform file 4A-207
Operation Executing convolution/correlation 4A-208
Exit/Write Saving files and exiting the editor 4A-19, 4A-205
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Convolution Waveform Editor Menu Display

Figure 4A-153 shows the general convolution waveform editor display.

GPIB Continuous mode Master|Stopped
Source Destination Operation
 waveform 1 Func type
/\

Correlation
( ) » Math type
[ CGAUSS.WFM |
256 Points Differential
_ Clock 2e+07 Hz Convolve —_—

(— waveform 2

768 Points
C L Clock 2e+07 Hz}

[ MDSKWR.WFM |
312 Points
- Clock 2e+87 Hz
Execute
" Exit/

Figure 4A-153: Convolution Waveform Editor CRT Display

(1) Source Waveform1 Display Area

When the waveform file for operation is selected from internal memory, the
waveform for that file will be displayed in this area along with the file name,
clock frequency and number of points making up the waveform.

(2) Source Waveform2 Display Area

When the other waveform file for operation is selected from internal memory,
the waveform for that file will be displayed in this area along with the file
name, clock frequency and number of points making up the waveform.

(3) Destination Waveform Display Area

The result of operations for Waveform1 and Waveform2 will be displayed in
this area as a waveform. The waveform point size will be the sum of the
point sizes for Waveform1 and Waveform2. When the data is saved, the
clock frequency for Waveform1 will be saved to that file.
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Selecting a Waveform File

In this example, you will select a waveform file for operation.
Procedure

[] step 1: Select Waveform from the bottom menu.

[J step 2: Select Waveform1 from the side menu.

|:| Step 3: Using the general purpose knob, select the waveform file for
operation from the Select Waveform list and then select O.K. The
waveform you have selected will be displayed in the Waveform1 display
area under Source.

[] step 4: Select Waveform2 from the side menu.

D Step 5: Using the general purpose knob, select the other waveform file
for operation from the Select Waveform list and then select O.K. The
waveform you have selected will be displayed in the Waveform2 display
area under Source.

GPIB Continuous mode Master|Stopped
Source Destination waveform
Waveform 1
/\ Select waveform
[ GAUSSWFM | @[ AM_MOD.WFM
256 Points A_RLC.WFM
Clock 2e+07 Hz CHIRP_S.WFM
D_EXP_P.WFM
woveornz | s
LORENT_P.WFM
MDSKRD.WFM
MODISK.WFM Cancel
P_MOD_S.WFM
SQU_SIN.WFM
STAIR_W.WFM
QK.
_ : Exit/
g .

Figure 4A-154: Selecting a Waveform File
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Executing Convolution/Correlation

Operation When you select Operation in the bottom menu, convolution or correlation
will be performed. If Differential has been selected for the Math type item,

the calculated result will be differentiated.
Procedure

D Step 1: Select Operation from the bottom menu.

Func type . . . .
Convolution [C] step 2: Press Func type in the side menu and select either Convolu-
correlation tion or Correlation.

Math type

None [C] step 3: If you would like to differentiate the calculated result, select
Differential Differential for the Math type item. Differentiation will be used when
reading waveforms from magnetic disks.

[] step 4: Select Execute from the side menu to execute the operation.

The point size of the waveform data after operation will be the sum of
the point sizes of the two waveform files you have selected.

Figure 4A-155 shows an example of convolution for which differentiation
has been performed. Figure 4A-156 shows an example of correlation.

GPIB Continuous mode Master|Stopped
Source Destination Operation
waveform 1 Func type
/\ Correlation
Math type
| GAUSS.WFM | Nonhe
256 Points | Differential |
Clock 2e+67 Hz Convolve —
waveform 2
768 Points
Clock 2e+07 Hz
[ MDSEWR.WFM |
512 Points
Clock 2e+07 Hz
Execute
i Exit/

Figure 4A-155: Sample Convolution
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GPIB Continuous mode Master|Stopped
Source Destination Operation
waveform 1 Func type
Convolution
" "" r""“
e Math type
[ SAMPLE-1.WFM |
1000 Points Differential
Clock 1e+67 Hz Correlate
waveform 2
2600 Points
Clock 1e+07 Hz
[ SAMPLE-2.WFM |
1000 Points
Clock 1e+67 Hz
Execute
o Exit/

Figure 4A-156: Sample Correlation
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FFT Editor
(Option 09)

EdIt In
Frequency
Damain

On instruments with Option 09 installed, existing waveform files with the
extension.WFM can be edited in the frequency domain. When the editor is
started, Fast Fourier transformation occurs automatically and the data is
transformed into the frequency domain. When you leave the editor, inverse
fast Fourier transformation is carried out to convert the frequency domain
data into time domain data.

The window function for fast Fourier transform is selected when the editor is
started. Within the editor, filtering (high pass, low pass, band pass, band
cut) and clipping are possible.

Entering the FFT Editor

This editor is not used to make new files. Rather, it edits existing waveform
files in the frequency domain. Here is the procedure for editing the FFT
editor.

Procedure

[C] step 1: Press the EDIT button in the MENU column. The initial EDIT
menu will appear.

|:| Step 2: Select More from the side menu to display the third page of the
side menu: More 3 of 3.

|:| Step 3: Using the general purpose knob, select the waveform file
(-WFM) from the file list.

The Edit in Frequency Domain item is added to the side menu.

|:| Step 4: Select Edit in Frequency Domain from the side menu. The
menu for selecting the window function is displayed. See Figure 4A-157.
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GPIB Continuous mode Master|Stopped

Select
window

@ FFT Window Type

Hanning
Hamming
Blackman—Harris
Blackman
Triangle

Select the "FFT Window Type"” by using rotary—knob,

and press "0.K." side button. Cancel

O.K.

Select
Window

Figure 4A-157: FFT Window Selection Menu

|:| Step 5: Using the general purpose knob, select the window function.

When you enter the FFT editor, you must select the window function.
This instrument has the following six FFT windows.

®  Rectangle

®  Hanning

®  Hamming

m  Blackman-Harris
m  Blackman

m  Triangle

For repetitive waveforms in which the waveform data starting point and
ending point match, the rectangle window is usually used. For details on
the window functions, see the FFT (Fast Fourier Transforms) description
in Appendix D.

[] step 6: Next, select O.K. from the side menu to enter the FFT editor.
The time domain data is transformed into the frequency domain.

To cancel the FFT operation, select Cancel. This returns the system to
the initial EDIT menu.
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Saving Files and Exiting the Editor

Exit/ Select Exit/Write from the bottom menu. Then select from the side menu to
write save the edited file to the internal memory of the AWG2005 and exit from the
editor. When this is done, the frequency domain data is converted into time
domain data and saved as a waveform file.

The same procedure is used to save the file and exit from the FFT editor as
for the waveform editor. See "Saving Files and Exiting the Editor” in the
section on the waveform editor.

FFT Editor Menu Structure
The FFT Editor menu has the structure shown in Figure 4A-158.

Bottom Menu Bottom Menu Side Menu

— Right peak
— Operation —— Left peak

— Draw...
— Zoom

— Low-Pass
— High—Pass

— Rectangle— — Filter ———— Band-Pass

— Hanning — Band-Elim

_ — Hamming O.K — | L— Apply filter
. Select

FFT Editor \— Window——  Blackman- Cut under

I Harris Cancel

Limi Delete Even
— Blackman — Limiter Delete Odd

\— Triangle — Shift Mag

— Undo

Write and Exit
— Exit/Write ~E Exit without Writing
Write

Figure 4A-158: FFT Editor Menu Structure
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The following list shows the functions available for each menu item and the
page on which you can find a description of that function.

Table 4A-11: Menu Functions

Menu Function Page

Select Window Selecting a window 4A-210
Operation Editing in the frequency domain 4A-216

Right peak, Left peak Searching for peaks 4A-217

Draw... Drawing magnitude and phase 4A-217
Zoom Magnifying a signal 4A-221
Filter Selecting a filter 4A-222
Limiter Selecting a limiter 4A-224

Cut under Cutting extraneous frequency components 4A-224

Delete Even, Delete Odd | Deleting even or odd components 4A-224

Shift Mag Shifting magnitudes 4A-225
Undo Canceling function execution 4-2
Exit/Write Saving files and exiting the editor 4A-19, 4A-212
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FFT Editor Menu Display

Figure 4A-159 shows the general FFT editor display. A description for each
callout follows.

® ® ®

<: ) GPIB Continuous mode Master|Stopped

File Name : EXP.WFM .

@ Freql: BECEETE Freq2 :[ 216.000kAZ] Operation

Magnitude :[ -33.8901dB] |Magnitude :[ -52.7300d§ —

Phase ;[ -168.98deg Phase :[_178.85deq Ao
0.0mHz (=) 310.6kHz L

( wdl 5 Right peak
) @ : ® i

o [ 6 Left peak

-0
: -40
50

-B0

~— -0

nnnng e

(o

o mrnlonne A AHHHHT——

L, Y1

B,
( : | :JURSDR: Switch ¥ Bar cursor Ur:JnLUE /E:JNTER: Change Magnitude
Operation |r{sil Filter Limiter Undo Exit/ .
Write

IRUREREREREREREE

Figure 4A-159: FFT Editor CRT Display

(1) File Name

This is the name of the waveform file being edited.

(2) Freq1:
Magnitude:
Phase:

This section shows the frequency, magnitude and phase for the position of
the left vertical bar cursor. Use the CURSOR button to toggle between the
left and right vertical bar cursors. Use the VALUE button to toggle between
magnitude and phase. A knob icon indicates that an item is active. Magni-
tude values are expressed in dB and phase values are expressed in deg.
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(3) Freq2:
Magnitude:
Phase:

This section shows the frequency, magnitude and phase for the position of
the right vertical bar cursor.

(4) Scroll Indicator

This item shows the position of the display area within the overall waveform.
The area displayed on the screen is displayed inverted.

(5) Magnitude Display Area

This area displays the magnitudes for the frequency components.

(6) Phase Display Area

This area displays the phases for the frequency components.

(7) Left vertical bar cursor

The left cursor indicates the left starting point for editing. The active cursor
will be brightly highlighted with dot lines.

(8) Right vertical bar cursor

Indicates the right end point for editing.

(9) Button Operations

This area shows how the front panel buttons operate in this menu.

CURSOR .
—— : Switch ¥ Bar cursor

Pressing the CURSOR button toggles the active vertical bar cursor.

&8 T Change Magnitude

Pressing the VALUE or ENTER button puts the system into a mode in which
the magnitude at the frequency of the active vertical bar cursor can be
changed.

WALUE ENTER
—— /= Change Phase

Pressing the VALUE or ENTER button puts the system into a mode in which
the phase at the frequency of the active vertical bar cursor can be changed.

CURSOR
—— > Move ¥ Bar cursor

When Draw... has been selected, pressing the CURSOR button moves the
active vertical bar cursor.
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Operation

VALUE  ENTER .
—— / ——: Move point cursor

When Draw... has been selected, pressing the VALUE or ENTER button
moves the point cursor.

VALUE ENTER . . .
—— /T Switch point cursor dir

When Draw... has been selected, pressing VALUE or ENTER toggles the
direction in which the point cursor moves from vertical to horizontal or vice-
versa.

Editing in the Frequency Domain

Select Operation from the bottom menu to change the signal magnitude
and phase in the frequency domain. The following items will appear in the
side menu:

®  Right peak
m  Left peak
m  Draw...

Editing Magnitude

Here is the procedure for editing the magnitudes.
Procedure

|:| Step 1: Select Operation from the bottom menu.

|:| Step 2: Press the CURSOR button on the front panel to select the
left/right vertical bar cursor. Using the numeric keys or the general
purpose knob, move the active vertical bar cursor to the frequency to be
edited.

|:| Step 3: Press the VALUE button on the front panel and select Magni-
tude. The knob icon is displayed on the Magnitude side.

|:| Step 4: Using the general purpose knob or the numeric keys, change
the magnitude.

|:| Step 5: To change the magnitude for another frequency, press the
CURSOR button on the front panel, and use the general purpose knob
to move the active vertical bar cursor to the frequency to be edited.
Next, repeat Steps 3 and 4.
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Draw...

EDIT Menu

Editing Phase

Here is the procedure for editing the phase.
Procedure

[] step 1: Select Operation from the bottom menu.

|:| Step 2: Press the CURSOR button on the front panel to select the
left/right vertical bar cursor. Using the numeric keys or the general
purpose knob, move the active vertical bar cursor to the frequency to be
edited.

[] step 3: Press the VALUE button on the front panel and select Phase.
The knob icon is displayed on the Phase side.

|:| Step 4: Using the general purpose knob or the numeric keys, change
the phase.

|:| Step 5: To change the phase for another frequency, press the CURSOR
button on the front panel, and use the general purpose knob to move
the active vertical bar cursor to the frequency to be edited. Next, repeat
Steps 3 and 4.

Searching for Peaks

Select Operation from the bottom menu to display the Right peak and Left
peak items on the side menu. These items detect the signal peaks.

Right peak — The active vertical bar cursor is moved to the peak in the
signal to the right of the active vertical bar cursor. Each time this item is
selected, the peak value moves to the right.

Left peak — The active vertical bar cursor is moved to the peak in the
signal to the left of the active vertical bar cursor. Each time this item is
selected, the peak value moves to the left.

Drawing Magnitude and Phase

Use Draw... to draw points between the left and right vertical bar cursors
and then connect the points to create an arbitrary magnitude and phase.
Immediately after you select the Draw... item, a point cursor will appear
midway between the vertical bar cursors, in the center of the vertical axis.
The following diagram shows the menu configuration for the Draw... item.

Add Draw Point
Delete Draw Point

. M
Operation — Draw... Draw Area a9
Phase
Go Back
Execute

Figure 4A-160 shows an example of the screen with the Draw... item
selected.
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GPIB Continuous mode Master|Stopped
File Name : EXP.WFM -
Freq1 :[ 70.0000KAZ Freq2 :[ 216.000KHZ Operation
Magnitude ;[ -33.8991dB] Magnitude ;[ -52.7300d8] & X: EENLESH ———
Phase :[ -168.90deq Phase :[ 178.85deg ¥: [ -40.0000dH Add
0.0mHz [ 3160'(“2 Draw point
[4E :
-10_
Delete
= u Draw Point
Rl ——
Draw Area

0 Mag

50 Phase

- I0AA R wee

4 nlnnnann A HEH——
UUUUUUUUUU Execute

B,
255 Move ¥ Bar cursor B 25 Switch point cursor dir
Operation [ Filter Limiter Undo Exity
write

Figure 4A-160: Menu Displayed When Draw... is Selected

When you select Draw... from the side menu, the following items will appear
in the sub-menu: Add Draw Point, Delete Draw Point, Draw Area, Go
Back and Execute. Each of these items will be explained below in detail.

Procedure

D Step 1: Select Operation from the bottom menu, and then select
Draw... from the side menu.

D Step 2: Press the CURSOR button on the front panel. Using the general
purpose knob, move the left and right vertical bar cursors to define the
frequency domain for drawing the magnitude or phase. Use the CUR-
SOR button to toggle between the left and right vertical bar cursors.

D Step 3: Press Draw Area in the sub-menu and select Mag (magnitude)
or Phase (phase).

D Step 4: Press the VALUE button on the front panel. Using the general
purpose knob, move the point cursor to the location of the new point.
Pressing the VALUE button will toggle the direction of movement from
horizontal (X) to vertical (Y) and vice-versa. The location of the point
cursor is displayed in the upper right-hand corner of the screen in X
(frequency) and Y (magnitude or phase) coordinates.

D Step 5: When you have placed the point cursor at the desired location,
select Add Draw Point from the sub-menu to add a point at that loca-
tion.
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It is possible to add points outside the area defined by the vertical bar
cursors. However, such points will be ignored when Execute is pressed.

NOTE

It is not possible to draw more than one point at the same location
on the horizontal axis. If you attempt to do this, a message will
appear asking you to confirm that you want to change the level of
the existing point. Press O.K. or Cancel in response to this mes-
sage.

|:| Step 6: Repeat Steps 4 and 5 to add several new points.
|:| Step 7: To delete a point that you have added with Add Draw Point,

move the point cursor to that point and select Delete Draw Point. The
point will be deleted.

If you press Delete Draw Point several times in succession, the points
that you have added will be deleted in sequence starting with that
nearest to the point cursor.

Step 8: Select Execute from the sub-menu. The points that you have
added will be connected to the magnitude or phase on the left and right
vertical bar cursors.

Figure 4A-161 shows an example of a magnitude drawn between the
vertical bar cursors.
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GPIB Continuous mode Master|Stopped
File Name : EXP.WFM -
Freq1 :[ 70.0000KAZ Freq2 :[ 216.000KHZ Operation
Magnitude ;[ -33.8091d8] Magnitude ;[ -52.7300dR X[ 90.0000kHZ) —
Phase :[ -168.90deq Phase:[ 178.85deq @ ¥: RNl Add
0.0mHz ] 3160'(“2 Draw point
[4E :
-1}
5 . Delete
= u ] Draw Point
Rl ' —_—
Draw Area
40 Mag
Phase

-a0

-B0

[0 e

A oo I THIH——
Uuuuuuuuuu Execute

UCURSDR YALUE  ENTER . .
:Move ¥ Bar cursor —— /2 Swiich point cursor dir

Exit/

Limiter Undo write

Operation ()] Filter

Figure 4A-161: Drawing a Magnitude

[] step 9: To cancel the execution of a draw operation, select Undo from
the bottom menu. The screen will revert to the waveform before Execute
was selected.

NOTE

When you quit and once again enter the waveform editor, the points
you have drawn will disappear.

[] step 10: Select Go Back from the sub-menu. The system returns from
the Draw... sub-menu to the previous side menu.

This concludes the draw process.
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Magnifying a Signal

Select Zoom from the bottom menu to display menu items that magnify the
signal to x1, x4, x8, x16, or x64 along the frequency axis. Figure 4A-162
shows the magnified signal display when Zoom is selected from the bottom
menu with x16 is selected.

GPIB Continuous mode Master|Stopped
File Name : EXP.WFM
Freql:[ 70.0000kA2 @  Freq2 : JFIEKEEAE Zoom
Magnitude :[ -33.8991d8] Magnitude : [ -52.7300d5 -
Phase :[ —168.90deq Phase :[_178.85deq |:|
0.0mHz L] 310.6kHz
WEL : 21
-10 :
{ ]
=20 —
X 4
-0
40
50

oo

A o n oy A ]
SERiTANfaREReRENe

B
&5 : Switch ¥ Rar cursor T Change Magnitude
Operation |l Filter Limiter Undo Exit/ .
write

Figure 4A-162: Magnified Signal Display

In the scroll indicator at the top of the screen, the section of the signal being
displayed on the screen is displayed inverted. You can scroll through the
frequency domain outside the screen by turning the general purpose knob.
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Filter

Selecting a Filter

When Filter is selected from the bottom menu, the following four frequency
filters can be selected from the side menu.

®  Low Frequency Pass Filter (Low—Pass) — This filter eliminates frequen-
cies greater than the specified frequency.

m  High Frequency Pass Filter (High—Pass) — This filter eliminates fre-
quencies lower than the specified frequency.

m  Band Pass Filter (Band—Pass) — This filter eliminates frequencies
outside the specified band.

m  Band Cut Filter (Band—Elim) — This filter eliminates frequencies in the
specified band.

[4E]

-6.0000dH| /oct

[H=]

" J 2.55500MH2

Figure 4A-163: Low Pass Filter

[4]

1 -6.0000dB LT

[Hz]

2.35500MHz

Figure 4A-164: High Pass Filter
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[4E]

" 3-200.0000dBF{T4l

[Hz]

1.91625MH2| | 3.19375MHZ

Figure 4A-165: Band Pass Filter

[4E]

" 3-200.0000d L Ta

[H=]

1.91625MHz| | 3.19375MHZ

Figure 4A-166: Band Cut Filter

The procedure below applies the filters to the signal.
Procedure
[] step 1: Select Filter from the bottom menu.

D Step 2: Select Low—Pass, High—Pass, Band—Pass, or Band—Elim
from the side menu.

[] step 3: Press the VALUE button on the front panel and select the filter
frequency field.

D Step 4: Using the general purpose knob or the numeric keys, set the
filter frequency.

D Step 5: Press the VALUE button on the front panel to select the filter
slope field.

D Step 6: Using the general purpose knob or the numeric keys, set the
filter slope. Here octave (oct) indicates double the frequency.

For a band filter, set the frequency and slope for both ends of the band.

D Step 7: After setting the filter frequency and slope, select Apply filter
from the side menu. The specified filter is applied to the signal.
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Limiter

sel

Cut under

Delete Even

Dalete Odd

Selecting a Limiter

Use Limiter to cut the frequency component below the limit level, to cut the
even or odd components on the discrete frequency axis, or to shift the
magnitude to the limit level. When Limiter is selected from the bottom menu,
the following items will appear in the side menu.

m  Cutunder
m  Delete Even
m  Delete Odd
m  Shift Mag

Cutting Extraneous Frequency Components

Here is the procedure for using the Cut under item to remove the extrane-
ous frequency component.

Procedure
[C] step 1: Select Limiter from the bottom menu.

|:| Step 2: Press the CURSOR button on the front panel to select the
left/right vertical bar cursor. Using the numeric keys or the general
purpose knob, set the domain to remove the extraneous frequency
component.

|:| Step 3: Press the VALUE button on the front panel. Using the general
purpose knob or the numeric keys, set the limit level for the magnitude.
The limit level is displayed at the top the screen.

[] step 4: Select Cut under from the side menu. The frequency compo-
nent under the limit level is cut.

Deleting Even or Odd Components

Here is the procedure for using the Delete Even or Delete Odd item to
delete the even component or odd component in the discrete frequency
domain.

Procedure
[[] step 1: Select Limiter from the bottom menu.

[[] step 2: Press the CURSOR button on the front panel to select the
left/right vertical bar cursor. Using the numeric keys or the general
purpose knob, set the domain to delete the even component or odd
component.

|:| Step 3: Select Delete Even (even) or Delete Odd (odd) from the side
menu. The even or odd component within the left and right vertical bar
cursors is cut.

Figure 4A-167 shows the fundamental, even, and odd component.
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6.0mHz 70.00kHz

[4E

-1a

-2

=30

41

-0

-G

-0

N S S A

DC Even Component Odd Component

Figure 4A-167: Fundamental, Odd, and Even Components

Shifting Magnitudes

Here is the procedure for using the Shift Mag item to shift the magnitude to
the limit level.

Procedure
[] step 1: Select Limiter from the bottom menu.

D Step 2: Press the CURSOR button on the front panel to select the
left/right vertical bar cursor. Using the numeric keys or the general
purpose knob, set the domain to be used when shifting the magnitude.

D Step 3: Press the VALUE button on the front panel. Using the general
purpose knob or the numeric keys, set the limit level for the magnitude.
The limit level is displayed at the top the screen.

[] step 4: Select Shift Mag from the side menu. The entire area within the
left and right vertical bar cursors will shift so the signal with the maxi-
mum magnitude between the cursors becomes the limit level.
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SETUP Menu

General Description

The SETUP menu is used to set a variety of output parameters used during
actual output of the waveforms and sequence waveforms that have been
created with the editors. The menu can display output parameter values and
selected items in both text form and as a graphic (in other words, with items
connected in the form of a circuit).

When the power to the instrument is turned on, the SETUP menu appears
automatically. Also when the power is switched on, if you have select from
Disk or from NVRam in the Auto Load item of the LOAD/SAVE menu, all
the files on the disk or in the NVRam, whichever is selected, are loaded
automatically into internal memory. If the waveform or sequence file selected
with the SETUP menu was in internal memory the last time you switched off
the power, then that file is selected.

The bottom menu consists of seven items: the six output parameters that
you can set (Clock, Waveform Sequence, CH1 Operation, Filter, Ampli-
tude and Offset) and the Display item which allows you to set the format for
menu displays. To set these items, press the corresponding button in the
bottom menu and use the general purpose knob or the numeric keys to set
the desired value.

A waveform or sequence file that is created with the editor has the default

output parameters set in it. When the output parameters are changed with
the SETUP menu, the new settings are saved together with the waveform

data in the file.

When the operating mode is Autostep, the output parameters cannot be
changed at all. If the file is locked and the operating mode is any other
mode, the output parameters can be changed, but the changes are not
written to the waveform file. For further information on locking files, see
”Locking and Unlocking Files” item in the section on editors (Section 4A).

On instruments with Option 05 installed, the Clock setting can be used to
turn clock sweep on and off and specify the type of sweep. You can set the
type of sweep to linear, log or an arbitrary clock sweep created with the
clock sweep editor.

This section will discuss the menus found on standard AWG2005 models. If
Option 02 is installed on the instrument, there are two additional channels
(CH3 and CH4), making a total of four.
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SETUP Menu Figure 4B-1 shows the configuration of the SETUP menu.
Structure
MENU Button Bottom Menu Side Menu Select Item
Internal Clock
— Clock ™t (Clock Frequency Setting)
Internal
Sourcce {
External
— “é‘f’f’ggg ”37 ———————— Channel Selection
q (File Setting)
Normal
AM
—— CH1 Operation Add
External AM
External Add
Through
5 MHz
SETUP Filter Channel Selection 2 MHz
1 MHz
500 kHz
—— Channel Selection
_ Amplitude (Am,t:!tude Setting) i
— Track —| ©
CH1
—— Channel Selection
| Offset (Offset Setting)
9 Off
- ek
CH1
Graphics
— Displa M
piay L— Text

Figure 4B-1: SETUP Menu Structure

*1  For the Clock menu configuration on instruments with Option 05, see "Setting the Clock
Sweep.”

*2 Displayed when a channel other than CH1 has been selected.
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Menu Functions

SETUP Menu

The following table shows the function of each menu item and the page to
refer to for a more detailed explanation.

Table 4B-1: Menu Functions

Menu Function Page
Clock Setting clock source and frequency 4B-9
Waveform Sequence Selecting a waveform or sequence file 4B-7
CH1 Operation CH1 waveform operation 4B-11
Filter Setting ffilter 4B-16
Amplitude Setting amplitude 4B-17
Offset Setting offset 4B-17
Display Selecting the display format for the SETUP menu 4B-5
Clock (Option 05) Setting clock sweep 4B-19

SETUP Menu Display

for each callout follows.

GPIB

20. 66MHz

Min:

4 N v
- —]‘ IN /{/ CH1
o I R
hrough| : | 1.000Y 0.000Y
Period: 10.00us
Points: 200
Max: ©.5000v/50¢2

-0.5000v/500

?
®
4y

GAUSS_P.WFM

o

Figure 4B-2 shows the graphic mode for SETUP menu display. A description

Continuous mode Master Running

waveform
Sequence

CH1
M_D1SK_W. WFM

CH2
GAUSS_P. WFNM

4 - A
I/\/ CH2
1 — =0

1.0006Y 0.000%

Period: 204.8us

Points: 4096
Max: ©.50004/500
Min: -9.50004/50¢
CHI Filter |Amplitude| Offset

waveform
Clock Operation

Figure 4B-2: SETUP Menu (Graphic Mode)

Display

Text
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(1) Display Area for CH1 Waveform/Sequence Waveform

Shows the waveform or sequence file waveform indicated in the CH1 file
input column. If the file is locked, an L is shown in the upper right-hand
corner of this area.

(2) Clock Setting

Shows the clock source and the frequency for the internal clock. The clock
settings are the same for all channels.

(3) CH1 Output Parameter Settings

Shows the filter applied to output, the amplitude of the output waveform and
the offset setting. All of these values can be set independently for each
channel.

(4) Channel Output On/Off

Shows whether channel output is on or off. To turn channel output on or off,
use the channel On/Off button on the front panel.

(5) Output Parameter Status

The output status of the waveform or sequence waveform is shown as
follows:

Period: Period
Points: Number of data points
Max: Upper voltage for full scale vertical axis when
terminated with 50 Q
Min: Lower voltage for full scale vertical axis when
terminated with 50 Q

The period is the number of data points in the waveform or sequence,
multiplied by the clock frequency.

(6) CH1 Operation Setting

Shows the operation setting for the CH1 waveform.

(7) CH2 Output Parameters

Shows the CH2 output parameters (see CH1 output parameter display in (3)
above).
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Selecting the Display
Format for the SETUP

Menu
G??;’h?é's The SETUP menu can be displayed in either text or graphic form.

Text Graphics — This is the mode normally used. This format displays the output

parameters connected in the form of a circuit. Selected parameters are
indicated by a inverted display around them; these values may be changed.
See Figure 4B-2.

Text — This mode shows the output parameters in text form for each chan-
nel. It is convenient for printing a hard copy of the settings. See Figure 4B-3.

GPIB Contihuous mode Master |Running
Clock Waveform
20.06MHz2 Sequence
CH1 Locked  operation Normal Period: 10.00us ] CHT
Waveform/Sequence Filter [Throug Points: 206
mﬂﬁﬂaﬁﬂ- amplitude | 1.060V Max: 0.5000¥/50C  (HEERE]
Offset| 6.000V Min: -6.5600%/500
Output: Off
CH2
cHz2 Period: 204.8us GAUSS_P. WFM
Waveform/Sequence Filter[ S MHz Points: 4096 -
[ GADSS_P.WFM | amplitude | 1.000Y Max: 0.5000v/50¢
oOffset| 6.000Y Min: -6.5000%/5002
Output: Off
. Display
T aveform eyl Filter |Amplitude| ©Offset | Graphics
N IEG TN Operation

Figure 4B-3: SETUP Menu (Text Mode)

AWG2005 User Manual 4B-5



SETUP Menu

Selecting Output
Parameter Fields

There are three ways to select a parameter to set.

(1) Press the bottom button for the item to be set. Then select the channel
in the side menu and select the field to be set.

(2) Press the bottom button for the item to be set. Then press the bottom
button again; each time the button is pressed, the CURSOR will move to
a different channel. When you reach the desired setting field, set the
appropriate value.

() Press the CURSOR key on the front panel and select the field. When the
CURSOR key is pressed again, the cursor moves to the next setting
field for that channel.

Numeric Input

Use the numeric keys or the general purpose knob to input a numeric into
the Clock, Amplitude, and Offset item fields.

Procedure
[[] step 1: Press the bottom button for the item to be set.

|:| Step 2: Use the numeric keys or general purpose knob to input the
number for the parameter.

When using the numeric keys, press the front panel ENTER key, VALUE
key, or the appropriate unit key to enter the number. When this is done,
the value will be confirmed and will appear in the icon on the screen.

Each time the general purpose knob is turned, the numeric value is
entered. The value in the icon will change accordingly.
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Selecting a Waveform
or Sequence File

waveform
Sequence

The first step in setting the waveform output parameters is to select the
waveform or sequence file.

Each waveform or sequence file has output parameter settings attached to
it. When a file is selected, the output parameters are also automatically
changed to the settings for that file. A waveform or sequence file that has
just been created with the editor has the default output parameters set in it.

Clock 10.00 MHz (can also be set using the editor)
Operation NORMAL
Filter Through
Amplitude 1V
Offset oV
Procedure

To select a waveform or sequence file:

|:| Step 1: Select Waveform Sequence from the bottom menu. The wave-
form display area will be highlighted on the screen.

[[] step 2: Select the channel for setting in the side menu.

|:| Step 3: Turn the general purpose knob to open the file list. Use the
general purpose knob to select the desired waveform or sequence file
from the list.

AWG2005 User Manual
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Select wWaveform/Sequence

< CHIRP_S.WFM
D_EXP_P.WFM
EXP_P.WFM
GAUSS_P.WFM
LORENT_P.%FM

P_MOD_S.WFM
SAMPLE-1.WFM
SAMPLE-2.WFM
SAMPLE-3.%FM
SAMPLE-4.%FM

SAMPLE-3.5EQ

SINK_X_P.WFM

[] step 4: Atter the file has been selected, select O.K. in the sub-menu.
The selected file will be confirmed and the waveform and file name will
appear in the icon, as shown in the figure below.

When the file is confirmed, the output parameters for that file will be set
automatically.

When a sequence waveform is output, the output parameters for that se-
quence file are used.

NOTE

When a sequence file is selected, if the waveform or sequence file
making up the sequence is not in internal memory, the waveform
display area is blank and the output switch is off. In this case, you
must load the waveform or sequence file making up the sequence
into internal memory.
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Setting Clock Source
and Frequency

Clock

The Clock item is used to set the clock source and the clock frequency. The
clock source can be set to either internal or external. If the clock source is
set to External, there is no need to set the frequency.

The clock period is the time between the data points for the waveform
created. Therefore, the product of that clock period and the number of
waveform points is the period for that waveform or sequence waveform. For
example, suppose the clock frequency is 1 MHz (for a period of 1 usec). If
the waveform has 100 points, the period for the entire waveform is 100 usec.

100 psec

e

lusec

JUTUUULTUTUTR2AA

Figure 4B-4: Clock and Waveform Points

Procedure

To set Clock, perform these steps:

To set the Source to Internal and then set the clock frequency:
[] step 1: Select Clock from the bottom menu.

[C] step 2: Press the Source button in the side menu and set it to Internal.
The clock icon shown below will be displayed on the screen.

20. BOMHZ
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The clock frequency setting will be applied to all channels. However, the
setting will only be saved in the CH1 file.

NOTE

When Configure in the MODE menu is set to Slave, the clock
source will be set to External and it will be impossible to set the
internal clock without changing the Configure setting to Master.

|:| Step 3: Use the numeric keys or general purpose knob to set the
internal clock frequency with the Internal Clock item.

The clock frequency can be set in four digits between 10.00 MHz and
20.00 MHz.

When the CH1 waveform has been changed with the Waveform Se-
quence item, the clock frequency will be replaced with the one set for
the new CH1 waveform or sequence file.

To set the Source to External:

[[] step 4: Press the Source button in the side menu and select External.
The clock icon shown below will be displayed on the screen.

©—
Ext Clk in

The clock for each channel is controlled by the external clock input from the
CLOCK IN connector on the rear panel.
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CH1 Waveform
Operations

CH1
Operation

SETUP Menu

This command is used to operate (a) the CH1 waveform and the waveform
from CH2, or (b) the CH1 waveform and a waveform input from an external
source, and then to output the result from the CH1 output connector. Two
types of operation — addition (Add) or multiplication (AM) — can be per-
formed for the CH1 waveform and CH2 waveform or external signal.

Procedure

To set the desired operation process for the CH1 waveform:

[[] step 1: Select CH1 Operation from the bottom menu.

|:| Step 2: Select the desired process from the side menu. The following
choices are available:

Normal

AM

Add

External AM
External Add

The following is a more detailed description of each process:

®  Normal — Waveforms are output separately from each channel.

. AM — CH1 output is the CH1 waveform with the amplitude modulated
(multiplied) by the waveform output from CH2. See Figure 4B-5.
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CH1 Waveform CH1 Output CH1 Output Waveform
Multiplier Parameter Settings 1V
Amplitude 2V
Offset oV ov
-1V

CHZ2 Amplitude Setting
CH2 Waveform Amplitude 10V
/\/\ >
S 0V /\/\

-5V

Figure 4B-5: Multiplying CH1 Waveform by CH2 Waveform

A CH2 signal of 5 V (full scale) gives 100% modulation. When the CH2 signal
is minus, the CH1 signal is inverted.

NOTE

When multiplication results in an output that exceeds 10 Vp-p, the
signal may be distorted.

m  Add — The CH1 waveform is added to the waveform output from CH2.
See Figure 4B-6.
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CH1 Waveform

Adder

CH1 Offset Setting

Offset 0 V

v

ov /
-1V

CH1 Amplitude Setting
Amplitude 2V
CH2 Waveform

0.25Vv
ov
-0.25V

CH2 Amplitude Setting
Amplitude 0.5V

S>

—

v

ov

-1V

SETUP Menu

CH1 Output Waveform

Figure 4B-6: Adding CH1 Waveform and CH2 Waveform

NOTE

When addition results in an output that exceeds 10 Vp-p, the signal
may be distorted.

External AM — The CH1 waveform output is amplitude modulated by
the external signal input from the rear panel CH1 AM IN connector. See
Figure 4B-7.
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CH1 Waveform CH1 Output Waveform
o CH1 Output
Multiplier Parameter Settings 2.5V
>< Amplitude 5V
Offset ov = oV
-2.5V

External Waveform

1v
©
ov Extin
-1V

Figure 4B-7: Multiplying CH1 Waveform by an External Waveform

Table 4B-2 shows the amplitudes for the output signals relative to the exter-
nal modulation signals.

Table 4B-2: Output Signal Amplitude Relative to External Modulation

Signal
External Modulation Signal Output Signal
oV 50% of set value
1V 100% of set value
-1V 0%

100% amplitude modulation is possible with =1 V input.

NOTE

When the external modulation signal is overmodulated 1V or more,
the output will exceed 10 Vp-p and the signal may be distorted.

THe maximum signal that can be input to the CH1 AM IN connector is £5 V:
the input impedance is 10 kQ.
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m  External Add — The CH1 waveform output is what the CH1 signal is
added to the external signal input from the rear panel CH1 ADD IN
connector. See Figure 4B-8.

CH1 Waveform CH1 Output Waveform
1V Adder CH1 Offset Setting
OffsetOV |—>
oV / N L] oV
-1V _1V
CH1 Amplitude Setting
Amplitude 2 V

External Waveform

0.25Vv
ov ©
Ext

-0.25V

Figure 4B-8: Adding CH1 Waveform and External Waveform

NOTE

When addition results in an output that exceeds 10 Vp-p, the signal
may be distorted.

The maximum signal that can be input to the CH1 ADD IN connector is
+5V; the input impedance is 50 Q.
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Setting Filter

Filter

The filters selections are: 5, 2, 1 MHz, 500 kHz and Through (no filter).
Procedure
To set Filter, perform these steps:

D Step 1: Select Filter from the bottom menu. The filter icon will be high-
lighted on the screen.

—

[] step 2: Select the channel from the side menu.

D Step 3: Turn the general purpose knob to select the desired filter.

Setting Amplitude
and Offset

Use Amplitude and Offset to set the output amplitude and offset for the
vertical axis 12-bit full scale voltage. These values are terminated with 50Q.

Figure 4B-9 shows the display when the amplitude is set to 5 V and the
offsetis setto 1 V.

Max
3.500Y

1.000%

-1.5006Y
Min

Figure 4B-9: Amplitude and Offset Setting
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Setting the amplitude and offset determines Max and Min values shown to
the left of the waveform. In the example shown in Figure 4B-9, the Max and
Min values are as follows:

Max: 3.5000V/50Q
Min : —1.5000V/50€2

Setting Amplitude

’m‘ Procedure
[[] step 1: Select Amplitude from the bottom menu. The amplitude icon

will be highlighted on the screen.

1.000Y

[] step 2: Select the channel from the side menu.

|:| Step 3: Use the numeric keys or the general purpose knob to set the
amplitude. The output amplitude can be set to any value between 0.05 V
and 10 V in minimum increments of 1 mV.

NOTE

The amplitude set gives the top and bottom voltage values for the
waveform editor full-scale, not the peak-to-peak value of the wave-
form.

Setting Offset

Offsat Procedure
[[] step 1: Select Offset from the bottom menu. The offset icon will be

highlighted on the screen.

0.000Y

[] step 2: Select the channel from the side menu.

|:| Step 3: Use the numeric keys or the general purpose knob to set the
desired offset. The offset may be set to any value between —5V and
+5 V in minimum increments of 5 mV.
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Track
Off
CH1

Linking the CH1 Waveform and Amplitude or Offset

It is possible to link the amplitude and offset of CH1 with the corresponding
values for CH2 (and CH3 and Ch4 when Option 02 is installed). When such
linkages are set, changes to CH1 values will also be applied to the other
channel(s).

Procedure

Use the following procedure to link CH2 amplitude to CH1 amplitude. In
such cases, CH1 and CH2 have their own files one for each.

|:| Step 1: Select Amplitude from the bottom menu.
[[] step 2: Select CH2 from the side menu.

|:| Step 3: Press the Track key in the side menu and select CH1. The
linkage setting will appear below the CH2 amplitude icon.

1.0004
oCCHL

[] step 4: Select CH1 from the side menu.

|:| Step 5: Turn the general purpose knob to change the CH1 amplitude.
Check to make sure that the CH2 amplitude has changed accordingly.

The same procedure can be used to link the offset values for other channels
to the CH1 waveform. In such cases, the linkage setting will be displayed
below the CH2 offset icon.

T
/\v/
0.000Y

4=CH1
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Setting Clock Sweep

(Option 05)
Sgef!:p On instruments with Option 05 installed, you can set the clock sweep to
linear, log or an arbitrary clock sweep created with the clock sweep editor.

The clock resolution is 7-digit. Figure 4B-10 shows Clock in the SETUP
menu with Sweep (in the side menu) set to On.

GPIB Continuous mode Master Running
1 I\/ /\T\/ CH1 Clock
— 1 — W et L
Through| | [5.0007 ] | [0.0007 il Internal
P P Clock
Points: 1000 WAL T2
SINE.WFM Hormal Max: 2.5000Y/5002 Source
Sweep Mode Min: -2.5000Y/50¢ hal
Internal

Sweep Time | External
*1 . 0005 E——
Start Sweep
1.00000MHzZ : Off

Sto
20, b00oMHZz L

T CH2
1 Swee
i | Setup...
Through 3.000Y 0.000Y
Period: ---—
Points: 1000
TRIANGLE.WFM Max: 1.5000Y/500
Min: -1.5000¢/500
Display
_ Waveform CH1 : . . -
Sequence | Operation Filter |Amplitude| Offset

Figure 4B-10: Clock Menu Iltem with Sweep Set to On

The clock sweep uses the instrument’s built-in clock oscillator. Consequent-
ly, to set Sweep to On, Configure in the MODE menu must be set to Mas-
ter and Clock Source in the SETUP menu must be set to Internal. Sweep
cannot be set to On when the operating mode in the MODE menu is set to
Autostep.

When Sweep is changed from Off to On, the operating mode will change to
Cont no matter which mode has been set in the MODE menu (with the
exception of Autostep). An error will result if, prior to setting Sweep to On,
Clock Source in the SETUP menu is set to External or Configure in the
MODE menu is set to Slave.
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Sweep will change from On to Off in the following situations:
m If Configure in the MODE menu is changed from Master to Slave

m |f Clock Source in the SETUP menu is changed from Internal to Ex-
ternal

m  If the operating mode in the MODE menu is changed from Cont to a
mode other than Cont

The following diagram shows the configuration of the Clock menu when
Option 05 is installed:

Off
— Sweep 4[
On
— Start/ Stop
— Linear
L— Sweep Time
— Start / Stop
— Sweep Type — Log
— Sweep Time
— Select Sweep File
Clock — Sweep Setup... ——| — Arbitrary
— Dwell
— Continuous
— Sweep Mode — Gated
L— Triggered
L STOP
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setup...

Sweep Type

SETUP Menu

Setting the Sweep Type

From the side menu displayed in Figure 4B-10, select Sweep Setup... The
menu shown in Figure 4B-11 will appear.

GPIB Continuous mode Master Running
IN /{/ CH1 Clock
1l Lf_ — & -0/0-© N
Through| - | 5.000Y 0.000% Sweep Type
Period; ---—-- Linear
Points: 10660
SINE.WFM Rormal Max: 2.5000/50Q [ start/Stop
Sweep Mode Nin: -2.50009/50Q | | oooooma
- ’
SWeep Time 20.0000MH2
1.000s —
Start Sweep Mode
1.00000MHZ -
510_ Linear Continuous
20. 00aoMHZ
I/\/ Ay |2
__j,f_ I Go Back
Through| | 3.600Y 0.000Y
Period: -———- Sweep Time
Points: 1000
TRIANGLE.WFM Max: 1.50004/50% 1.000s
Min: -1.5000Y/50¢
Display
_ Waveform CH1 : : ey
Sequence | Operation Filter |Amplitude| Offset

Figure 4B-11: Menu Displayed When Sweep Setup... is Selected

With Sweep Type, you can select three types of sweep waveform:

m Linear Used to set a clock sweep in which the frequency
changes linearly

® Log Used to set a clock sweep in which the frequency
changes logarithmically

m  Arbitrary Used to set a file created with the clock sweep editor.

For further information on the clock sweep editor, see
Section 4A.
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Sweap Type
Linear

Sweep Type
Log

Sweep Type

Linear

StartsStop
10.0000RH2

15.0000MHz

Start/Stop
10.0000MHz

15.00000H

Sweep Time

Setting the Sweep Type to Linear or Log

When the clock sweep is set to Linear or Log, the sweep start and stop
frequencies and the sweep time can be set. The actual clock sweep wave-
form frequency will change in steps. Figure 4B-12 shows a Linear clock
sweep waveform. The vertical axis indicates the frequency and the horizon-
tal axis indicates time.

Stop Frequency —p

1 Ste
Start Frequency —p P

Sweep Time

Figure 4B-12: Linear Clock Sweep Waveform

With a Linear or Log clock sweep, the number of steps is fixed at 1000. The
sweep time refers to the time required for a single period from the start of
the sweep until the end of the sweep.

Procedure

Use the following procedure to set the clock sweep to Linear. The same
procedure is used to set the clock sweep to Log.

First, select the sweep type:

|:| Step 1: Press Sweep Type in the sub-menu and select Linear.

Next select the start and stop frequencies for the Linear clock sweep. You
can set these values anywhere between 0.03 Hz and 20 MHz.

|:| Step 2: Press Start/Stop in the sub-menu and select the start frequen-
cy (displayed on the upper side).

|:| Step 3: Using the numeric keys or the general purpose knob, set the
start frequency.

|:| Step 4: Using the same procedure, set the stop frequency.

Next set the sweep time. This value (Sweep Time) can be set to any value
between 1 ms and 65.535 s.

[] step 5: Select Sweep Time from the sub-menu.
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Arbitrary

SETUP Menu

D Step 6: Using the numeric keys or the general purpose knob, set the
value for sweep time.

Even if the sweep type is changed from Linear to Log, the values that have
been set for start/stop frequency (Start/Stop) and sweep time (Sweep
Time) will not change.

Figure 4B-13 shows an example of the screen for linear and log clock sweep
when the start and stop frequencies have been set to 10MHz and 15MHz,
respectively, and the sweep time has been set to 5s.

Sweep Mode Sweep Mode

Sweep Time | Sweep Time
5, 0005 5. 0005

Start Start
10. 0006NMHzZ 10. 0006MHZ

Stop Stop
15. 00OOMHZ 15. 0BOOMHZ

Linear Clock Sweep Log Clock Sweep

Figure 4B-13: Sample Linear and Log Clock Sweep Settings

Setting Sweep Type to Arbitrary

When the clock sweep is set to Arbitrary, a file created with the clock sweep
editor can be set. Such files are created by grouping frequency data and
hold bits. The file also includes a value for dwell time; this value can be
changed in the SETUP menu. Changes to this value are automatically
written to the clock sweep file.

Figure 4B-14 shows an arbitrary clock sweep waveform. The vertical axis
indicates the frequency and the horizontal axis indicates time.

Frequency

1 Step

Dwell Time —b F— J
1

Sweep Time
= Dwell Time x No. of Steps

Figure 4B-14: Arbitrary Clock Sweep Waveform

The number of steps for an arbitrary clock sweep waveform is set with the
editor to a value between 1 and 8192.
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Procedure
Use the following procedure to set the arbitrary clock sweep.

First, select the sweep type:

sweepType ™ gtep 1: Press Sweep Type in the sub-menu and select Arbitrary.
Arbitrary
Next, select the arbitrary clock sweep file.
Sﬂ::; |:| Step 2: Choose Select Sweep File from the sub-menu. A list of files
Flle created with the clock sweep editor will appear.

Select Sweep File

o
LIN_U-D.CLK
LOG_U-D.CLK
SAMPLE.CLK

Figure 4B-15: Clock Sweep File List

D Step 3: Using the general purpose knob, select the file.

Next set the dwell time (Dwell). The dwell time specifies how long a single
frequency is output. This value can be set to any value between 1 us and
65.535 ms.

Dwell [] step 4: Select Dwell from the sub-menu.

D Step 5: Using the numeric keys or the general purpose knob, set the
value for dwell time.

Figure 4B-16 shows an example of the screen when the dwell time for an
arbitrary clock sweep has been setto 1 ms.
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Sweep Mode

Continuous

Gated

Triggered

Sweep Mode

Sweep Mode

Sweep Mode

SETUP Menu

Sweep Mode
[we

1.090ns

Figure 4B-16: Sample Arbitrary Clock Sweep Setting

Setting the Sweep Mode

When Sweep is set to On, the mode will change to Cont no matter which
operating mode has been set in the MODE menu (with the exception of
Autostep). Sweep cannot be set to On when the mode is set to Autostep.

The trigger and gate signals used in sweep mode are the same as those
used in the MODE menu. The external trigger and gate signals are input
from the TRIGGER INPUT connector on the front panel. The internal trigger
and gate signals are generated by pressing the MANUAL button on the
front panel.

Any one of the following sweep modes can be selected with Sweep Mode
in the sub-menu. Use the general purpose knob or press the Sweep Mode
button to select the desired mode.

Continuous

In this mode, the sweep is output continuously. When the end of the sweep
data is reached, the sweep repeats from the beginning.

Gated

In this mode, the sweep progresses as long as the gate signal is valid.
When the gate signal becomes invalid, the frequency at the point the signal
became invalid is maintained. Only when the mode has been changed from
another mode to this mode or when STOP has been selected to return to
the beginning of the sweep is the instrument placed in standby status with
waveform output stopped. When the end of the sweep data is reached, the
sweep repeats from the beginning.

Triggered

In this mode, the sweep progresses until the step at which the hold bit has
been set, at which point the sweep is interrupted. During the interruption,
the oscillation frequency is maintained at the level for the step immediately
preceding the hold bit. The sweep is resumed when a trigger signal is
received. When Sweep Type is set to Linear or Log, the hold bit is set to the
first step. When Sweep Type is set to Arbitrary, the hold bit can be set to
an arbitrary step with the clock sweep editor.
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When the sweep mode is set to Gated or Triggered, the polarity and level of
the external trigger (gate) signal can be set in the MODE menu. See "Set-
ting Trigger Parameters for an External Trigger” in Section 4C "MODE
Menu.”

Stopping the Sweep
When the sweep mode is set to Gated or Triggered, selecting STOP in the

side menu under Clock while the clock sweep is in progress will cause the
sweep to stop and return to the beginning.

4B-26



MODE Menu

General Description

Press the MODE button in the MENU column to display the MODE menu.
The MODE menu is used to set the operating mode of the waveform output
with the conditions set in the SETUP menu.

This menu enables you to perform the following functions:
m  Setting waveform or sequence waveform output trigger mode

m Waveform Advance and Autostep functions that display the waveform
sequence with the trigger

m  Specifying whether the AWG2005 will be used as the master or slave
instrument (when several AWG2005 instruments are connected in
parallel)

The trigger or gate signal can be generated with external signals from the
TRIGGER INPUT connector or by pressing the front panel MANUAL button.

When this instrument receives the trigger or gate signal, the "Waiting for
Trigger” display in the status area of the CRT display changes to "Running”
and the waveform or sequence is output. When output stops, the status
area display returns to the original "Waiting for Trigger”.

The screen displays a contents list for each channel. This list shows the
waveform/sequence file selected with the SETUP menu and the contents of
the file. The display is almost the same for all operating modes.

AWG2005 User Manual
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MODE Menu Figure 4C-1 shows the configuration of the MODE menu.
Structure
MENU Button Bottom Menu Side Menu Select Item
—— Cont N
Sl E Positive
ope Negative
—— Triggered
9% — Level
-— STOP
Polari |: Positive
- Polanty Negative
— Gated
— Level
L STOP
S/ E Positive
MODE ope Negative
| Waveform Level '
Advance Continuous
Run—| Step
STOP
sl E Positive
ope Negative
— Level
Continuous
- -
Autostep Run L Step
| Select Autostep
File
-— STOP
Master
— Configure [
L Slave

Figure 4C-1: MODE Menu Structure
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MODE Menu

The following table describes the function of each of the menu items and

gives the number of the page on which you can find a more detailed ex-

planation of that item.

Table 4C-1: Menu Functions

Menu Function Page

Cont 4C-6
Triggered 4C-6
Gated Setting the operating mode 4C-7
Waveform Advance 4C-8
Autostep 4C-10

Slope 4C-13

Polarity Setting trigger parameters for an external trigger (gate) 4C-13

Level 4C-13

Run Waveform output conditions 4C-8, 4C-10

Select Autostep File Selecting autostep files 4C-12

STOP Stopping waveform output 4C-5
Configure Designating the system as master or slave 4C-14

AWG2005 User Manual
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MODE Menu Display

GPIB

(OD—C

Figure 4C-2 shows the general display for the MODE menu.

SN

Master|waiting for Trigger

CH1

Waveforn

@

o
L

SAMPLE-1. WFN

SAMPLE-1. WEM(]

Triggered mode

CH2

Sequence
SAMPLE-5. SEQ)

SAMPLE-1. WEM(T]

Triggered

Slope

. Negative

A

Level
1.4%

SAMPLE-4. WFM

©

v

sTop

waveform

Gated Advance

Slave

Configure
Autostep ‘

‘ Cont

Figure 4C-2: MODE Menu CRT Display

(1) Channel Display

Shows the channel for the waveform/sequence file names and lists.

(2) Waveform/Sequence

The name of the waveform or sequence file being output is shown for each
channel. This waveform or sequence file is selected with the SETUP menu
Waveform Sequence item. For Autostep mode, the name of the waveform
or sequence file for the current output step of the steps programmed with
the autostep editor is shown for each channel.

(3) List

The contents of the waveform or sequence files described in (2), above, are
displayed for each channel. In Waveform Advance mode, the name of the
file being output is displayed in the list inverted.

4C-4



MODE Menu

(4) Operating Mode Status
The operating mode set with the MODE menu is displayed.

There are five operating modes: Cont, Triggered, Gated, Waveform Ad-
vance and Autostep.

(5) System Status

When several AWG2005 instruments are connected in parallel, each one
must be designated as either a master or slave instrument. The designation
(Master or Slave) is shown in this area.

(6) Trigger Status

One of the following three trigger statuses is displayed in this column.

Stopped

Displayed when no waveform or sequence file has been defined with the
SETUP menu.

Waiting for Trigger
Displayed when the waveform or sequence file has been defined with the

SETUP menu and the system is waiting for the trigger or gate signal.

Running

Displayed when the trigger or gate signal is generated and the waveform is
output.

Setting the Operating

Mode

T

=

Select the operating (output) mode — either: Cont, Triggered, Gated trigger
mode, Waveform Advance mode, or Autostep mode — by pressing the
corresponding button in the bottom menu.

NOTE

The operating mode set with the MODE menu has no effect on
operating mode for function waveform generation (FG) mode.

In the operating mode excluding Cont, if the side menu STOP item is se-
lected during waveform output, the output is stopped and the system re-
turns to the start of the waveform or sequence.

The following pages provide descriptions of each operating mode.

AWG2005 User Manual
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Cont
Triggered

Cont Mode

As soon as Cont mode is selected, continuous output of the specified
waveform or sequence waveform begins. No side menu is displayed while
Cont is selected.

Triggered Mode

In Triggered mode, the specified waveform or sequence waveform is output
once for each trigger received. The trigger signal depends on the trigger
source. It can be generated from the external trigger signal applied to the
TRIGGER INPUT connector or by pressing the front panel MANUAL button.
During waveform output, if the MANUAL button is pressed or another exter-
nal trigger signal is generated, such a trigger has no effect.

When Triggered is selected, the following items will be displayed in the side
menu:

m  Slope
m |Level
m STOP

The Slope and Level items are used to set the trigger conditions for the
external trigger signal.

Figure 4C-3 shows the output waveform for an external trigger signal.

External Trigger Signal

Output Signal

Figure 4C-3: Output Waveform for External Trigger Signal in Triggered
Mode
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MODE Menu

Gated Mode

Use Gated mode to control waveform or sequence output with a gate sig-
nal.The gate signal depends on the gate source. It can be generated from
the external gate signal applied to the TRIGGER INPUT connector or while
the front panel MANUAL button is pressed.

While the front panel MANUAL button is pressed, the specified waveform or
sequence is output. When you let the MANUAL button go, the waveform
output stops. When you press the MANUAL button again, the waveform or
sequence output resumes from the level where it left off. While you are
pressing the MANUAL button, if you press any other button, the instrument
goes into the mode for the MANUAL button not being pressed.

The specified waveform or sequence waveform is output while a valid exter-
nal gate signal is being received through the TRIGGER INPUT connector.
After output stops, at the next external gate signal, the waveform or se-
quence resumes from the waveform level where it left off.

When Gated is selected, the following items will be displayed in the side
menu:

m  Polarity
m Level
= STOP

The Polarity and Level items are used to set the gate conditions for the
external gate signal.

Figure 4C-4 shows the output waveform for an external gate signal.

External Gate Sign:

Output Signa

Figure 4C-4: Output Waveform for External Gate Signal in Gated Mode
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waveform
Advance

Run
Continuous
Step

Waveform Advance Mode

When a sequence file has been designated in the SETUP menu, Waveform
Advance mode is used to advance a waveform in sequence each time a
trigger is received.

NOTE

Waveforms are output in line with the output parameters designated
in the SETUP menu for that sequence file.

When this instrument goes into Waveform Advance mode, it waits for a
trigger to be generated. This trigger can be generated from the external
trigger signal applied to the TRIGGER INPUT connector or by pressing the
front panel MANUAL button.

When Waveform Advance is selected, the following items will be displayed
in the side menu:

m  Slope
= Level
®  Run

m  STOP

The Slope and Level items are used to set the trigger conditions for the
external trigger signal.

Waveform Output Conditions

The Run item in the side menu is used to set the output conditions for the
waveform. When you press the Run button, you can select either Continu-
ous or Step.

Continuous — In this mode, the first waveform is output over and over
again for each channel when a trigger signal is received. When the next
trigger signal is received, output of the first waveform stops after the end
point of that waveform and then the second waveform is output in the same
manner. The next waveform is not started at the moment a trigger is re-
ceived, but rather at the completion of the previous waveform.

In this way, waveforms are output for each channel one by one in sequence
each time a trigger signal is received. When a trigger signal is received while
output of the last waveform is in progress, the output stops at the end point
of that waveform and then the process begins again from output of the first
waveform. Each channel operates independently according to the number
of waveform points.

Step — In this mode, the first waveform is output on each channel when a
trigger signal is received, but only for the number of times set with Repeat in
the sequence editor. The next waveform is output when the next trigger
signal is received. Other operations are the same as Continuous output.
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Figure 4C-5 shows a waveform output in response to an external trigger
signal for both Run settings (Continuous and Step).

Sequence File

File Name N°'. 9f OUtP!‘t Waveform
repetitions Conditions
WAVE—1.WFM 2 /\/
Amplitude 2 V
Offset0 V
’_
WAVE-2.WFM 2
L

External Trigger
Signal

Output Signal (1)

Run Set to
Continuous

Output Signal (2)
Run Set to Step

—

1v

WAVE1.WFM WAVE2.WFM

il

WAVE1.WFM

v

i

| WAVE1.WFM | WAVE2.WFM |WAVE1.WFM

Figure 4C-5: Waveform Output in Response to External Trigger Signal
(when Run is set to Continuous and Step)
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Autostep

Run
Continuous
Step

Autostep Mode

Use Autostep mode to start an Autostep file created with the EDIT menu
Autostep editor. An Autostep file stores a program that specifies a waveform
or sequence file (including output parameters) for each channel for each
step.

Autostep mode resembles Waveform Advance mode, in which, each time
a trigger is received, the display advances one waveform. However, in this
mode the output parameters for each waveform change as well. The operat-
ing mode for each step can be set with the waveform output conditions to
either Continuous or Step, as in the case of Waveform Advance mode.
Just as in other operating modes, the Autostep mode trigger signal can be
generated from the external trigger signal or by pressing the front panel
MANUAL button.

NOTE

During Autostep mode, changes to the output parameters with the
SETUP menu have no effect whatever.

When Autostep is selected, the following items will be displayed in the side
menu:

= Slop

m Level

®  Run

m  Select Autostep File
m STOP

The Slope and Level items are used to set the trigger conditions for the
external trigger signal. During waveform output, if STOP is selected from the
side menu, the waveform output is stopped immediately and the system
returns to the start of the Step:1 waveform or sequence.

Waveform Output Conditions

The Run item in the side menu is used to set the output conditions for the
waveform. When you press the Run button, you can select either Continu-
ous or Step.

Continuous — In this mode, the programmed Step:1 waveform is output
over and over again when a trigger signal is received. When the next trigger
signal is received, output of the Step:1 waveform stops after the end point of
that waveform and then the Step:2 waveform is output in the same manner.
The waveform is started at the moment a trigger is received.

In this way, the current waveforms advance for each channel one by one in
sequence each time a trigger signal is received. When a trigger signal is
received while output of the last waveform in the step is in progress, the
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output stops at the end point of that waveform and then the process begins
again from output of the Step:1 waveform. Each channel operates indepen-
dently according to the number of waveform points.

Step — When a trigger signal is received, the Step:1 waveform for each
channel is output once; when the next trigger signal is received, the Step:2
waveform is output (once). When the next trigger signal is received while
waveform output is in progress, output stops after the end point of that

waveform and then the waveform for the next step is output.

Figure 4C-6 shows a waveform output in response to an external trigger
signal for both Run settings (Continuous and Step).

Autostep File

Output

Step File Name Conditions Waveform

Amplitude 2 V

Step:1 WAVE-1.WFM
Offset0 VvV
Amplitude 3V

Step:2 WAVE —2.WFM P
Offset 0V L
Amplitude 4 V

Step:3 WAVE-1.WFM
Offset0 Vv

External Trigger

il

|

Signal
2V
Output Signal (1)
Run Set to
Continuous
-2V
‘ Step:1 Step:2 Step:3
2V
Output Signal (2)
Run Set to Step
-2V
Step:1 ‘ Step:2 Step:3

Figure 4C-6: Waveform Output in Response to External Trigger Signal
(when Run is set to Continuous and Step)
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Starting an Autostep Program

D Step 1: Select Autostep from the bottom menu.

Aﬁfl,es‘ifap [] step 2: Choose Select Autostep File from the side menu. When this

File item is selected, the list of autostep files created with the autostep editor
is displayed. See Figure 4C-7.

Select Autostep file

" ] SAMPLE-1.A5T [
SAMPLE-2.A5T
SAMPLE-3.45T

Figure 4C-7: Autostep File List

|:| Step 3: Use the general purpose knob to select the file to start from the
displayed list of autostep files.

D Step 4: After selecting the file, to enter the selection, select O.K. from
the sub-menu. To cancel the file selection, select Cancel from the sub-
menu. When you select O.K., the autostep program starts.
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Setting Trigger
Parameters for an
External Trigger
(Gate)

Slope
I Positive

SPosltve

Lavel

" Negative

Palarity

SNegative

The external trigger (gate) signal is input from the TRIGGER INPUT connec-
tor on the front panel. The input impedance is 10 k2 and the maximum
input voltage is =10 V.

Use the Slope or Polarity, and Level items in the side menu of the MODE
menu to set trigger (gate) parameters for an external trigger (gate) signal.

Slope — This item sets the slope for the external trigger signal. Press the
Slope button in the side menu and select either Positive or Negative. When
Positive is selected, the output is triggered at the rising edge of the external
trigger signal; when Negative is selected, the output is triggered at the
falling edge of the external trigger signal.

Polarity (Gated mode) — This item sets the polarity for the gate that outputs
the waveform or sequence with an external gate signal. Press the Polarity
button in the side menu and select either Positive or Negative. When
Positive is selected, the waveform or sequence is output while the level of
the gate signal is higher than the gate level set with the side menu Level
item. When Negative is selected, the waveform or sequence is output while
the level of the gate signal is lower than the set gate level.

Level — This item sets the trigger (gate) level for an external trigger (gate)
signal. Press the Level button in the side menu, then set the level with the
numeric keys or the general purpose knob. The trigger (gate) level can be
set in the range —5.0 V10 5.0 V in steps of 0.1 V.

Positive-Going Edge Negative-Going Edge

Trigger
Level
Can be
Adjusted
Vertically

Trigger Slope Can be Positive or Negative

Figure 4C-8: Slope and Level Controls
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Designating the
System as Master or
Slave

Configure .. . .
Mas?er Use this item to control input and output of the control and clock signals.
Slave This setting is needed when several AWG2005 instruments are connected in
parallel. When AWG2005 instruments are connected in parallel, loop-
through connection should be used, as shown in Figure 4C-9. The end
termination for loop-through connection should be 50 €.
Master Slave 1 Slave 2
_ _D _ i _
|_| | Il A |—| | Il A
CLOCK IN CONTROL SIG OUT CLOCK IN CONTROL SIG OUT
o 8 8 CLOCK oUT O o CLOCK oUT O g CLOCK oUT
45 # +
[0flo_ o o o | oo |
] T ] S ]
CONTROL \. CONTROL \. CONTROLE ﬁ
SIG oUT SIG IN SIG IN
50Q Cable L 50Q Cable

50Q Termination

Figure 4C-9: AWG2005 Parallel Operation

NOTE

During parallel operation, the waveforms that are output should
have the same point size. The waveform will not be output as
desired if the point sizes are different.

When you press Configure in the bottom menu, you can select either
Master or Slave.

Master — The instrument sends control and clock signals to slave AWG2005
instruments connected to it in parallel. Control signals and clock signals are

output from the CONTROL SIG OUT and CLOCK OUT connectors, respec-
tively, on the rear panel. The Master setting is also used when the AWG2005
instrument is to be used independently.

Slave — The instrument receives control and clock signals from the master
AWG2005 instrument connected to it in parallel. No control signals or clock
signals are output from the CONTROL SIG OUT and CLOCK OUT connec-
tors on the rear panel. By selecting Slave, the clock source setting in the
SETUP menu is automatically set to external clock.
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General Description

Press the LOAD/SAVE button in the MENU column to display the LOAD or
SAVE menu. Press the Load or Save button in the bottom menu to display
the desired menu.

Use the LOAD menu to load files into internal (random access) memory
from the instrument’s internal non-volatile RAM memory (NVRam), from a
floppy disk (Disk), or from another instrument through the GPIB interface.

NOTE

In this section, the internal non-volatile memory and the floppy disks
are referred to as mass memotry.

The SAVE menu provides the opposite function, the ability to save files from
internal memory of the instrument to mass memory.

NOTES

When a sequence file is loaded or saved with the LOAD/SAVE
menu, the waveforms and sequence files used in that sequence file
are also loaded or saved.

AWG2005 User Manual
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Memory Capacity When you exit from the EDIT menu, the files you created with the editors are
saved into the AWG2005 internal memory (RAM). Up to 400 files (depending
on size) can be saved in the internal memory.

NOTE

The data in this instrument’s internal memory is lost when the
power is switched off. Therefore, you must save any necessary data
to mass memory.

Like internal memory, the AWG2005 internal non-volatile memory (NVRam)
can hold up to 400 files. The NVRam has 512 Kbytes, almost all of which is
used for saving files. The contents of this memory are retained even when
the power is switched off.

The capacity of a floppy disk depends on its format. Disks can use directory
hierarchies and files can be stored in each of the directories. The extension
for a directory is .DIR. For further information on creating directories, see the
explanation in "Using the Disk Menu” in Section 4E, "UTILITY Menu.”

Figure 4D-1 shows the relationship between loading and saving and the
different types of memory.

AWG2005

....................................................................................

Internal Memory

Load

Save

Mass Memory

|
(]

Y

TS Digital Storage Oscilloscope

Figure 4D-1: Relationship Between Memory and Execution of Load/Save
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LOAD/SAVE Menu Figure 4D-2 shows the configuration of the LOAD/SAVE menu.

Structure

MENU Button Bottom Menu Side Menu

Load
LoadgE Load All
Change Directory

Save
Save Save All
Change Directory
Save as ASCII *1
Load
Load——|
| Load All
—— NVRam
Sa Ve{ Save
Save All

/— Load
— GPIB Load Load Without
L Preamble

Select Source
from Disk
L Auto Load { from NVRam
off

Address
Figure 4D-2: LOAD/SAVE Menu Structure

Bottom Menu Side Menu

— Disk

—— Device

LOAD/SAVE

*1  This item is displayed when an equation file (.EQU) has been selected in the list of files
contained in the instrument’s internal memory.

The following table describes the function of each of the menu items and
gives the number of the page on which you can find a more detailed ex-
planation of that item.

Menu Functions

Table 4D-1: Menu Functions

Menu Function Page
Device Selecting the device 4D-6
Load Loading files from mass memory into internal memory 4D-8
Save Saving files form internal memory to mass memory 4D-10
GPIB Transferring waveform data directly 4D-12
Auto Load Auto loading 4D-15
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LOAD Menu Display Figure 4D-3 shows the general display for the LOAD menu. A description for
each callout follows.

GPIB Triggered mode Master|Stopped

Catalog : Memory Free : 2372KB Load

Mame Type Size Date & Time Comment
CHIRP_S WFM 17332 03-11-12 12:32
DEXPP WFM 20048 93-11-12 12:33 Load
EXP_P WFM 9146 93-11-12 12:33
GAUSS_P  WFM 9140 93-11-12 12:33
LORENT_P WFM 9140 93-11-12 12:33
@*» M_DISK_W WFM 1348 93-11-12 12:34
P_MOD_S WFM 2006 93-11-12 12:34 Load All
SINC.X_P WFM 32048 03-11-12 12:37
SQU_SIN WFM 9140 93-11-12 12:36

Catalog : N¥Ram Free : 13KB
Name Type  Size Date & Time Comment [ ]
SAMPLE-1 WFM 2948 93-11-11 12:00 1
SAMPLE-2 WFM 2048 93-11-11 12:03
SAMPLE-3 WFM 2048 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12:11
@7> SAMPLE-4 WFM 2048 93-11-11 12:18
SAMPLE-S SEQ 960 93-11-11 12:13
SAMPLE-6 AST 554 03-11-11 12:15
Device Load Save Auto Load
CINWRam Off
GPIB Triggered mode Master|Stopped
Catalog : Memory Free : 2372KB Load

Mame  Type Size Date & Time Comment

CHIRP_S WEM 17332 93-11-12 12:32
D_EXP_P  WFM 20048 93-11-12 12:33 Load
EXP_P WFM 9146 93-11-12 12:33
GAUSS_P  WFM 9140 93-11-12 12:33

LORENT P WFM 9140 93-11-12 12:33 Load
M_DISK_W WFN 1248 93-11-12 12:34 .
P_MOD_S WFM 2996 93-11-12 12:34 without
SINX_X_P WFM 32048 93-11-12 12:37 Preamble
SOU_SIN WFN 140 93-11-12 12:36 —_—
Catalog : GPIB
Mame Loaded as ("
Tek TDS CH2 TDSCH2  WRM
Tek TDS CH3 TDSCH3  WFM
Tek TDS CH4 TDSCH4  WFM
@—’ Tek TDS REF1 TDSREF1 WFM
Tek TDS REF2 TDSREF2  WFM —_—
Tek TDS REF3 TDSREF3  WFM Select
Tek TDS REF4 TDSREF4  WiFM Source
Tek 2400 CH1 2400CHT  WFM
Address
Device Load Auto Load
GPIB Off

Figure 4D-3: LOAD Menu CRT Screen Display
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(1) Internal memory file list

This is a list of the files currently loaded into internal memory. The list shows
the file names, the file types, file sizes (in bytes), the date and time the file
was created, and a comment. The space remaining in internal memory, into
which files can be loaded, is displayed in the upper right-hand corner of the
list.

For the LOAD menu, when a file is loaded into internal memory from mass
memory or from another instrument through the GPIB interface, that file is
added to this list.

For the SAVE menu, you can select files to save from this list to mass
memory.

(2) Mass memory file list

This list is displayed when mass memory has been selected for Device. It
contains all files that have been saved to mass memory. The file data is the
same as in (1), above.

For the LOAD menu, you can select files to load from this list to the
AWG2005 internal memory.

For the SAVE menu, when a file is saved from internal memory of the instru-
ment to mass memory, the saved file is added to this list.

(3) GPIB file list

This list is displayed when GPIB has been selected for Device. It shows all
other instruments connected to this instrument through the GPIB interface.
Waveform data can be sent to the internal memory of this instrument from
the instruments shown in this list. When waveform files are loaded in this
manner, a name appears in the "Loaded as” column.

AWG2005 User Manual
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Selecting the Device

Device Use Device to select the source from which files are loaded into the
AWG2005 internal memory and the destination to which files are saved from
internal memory. You may select Disk, NVRam or GPIB.

Procedure
[] step 1: Select Device from the bottom menu.
|:| Step 2: Select Disk, NVRam or GPIB from the side menu.

The following items are listed in the side menu:

i Disk — A floppy disk. Files are saved to or loaded from a floppy disk in-
Dik serted into the floppy disk drive on the right side of the instrument.
[ NVRam — The instrument’s internal non-volatile RAM.
mWRam
o= GPIB — The GPIB interface. Used to transfer waveform data directly from
_*'® __ another instrument to this instrument through a GPIB cable.

To transfer waveform data through the GPIB interface, the remote port must
be set to GPIB and the GPIB operating mode must be set to Waveform
Transfer. If this is not done, the following message will appear when you
select the GPIB item:

The GPIB configuration is not "Waveform Transfer”
and the Remote Port is not "GPIB”.

Are you sure of changing the parameters
to match the transfer operation ?

Selecting O.K. in the sub-menu at this point will cause these items to be set
to the above items automatically.

Table 4D-2 shows a list of instruments for which direct transfer of waveform
data to this instrument is supported.

4D-6



LOAD/SAVE Menu

Table 4D-2: Supported Instruments

Manufacturer

Model

Tektronix

TDS Series Digital Storage Oscilloscope
TDS300 Series, TDS400 Series, TDS500 [A] Series, TDS600 [A] Series

2400 Series Digital Storage Oscilloscope
2430 [A], 2432, 2440

2200 Series Digital Storage Oscilloscope
2212, 2221A, 2224, 2232

11K Series Digital Storage Oscilloscope
11201 [A], 11401, 11402 [A], 11403 [A]

DSA Series Digitizing Analyzer
DSA601 [A], DSAG02 [A]

RTD720 Waveform Digitizer

9500 Series First Data Cache
9503, 9504 (Use together with RTD710 [A])

Sony Tektronix

RTD710 Series Waveform Digitizer
RTD710[A]

AWG2000 Series Arbitrary Waveform Generator
AWG2005, AWG2020, AWG2040

AFG2020 Function Waveform Generator

Hewlett Packard

54600 Series Digital Storage Oscilloscope
HP54501A, HP54502A, HP54503A, HP54504A, HP54510A

54500 Series Digital Storage Oscilloscope
HP54600A, HP54601A, HP54602A

LeCroy

94x0 Series Digital Storage Oscilloscope
9410, 9414, 9420, 9424, 9430, 9450

Yokogawa Electric

DL1000 Series Digital Storage Oscilloscope
DL1100, DL1200 [E]

AWG2005 User Manual
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Loading Files from
Mass Memory into
Internal Memory

Load

If Disk or NVRam has been selected for Device, the LOAD menu appears
when the Load item in the bottom menu is selected. See Figure 4D-4. The
internal memory file list is displayed on the upper screen and the list of files
saved onto mass memory is displayed on the lower screen.

GPIB Triggered mode Master|Stopped
Catalog : Memory Free ; 2372KB Load
Name Type  Size Date & Time Comment

CHIRP_S WFM 17332 93-11-12 12:32
D_EXP_P WFM 20048 93-11-12 12:33 Load
EXP_P WFM 9140 93-11-12 12:33
GAUSS_P  WFM 9140 93-11-12 12:33
LORENT_P WFM 9148 93-11-12 12:33
M_DISK_W WFM 1348 92-11-12 12: 34
P_MOD_S WFM 2996 93-11-12 12:34 Load All
SINX_X_P WFM 32948 93-11-12 12:37
SOU_SIN WFM 9140 93-11-12 12:36
Catalog : Disk Free : 631KB
Mame  Type Size Date & Time Comment "]

SAMPLE-1 WEM
SAMPLE-2 WFM
SAMPLE-3 WFM
SAMPLE-4 EQU
SAMPLE-4 WEM
SAMPLE-5 SE()
SAMPLE-6 AST

2048 93-11-11 12:00
2948 93-11-11 12:03
2048 93-11-11 12:09
296 93-11-11 12:11
2948 93-11-11 12:10
9606 93-11-11 12:13
554 93-11-11 12:15

Change
Directory
Device Load Save Auto Load
[ Disk Off

Figure 4D-4: LOAD Menu

Procedure

To load files into internal memory from mass memory, perform these steps:
[] step 1: Select Device from the bottom menu.

[] step 2: Select Disk or NVRam from the side menu.

When the Device is Disk, the Change Directory item is displayed on
the side menu. When this item is selected, the current directory can be
changed. This item is the same as the Change Directory item on the
UTILITY menu. See the explanation in "Using the Disk Menu” in Section
4E, "UTILITY Menu.”

There is no directory hierarchy for the NVRam.

[] step 3: Select Load from the bottom menu.
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|:| Step 4: Use the general purpose knob to select files to load into internal
memory from the mass memory file list.

[] step 5: Select Load from the side menu. The selected file is loaded into
internal memory.

When Load All is selected from the side menu, all the files in the speci-
fied mass memory (for a disk, the current directory) are loaded into
internal memory.

NOTE

When Load or Load All is executed, if there is already a file in
internal memory with the same name as a file to be loaded, the
system displays a message asking you whether or not to overwrite
the file now in internal memory with the one being loaded. Answer
O.K. or Cancel.
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Saving Files from
Internal Memory to
Mass Memory

Save

If Disk or NVram has been selected for Device, the SAVE menu appears
when the Save item is selected from the bottom menu. See Figure 4D-5.
The same as for the LOAD menu, the internal memory file list is displayed
on the upper screen. From this list, you select the file to be saved to mass
memory.

GPIB Triggered mode Master|Stopped

Catalog : Memory Free : 2372KB Save
Mame  Type Size Date & Time Comment "]
D_EXP_P WFM 20048 93-11-12 12:33
EXP_P WFM 9146 93-11-12 12:33 Save

GAUSS_P  WFM 9146 93-11-12 12:33
LORENT_P WFM 9148 93-11-12 12:33
M_DISK_W WEM 13

P_HMOD_S WFM 2006 03-11-12 12:34
SINK.X_P WFM 32048 93-11-12 12:37 save All
SOU_SIN WFM 0140 93-11-12 12:36
STAIR.M WFM 2048 93-11-12 12:36

Catalog : NYRam Free : 13KB
Mame  Type Size Date & Time Comment

SAMPLE-1 WFM 2048 93-11-11 12:00 I

SAMPLE-2 WFM 2948 93-11-11 12:03

SAMPLE-3 WFM 2048 93-11-11 12:09

SAMPLE-4 EQU 206 93-11-11 12: 11

SAMPLE-4 WFM 2948 93-11-11 12:18

SAMPLE-5 SEQ 960 93-11-11 12:13

SAMPLE-6 AST 554  93-11-11 12:15

Device Load Save Auto Load
CINWRam Off
Figure 4D-5: SAVE Menu
Procedure

To save files into mass memory from internal memory, perform these steps:
[] step 1: Select Device from the bottom menu.
[] step 2: Select Disk or NVRam from the side menu.

The same as for the LOAD menu, when the Device is Disk, Change
Directory is displayed on the side menu and the current directory can
be changed.

Step 3: Select Save from the bottom menu.

O d

Step 4: Use the general purpose knob to select the file to be saved to
mass memory from the internal memory file list.

4D-10



LOAD/SAVE Menu

[[] step 5: Select Save from the side menu. The selected file is saved to
the specified mass memory (for a disk, the current directory).

When Save All is selected from the side menu, all the files in the internal
memory are saved to the specified mass memory.

NOTE

When Save or Save All is executed, if there is already a file in the
mass memory with the same name as a file to be saved, the system
asks you if you want to replace the file now in mass memory with
the one to be saved. Answer either O.K. or Cancel.

Saving Data in Text Format

Save The Save as ASCII item appears in the side menu when an equation file
as ASCII (.EQU) has been selected from the list of files in internal memory and Disk
has been selected for Device. Use this item to save the (binary format) data
in the equation file in MS-DOS text format. Files saved in this manner are
denoted by the extension .EQA after the file name. See page 4D-16 for
further information on .EQA files.

The following items are written to the data of files saved in text format:

File Data Description
# COMMENT: <comment> The comment written to the selected
equation file (.EQU), if any
# WAVEFORM POINTS = The setting for number of waveform
<point count> points (Waveform Points)
Calculation formula

When comments and waveform point sizes are written to .EQA files as noted
above, these are reflected in the equation files (.EQU) created when the
.EQA files are loaded to this instrument.
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Transferring
Waveform Data
Directly

[
GPIB

When GPIB has been selected for Device, waveform data can be trans-
ferred directly to this instrument from supported digital storage oscillo-
scopes, etc. through the GPIB interface. See Table 4D-2 for a list of
supported instruments.

Loading Waveform Data

To load a waveform file directly to this instrument from one of the instru-
ments for which direct transfer of waveform data is supported:

Procedure

[] step 1: Using a GPIB cable, connect this instrument to the instrument
from which waveform data is to be transferred, as shown in Figure 4D-6.

GPIB Cable
IEEE STD 488
Connector / / GPIB
Connector
AWG2005 Digital Storage
Oscilloscope
Il 520
18] [ . - - R OH
e Se— 9000 ©®

Figure 4D-6: Connecting Instruments

|:| Step 2: Create the waveform to be transferred on the other (source)
instrument.

[] step 3: Select Device from the bottom menu.
[C] step 4: Select GPIB from the side menu.

A message will be displayed when Remote Port [UTILITY (MENU)
—Misc (bottom menu) — Config... (side menu) — Remote Port (sub-
menu)] is set to RS232C or when GPIB is set to anything other than
Waveform Transfer. Pressing O.K. in response to this message will
cause these settings to be automatically changed to GPIB and Wave-
form Transfer, respectively, and the instrument will be ready for direct
waveform transfer through the GPIB interface.

[[] step 5: Select Load from the bottom menu.
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Load
without
Preamble

LOAD/SAVE Menu

D Step 6: Using the general purpose knob, select the channel and the

name of the instrument from which the data will be loaded from the
”Name” column in the GPIB Source list at the bottom of the screen.
When waveform data is loaded into the internal memory of the
AWG2005, a waveform file will be created with the name shown in the
"Loaded as” column. Figure 4D-7 shows the GPIB Source list.

Catalog : GPIB Source

Name Loaded as 9
Tek TDS CH1 TDSCHT  WRM
Tek TDS CH2 TDSCH2  WRM
Tek TDS CH3 TDSCH3  WRM
) WFM
Tek TDS REF1 TDSREFT  WFM
Tek TDS REF2 TDSREF2  WFM
Tek TDS REF3 TDSREF3  WFM
Tek TDS REF4 TDSREF4  WFM
Tek 2460 CH1 2400CHT  WFM

Figure 4D-7: GPIB Source List

Step 7: Choose Select Source Address from the side menu and, using
the general purpose knob, select the GPIB address for the instrument
from which data is to be loaded.

Step 8: Select Load from the side menu.

Data transfer will begin and the transferred file will be added to the list of
files stored in internal memory at the top of the screen, under the name
shown in the "Loaded as” column.

Data transfers can include not only waveform data but output settings
such as clock frequency and amplitude as well. When the clock frequen-
cy and amplitude exceed the allowable setting range in the SETUP
menu, these values will be replaced with the nearest allowable value (in
other words, the maximum or minimum value).

When Load Without Preamble from the side menu is selected, wave-
form data is loaded by itself, i.e. without output settings. In such cases,
the output parameters are set to their default values.

AWG2005 User Manual
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Selecting Instruments Made by Other Manufacturers

The following procedure is used to select digital storage oscilloscopes made
by other manufacturers. The procedure up to Step 5 is the same as that for
"Loading waveform data”, above.

Procedure

D Step 1: Using the general purpose knob, select Others... from the
GPIB Source list.

D Step 2: Press the Load button in the side menu. A list of models will
appear.

Catalog : GPIB Source

Narme Loaded as ]

54600 CH1 54600CH1 WEM
54600 CH2 54600CH2 WFM
54600 CH3 54600CH3 WFM
54600 CH4 54600CH4 WFM

54560 CH1 54500CH1 WFM
54500 CH2 54500CH2 WFM
54500 MEM1 54500M1  WEM
54500 MEM2 54500M2  WFM

VLTI O

Figure 4D-8: List of Supported Models Made by Other Manufacturers

NOTE

Contact a Tektronix sales office in the event that waveform transfer
is not possible from an instrument made by another manufacturer,
due to an upgrade or other change.

|:| Step 3: Using the general purpose knob, select the instrument in the list
from which data will be loaded.

[] step 4: Choose Select Source Address from the side menu and then

use the general purpose knob to select the GPIB address for the instru-
ment from which files will be loaded.

[] step 5: Select Load from the side menu. Data transfer will be per-
formed and the waveform file will be added to the list of files stored in

internal memory at the top of the screen, under the name shown in the
"Loaded as” column.
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Auto Loading

Auto Load

from Dlck

from MyRam

Off

Use the side menu of the Auto Load to automatically load files from the
mass memory into the internal memory when the instrument is switched on.

Procedure
[C] step 1: Select Auto Load from the bottom menu.

|:| Step 2: Select an item from the side menu. Here are explanations of
these items.

From Disk — When this instrument is switched on, files are loaded
automatically from the floppy disk to the internal memory of the instru-
ment . In this case, all the files in the AWG2005 directory are loaded. If
there is no AWG2005 directory, no auto load is carried out. This directo-
ry can be created with Disk on the UTILITY menu. For details, see the
explanation in "Using the Disk Menu” in Section 4E "UTILITY Menu.”

From NVRam — When this instrument is switched on, all the files in the
non-volatile memory are loaded automatically into the internal memory.

Off — Switches off auto loading.

When from Disk or from NVRam is selected from the side menu, ad-
vance the procedure below.

|:| Step 3: Switch the AWG2005 power off, then on again. Double check
that files are automatically loaded from mass memory to internal
memory in the way you selected from the side menu.

AWG2005 User Manual
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Supported Floppy
Disk Files

Table 4D-3 shows a list of file name extensions denoting the type of disk files
that can be loaded to the internal memory of the AWG2005.

Table 4D-3: Supported Floppy Disk Files

Extension

Description

Result of Load Operation

ISF

Waveform data files saved in
ISF format (Instrument Specif-
ic Format) using the waveform
save function in the S34TDS1
Data Manager software

WVN

Waveform data files saved us-
ing the waveform save function
in the S37UTO1 Utility software.

WFB

Waveform data files saved in
binary format on a DSA600A
series instrument

WFM

Waveform data files created in
a TDS series instrument

ISF, .WVN, .WFB and .WFM
files are automatically con-
verted into .WFM files in the
AWG2005 instrument’s inter-
nal format and then stored in
internal memory. When this is
done, except for the .WFM
file, the name of the file is re-
tained as is, with only the ex-
tension changed to .WFM. In
the .WFM file, file name and
extension are as it is.

.EQA

Equation files in MS-DOS text
format created in a PC editor,
etc.

.EQA files are automatically
converted into .EQU files in
the AWG2005 instrument’s in-
ternal format and then stored
in internal memory. When this
is done, the name of the file is
retained as is, with only the
extension changed to .EQU.
When the following items are
written to the .EQA file, these
items are reflected in the
.EQU file.

# COMMENT: <comment>

# WAVEFORM POINTS =
<point count>

All of these files are displayed in the Catalog menu screens for Disk in the
UTILITY menu and Device Disk in the LOAD/SAVE menu, the same as files
with other extensions. The extension for each file is shown in the Type column.

NOTE

As with other files on the instrument, the Rename, Delete, Delete
All, Lock and other operations can be performed for these files,
and they are also subject to the Load All and Auto Load operations
in the LOAD menu.

If unexpected file formats or file contents are encountered when loading
ISF, .\WVN, .WFB, .WFM or .EQA files, an error usually results and "Invalid
file format” or a similar message is displayed.
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General Description

Press the MENU column UTILITY button to display the UTILITY menu. The
bottom menu contains the Disk, NVRam, GPIB, RS232C, Date Time, Misc,
and Diag/Cal items. Use these items to do the following:

Disk

Floppy disk format

Operating files saved onto disks

Disk directory creation and current directory change

NVRam

Operating files saved onto internal non-volatile memory (NVRam)
GPIB

Setting GPIB Configuration. See Programmer manual for details.
RS232C

Setting RS-232-C parameters. See Programmer manual for details.
Date Time

Setting the Date and Time

Misc

Setting the Display Brightness

Setting the Order of Files

Date/Time Display

Factory Setting

Deleting Data From Memory

Remote Port Settings

Settings for Hard Copy Output

System and GPIB/RS-232-C Status

I/O Event Reporting. See Programmer manual for details.
Diag/Cal

Diagnostics and Calibration

AWG2005 User Manual
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UTILITY Menu

Structure

MENU Button

UTILITY

Figure 4E-1 shows the configuration of the UTILITY menu.

Bottom Menu Side Menu Sub-Menu

Rename

Delete

Delete All

Lock

Change Directory
Make Directory
Format...

— Disk

Rename
Delete
Delete All
Lock

— NVRam

Lol

Talk/Listen Address
Waveform Transfer
Talk Only

Off Bus

— GPIB

|

Baudrate
Data Bits
Parity

Stop Bits
Flagging

— RS232C

o

Year
Month
Day
Hour
Minute

— Date Time

_

Brightness
Catalog Order
Date Time

— Display...

[T

Reset to Factory
Secure Erase Memory
Remote Port

— Config...

[T

— Misc

Format
— Hardcopy... [ Port

L — System
Status... L o

— Diagnostics

'— Diag/Cal ———— Calibrations
— Interactive Test

Figure 4E-1: UTILITY Menu Structure
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Menu Functions

The following table describes the function of each of the menu items and
gives the number of the page on which you can find a more detailed ex-

planation of that item.

Table 4E-1: Menu Functions

UTILITY Menu

Menu Function Page
Disk Using the disk menu 4E-4
Rename Renaming a file 4A-7, 4E-12
Delete Deleting a file 4A-9, 4E-12
Delete All Deleting all files 4A-9, 4E-12
Lock Locking and unlocking a file 4A-10, 4E-12
Change Directory Changing directories 4E-8
Make Directory Creating directories 4E-8
Format... Floppy disk format 4E-4
NVRam Internal non-volatile memory 4E-13
GPIB GPIB 4E-14
Talk/Listen Address
Waveform Transfer . ' .
Talk Only Setting the GPIB configuration 4E-15
Off Bus
RS232C RS-232-C 4E-15
Baudrate Setting the baud rate
Data Bits Setting the number of data bits
Parity Setting the parity 4E-17
Stop Bits Setting the number of stop bits
Fiagging Setting flags
Date Time Setting the date and time 4E-18
Misc Other settings and displays 4E-19
Display... Setting the display 4E-19
Brightness Setting the display brightness 4E-20
Catalog Order Setting the order of files 4E-21
Date Time Date/Time display 4E-24
Config... Configuration 4E-24
Reset to Factory Factory settings 4E-24
Secure Erase Memory | Deleting data from memory 4E-25
Remote Port Remote port settings 4E-26
Hardcopy... Settings for hard copy output 4E-26
Format Selecting the format 4E-26
Port Selecting the port 4E-27
Status... Status display 4E-29
System System and GPIB/RS-232-C status 4E-29
I/O I/O event reporting 4E-30
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Menu Function Page
Diag/Cal Diagnostics and calibrations 4E-31
Diagnostics Diagnostics 4E-31
Calibrations Calibrations 4E-32
Interactive Test Pattern display (For instrument adjustment) 4E-33

Disk and Nonvolatile
Memory

s

Format...

Save the files this instrument creates onto internal non-volatile memory
and/or 3.5-inch floppy disks.

Using the Disk Menu

This item can format disks, make directories on disks, change the current
directory, edit files saved to disk, etc.

Insert the 3.5-inch floppy disk into this instrument’s floppy disk drive, then
select Disk from the bottom menu. The files saved in the root directory and
AWG2005 directory are read out and displayed on the CRT screen. When
Disk is selected in the bottom menu, the following items will appear in the
side menu:

®  Rename
m  Delete

m  Delete All
m  Lock

m  Change Directory
®  Make Directory
®  Format...

The side menu is made up of 2 pages. Select More to display the second
page of the side menu.

Floppy Disk Format

This instrument can format 2DD (double density) and 2HD (high density)
disks in three different MS-DOS formats: IBM-PC format, NEC PC9800 series
format, and Toshiba J3100 series format. Formatted disks are automatically
labeled "AWG2005".

New floppy disks must be formatted before they can be used. Figure 4E-2
shows the sub-menu displayed after formatting the disk.
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GPIB Continuous mode Master|Stopped
Type : IBM—PC 2HD Disk
Catalog : Disk Free : 1423KB
MNare Type Size Date & Time Comment Type
IBM—PC 2HD
Go Back
Execute
(] ] @ sl Q@
Disk NYRam GPIB R§232C |Date Time Misc Diag/Cal

Figure 4E-2: Format... Sub-Menu Display

Formatting disks

To format floppy disks, perform these steps:

[] step 1: Select Disk from the bottom menu.

[J step 2: Insert the 3.5-inch floppy disk to be formatted into the disk drive

on the right side panel of this instrument.

Formatting a disk destroys any data on that disk! Before formatting

a disk, make sure it contains no data you might ever need.

D Step 3: Select Format... from the second page of the side menu (More

2 of 2).

AWG2005 User Manual
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|:| Step 4: The currently selected format will appear in the Type item in the
sub-menu. Select the correct format with the general purpose knob. The
following formats can be selected for Type:

= [BM-PC 2HD
= PC9800 2HD
= J3100 2HD

= [BM-PC 2DD
= PC9800 2DD

When floppy disks written by this instrument are used in a personal comput-
er, select the correct format type as indicated by Table 4E-2.

Table 4E-2: MS-DOS Formats for 3.5-inch Disks

Format Type IBM-PC PC9800 J3100
1.44 Mbytes/18 sectors (2HD) 1 3 2
1.2 Mbytes/8 sectors (2HD) 3 1 2
1.2 Mbytes/15 sectors (2HD) 3 2 1
720 Kbytes/9 sectors (2DD) 1 2 1
640 Kbytes/8 sectors (2 DD) 2 1 2

1: Format normally used on personal computer (format selected with
AWG2005).

2 :Not regular format, but can be read and written.

3: Can not be read or written.

NOTE

The IBM-PC and J3100 2DD formats are the same. Thus, use the
IBM-PC 2DD format for J3100 2DD diisks.

|:| Step 5: After selecting the format, select Execute from the sub-menu.

This starts the disk formatting. During formatting, a message to that
effect, "Formatting disk...” is displayed on the screen.

NOTE

A disk with its write prevent tab in the write-protected position
cannot be formatted. Slide the tab to the write-enable position, then
try again. See the discussion below of write prevention.

When formatting is complete, the message on the screen will disappear
and an empty file list will appear with the format type and available disk
space shown in the upper right-hand corner.
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[[] step 6: Select Go Back from the sub-menu. The system returns from
the Format... current sub-menu to the previous side menu.

|:| Step 7: Pressing the eject button on the right side of the disk drive
ejects the floppy disk.

Handling Floppy Disks

3.5” floppy disks are easy to store and use. However, to prevent them from
being damaged and to ensure the integrity of the data stored on them, you
should be careful of the following:

m Do not place disks near a strong magnetic field or near a ferromagnetic
substance that may cause them to be magnetized, as this will corrupt
the data stored on the disk and result in errors.

m Do not expose disks to direct sunlight or high temperatures for long
periods of time. Also, avoid storing them in places subject to extreme
cold or high humidity. When bringing disks into a room from outside, do
not use them immediately; let them become acclimated to the environ-
ment before use.

m Do not touch the recording medium on the surface of the disk. Finger-
prints on the surface of the disk may cause the heads to skip, resulting
in errors.

m  When storing disks for long periods of time, be sure to place them in
their protective cases.

m  Be sure to place labels in the proper location on the disks.

m Do not press the eject button on the disk drive to eject the floppy disk
while the indicator light is lit. This may cause the data stored on the disk
to become corrupted, resulting in errors.

Protecting Disks From Accidental Erasure

There is a write protect tab on the underside of the floppy disk. To lock the
disk, press this tab down toward the edge of the disk to expose the little
hole underneath, as shown in Figure 4E-3. Locking the disk will prevent it
from being written to or erased. To unlock the disk and enable it to be writ-
ten to or erased, move the tab back toward the center of the disk so it
covers the hole.
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Make
Directory

Change
Directary

Write enable

|l i)}

Figure 4E-3: Write Protect Tab on a Floppy Disk

Write protect

Creating and Changing Directories

When there are many files, it becomes difficult to manage them. Placing all
files of the same type into separate directories makes it easier to manage
the files.

In addition to files, directories can also contain sub-directories. With directo-
ries, hierarchical structures can be constructed with successive directories.
Directories are distinguished by their names. The original directory that
contains all the files and directories is called the root directory and the
directories within it are called sub-directories.

This instrument can make directories to manage files the same as with
MS-DOS. Directories are created with the Make Directory side menu item.
The suffix ".DIR” is attached to created directories.

To operate on a certain file within a given sub-directory, it is necessary to
move to that sub-directory. Thus, use the Change Directory side menu item
to move to the desired sub-directory. The next directory is now the object of
any future operations and is called the current directory. The LOAD/SAVE
menu can be used to change directories too.

The setting of the LOAD/SAVE menu Auto Load item determines the cur-
rent directory at power on. When the Auto Load item is set to Disk, the
current directory is selected automatically the named AWG2005 sub-directo-
ry. (In this case, this AWG2005 sub-directory must exist.) If Auto Load is
Off, the current directory is the root directory.
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NOTE

A file hierarchy with multiple layers can be created on the disk,
using up to 54 characters, including the | character. The shorter the
directory name is, the deeper the levels that you can create. When
the directory display becomes too large for the display area win-
dow, the initial section is omitted.

Example: Creating a Directory

For example, to create a sub-directory called AWG2005, such as root direc-
tory: AWG2005 (DIR) — perform the following steps.

Root directory

| AWG2005 (DIR)

If the named AWG2005 sub-directory has been created ahead of time, when
its power is switched on, the files under the AWG2005 directory are auto-
matically loaded into internal memory by the LOAD/SAVE menu Auto Load
setting.

The following procedure assumes that the current directory is the root
directory. If the current directory is not the root directory, use Change Direc-
tory to change the current directory to the root directory. (See the Step 5
and the following steps.)

[] step 1: Select Disk from the bottom menu.

A list of the files and directories in the root directory of the inserted
floppy disk is displayed on the screen. See Figure 4E-4. Catalog:Disk \
on the CRT screen shows that the current directory is the root directory.

AWG2005 User Manual
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GPIB

Catalog : Disk

Continuous mode

Master|Stopped

Type : IBM—=PC 2HD
Free : 1232KB

Disk

Rename

Delete

Delete All

Lock
an

More
10f2

Name Type  Size Date & Time Comment [ ]

AM_MOD  WFM 65638 93-11-106 16:52 M

ATS DIR --- 93-11-16 11:04

A_RLC WFM 16204 93-11-10 19:52

CHIRP_S WFM 16486 93-11-10 10:53

D_EXP_P WFM 20192 93-11-16 10:53

EQUATION DIR --- 93-11-16 11:01

EXP_P WFM 8294 93-11-10 19:54

FUNCTION DIR --- 93-11-16 11:00

LORENT_P WFM 8204 93-11-10 10:54

M_DISK_W WFM 502 93-11-10 10:55

P_MOD_S WFM 2150 93-11-10 10:55

SINX_X_P WFM 32192 93-11-10 10:55

SQU_SIN WFM 8294 93-11-18 108:56

STAIR_W WFM 21602 93-11-10 10:56

TRAN_VOL WFM 8204 93-11-10 10:56
l ] D sl
Disk N¥Ram GPIB R§232C |Date Time Misc

¥

Diag/Cal

Figure 4E-4: File and Directory Display in the Root Directory

[J step 2: Select More 1 of 2, then Make Directory from the side menu.
The menu for naming the directory is displayed.

D Step 3: Use the general purpose knob to input a directory name of
AWG2005. See Figure 4E-5. The method for inputting the directory
name is the same as the method for inputting a file name in the wave-
form editor. See "Naming a File” in the discussion of the waveform

editor.

VALLE

Create [AWGZ085 | .DIR

— : Insert character

—  —
o/ Move cursor

Figure 4E-5: Directory Name Input
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D Step 4: After you have input the directory name, select O.K. from the
sub-menu. The AWG2005 directory is created in the floppy disk.

Example: Changing a Directory

D Step 5: Select Change Directory from the side menu.

|:| Step 6: Use the general purpose knob to select the AWG2005 sub-di-
rectory you just created from the directory list. See Figure 4E-6.

Select Directory.

" ] [1F] [
AW 2005

EQUATION

FUHCTION

Figure 4E-6: Directory Displayed When Change Directory is Selected

D Step 7: Select O.K. from the sub-menu. The current directory changes
to the AWG2005 directory you just made and the directory display

becomes Catalog:Disk\AWG2005\. At this time, the AWG2005 directory
is empty. See Figure 4E-7.
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Rename

Delete

Delete All

Lock
on

off

GPIB Triggered mode Master|Stopped
Type : IBM—PC 2HD Disk
Catalog : Disk  \AWG2005\ Free : 1346KB
Name Type Size Date & Time Comment ? Change
I | Directory
Make
Directory
Format...
More
20f2
l ] D sl Q@
Disk NYRam GPIB R§232C |Date Time Misc Diag/Cal

Figure 4E-7: File List for a Newly Created Directory

This completes the move of the current directory to the AWG2005
sub-directory. Files and new directories can be created in this directory.
Next, here is how to return the current directory to the root directory.

D Step 8: Again, select Change Directory from the side menu. Only ”..” is
displayed in the directory list. Select O.K. from the sub-menu.

Selecting ”..” from the directory list moves the current directory to the
directory one above. In this case, that is the root directory, so the system
is back where it started.

Operating Files Saved to Disk

The side menu has Rename, Delete, and Delete All for file operating.
These items are the same as those in the EDIT menu. See Page 4A-7 to
4A-9. These functions can rename and delete files. Directories can also be
deleted by selecting the Delete item. However, this is only possible when
there are no files and directories at levels below the directory to be deleted.

Locking and Unlocking a File

This item locks a file. When a file is locked, the file can neither be changed
nor erased. This item locks and unlocks a file the same as the Lock item in
the EDIT menu. See Page 4A-10.
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UTILITY Menu

Internal Non-volatile Memory

Files saved to the internal non-volatile memory can be operated with this
bottom menu. When NVRam is selected from the bottom menu, the Re-
name, Delete, Delete All, and Lock side menu items are displayed. These
functions can rename, delete, and lock files. These items are the same as
those in the EDIT menu. See Page 4A-7 to 4A-10.

Figure 4E-8 shows the menu displayed when NVRam is selected from the
bottom menu.

GPIB Continuous mode Master|Stopped
NYRam
Catalog : N¥Ram Free ;: 13KB
Name Type  Size Date & Time Comment [ ]
SAMPLE-1 WFM 2048 93-11-11 12:00 M Rename
SAMPLE-2 WFM 2048 93-11-11 12:03
SAMPLE-3 WFM 2948 93-11-11 12:09
SAMPLE-4 EQU 206 93-11-11 12:11
SAMPLE-4 WFM 2048 93-11-11 12:10 Delete
SAMPLE-5 SEQ 960 93-11-11 12:13
SAMPLE-6 AST 554 93-11-11 12:15
Delete All
Lock
Oon
= ] D e Q@
Disk NYRam GPIB R§232C |Date Time Misc Diag/Cal

Figure 4E-8: Menu Displayed When NVRam is Selected

AWG2005 User Manual
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Remote Interface This instrument’s rear panel has two remote control interface ports: IEEE
STD 488 (GPIB) and RS-232-C. (Note: There is no RS-232-C port when
Option 04 has been installed.) A computer can be used to control the instru-
ment remotely through these interfaces.

The port is selected using the Remote Port item [UTILITY menu — Misc
(bottom menu) — Config... (side menu) — Remote Port].

GPIB
These are simple descriptions of the GPIB connection and GPIB configura-
GPIB tion setting. For further details, see the Programmer Manual.

GPIB Connection

The cable from the GPIB controller (computer) is connected to the IEEE
STD 488 connector on this instrument’s rear panel.

Setting GPIB Configuration

Devices on the GPIB bus must be configured compatibly in order to commu-
nicate.

Select GPIB from the bottom menu to set the GPIB configuration. See
Figure 4E-9. Use the side menu items to set the GPIB configuration and the
address of this instrument.

GPIB Continuous mode Master|Stopped

IEEE Std. 488.2-1987 CF:91.1CT
The Function Subsets: SH1, AH1, TS, L4, SR1, RL1, PPO, DC1, DT1, O, E2

GPIB

U Talk/Listen
Address
1

waveform
Transfer

GPIB Talk/Listen —
= E‘ Talk Only
= AWG2003 @
L Off Bus
R5232C

To change the Remote Port, use the Misc/Config menu.
=N - o | B
NvRam GPIB

Disk R§232C |Date Time Misc
Figure 4E-9: Menu Displayed When GPIB is Selected

¥

Diag/Cal
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Waveform
Transfer

Off Bus

R5232C

Talk/Listen

Talk Only

UTILITY Menu

This instrument can be set to one of four operating modes: talk/listen, wave-
form transfer, talk only, or off-bus. However, you should be aware that talk
only and waveform transfer modes are not compliant with IEEE 488.2-1987.

Talk/Listen

Select talk/listen mode to communicate with the controller via the GPIB.
When the Talk/Listen Address item is selected, the operating mode for this
instrument and other devices is set to talk/listen or the general purpose
knob and the numeric keys set the GPIB address for this instrument. The
GPIB address setting range is 0—30. Other devices on the bus cannot use
the address number allocated to this instrument.

Waveform Transfer

Select Waveform Transfer mode to download waveform data. In this mode,
waveform data does not go through the controller; it is downloaded directly
to the internal memory of the instrument from a digital storage oscilloscope
or other instrument. See Table 4D-2 in Section 4D LOAD/SAVE menu for a
list of supported instruments.

Actual waveform transfer is performed using the LOAD/SAVE menu. See
Page 4D-12.

Talk Only

Select Talk Only to output a hard copy of the waveform data. When the Port
setting is GPIB [UTILITY menu — Misc (bottom menu) — Hardcopy... (side
menu) — Port (sub-menu)], pressing the HARDCOPY button on the front
panel causes a hard copy of the waveform to be output.

Off Bus
Select Off Bus to disconnect the AWG2005 from the GPIB bus.

RS-232-C

Use the RS-232-C interface on the rear panel to allow remote control by a
host computer. These are simple descriptions of the RS-232-C connection
and RS-232-C parameter setting. For further details, see the AWG2000
series Programmer Manual.

RS-232-C Connection

To select the RS-232-C port, select R§232C for Remote Port [UTILITY
menu — Misc (bottom menu) — Config... (side menu) — Remote Port
(sub-menu)].

AWG2005 User Manual
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A cable is connected between the computer and this instrument’s RS-232-C
connector. This instrument must be configured as the data communications
equipment (DCE) and the host computer must be configured as the data
terminal equipment (DTE).

Setting the RS-232-C Parameters

The RS-232-C parameters for both devices must match to allow communica-
tion between this instrument and the host computer.

Before communicating with the connected computer, the RS-232-C
parameters are set with the menu in Figure 4E-10. Press the side button for
the desired parameter and set it with the general purpose knob.

RS232C Continuous mode Master|Stopped
Baudrate Data Bits Parity Stop Bits Flagging RS232C
300 7 Hone 1 Hone (Y
1200 0dd Hard
2490 2Ly
4860
Data Bits
8
Parity
GPIB Talk/Listen
None
= —
]
AW 62005 O Stop Bits
e 1
RS232C —_—
Flagging
To change the Remote Port, use the Misc/Config menu. None
] ] [3- @ 9 %
Disk NYRam GPIB EpEPIel Date Time Misc Diag/Cal

Figure 4E-10: Menu Displayed When RS232C is Selected
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Baudrate

Parity

Data Blts

Stop Bits

Flagging

UTILITY Menu

Baudrate — This item sets the transmission rate. The transmission rate of
300, 600, 1200, 2400, 4800, 9600, and 19200 can be selected with the
general purpose knob. Set this parameter to the same value as set on the
computer.

Parity — This item sets the error detection method. The general purpose
knob is used to select parity of None, Odd, or Even. Set this parameter to
match the connected computer’s parity.

Data Bits — This item selects 7 or 8 data bits. Set this parameter to match
the connected computer’s data bits.

Stop Bits — This item selects 1 or 2 stop bits. Set this parameter to match
the connected computer’s stop bits.

Flagging — This item selects None, Soft, or Hard. This item is used by this
instrument or the computer to announce that the input buffer is full. Until the
transmission allowed instruction is issued, the other device stops the data
transfer.

AWG2005 User Manual
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Date and Time

D
Date Time

When Date Time is selected from the bottom menu, a clock will appear on
the screen, allowing you to set the date and time. The side menu will display
items for Year, Month, Day, Hour and Minute. Pressing one of these items
in the side menu will make it possible to set that clock parameter using the
general purpose knob.

The set date and time are recorded as the time stamp when a file is created.
Figure 4E-11 shows the menu displayed when Date Time is selected.

GPIB Continuous mode Master|Stopped

Date Time

Year
1993

Month

\ 11
@ 11-Hov-93

111111 Day
11

Hour
11

Minute

11

¥

Diag/Cal

£%9

Misc

@

PEPIel Date Time

Disk NYRam GPIB

B

Figure 4E-11: Menu Displayed When Date Time is Selected

Setting the Date and Time
Procedure
[] step 1: Select Date Time from the bottom menu.

|:| Step 2: Select Year from the side menu. Use the general purpose knob
or the numeric keys to set the year.

D Step 3: In the same way, select the Month, Day, and Hour and set the
month, day, and hour.
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[[] step 4: Select Minute from the side menu. Each time the minute is set
with the general purpose knob, the second is reset to 00. When the time
is set, the minute is set at the same time the second is reset to 0. (The
second is also reset to 00 when the hour is set with Hour.)

The date and time can be permanently displayed on the screen if desired.
See "Date/Time Display” on page 4E-24.

Other Settings and

Displays
B Use the Misc item to set or display the following:
Misc )
m  Display...
Brightness Setting the Display Brightness
Catalog Order Setting the Order of Files
Date Time Date/Time Display
m  Config...
Reset to Factory Factory Settings
Secure Erase Memory Deleting Data From Memory
Remote Port Remote Port Settings
®  Hardcopy...
Format Selecting the Hard Copy Output Format
Port Selecting the Hard Copy Output Port
m  Status...
System System and GPIB/RS-232-C Status
I/0 I/O Event Reporting
Setting the Display
[ The following diagram shows the menu configuration for the Display... item.
Display...
— Brightness
— Namel
— Name2
— Timel
Misc — Display... ——— Catalog Order—— Time2
— Typel
— Type2
— Type3
— Type4d
Off
— Date Time —[ on
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Brighthess

In this section, we will discuss the Brightness, Catalog Order and Date
Time items in the sub-menu.

Setting the Display Brightness

The AWG2005 screen has three levels of brightness. These levels are set
with the Brightness item.

Procedure

To set the screen brightness:

[] step 1: Select Misc from the bottom menu.
[] step 2: Select Display... from the side menu.
[] step 3: Select Brightness from the sub-menu.

D Step 4: Use the numeric keys or general purpose knob to input the
appropriate display brightness. The display brightness can be adjusted
in steps of 1% in the range 0—100%. The default display brightness is
70%.

GPIB Continuous mode Master|Stopped

vigh-Liot Grightness
70%
Catalog

e — order

Name1

Go Back

Date Time

on

@

Diag/Cal

R§232C

@

Date Time

R
GPIB

Disk NYRam

Figure 4E-12: Setting the Display Brightness

4E-20



Catalog
Order

Setting the Order of Files

UTILITY Menu

Use this item to set the order in which files are displayed in the catalog. You
can display files sorted by file name, date and time or file type (extension).
Figure 4E-13 shows the screen when Catalog Order has been chosen from

the sub-menu.

GPIB Continuous mode

Catalog Display Order

Name2 @ Name-Reverse

Timel ; Time
Time2 : Time-Reverse
Typel : Type

Type2 : Type Name-Reverse
Type3 : Type Time
Typed : Type Time-Reverse

Master|Stopped

Brightness

70%
Catalog
Order
Name1

Go Back

Date Time

Oon

GPIB

Disk NYRam R§232C

B

Date Time

D ¥

Diag/Cal

Figure 4E-13: Menu Displayed when Catalog Order is Selected

The files in the catalog are displayed in the initial EDIT menu, LOAD/SAVE
and UTILITY menus. Changing the file order in a catalog will change the
order in all menus. Figure 4E-14 shows the list of files as shown in the initial

EDIT menu.

AWG2005 User Manual
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Catalog : Memaory Free : 1955KB

Mame  Type Size Date & Time Comment " ]
AM_MOD  EQU 686 93-11-10 10:52
AM_MOD  WFM 66434 93-11-10 19:52
#_RLC EQU 686 93-11-16 10:52
#_RLC WFM 17148 93-11-10 19:52
CHIRP_S EQU 206 93-11-16 10:53
CHIRP_S WFM 17332 93-11-10 19:53
D_EXP_P EQU 538 93-11-16 10:53
D_EXP_P WFM 20948 03-11-18 10:53
EXP_P EQU 206 93-11-16 10:54
EXP_P WFM 9140 93-11-10 18:54
LORENT_P EQU 206 93-11-10 10:54
LORENT_P WFH 9140 93-11-10 18:54
M_DISK_W EQU 530 93-11-16 10:54
M_DISK_W WFM 1348 93-11-18 18:55
P_MOD_S EQU 4976 93-11-18 18:55
_S :
SINX_X_P EQU 452 903-11-16 16:55
SINX_X_P WFM 32948 03-11-16 18:55
SQU_SIN EQU 608 93-11-10 10:55
SQU_SIN WFM 9140 93-11-19 19:56

Figure 4E-14: Catalog Files

Files in a catalog can be displayed by the following sorting conditions:

Name1: Name
Files are displayed by file name (Name) in ASCII code order.

Name2: Name-Reverse
Files are displayed by file name (Name) in reverse ASCIl code order.

Time1: Time
Files are displayed by creation date (Date & Time), from newest to
oldest.

Time2: Time-Reverse
Files are displayed by creation date (Date & Time), from oldest to
newest.

Typel: Type
Files are displayed by extension (Type) in alphabetical order.

Type2: Type Name-Reverse
Files are displayed by extension (Type) in alphabetical order and, within
each file type, by name (Name) in reverse ASCII code order.

Type3: Type Time
Files are displayed by extension (Type) in alphabetical order and, within
each file type, by creation date (Date & Time) from newest to oldest.

Type4: Type Time-Reverse
Files are displayed by extension (Type) in alphabetical order and, within
each file type, by creation date (Date & Time) from oldest to newest.
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Procedure

To change the order in which files are displayed to Type4:
[] step 1: Select Misc from the bottom menu.

[] step 2: Select Display... from the side menu.

[] step 3: Select Catalog Order from the sub-menu.

D Step 4: Use the general purpose knob to select Type4.

UTILITY Menu

[] step 5: Press the EDIT button in the MENU column. Check to make

sure that the files are sorted in the order you have selected.

Figure 4E-15 shows the files displayed in Type4 format, with files sorted
by extension (Type) in alphabetical order and within each file type by

creation date (Date & Time), from oldest to newest.

Catalog : Memory

Free : 1955KB

Name Type  Size Date & Time " ]
AM_MOD  EQU 686 03-11-10 16:52
#_RLC EQU 686 93-11-16 16:52
CHIRP_S EOQU 206 93-11-10 10:53
D_EXP_P EQU 530 93-11-16 19:53
EXP_P EQU 206 93-11-10 10:54
LORENT_P EQU 206 903-11-10 10:54
M_DISK_W EQU 530 93-11-10 10:54
P_MOD_S EQU 4976 93-11-10 18:55
SINX_X_P EQU 452 93-11-16 16:55
SQU_SIN EQU 608 93-11-16 10:55
STAIR_W EQU 2090 93-11-19 19:56
TRAN_YOL EQU 530 903-11-10 10:56
AM_MOD  WFM 66434 93-11-16 16:52
#_RLC WFM 17140 93-11-18 19:52
CHIRP_S WFM 17332 93-11-16 19:53
D_EXP_P WFM 20948 03-11-10 10:53
EXP_P WFM 9148 93-11-19 19:54
LORENT_P WFHN 9140 93-11-10 18:54
M_DISK_W WEM 1348 93-11-10 55

P_MOD_S WEFM

93-11-18

Figure 4E-15: Catalog With Files Displayed in Type4 Format
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Date Time
OFf
Oon
Config...
Resat to
Factory

Date/Time Display

Use this item to display the date and time.

[C] step 1: Select Misc from the bottom menu.
|:| Step 2: Select Display... from the side menu.

[[] step 3: Press Date Time in the sub-menu and select On. The current
date and time will be displayed in the upper right-hand corner of the
screen, as shown in Figure 4E-16.

GPIB Continuous mode Master|Stopped
12-Nov-93 15:30:160

—/ Misc
Date/Time Display

" ] =

Figure 4E-16: Date/Time Display

Configuration

The following diagram shows the menu configuration for the Config... item.

Reset to Factory

Misc —=  Config... Secure Erase Memory

GPIB
Remote Port{ RS232C

In this section, we will discuss the Reset to Factory, Secure Erase
Memory, and Remote Port items in the sub-menu.

Factory Settings

Select Reset to Factory to reset this instrument’s settings to their factory
values.

Procedure

[C] step 1: Select Misc from the bottom menu.

[] step 2: Select Config... from the side menu.

[[] step 3: Select Reset to Factory from the sub-menu.

|:| Step 4: The next message is displayed asking if it is OK to reset this
instrument.
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Erase
Nemory

UTILITY Menu

Reset to factory default.

Answer Cancel or O.K. When you select O.K., this instrument is reset to its
factory settings and the SETUP menu is displayed. Resetting the instrument
to factory default settings will not affect the data stored in the internal
memory and the non-volatile RAM (NVRam). The factory settings are listed
in Appendix D.

Deleting Data From Memory

Use this item to delete the data stored in the internal memory and the non-
volatile RAM (NVRam). This will also cause all values with the exception of
Date Time (date and time) to be restored to their default settings. Default
settings consist of the factory settings and the following items:

Remote Port GPIB
GPIB Operating Mode Talk/Listen
GPIB Address 1
RS-232-C Parameters

Baudrate 9600

Data Bits 8

Parity None

Stop Bits 1

Flagging None

Once deleted, data cannot be restored.

Procedure

[[] step 1: Select Misc from the bottom menu.

[] step 2: Select Config... from the side menu.

[[] step 3: Select Secure Erase Memory from the sub-menu.

|:| Step 4: The following message will appear, asking you to confirm that
you really want to delete the data from memory:

Initializes both catalog memory and NVRam
then puts all setups in the factory defaults.

AWG2005 User Manual
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GPIB
RS232C

Hardcopy...

Format

Remote Port

Answer Cancel or O.K. If you select O.K., all data will be deleted from
memory and settings will be restored to factory defaults, and then the SET-
UP menu will appear.

Remote Port Settings

This instrument’s rear panel has two remote control interface ports: IEEE
STD 488 (GPIB) and RS-232-C. (Note: There is no RS-232-C port when
Option 04 has been installed.) Select the desired port, depending on which
interface you will be using.

Procedure
[[] step 1: Select Misc from the bottom menu.
[] step 2: Select Config... from the side menu.

[C] step 3: Press the Remote Port button in the sub-menu and select
either GPIB or RS232C. The remote interface port that you have se-
lected will be displayed on the left side of the status line at the top of the
screen.

Settings for Hard Copy Output

When you output a hard copy, you can choose to either save the data
displayed on the screen on a floppy disk as a file, or output the data through
the IEEE STD 488 (GPIB) or RS-232-C interface.

When you select Hardcopy... from the side menu, you can select the format
for the hard copy and the output port. The following diagram shows the
menu configuration for the Hardcopy... item.

— BMP
— Epson
I EPS Mono

— Thinkjet

Format

Misc — Hardcopy... — TIFF
— Disk
Port———— GPIB
— RS232C

Selecting the Format

Use this item to select the output format for the hard copy. You may select
any one of five formats: BMP, Epson, EPS Mono, Thinkjet or TIFF.

4E-26



Port

UTILITY Menu

Format
BHP : Windows image Tile format
Epson : ESC/P 9 & 24 pin dot matrix printer
EPS Mono : Encapsulated Postscript mono image
Thinkjet : Ink jet printer

Figure 4E-17: Format Selection Menu

Table 4E-3 shows the extension for each format and gives a brief description
of that format.

Table 4E-3: Format Extensions

Format Extension Explanation
BPM A format for a Windows black & white
BMP . :
image file
ESC A format for output to a 9-pin or 24-pin
Epson dot matrix printer in ESC/P graphic
mode.
EPS Mono EPS Encapsulat_ed _Postscr_ipt format for
black & white image files.
o TJ A format used for output to HP
Thinkjet (Hewlett Packard) inkjet printers.
TIFF TIF TIFF format

Selecting the Port

Use this item to select the port from which the hard copy will be output.
Three choices are available: Disk, GPIB and RS232C.

Port
Disk

R§232C
Figure 4E-18: Port Selection Menu

Procedure

In this example, you will print a hard copy of the SETUP menu in TIFF
format from the Disk port.

[[] step 1: Select Misc from the bottom menu.
|:| Step 2: Select Hardcopy... from the side menu.
[] step 3: Select Format from the sub-menu.

|:| Step 4: Use the general purpose knob to select TIFF format.

AWG2005 User Manual
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[] steps:
[] stepe:
[] step7:
[] steps:
[] stepo:

Select Port from the sub-menu.

Use the general purpose knob to select Disc.

Select Go Back from the sub-menu.

Insert a formatted disk into the disk drive of the instrument.

Display the SETUP menu on the screen.

|:| Step 10: Press the HARDCOPY button on the front panel. A hard copy
of the screen will be printed. The following message will appear in the

message area:

Hardcopy in progress.

If you want to stop printing the hard copy in mid-process, press the

HARDCOPY button again.

When the hard copy has been printed, the following message will ap-

pear:

Saved in SETUPO00O.TIF.

This means that the hard copy has been saved to the floppy disk in TIFF

format under the file name SETUP000.

File names and extensions will be assigned automatically based on the

menu and the format of the hard copy.

File Name Extension

\ | |
SETUP 000
\ | | |

Name of screen Numbering
menu being printed

TIF

The file name is given the name of the screen menu being printed, as shown

below.
Menu File Name

SETUP SETUP
MODE MODE _
EDIT EDIT
LOAD/SAVE LOAD _
UTILITY UTIL_

F.G FG___

Numbers will range from 0 to 999 for each menu.
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i FT

System

UTILITY Menu

Status Display

The following diagram shows the menu configuration for the Status... item.

System

Misc ——  Status... —' /o

System and GPIB/RS-232-C Status

Select System to display system and GPIB/RS-232-C status window. The
system status comprises the instrument name, firmware version number,
and installation data for each board.

The GPIB status is the address, and configuration. Status items other than
the address and configuration are set by the remote controller.

The GPIB/RS-232-C status display consists of the following items: PSC,
Header, Verbose, Data and Debug.

In addition, the cumulative power-on time (Up Time) is displayed.
Procedure

[] step 1: Select Misc from the bottom menu.

[] step 2: Select Status... from the side menu.

D Step 3: Select System from the sub-menu. System and GPIB/RS-232-C
status data will be displayed, as shown in Figure 4E-19.

Model AWG2005
Yearsion Fv:1.00
CPU Board SRAM 512K Bytes, DRAM 40 Byles
FPP Board Mot installed
Clock Board Installed [Synthesizer]
CH1 Installed [Analog Output]
CH2 Installed [Analog Output]
CH3 Mot installed
CH4 Not installed
GPIB/RS232C
Address 1
Configuration Talk/Listen
PSC 1
Header 1
Yerbose 1
Data Source "CH1"
Destination "GPIB.WFM"
Encdg Rpbinary
width 2
Debug Shoop 0, Delay 0.2s
Up Time 0.075 hours

Figure 4E-19: Menu Displayed When System is Selected
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1/0 Event Reporting

Use this item to display event reporting for the GPIB or RS-232-C interface.
See the programmer manual for more information on event reporting.

Procedure
[] step 1: Select Misc from the bottom menu.
[J step 2: Select Status... from the side menu.

D Step 3: Select I/0 from the sub-menu. Event reporting will be displayed,
as shown in Figure 4E-20.

{ Event)
U s || e
| PON | URQ | CME | EXE | DDE | QYE | ROC | OPC |
|
SESR [128]
IEZIN URa | CME | EXE | DDE | oYE | RaC | oPC
ESER U [ ol
PoN | URe | CME | EXE | DDE | aYE | RAC | OPC
—J { Output Queue )
SBR l [ ol
gy L ESE [mav| - | - | - | -
MSS
SRER U [ ol
- | - Jeseimav| - | - -1 -
T 401

Figure 4E-20: 1/O Event Reporting
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Diagnostics and Calibrations

Q Use this item to run the diagnostics function or to calibrate the instrument.
Diag/Cal
Diagnostics
Dlagnostics This instrument is equipped with diagnostics functions to comprehensively

test itself. This makes it possible to check whether the instrument is operat-
ing correctly. A series of tests are automatically carried out when this instru-
ment is started. These same diagnostics tests can also be initiated by
selecting the Diagnostics item. These diagnostics are helpful when repair-
ing this instrument. When the Diagnostics item is selected, the list of diag-
nostics items shown in Figure 4E-21 will appear.

Diaghostics Result Code
*/Cpu Pass
#|/Clock Pass
+Display Pass
FPP —
# FrontPanel Pass
#[Trigger Pass
#/Sefup CH1 Pass
*/Setup CH2 Pass
Setup CH3 ——=
Setup CH4 ——=
s 'waveform Memory CHI Pass
* ' Waveform Memory CH2 Pass

waveform Memory CH3 ——
waveform Memory CH4 [E—

Figure 4E-21: Diagnostics List

At the top of the diagnostics menu are three columns giving the status of the
diagnostic tests. The meaning of these three columns is as follows.

m  Diagnostics — This column gives the name of the diagnostic test item.
The diagnostics items are executed individually or all together.

FPP is valid if Option 09 is installed. Setup CH3, Setup CH4, Waveform
Memory CH3 and Waveform Memory CH4 are valid if Option 02 is
installed.

m  Result — This column gives the results of each test item. If no error is
found in a test item, Pass is displayed. If an error is found, Fail is dis-
played. If Option 02 or Option 09 is not installed, the corresponding
diagnostic items are not displayed and only ”———"is displayed in their
place.

NOTE

The waveform outputs obtained with an instrument that has not
passed all its tests are not reliable.
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Calibrations

m  Code — This column indicates an error code for the item where the
error was detected.

NOTE

If an error occurs, contact our representative closest to you.

Procedure
|:| Step 1: Select Diag/Cal from the bottom menu.
[[] step 2: Select Diagnostics from the side menu.

|:| Step 3: Turn the general purpose knob to select the desired diagnostic
item. To execute all the tests one after another, select All.

[C] step 4: Select Execute from the side menu. The selected diagnostics
items are executed.

If the test finishes without a problem, Pass is displayed on the Result
column. If an error occurs, Fail is displayed. If the instrument fails a test,
an error code is displayed in the Code column.

Calibrations

This instrument is equipped with the system to calibrate itself. This enables
the AWG2005 to operate with greater precision. A series of calibrations is
carried out by selecting the Calibrations item.

NOTE

The AWG2005 must complete its warm up (about 20 minutes) and
stabilize before calibration.When the instrument is powered off
while the calibrations is executed, the calibration data in the
memory may be loss.

When the Calibrations item is selected, the list of calibration items shown in
Figure 4E-22 will appear.
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Calibrations Result Code
#[Trigger Pass
#/Sefup CH1 Pass
*/Setup CH2 Pass
Setup CH3 ——=
Setup CH4 ——=

Figure 4E-22: Calibration List

The calibration menu is divided into three columns: Calibrations, Result,
and Code.

The calibration items are executed individually or all together.

Setup CH3 and Setup CH4 are valid when Option 02 is installed. The
Result and Code columns are the same as for the diagnostics menu.

Procedure
|:| Step 1: Select Diag/Cal from the bottom menu.
[[] step 2: Select Calibrations from the side menu.

|:| Step 3: Turn the general purpose knob to select the desired calibration.
To execute all the calibrations one after another, select All.

[[] step 4: Select Execute from the side menu. The selected calibration
item is carried out.

If the calibration finishes without a problem, Pass is displayed on the
Result column. If an error occurs, Fail is displayed. If the instrument
fails a calibration, an error code is displayed in the Code column.

NOTE

If an error occurs, contact our representative closest to you.

Pattern Display (For Instrument Adjustment)

Interactive

Tast This item is used when adjusting the instrument. As it is not used for opera-

tion, a description is omitted here.
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Function Waveform Generator Mode

General Description

Press the front panel F.G button to switch this instrument from arbitrary
waveform generation mode into function waveform generation (FG) mode.
Select the desired waveform with the bottom button. Then set the output
parameters with the side button. Hereafter, function waveform generator
mode will be referred to as FG mode.

NOTE

FG mode is an independent of the MENU column arbitrary wave-
form generation mode menus. Therefore, the output parameters set
with the SETUP menu and the operation mode set with the MODE
menu have no effect in FG mode.

The following waveforms may be selected from the bottom menu:

Sine wave
Triangle wave
Square wave
Ramp wave
Pulse wave

The following output parameters for these waveforms may be set from the
side menu:

Frequency

Amplitude

Offset

Polarity

Duty (pulse wave only)

When a sine wave is selected, a 1 MHz cut-off filter is inserted. Table 4F-1
shows the relationship between the frequency, the data point count, and the
marker signal width.

Table 4F-1: Number of Data Points for Frequencies and Marker Signal

Width
Frequency Data Points Marker Signal Width
10.00Hz~2.000kHz 10000 200(points)
2.001kHz~20.00kHz 1000 20
20.01kHz~200.0kHz 100 2

AWG2005 User Manual
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Function Generator

Menu Structure

MENU Button

FG

Figure 4F-1 shows the configuration of the menus in FG mode:

—— Ramp

Bottom Menu

Channel

Sine

Triangle

Square

Pulse

Side Menu Select Item
CH1
 cne
E CH3™
CH4 ™1
Frequency
Amplitude
Offset
. Normal
Po/ar/ty—[ ) ;
nver
Frequency
Amplitude
Offset
. Normal
Polar/ty—E }
nvert
Frequency
Amplitude
Offset
Polarity —E ;Vorma/
nvert
Frequency
Amplitude
Offset
Polarity —E ;\rlﬁ/;,?ta/
Frequency
Amplitude
Offset
Normal
Polarity —‘: Invert

Duty

Figure 4F-1: FG Mode Menu Structure

*q

Available when Option 02 has been installed.
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Function Generator Figure 4F-2 shows the general display for the FG mode menu. A description
Menu Display for each callout follows.

GPIB Continuous mode Master|Running
( Sine
CH1  0.5000%
Frequency
200. 6kHz
Amplitude
: —0.5000% 1.000v
— >
Offset
CH2 0.5000%v 0.000V
Polarity
"""""""""""""""""""""""""""""""""""""""""""""""
= Invert
— —0.5000%
» Period: 5.000us
Channel /\/ /‘
CH1 Triangle Square Ramp Pulse

Figure 4F-2: FG Mode Menu Display

(1) Channel waveform display area

Displays the waveform set for that channel. When the channel is enclosed
by a box, it is possible to change the output parameters for that waveform.
The peak voltage for the waveform is shown on the vertical axis to the left of
the waveform; this value is determined by the amplitude or the offset setting.
The horizontal axis (the dotted line in the center of the waveform) indicates
the zero line; changing the offset will cause the zero line to move up or
down.

(2) Waveform period

Shows the period for the waveforms. This value is applied to all waveforms.
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Setting the Output

Waveform

Channel

N N
slhe Trlangle
el
Square Rarip
L

Pulse

The following procedure is used to set the output waveform for a channel.

Selecting the Channel

[[] step 1: Press the "Channel” button in the bottom menu and select the
channel.

The "Channel” item is used to select the channel for which the wave-
form and its output parameters will be set. The waveform for the se-
lected channel is displayed enclosed in a frame.

Selecting the Waveform

|:| Step 2: Press the bottom button corresponding to the desired type of
waveform (Sine, Triangle, Square, Ramp or Pulse).

Setting the Output Parameters

|:| Step 3: Select the output parameter item from the side menu and enter
a value. For details, see "Setting the Output Parameters for the Wave-
form” on the next page.

Waveform Output

[[] step 4: Press the On/Off button for the channel to which the waveform
is to be output. The selected waveform will be continuously output to
that channel.

NOTE

In FG mode, the operation mode is always Cont, meaning that
waveforms are output continuously.
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Setting the Output
Parameters for the
Waveform

Frequency

Amplitude

The output parameter items are the same for each waveform. However,
Pulse has one extra side menu item, Duty.

NOTE

Frequency item is common for all channels. Amplitude, Offset and
Polarity items are set separately for each channel.

The following sections will focus on each of the items in the side menu for
each waveform type.

Setting the Frequency

This item sets the frequency. The frequency is set with a 4-digit number from
1.000 Hz to 200.0 kHz. The frequency is set with the numeric keys or the
general purpose knob. Waveform periods(Period) are displayed at the
bottom of the screen.

Setting the Amplitude

This item sets the waveform amplitude. The amplitude can be set in steps of
1 mV within the range 0.050 V — 10.000 V (P-P value). The amplitude is set
with the numeric keys or the general purpose knob. Figure 4F-3 shows a
sine waveform whose amplitude has been set to 5V.

CH1  2.5000¥

—2.5000¥

Figure 4F-3: Setting the Amplitude

AWG2005 User Manual
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Setting the Offset

Difset This item sets the waveform offset. The offset for each waveform can be set
in steps of 5 mV within the range +5 V. The offset is set with the numeric
keys or the general purpose knob. Figure 4F-4 shows the waveform used in
Figure 4F-3 after an offset of 1V has been applied. The dotted line in the
figure indicates the zero line.

CH1 3.5000V

—-1.5000¥

Figure 4F-4: Setting the Offset

Setting the Polarity

| polarity This item sets the output waveform polarity. Each time the Polarity button in

L Normal . . .

T Invert the side menu is pressed, the polarity toggles between Normal and Invert
and the polarity of the displayed waveform is reversed. See Figure 4F-5. The
figure below at left shows a sine wave whose polarity has been set to "Nor-
mal,” the figure on the right shows a sine wave whose polarity has been set
to "Invert.”

Polarity Polarity
I Mormal
1T Invert
CH1  0.5000% CH1  0.5000%
-0.5000v —0.5000¥

Figure 4F-5: Waveform Polarity
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Function Waveform Generator Mode

Setting the Duty

The Duty item is added for the Pulse side menu. This item allows you to set
the duty cycle for pulse waveforms. The duty is set to 0—100% in steps of
1%. The Duty item is set with the numeric keys or the general purpose
knob. When the duty is set to 0% or 100%, the wave will be DC. Figure 4F-6
shows a pulse waveform whose duty value has been set to 30%.

CH1  0.5000V

—0.5000¥

Figure 4F-6: Setting the Duty Value for a Pulse Wave

Marker Output

The marker signal is generated at the starting point for the waveform data
and is at the TTL level with an output impedance of 50 Q with no termina-
tion. The pulse width will differ depending on the frequency of the signal
being output. See Table 4F-1. Marker signals are output from the CH1
MARKER OUT and CH2 MARKER OUT connectors on the rear panel.
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Appendix A:
Options and Accessories

This chapter will describe the options and accessories (both standard and
optional) available for the AWG2005.

Options The following options are available with this instrument.

Option 02
Option 04
Option 05
Option 09
Option 1R
Option 1S

—

4—Channel Output)

Digital Data Output)

Clock Sweep)

FPP Board + FFT Editor/Convolution)
Rack Mount)

With WaveWriter S3FT400)

—_— o~ o~

—_ o~

Each of these options will be discussed in detail in the following pages.

Option 02 (4-Channel Output)

This option provides two additional channels (channel 3 and channel 4).
This results in 4-channel display for SETUP, MODE, FG menu and the EDIT
Autostep editor (see Figures A-1 — A-4). Also, two additional connectors are
added on the rear panel (CH3 MARKER OUT and CH4 MARKER OUT).
See "Rear Panel” in Section 2 "Overview.”
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GPIB Continuous mode Master Running
AN 1AV
| L] I I R P
S iz 1.000Y 0.000Y L Internal
Clock
GAUSS_P.WEM 20. 00NHZ
Hormal
" oH2 Source
Internal
I R f_IN _/\/ 0 External
Through 1.060Y 6.000%
M_DISK_W.WFM
20. 0oMHz | IN T CH2
! —.:.f— | /\/ )
Through 1.000Y 0.000%
SINE_X_P.WEM
P IN A, |
| L] lf_ I R P
S iz 1.000Y 0.000Y
D_EXP_P.WEM
Display
_ Waveform CH1 : : e
Sequence Operation Filter |Amplitude| Offset
Figure A-1: SETUP Menu for 4-Channel Display
GPIB Triggered mode Master|waiting for Trigger
Triggered
Slope
CH1 CH2 CH3 CH4 L Nedative
Waveform Waveform Waveform Sequence _//‘
[GAUSS_P.WFM| [M_DISK_W.WFM] [SINX_X_P.WrM] [ TV.SEQ | Leval
1.4V
GAUSS_P.WFMT] [M_DTSK_W.WFM[] [STNX_X_P.WFH]] SYNC_A. WFM
SYNC_B. WFM
SYNC_A. WFM
SYNC_G. WFM
SYNC_FG.SEQ
NEW_T%2.WFNM
NEW_T¥12.SEQ
NEW_TW¥1_WFM
SYNC_1 . WFM
U 1 L SYNC_A. WFM
S0P
Configure
" . Waveform - -
Cont  |QEEREELN Gated Advance Autostep

Figure A-2: MODE Menu for 4-Channel Display
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GPIB Continuous mode Master Running
CH1 0.5000v Sine
Frequency
—0.5000¥ 200. 0kHz
CH2 0.5000v
Amplitude
1.000¥
—0.5000%
CH3  0.5000¥ Offset
__________________________________________________________________________________ 0.000¥v
—0.5000¥% Polarity
T Normal
CH4 0.5000¥ 1= Invert
—0.5000v
Period: 5.000us
Channel |INARNES /\/ /I
CH1 Triangle Square Ramp Pulse
Figure A-3: FG Menu for 4-Channel Display
GPIB Continuous mode Master|Stopped
[#wwnanes AST| Step 20 2 Operation
Clock 20. 0oz CH1 Operation I
CH1 CH2 CH3 CH4 cut
A N AN
LORENT_P. WFM M_DISK_W.WFM EXP_P.WFM SOU_SIN. WEM (;';!DV
Filter[ 5 Mz Filter [Througn | Filter [Through Filter| 5 Wiz ep
anp| 1.0007| | Anp | 1.0007| | anp | 1.0007 | Anp| T.000V

Offset | 9.000Y 0ffset | 6.000Y) 0ffset Rl | 0ffset [ 0. 006Y Paste

Step

Insert

New Step

More
10f2

& : Move Cursor <= :Previous Step — :HextStep 2F :Change Yalue

Figure A-4: Autostep Editor for 4-Channel Display

Exit/
write

Undo ‘
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Option 04 (Digital Data Output)

The AWG2005 arbitrary waveform generator with Option 04 installed can
provide the following signals at the rear panel output connector. For the
layout of DIGITAL DATA OUT connectors on the rear panel, see "Rear
Panel” in Section 2 "Overview.”

NOTE

An AWG2005 cannot be equipped with Option 04 and Option 09.

Data Output

The data (DO—D11) fed to this instrument’s internal D/A converter is buffered
and connected to the output connector. At the same time that the analog
waveform is output, the digital output can be obtained. Output will be at the
TTL level.

Clock Output

The same clock that is fed to this instrument’s internal D/A converter is
buffered in the same way as the data and connected to the connector. As in
the case of data output, clock output will be at the TTL level.

Figure A-5 is a block diagram of the digital data output Option 04.

12 Bits
Waveform 12
Data
Memory 7 D/A
Clock %
N Buffer !
1 r- - - - - - = =7 1 1
| | | |
I | | I
! ' ' !
I I
! :12 Latch ,12 ! i Data %2 !
| ! ! : ' DO~D11 ! .
| . . |
1 I I 1
I I I I
1 I I 1
1 | | 1
! : : Clock !
| : : CLOCK |
! L= ! Output !
! Option 04 Connector !

Figure A-5: Block Diagram
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Output Connector Configuration

Figure A-6 is the shape and pin number location of the output connector,
and Table A-1 is the output signal for each pin.

20 0 0 0O O O O O O O O O O 026 20 0 O O OO O OO O O O O 026§
lo o o o 0o 0o 00 0O 0O O O O 025 lo o o o 0 0 000 O O O 0 025
CH1 DIGITAL DATA OUT CHZ2 DIGITAL DATA OUT

Figure A-6: The Shape of the Output Connector

Table A-1: Connector Pin Assignments

Pin Number Signal Pin Number Signal
1 DO(LSB) 15 D7
3 D1 17 D8
5 D2 19 D9
7 D3 21 D10
9 D4 23 D11(MSB)
11 D5 25 Clock
13 Dé

Pins other than above are connected to ground. The pin assignments are
identical for both CH1 and CH2.

Operation

Basically, operations are in correspondence with analog output for the
AWG2005 arbitrary waveform generator. When a waveform is not being
output, the waveform’s initial data may be output to the connector. At this
time, the clock is not generated.

When starting the waveform output, the clock is generated and the data is
updated.

NOTE

When loading a new waveform into waveform memory, resetting the
waveform memory, or during the hold off, excess output can be
generated in the data clock (see Figure A-7).
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Load, reset, hold—off period:
Excess output can occur in

these periods.
Trigger
Signal

e

Waveform

Figure A-7: Generation of Excess Output

Output Circuit and Output Waveform

Figure A-8 shows a diagram of the output circuit. After first passing through
an output resistance of 50 Q, the buffer output proceeds to the output
connectors. The AWG2005 can be used without terminating the receiving
(user) side with a resistance of 50 Q, but when waveform distortion is great
the 50 Q termination is required.

500
Buffer k) )
(502)
777 777 7
| |
| |
| |
| |
| |
500
Buffer O )
(5002)
77 7

Figure A-8: Output Circuit
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The skew of the data output is held to +15ns. The rising and falling times
will depend on the buffer ICs, but neither is greater than 4ns. See Fig-

ure A-9. This figure shows the specifications for the waveform at the output
connector when a cable is not being used.

Rise Time Fall Time
Co : Rise Time / Fall Time :
Measure the time for the
waveform to go from 10%
to 90% of its peak value ;

must be no greater than 4 ns.

Clock

------------------------------ Level High: 4V ~

Data

L - LevelLow: ~0.8V

— l—

Skew : Measure at 50% level of the waveform :
must be no greater than £+ 15ns.

Figure A-9: Output Waveform

If a cable is used, these waveforms have transmission distortion. It is neces-
sary to latch the data with a clock before using the waveform in actual
circuits at the cable receiving side (user side) and to reproduce the wave-
form. Delay the clock with the delay line in order to reproduce the data
reliably (see Figure A-10).

12 12 12

Data ﬁL Buffer Latch | / >

A

Delay Line
Clock | Buffer |

0~ 20ns

Figure A-10: Data Latching
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Application Example

Cable
The cable connecting the AWG2005 and the user circuit is extremely critical
for reliable operation at the maximum clock frequency.

NOTE

1. Use a coaxial cable with a characteristic impedance of 50 2 for
all DATA and CLOCK lines.

2. Keep cables as short as possible. It depends on the character-
istic of the coaxial cable used, but lengths under 1 meter are
desirable.

Cable

The AWG2005 for Option 04 comes with a digital data out cable as a stan-
dard accessory. The cable is 1-meter long and is illustrated in Figure A-11.
The part number for the cable is 174-3192-00.

Connector : Female Connector : Female

AN O

: € 7y

Flat Cable

Figure A-11: Digital Data Out Cable
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Waveform Regeneration

In some cases, even a cable that has been carefully made will create trans-
mission distortion. Figure A-12 shows a concrete example of a circuit used
to regenerate the waveform.

Delay Line
Clock ——> — %
DO
500 0~ 20ns D1
GND ———>
D7
DO ——>
500 :
GND —> .
! >
: D8
D11 —— = D11
500
GND ———
A

Figure A-12: Waveform Reproduction Circuit Example

NOTE

Tektronix cannot be responsible for the infringement of any third-
party industrial proprietary rights, copyrights, or other rights arising
from the use of these circuits.

NOTE

The ECB is a multi-layer board. One layer is used as ground and
the other as the power supply. The data lines are wired to the same
length so that their delay times will be the same.
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Option 05 (Clock Sweep)

This option provides an additional function: the clock sweep editor. In addi-
tion to performing linear sweep and log sweep for the clock frequency, the
clock sweep editor enables you to easily create arbitrary sweep. See Sec-
tion 4A for more information on the clock sweep editor.

Option 09 (FFT Editor and Convolution Process)

This option provides increased internal calculation speed and two additional
editors: an FFT editor and a convolution editor. See Section 4A for more
information on the FFT and convolution waveform editors.

Option 1R (Rack Mount)

The AWG2005 is shipped mounted in a 19-inch wide rack. In this configura-
tion, the floppy disk drive is accessed from the front panel. To change an
AWG2005 into a rackmounted version, contact Tektronix for information.

For further information regarding the rack mount adaptor, see the instruction
sheet that comes with the rack mount kit.

Option 1S (WaveWriter S3FT400)

WaveWriter is an application program used to create waveforms for ad-
vanced signal generating and processing instruments. Many Tektronix
instruments, such as arbitrary waveform generators and oscilloscopes with
the “save-on-delta” feature, are enhanced by this program. WaveWriter
helps users configure waveforms with a minimum of effort.

With the WaveWriter package, you can create new waveforms or edit wave-
forms acquired from various instrument sources. WaveWriter gives you
interactive control of the waveform generating process.WaveWriter operates
within the Microsoft Windows™ environment.
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Power Cord Options The following power cords are available with this instrument.
Table A-2: Power Cord Options

Option Description Part Number
A1 Europe, 220V/6A 161-0104-06
A2 United Kingdom, 240V/6A 161-0104-07
A3 Australia, 240V/6A 161-0104-05
A4 North America, 240V/6A 161-0104-08
A5 Switzerland, 220V/6A 161-0167-00
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Accessories

Standard Accessories

The AWG2005 includes the following standard accessories:

Manual

User Manual
Programmer Manual

Floppy disk

Sample Waveform Library Disk, 3.5-inch

Performance Check Disk
Sample program

Power cord 125V/6A

Certificate of Calibration

Optional Accessories

Part Number

070-8958-50
070-8657-50

063-1704-XX
063-1706-XX
063-1708-XX

161-0230-01

The following optional accessories are recommended for use with the
instrument.

Service Manual
Performance Check Disk
Front Cover

Accessory Pouch

GPIB Cable

50 Q BNC Cable

50 Q BNC Terminator
Fuse 6A Fast (UL198G/3AG)
Fuse cap

Fuse 5A (T) (IEC127)
Fuse cap

Cable Digital Out

Part Number
070-8962-50
063-1706-XX
200-3232-XX
016-1159-XX
012-0991-00
012-1342-XX
011-0049-XX
159-0239-XX
200-2264-XX
159-0210-XX
200-2265-XX
174-3192-XX
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Performance Characteristics

Introduction

The performance characteristics on the AWG2005 can be divided into three
categories:

Nominal Traits

General characteristics are described not by equipment performance
and limits but by such things as memory capacity.

Warranted Characteristics

Warranted characteristics are described in terms of quantifiable perfor-
mance limits which are guaranteed.

Typical Characteristics

Typical characteristics are described in terms of typical or average
performance for the AWG2005. The characteristics described herein are
not absolutely guaranteed.
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Nominal Traits This section will describe general characteristics of the AWG2005. These
can be divided into two main categories: electrical characteristics and me-
chanical characteristics.

Electrical Characteristics

Characteristics Description

Arbitrary Waveforms

Memory

Waveform 64K x 12 bits
The Waveform can position 256 data point boundary in the waveform
memory.
The maximum waveforms in the waveform memory is 256.

Marker 64 Kx 1 bit

Minimum Data Length 16 points for the Waveform and the Marker.

Sequence 32 Kx 16 bits

A Sequence requires minimum 7 words.

Scan Counter

Waveform 1 to 64 K (16 bits)
Sequence 1 to 64 K (16 bits)
Catalog Memory 4 M bytes
Clock Generator
Frequency Range 0.01 Hz to 20 MHz
Resolution 4 digits (The maximum Resolution 0.01% is obtained at the value 79999”.)

Reference Oscillator

Nominal Frequency 12.8 MHz
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Electrical Characteristics

Characteristics

Description

Clock Generator (Option 05)

Frequency Range

0.01 Hz to 20 MHz

Resolution Up to 7 digits
Sweep
Type Linear,Log,Arbitrary
Mode Continuous, Triggered,Gated
Update Rate 1 us to 65.535 ms
Points per sweep 8 Kwords
Frequency Resolution 0.0298 Hz
Reference Oscillator
Nominal Frequency 12.8 MHz
Main Output
DA Converter
Resolution 12 bits
Amplitude
Range 0.05 to 10 Vp-p into 50 €
The amplitude range expands about 2 times (20 Vp-p) into open circuit.
It's actual value is two times the displayed value. The absolute peak Ampli-
tude plus the Offset is limited to +10 V or —10V.
Resolution 1mV
Offset
Range —5.0t0 5.0 Vinto 50 Q
The offset range expands about 2 times (—10 V to 10V) into open circuit.
It's actual value is two times the displayed value. The absolute peak Ampli-
tude plus the Offset is limited to +10 V or —10V.
—200 mA to 200 mA (Current source output)
Resolution 5mV
Impedance 50 Q
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Electrical Characteristics

Characteristics

Description

Operating Modes

Continuous Generates the waveform or sequence continuously.

Triggered Output quiescent until triggered by an GPIB, external, or manual trigger;
then generates a waveform or sequence only one time.

Gated Same as Continuous mode, except waveforms or sequences are output

for the duration of the gated signal.

Waveform Advance

Continuous Continuously generates the waveform or sequence in the Sequence file;
the next trigger advances to the next waveform/sequence.

Step Output quiescent until triggered by an GPIB, external, or manual trigger;
then generates the waveform/sequence in the Sequence file. When the
scan count reaches its value, then stops output and waits next trigger.

Autostep

Continuous Similar operation to the Waveform Advance : Continuous. But the Auto-
step file is used instead of the Sequence file and the output parameters
(Amplitude, Offset, etc.) are changed.

Step Similar operation to the Waveform Advance : Step. But the Autostep file is
used instead of the Sequence file and the output parameters (Amplitude,
Offset, etc.) are changed.

Master Provide the Clock and the Trigger to the Slave AWG2005 for the parallel
operation.
Slave Receive the Clock and the Trigger from the Master AWG2005 for the paral-
lel operation.
Filters
Type Low Pass (—24 dB/Oct)
5MHz
2MHz
1MHz
500kHz
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Electrical Characteristics

Characteristics

Description

Auxiliary Output

MARKER
Amplitude >2V into 50 Q
Impedance 50 Q

Period Jitter

Refer to Table B-1 (Measured by TDS694C—1MHD with TDSJIT1)

Cycle to Cycle Jitter

Refer to Table B-2 (Measured by TDS694C—1MHD with TDSJIT1)

CLOCK
Amplitude

>2V into 50 Q

Impedance

50 Q

Period Jitter

Refer to Table B-3 (Measured by TDS694C—1MHD with TDSJIT1)

Cycle to Cycle Jitter

Refer to Table B-4 (Measured by TDS694C—1MHD with TDSJIT1)

CONTROL SIG
Amplitude >2V into 50 Q
Impedance 50 Q
SWEEP (Option 05)
Amplitude OVto5V
(Same waveform as selected sweep. Amplitude is dependent on start and
stop frequencies and a 5 V limit.)
Impedance 600 Q
Digital Data Out (option 04)
Output Signals
CH1 Data (DO to D11), Clock
CH2 Data (DO to D11), Clock
Amplitude >2 Vinto 50 Q
Impedance 50 Q
Connector 28 pin Header
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Table B-1[{JPeriod Jitter (CH1 Marker Out)

Clock=20MS/s

Clock=10MS/s

StdDev Pk—Pk StdDev Pk—Pk
24.0 ps 140.0 ps 24.0 ps 120.0 ps
Table B-2[/Cycle to Cycle Jitter (CH1 Marker Out)

Clock=20MS/s Clock=10MS/s

StdDev Pk—Pk StdDev Pk—Pk
40.0 ps 220.0 ps 40.0 ps 200.0 ps
Table B-3(JPeriod Jitter (Clock Out)

Clock=20MS/s Clock=10MS/s

StdDev Pk—Pk StdDev Pk—Pk
24.0 ps 140.0 ps 24.0 ps 120.0 ps
Table B-4¢/Cycle to Cycle Jitter (Clock Out)

Clock=20MS/s Clock=10MS/s

StdDev Pk—Pk StdDev Pk—Pk
40.0 ps 220.0 ps 40.0 ps 200.0 ps
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Electrical Characteristics

Characteristics

Description

Auxiliary Input

TRIGGER
Threshold Level -5Vto 5V
Resolution 0.1V
Impedance 10 kQ

AM
Range 2 Vp-p (—1V to 1V) for 100% modulation
Impedance 10 kQ

Add
Range 10 Vp-p (-5 Vto 5V)
Impedance 50 Q

CONTROL SIG
Threshold Level 0.8Vto20V
Impedance 10 kQ

CLOCK
Threshold Level 08Vto20V

Impedance

330 Q(Master mode), 10 kQ2 (Slave mode)

Function Generator

Waveform Shape

Sine, Triangle, Square, Ramp, Pulse
(1 MHz filter is inserted when Sine is selected.)

Output Parameter All of these values with the exception of frequency can be set indepen-
dently for each channel. Frequency settings apply to all channels.
Frequency 1.000 Hz to 200 kHz
Amplitude Can be set between 50 mV and 10 V in 1 mV increments
Offset Can be set between £5V in 5 mV increments
Polarity Normal, Invert
Duty 0% to 100% Pulse only. Can be set in 1% increments
Operating Mode Continuous mode

Auxiliary Output

Marker 2V into 50 Q, generated at the starting point of the waveform. The pulse
width will vary depending on the frequency.
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Electrical Characteristics

Characteristics Description
Display
CRT
Display Area 13.2cm (5.2 inches) horizontally by 9.91cm (3.9 inches) vertically
Resolution 640 (H) x 480 (V) pixels

AC Power Source

AC Line Power

Fuse Rating 6A first blow, 250 V, UL198G(3AG) or 5 A (T), 250 V, IEC127
Battery
Type Li3 V, 650 mAH

Mechanical Characteristics

Characteristics Description

Net Weight

Standard 10.7 kg
Size

Height 16.3cm (6.4 inches) with feet

Width 36.3cm (14.3 inches) with handle

Length 48.9cm (19.25 inches) with front cover

(

56.4cm (22.2 inches) with handle extended
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Warranted
Characteristics

This section will describe the warranted characteristics of the AWG2005.
These can be divided into two main categories: electrical characteristics and
environmental characteristics.

Performance Conditions
The electrical characteristics are valid under the following conditions:

1) The instrument must have been calibrated at an ambient temperature
between +20°C to +30°C.

2) The instrument must be in an environment whose limits are described in
Environmental Characteristics.

3) All tolerance limits apply after a 20 minute warm up and an execution of
the self calibration.

4) The instrument is operating at an ambient temperature between +10°C
to +40°C, unless otherwise noted.

Electrical Characteristics

Characteristics

Description

Clock Generator

Accuracy
+15°Cto +30°C 0.005%
+10°Cto +40 °C 0.01%
Reference Oscillator
Accuracy +1ppm
Stability +1 ppm/year (20°C to 30°C)
Clock Generator (Option 05)
Accuracy
+15°Cto +30°C 0.0005%
+10°C to +40°C 0.001%
Reference Oscillator
Accuracy +1ppm
Stability +1 ppm/year (20°C to 30°C)
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Electrical Characteristics

Characteristics Description
Main Output
Amplitude Except multiply(AM) and add(Add) operation
Clock 1 MHz, Waveform data; 000 and FFF, Norm, No Filter, No Offset
DC Accuracy
0.050 V to 0.999 V +(0.5% of amplitude + 5 mV)

1.000 V to 10.000 V

+(1% of amplitude + 50 mV)

Offset

Clock 1 MHz, Waveform data;FFF, Norm, No Filter, Amplitude 0.05V.

Accuracy

+ (1% of Offset + 10 mV)

Pulse Response

Clock 20 MHz, Waveform Data; 000 (16 points) and FFF (16 points), Norm,
No Filter, Amplitude 5 V, No Offset.

Rise/Fall Time

<35ns

Flatness

within <3% (After 150 ns from rise/fall edges)

Aberration

within <7%

Cross talk between Channels

Sine (512 points), 20 MHz Clock, Norm, No Filter, Amplitude 5 V, No Offset
<—-70dBc

Noise Floor Clock 20 MHz, Waveform Data; 7FF, Norm, No Filter, No Offset.
0.5V <—110 dBm/Hz (at 1 MHz)
5.0V <—95 dBm/Hz (at 1 MHz)

Sine Wave Characteristics

F.G mode, 100 Hz to 200 kHz, No Offset

Flatness within = 4%
Amplitude 1V, 1 kHz reference
TH.D Including up to 4th Harmonics
5.0V <-55dBc
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Electrical Characteristics

Characteristics Description
AM and Add
AM CH1: Sine (512 points), Clock 20 MHz, AM, No Filter, Amplitude 5 V, No
Offset
CH2: Waveform Data; FFF, No Filter, Amplitude 10 V
Internal
Amplitude Accuracy Add 5% to the Amplitude Specification
*CH1 Out = CH1 x CH2,
Frequency Response DC to 10 MHz (-3 dB)
External

Sensitivity

2 Vp-p (= 5%) signal causes 100% modulation.
*CH1 Out = CH1 x Ext Signal
Ext Signal 1V, 100% modulation

0V, 50% modulation

—1V, 0% modulation

Frequency Response

DC to 10 MHz (-3 dB)

Add

CH1: sine (512 points), Clock 20 MHz, Add, No Filter, Amplitude 5V, No
Offset

CH2: Waveform Data; FFF, No Filter, Amplitude 2 V

Internal

Amplitude Accuracy

Add 5% to the Amplitude Specification
*CH1 Out = CH1 + CH2

Frequency Response

DC to 10 MHz (-3 dB)

External

Amplitude Accuracy

Add 5% to the Amplitude Specification
*CH1 Out = CH1 + Ext Signal

Frequency Response

DC to 10 MHz (-3 dB)

*Note: Output Amplitude can’t exceed 10 Vp-p (into 50 Q)

AWG2005 User Manual
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Electrical Characteristics

Characteristics Description
Filter

Aberration within = 7%
Rise Time

5MHz 70 ns = 20%

2MHz 175 ns =20%

1MHz 350 ns * 20%

500kHz 700 ns *= 20%

Auxiliary Output

MARKER

Amplitude >2 Vinto 50 Q
CLOCK

Amplitude >2Vinto 50 Q
CONTROL SIG

Amplitude >2 Vinto 50 Q

Digital Data Out (Option 04)

Amplitude >2 Vinto 50 Q
Skew Between Data within 15 ns
Clock to Data Delay Within 15 ns

B-12



Appendix B: Performance Characteristics

Electrical Characteristics

Characteristics

Description

Auxiliary Input

TRIGGER
Accuracy + (5% of Level + 0.1V)
Pulse Width 150 ns minimum
Input Swing 0.2 Vp-p minimum

Maximum Input Volts

+10V (DC + peak AC)

Trigger Hold Off

2 us + 1 Clock (Excluding Autostep mode)

AM

Sine (512 points), Clock 20 MHz, AM, No Filter, Amplitude 5 V, No Offset

Amplitude Accuracy

within 5% (1.9 Vp-p to 2.1 Vp-p for 100% modulation)

Maximum Input Volts

+5V (DC + peak AC)

Add

Sine (512 points), Clock 20 MHz, Add, No filter, Amplitude 5 V, No Offset

Amplitude Accuracy

Add 5% to the Amplitude Specification

Maximum Input Volts

+5V (DC + peak AC)

CONTROL SIG
Threshold Level TTL Level (0.8Vto2.0V)
Pulse Width 40 ns minimum
Input Volts OVto5V
CLOCK
Threshold Level TTL Level (0.8V 10 2.0V)
Rise/Fall Time within 1 us
Pulse Width 20 ns minimum
Input Volts OVto5V

Frequency Range

1 Hz to 20 MHz

AWG2005 User Manual
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Electrical Characteristics

Characteristics Description

Voltage

AC Power Source

Rating Voltage 100 VAC to 240 VAC
Continuous range, CAT Il

Range
90 VAC to 250 VAC 48 Hz to 63 Hz
90 VAC to 127 VAC 48 Hz to 440 Hz
Maximum Power Consumption | 300W
Maximum Current 4A
Grounding Impedance The impedance for the chassis ground and power plug ground pins is
0.1 Q at 30A.

Primary Circuit Dielectric

Voltage withstand Test 1500 V rms, 50 Hz for 15 seconds, without breakdown.

Environmental Characteristics

Characteristics Description
Temperature
Operating +10°Cto + 40 °C
Non operating —-20°Cto + 60 °C

Relative Humidity

Operating 20% to 80% (No condensation)
Maximum wet-bulb temperature 29.4 °C

Non operating 5% to 90% (No condensation)
Maximum wet-bulb temperature 40.0 °C

Altitude
Operating To 4.5 km (15000 ft).
Maximum operating temperature decreases 1°C each 300 m above
1.5 km.
Non operating To 15 km (50000 ft).
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Environmental Characteristics

Characteristics Description
Dynamics
Vibration
Operating 0.33 mmp-p, 10 to 55 Hz, 15 minutes
Shock
Non operating 294 m/s? (30 G), half-sine, 11 ms duration.

Installation Requirements

Power Consumption

300 watts max. Maximum line current is 4 A rms at 50 Hz, 90 V line.
(Fully Loaded)

Surge Current 30 A peak for < 5 line cycles, after product has been off for at least 30 s.

Cooling Clearance

Top Clearance 7.6cm (3 inches)
Side Clearance 15cm (6 inches)
Rear Clearance 7.6cm (3 inches)
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i This section will describe the typical characteristics for the AWG2005. These
Typical y
T values represent typical or average performance and are not absolutely
Characteristics quaranteed.

Electrical Characteristics

Characteristics Description
Main Output
DA Converter
Integral Non Linearity 1LSB
Differential Non Linearity 1LSB
Skew between channels 5ns
Delay Master to Slave 5ns
Filters
Delay
5MHz 80 ns
2MHz 190 ns
1MHz 400 ns
500kHz 800 ns
Auxiliary Output
MARKER
Marker to Signal Delay 35ns
Auxiliary Input
TRIGGER
Trigger to Signal delay
Internal Clock 400 ns (Excluding Clock Sweep mode)
External Clock 400 ns + 2 Clock
Power Supply
Battery
Back Up Time 4 years
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Certifications and compliances

Category

Standards or description

EC Declaration of Conformity -
EMC

Meets intent of Directive 89/336/EEC for Electromagnetic Compatibility. Compliance was
demonstrated to the following specifications as listed in the Official Journal of the European
Communities:

EMC Directive 89/336/EEC:
EN 55022 Class B Radiated and Conducted Emissions
EN 50081-1  Emissions:
EN60555-2 AC Power Line Harmonic Emissions
EN 50082-1  Immunity:
IEC801-2 Electrostatic Discharge Immunity
IEC801-3 RF Electromagnetic Field Immunity
IEC801-4 Electrical Fast Transient/Burst Immunity

Australian/New Zealand
declaration of Conformity - EMC

Complies with EMC provision of Radio-communications Act per the following standard:

AS/NZS 2064.1/2 Industrial, Scientific, and Medical Equipment: 1992

EC Declaration of Conformity -
Low Voltage

Compliance was demonstrated to the following specification as listed in the Official Journal of the
European Communities:

Low Voltage Directive 73/23/EEC, amended by 93/68/EEC

EN 61010-1/A1:1992 Safety requirements for electrical equipment for
measurement, control and laboratory use.

Approvals

Complies with the following safety standards:
UL3111-1, First Edition Standard for electrical measuring and test equipment.

CAN/CSA C22.2 No.1010.1-92  Safety requirements for electrical equipment for
measurement, control and laboratory use.

Installation Category Description

Terminals on this product may have different installation (over-voltage) category designations. The
installation categories are:

Category Examples of products in this category

CAT Nl Distribution-level mains (usually permanently connected). Equipment at this
level is typically in a fixed industrial location.

CATII Local-level mains (wall sockets). Equipment at this level includes appliances,
portable tools, and similar products. Equipment is usually cord-connected.

CAT I Secondary (signal level) or battery operated circuits of electronic equipment.

Pollution Degree

A measure of the contaminates that could occur in the environment around and within a product.
Typically the internal environment inside a product is considered to be the same as the external.
Products should be used only in the environment for which they are rated.

Pollution Degree 2 Normally only dry, nonconductive pollution occurs. Occasionally a
temporary conductivity that is caused by condensation must be
expected. This location is a typical office/home environment.
Temporary condensation occurs only when the product is out of
service.

AWG2005 User Manual
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Certifications and compliances (cont.)

Category Standards or description

Conditions of Approval Safety Certifications/Compliances are made for the following conditions:
Altitude (maximum operation): 2000 meters

IEC Characteristics Equipment type:

Test and Measuring

Installation Category Il (as defined in IEC 61010-1, Annex J)
Pollution Degree 2 (as defined in IEC 61010-1)

Safety Class | (as defined in IEC 61010-1, Annex H)
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Appendix C:
Sample Waveform Library

The files and directories listed below are included in the route directory of
the Sample Waveform Library Disk that comes with the instrument. All files
are locked; this is indicated by an asterisk (*) before the file name.

Introduction

m  Representative Waveform Files

There are 16 of these waveform files. If a waveform file (with the extend-
er .WFM) has the same name as an equation file (with the extender
.EQU), the waveform file was derived by compiling that equation file.

Waveform Name File Name Page

1 Gaussian Pulse GAUSS_PEQU C-3
GAUSS_PWFM

5 Lorentz Pulse LORENTZ.EQU C-4
LORENTZ.WFM

3 Sampling Function SIN(X)/X Pulse [SINC.EQU C-5
SINC.WFM

4 Squared Sine Pulse SQU_SIN.EQU C-6
SQU_SIN.WFM

5 Double Exponential Pulse D_EXPEQU C-7
D EXPWFM

6 Nyquist Pulse NYQUIST.EQU C-8
NYQUIST.WFM

7 Linear Frequency Sweep LIN_SWPEQU C-9
LIN_SWPWFM

8 Log Frequency Sweep LOG_SWPEQU C-10
LOG_SWPWFM

9 Amplitude Modulation AM.EQU C-11
AM.WFM

10 Frequency Modulation FM.EQU C-12
FM.WFM

11 Damped Sine Wave DMP_SIN.EQU C-13
DMP_SIN.WFM

12 Transient Voltage Test Signal TRN_VOL.EQU C-14
TRN_VOL.WFM

13 | Pulse Width Modulation PWM.WFM C-15

14 | Pseudo-Random Pulse PRBS_15.WFM C-16
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Waveform Name File Name Page
15 |x/4 DQPSK | Axis Signal DQPSKI.WFM C-17
16 |m/4 DQPSK Q Axis Signal DQPSKQ.WFM C-17
m  NTSC Directory
Contains video signals.
Waveform Name File Name
1 | Composite video signal NTSC-M.SEQ
2 | Luminance signal NTSC-Y.SEQ
3 | Chroma signal NTSC-C.SEQ

MISC Directory

Contains the waveforms used to simulate the power source waveform. It
is used to set a waveform in the SETUP menu consisting of a noise
waveform added to the basic sine wave, or to set a continuously chang-

ing sine wave in the MODE menu.

Waveform Name File Name
1 | Basic sine wave P_SINE.WFM
2 |Impulse noise waveform P_NOISE.WFM
3 |Random noise waveform P_RND.WFM
4 |Imperfect sine wave P_SCR.WFM
Description of Here we will describe the 16 representative waveform files. Some of the

Representative
Waveform Files

menu.

waveform files were obtained by creating an equation file in the equation
editor and then compiling it to form a waveform file. Others were created in
the waveform editor. To output a waveform file, select the file in the SETUP

C-2



Appendix C: Sample Waveform Library

Gaussian Pulse (GAUSS_P.WFM)

Made with the equation editor.

# gaussian pulse

range (0, 50us)

ko=0e-6 # pulse width
k1=25e-6 # peak location

exp(-In(2)»( (2% (t-k1)/k6)"2))

-l.e 1900 Points : Clock 2e+07 Hz

Figure C-1: Gaussian Pulse Formula and Waveform

Constants

k0 indicates the half width (Wso) for the pulse; k1 indicates the peak location
of the pulse.

Description

The waveform generated when the pulse width is taken to be twso and the
peak location is taken to be 0 can be expressed as

V(t) = exp[—ln(2) . (ﬁ)z] Substituting o = tw¢giV93

twso 2 /2 In(2)
t2

f(t) = exp(—ﬁ) , and taking the Fourier transform gives

F(jw) = 2o - exp(—%). This shows that this signal has a Gaussian form

in the frequency domain as well.
<Example> When twso is 1 us, the bandwidth will be 31.2 kHz.
Settings

Waveform points: 1000
Clock frequency: 20 MHz
Output time: 50 us
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Lorentz Pulse (LORENTZ.WFM)

Made with the equation editor.

# lorentz pulse

range(0,50us)

ko=he-6 # pulse width
k1=25e-6 # peak location

1/(1+(2= (t-k1) /k0) ~2)

-1.e 1000 Points ; Clock 2e+67 Hz

Figure C-2: Lorentz Pulse Formula and Waveform

Constants

k0 indicates the half width (Wso) for the pulse; k1 indicates the peak location
of the pulse.

Description

When the pulse width is taken to be twso, the waveform can be expressed by
the following formula:

Settings

Waveform points: 1000
Clock frequency: 20 MHz
Output time: 50 us
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Sampling Function SIN(X)/X Pulse (SINC.WFM)

Made with the equation editor.

# sinc pulse

range(@, 200us)

ko=500e3 # sine frequency
k1=100.1e-6 # peak location

Sin(2#pixk0s(t-k1)) /{2+piskd={t-k1))

-1.8

4000 Points ; Clock 2e+67 Hz

Figure C-3: Sampling Function SIN(X)/X Pulse Formula and Waveform

Constants

k0 indicates the frequency of the sine wave; k1 indicates the peak location

of the pulse.

Description

In general, this waveform is expressed by the following formula:

v 2nft

This is the impulse response for the ideal low pass filter for the frequency
bandwidth f. At least 326 periods are required in order to use a vertical

resolution of 12 bits

Settings

_ sin(2sft)

Waveform points: 4000
Clock frequency: 20 MHz

Output time: 200 us
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Squared Sine Pulse (SQU_SIN.WFM)

Made with the equation editor.

# squared sine pulse
range(@, 15us)

%]

range(15us, 35Us)
(Cos(2+pi*(x-0.5))+1) /2
range (35us, 50US)

4]

-0 1600 Points ; Clock 2e+067 Hz

Figure C-4: Squared Sine Pulse Formula and Waveform

Description

The pulse width and peak location are set with range (). The value for x is a
value between 0 and 1 for range (a,b).

Settings

Waveform points: 1000
Clock frequency: 20 MHz
Output time: 50 ps
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Double Exponential Pulse (D_EXP.WFM)

This is the rising and falling exponential function pulse. Made with the equa-
tion editor.

# double exponential pulse

range (9, 500us)

k1=5e-6 # rise tinme constant
k2-50e-6 # fall time constant
exp(-t/k2)-expi-t/k1)
normi)
+1.8
-1.0 o
10600 Points ; Clock 2e+07 Hz

Figure C-5: Double Exponential Pulse Formula and Waveform

Constants

k1 and k2 are the rising and falling time constants, respectively. The peak
location for the pulse is derived using the following formula:

K- k2, k2
ko M
Description

This is the waveform when a charged capacitor is discharged to the RC
circuit. When the time constants for charging and discharging are taken to
be t1 and 12, respectively, the waveform can be expressed by the following
formula:

— t t
V() = exp(—r—2>—exp(—ﬂ>
Settings
Waveform points: 10000

Clock frequency: 20 MHz
Output time: 500 us
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Nyquist Pulse (NYQUIST.WFM)

Made with the equation editor.

# nyquist pulse

range(0,50us)

ko=1e-6 # data period
k1=25.001e-6 # peak location
k2-0.5 # excess bandwidth factor @ to 1

cos(pixk2#(t-k1) /kB)/(1- (2#k2+ (t-k1) /kB)2)
vesin(pi+(t-k1)/k@) /{pi=(t-k1) ko)

-0 1600 Points ; Clock 2e+67 Nz

Figure C-6: Nyquist Pulse Formula and Waveform

Constants

kO is the period of the digital data used in communication or recording.
k1 is the pulse peak location. k2 is the excess bandwidth factor, and is a
value between 0 to 1.

Description

This is the impulse response of a wave shaping Nyquist filter. The shoulder
characteristics of this filter are referred to as ”cosine roll-off” characteristics,
and the bandwidth used can be varied. This waveform can be expressed by
the following formula.

cos(72!) | sin( %)

T T
V() =
O WET
T T

Here T is the data period and a is a value between 0 and 1. A wider band is
required for values closer to 1, where ripple is reduced and implementation
is easier.

Settings

Waveform points: 1000
Clock frequency: 20 MHz
Output time: 50 us
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Linear Frequency Sweep (LIN_SWP.WFM)

Made with the equation editor.

# frequency sweep sine (linear)

range(®, 8ns)

ko=-Re-3 # sweep period
ki=1e3 # starting frequency
k2-10e3 # ending Trequency
Sin(2=pi=k1=t+2«pi=(k2-k1)= (t~2) /2/k0)
+1.0
-1.8 LELIAN
16000 Points ; Clock 2e+06 Hz

Figure C-7: Linear Frequency Sweep Formula and Waveform

Constants

kO is the sweep period and k1 and k2 are the starting and ending frequen-
cies.

Description
This waveform can be expressed generally by the following formula.

t

V(t) = sin|2aft + 2xf, f Lat + ¢,

0
Here f1 is the starting frequency, f2 is the ending frequency, go is the initial
phase, and T is the sweep period.

To assure that the phases match when this waveform is iterated, the sweep
period is set to be close to an integer multiple of the reciprocal of the aver-
f, + 1,

age frequency 5

Settings

Waveform points: 16000
Clock frequency: 2 MHz
Output time: 8 ms
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Log Frequency Sweep (LOG_SWP.WFM)

Made with the equation editor.

# frequency sweep sine (log)

range (@, 11ns)

ko=11e-3 # sweep period
k1=1e3 # start ing frequency
k2-10e3 # ending Trequency

k3=In{k2/k1)
sin{2#pi*k1+ko/A3+ (exp(k3+x)-1))

-0 22000 Points ; Clock 2e+06 Hz

Figure C-8: Log Frequency Sweep Formula and Waveform

Constants

kO is the sweep period and k1 and k2 are the starting and ending frequen-
cies.

Description

This waveform can be expressed generally by the following formula.

t
V() = sin| 2xf, J exp(% : In;—z)dt + ¢,
1
0
Here f1 is the starting frequency, f2 is the ending frequency, go is the initial
phase, and T is the sweep period.

To assure that the phases match when this waveform is iterated, the sweep
period is set to be close to an integer multiple of the reciprocal of the aver-

age frequency. (fz;f1 ) / (/n ;—2)

.
Settings

Waveform points: 22000
Clock frequency: 2 MHz
Output time: 11 ms
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Amplitude Modulation (AM.WFM)

Made with the equation editor.

# anplitude modulation

range (9, 1ns)

ko=1e3 # modulation frequency
k1=1e6 # carrier frequency
k2-0.5 # modulation degree
(1+k2+Ccos(2#pi=k0+t) ) *cos (2+pi*k1+t)
norm()

+1.0

-0 20000 Points ; Clock 2e+07 Hz

Figure C-9: Amplitude Modulation Formula and Waveform

Constants

kO is the frequency of the modulating signal, k1 is the carrier frequency, and
k2 is the modulation degree.

Description

This example shows a double sideband (DSB) amplitude modulated wave-
form with a modulation degree of 0.5. The modulating signal is a cosine
wave.

Settings

Waveform points: 20000
Clock frequency: 20 MHz
Output time: 1 ms
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Frequency Modulation (FM.WFM)

Made with the equation editor.

# frequency modulation

range(0, 100us)

ko=10e3 # modulation frequency
k1=560e3 ¥ carrier frequency
k2-460e3 # frequency deviation
sin(2xpixk1+t+k2/k0*sin(2+pi+ko*t))
+1.0
-1.8 4L
2000 Points ; Clock 2e+97 Hz

Figure C-10: Frequency Modulation Formula and Waveform

Constants

kO is the modulation signal frequency, k1 is the carrier frequency, and k2 is
the frequency deviation.

Description

k0 is the frequency of the cosine wave that is used to modulate a sine wave
of frequency k1. To assure that the phases match when this waveform is
iterated, the carrier frequency times the modulating signal period is set to be
an integer. The modulation index is given by k2/k0.

Settings

Waveform points: 2000
Clock frequency: 20 MHz
Output time: 100 us
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Damped Sine Wave (DMP_SIN.WFM)

Made with the equation editor.

# danmped sine wave

range (9, 200us)
lb=16e-3
k1=63.3e-12
k2=ko=k1
k3-30e-6

# exponential damping factor

exp(-t/k3)+sin(1/sart (k2)+t)

-1.0

4600 Points ; Clock 2e+67 Hz

Figure C-11: Damped Sine Wave Formula and Waveform

Constants

kO indicates the inductance (L), k1 indicates the capacitance (C), and k3
indicates the damping time constant.

Description

This is an attenuated amplitude waveform with a resonance frequency of
200 kHz (L=10 mH, C=63.3pF) and a damping time constant of 30 us.

Settings

Waveform points: 4000
Clock frequency: 20 MHz

Output time: 200 us

AWG2005 User Manual
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Transient Voltage Test Signal (TRN_VOL.WFM)

Made with the equation editor.

# transient hv signal
range(o,33.333ns)

k1=2e-3 # time constant
-exp(-t/k1)

range(33.333ns, 66 . 666Ms)
a.1

-0 8000 Points ; Clock 1.2e+865 Hz

Figure C-12: Transient Voltage Test Signal Formula and Waveform

Description

This is the JASO (Japan Automotive Engineering Society) transient voltage
test signal.

For actual testing, the signal is passed through a power amp.
Settings

Waveform points: 8000
Clock frequency: 120 kHz
Output time: 66.666 ms
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Pulse Width Modulation (PWM.WFM)

Made with the waveform editor.

1.60085

-1.6000

Figure C-13: Pulse Width Modulation Waveform

Description

The waveform editor is used to create a ramp wave of 2000 periods and a
sine wave of 1 period, and these two waveforms are compared to create the
PWM.WFM waveform.

Settings

Waveform points: 16000
Clock frequency: 20 MHz
Output time: 800 us
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Pseudo-Random Pulse (PRBS_15.WFM)

Made with the waveform editor.

1.0005

-1.06000

Figure C-14: Pseudo-Random Pulse Waveform

Description

An M-series pseudo-random signal is created using the waveform editor’s
timing display shift register generator function.

Register length = 15
Points/step = 2
The encoding is NRZ.

Settings

Waveform points: 65534 (215-1)x 2
Clock frequency: 10 MHz
Output time: 6553.4 us
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/4 DQPSK | Axis Signal (DQPSKI.WFM)

The base band I-axis output for a digital cellular car telephone system is
created on the Tektronix digital signal processing work system (DSPW).

1.0005
W W Bit rate 42 Kbps
Point number 32 Kwords
m Clock frequency 21 kHz
-1.0606060
Figure C-15: 1t/4 DQPSK | Axis Signal
n/4 DQPSK Q Axis Signal (DQPSKQ.WFM)
The base band Q-axis output for a digital cellular car telephone system is
created on the Tektronix digital signal processing work system (DSPW).
1.6005
V Bit rate 42 Kbps
Point number 32 Kwords
Clock frequency 21 kHz
-1.0600

Figure C-16: /4 DQPSK Q Axis Signal
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Video Signals in the NTSC Directory

NTSC composite video signals and NTSC Y —C separate signals are stored
in the NTSC directory. These are NTSC video signals made up of 1 — 4 color
fields and 1050 lines (525 x 2). The clock frequency is four times the sub-
carrier frequency; a waveform is created on each line and the compiled
waveforms are assembled using the sequence editor.

The settings for the signals are described below.

Settings

Waveform points: 1H=910

Clock frequency: 14.31818 MHz (3.579545 MHz x 4)
Output time: 33.37 ms

Video signals are output by changing the directory to NTSC.DIR and then
selecting the following sequence files in the SETUP menu:

(1) Composite video signal NTSC—-M.SEQ
(2) Luminance signal NTSC-Y.SEQ
(3) Chroma signal NTSC—-C.SEQ

Figure C-17 shows the NTSC composite video signal.

0.929¢

6.000%

-6.920¢ 955500 Points ; Clock 14320000 Hz

Figure C-17: NTSC composite video signal (NTSC—M.SEQ)
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Figure C-18 shows the NTSC Y—C separate signal.

0.920 0.020Y
0,000V 0.000Y
~0.020¢ 055500 Points ; Clock 14320000 Hz ~0.920¥ 955500 Points ; Clock 14320000 Hz

Luminance Signal Chroma Signal

Figure C-18: NTSC Y-C separate signals

Y (luminance signal) and C (chroma signal) have been created separately,
so if these are output separately to channel 1 and channel 2 they will be-
come Y —C separate signals; when these are combined and output, they

become a composite signal. A 50 /75 Q conversion adaptor is required for
75 Q output.

AWG2005 User Manual C-19



Appendix C: Sample Waveform Library

e irectory contains files used to simulate power source waveforms.
Power Source The MISC di y ins fil d to simul f
Waveform Using a Use the SETUP and MODE menu to create the following waveforms:

File in the MISC (1) Waveform showing impulse noise mixed in with power source
Directory (2) Waveform with random noise mixed in with power source

(3) Sine wave with 0° — 90° continuously cut

When creating these waveforms, load all files from the MISC directory into
the internal memory of the AWG2005. Also connect an oscilloscope to the
AWG2005 and use it to check the output waveforms.

Creating a Waveform With Impulse Noise Mixed In
with Power Source

Use the following procedure:

D Step 1: Using the Waveform/Sequence item in the SETUP menu, load
the P_SINE.WFM file to CH1. The CH1 Operation mode will be set to
Add.

[J step 2: In the same manner, load the P_NOISE.WFM file to CH2. The
SETUP menu will be like the one shown in Figure C-19.

GPIB Continuous mode Master Running
- T CH1 Wwaveform
_.:Lf_IN _/\/ L2 Seguence
/—\/ Through : [ 1.060Y 0.000Y CH1
Period: 20.00ns P_SINE. WFHM
Points: 18600
P_SINE.WFM Hormal Max: ©.95000¥/500 @
Min: -0.5000v/500Q CH2
P_NOISE. WFM
900. 0000kHZ
- I/\/ /&/ CH2
_jf— LT Lt
Through 1.000Y 0.000Y
| Period: 20.06ns
Points: 18660
Max: ©.5000¥/5002
Min: -0.5000¥/50¢
. Display
Waveform CH1 ] . bl ol
Clock Operation Filter |Amplitude| Offset

Figure C-19: SETUP Menu with Files Loaded
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The P_NOISE waveform is a sine wave with 100 kHz resonance that is
attenuated at 60us. See Figure C-20.

Figure C-20: P_NOISE Waveform

D Step 3: Change the Amplitude for CH2 and set the noise level to a
suitable value. Check on the oscilloscope to make sure a waveform like
the one shown in Figure C-21 is being output.

Figure C-21: Output Waveform

AWG2005 User Manual
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Waveform With Random Noise Mixed In with Power
Source

Use the following procedure:

|:| Step 1: Using the Waveform/Sequence item in the SETUP menu, load
the P_SINE.WFM file to CH1. The CH1 Operation mode will be set to
Add.

[J step 2: In the same manner, load the P_RND.WFM file to CH2. The
SETUP menu will be like the one shown in Figure C-22.

GPIB Continuous mode Master Running
CH1 Waveform

j IN _/&/ a5 Sequence

-y —
/\/ Through| | 1.666Y 0.000Y CH1

Period: 20.00ns P_SINE. WFM
Points: 18000
P_SINE.WFM Hormal Max: ©.5000¥/5092 @

Min: -0.5000Y/50C2

900, 0900kHZ]

L

CH2

P_RND. WFM

I NGV S 7 A

f
Through| | 1.080Y 0.000Y

Period; 20.00ns
Points: 18600
Max: ©.5000Y/50<2
Min: -0.5000Y/50<2

_ Display
Waveform CH1 : . o i
‘ Clock sequence ([N Filter |Amplitude| Offset GICS

Figure C-22: SETUP Menu with Files Loaded

D Step 3: Change the Amplitude for CH2 to the desired S/N. Check on
the oscilloscope to make sure a waveform like the one shown in Fig-
ure C-23 is being output.
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Figure C-23: Output Waveform

Sine Wave With 0 °— 90° Continuously Cut

Use the following procedure:

D Step 1: Using the Waveform/Sequence item in the SETUP menu, load
the P_SCR.SEQ file to CH1. The SETUP menu will be like the one

shown in Figure C-24.

GPIB Continuous mode Master|Running
E T CH1 waveform
| L—I/\/ _/X/ e Sequence
W\WWW\M Mot (Tooor] feoor] @R
Period: 6.840ms P_SCR.SEQ
Points: 684600
Hormal Max: ©.50064/50
Min: -0.5000v/50C CH2
10. 60066KHZ]
(Through| [T.000¥| [©.096V]
Period: —--—-
Points: -----
| | Max: ----—-
Min: ----—-
. Display
Waveform CH1 : . il e
Clock Operation Filter |Amplitude| Offset

Figure C-24: SETUP Menu with Files Loaded
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The P_SCR.SEQ sequence file is made up of 10 different waveform files
(P_SCRO.WFM — P_SCR9.WFM). In this waveform, the sine wave is contin-
uously cut between 0° and 90°. See Figure C-25.

P_SCRO.WFM P_SCRS.WFM P_SCRO.WFM

Figure C-25: Waveform Files in the P_SCR.SEQ Sequence File

[J step 2: Inthe MODE menu, set the operating mode to Waveform
Advance.

[] step 3: Press the MANUAL button on the front panel. Check on the
oscilloscope to make sure that the portion of the sine wave being cut
becomes larger each time a trigger signal is received.
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Appendix D:
Miscellaneous

General Description This appendix covers the following items.

Horizontal axis scaling
Sampling theorem
Differentiation

Integration

Random (rnd) function
Pattern code

Logical operation

Fast Fourier Transforms (FFT)
Repackaging for shipment

Factory settings

Horizontal Axis The horizontal axis scaling uses linear interpolation.

Scaling

® Points before conversion
O Points after conversion

(x)
v f(Xir1)

X X Xj+1

Figure D-1: Linear Interpolation

AWG2005 User Manual



Appendix D: Miscellaneous

Here is the equation for linear interpolation.

9 = g {6 )F0) b + )

Here, i is the waveform point number; i takes integer valuesi =1, 2, ..., n.

NOTE

The number of points can be increased or decreased, but the
waveform may lose its characteristics when the number of points
are decreased.

Example 1: 5 points padded to 9 points.

® Points before conversion
O Points after conversion

Figure D-2: Point Padding

Example 2: Reducing from 9 points to 6

® Points before conversion
O Points after conversion

Figure D-3: Point Compression
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Sampling Theorem

When the signal is continuous and the highest frequency component of the
signal is fo, sampling with Te1/2fo loses none of the data contained in the
signal. T is the sampling interval. This theorem is well known as the sam-
pling theorem. If data is created to meet this theorem, the necessary signal
can be obtained.

& sinl@a/DEnT/2)
X = 2 X0 =5 eatr2)

A continuous analog signal x(t) can be reproduced from the digital data with
the above equation.

Differentiation

The diff() function calculates the central deviation as the differential value.
The equation below expresses the central deviation when the function f(x) is
given at even intervals of Ax.

f(x + Ax)—f(x-Ax)
(2 4x)

f(x)

In actual practice, when function f(x)is expressed by n values, the differential
value f'(xi) at point xi is given by the following equation.

Fix)=n {f(i)—fxia) }

2
Here, n is the number of waveform points and i is an integer in the range, i
=1,2,..,n.

fixi+1)

Figure D-4: Equation Differentiation
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The values at the first and last points are obtained not from the center devi-
ation, but from the following equations:

First point

iy = M) +24f(x2)—f(x3)}
Last point

Foc) = n{f(x,,,z)—4f(x2n,1) + 3f(x,)}

Integration

The integ() function integrates numerically based on a trapezoidal formula.
The trapezoidal formula is expressed with the following equation.

f fgax = > el F 10D

= AFAA) + 2M(xs) + 2f(xa) + o+ 2M(,) + X))}

Here, n is the number of waveform points and i is an integer in the range, i
=1,2,..,n

f(Xi+1)

Figure D-5: Equation Integration
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The integration is actually calculated with the following formula.
f fx)dx = 1/2{f(x,) + 2f(x,) + 2f(x5) + ... + 2f(x,,) + f(x,)}

However, the imaginary initial value f(xo) always takes a value of 0.

Random (rnd)
Function

A random number generation algorithm uses an uniform distribution random
generation routine and the central-limit theorem to derive Gaussian distribu-
tion random numbers.

Central-limit theorem: when the independent random variables X1, Xo..., and
Xn conform to an identical random distribution, the mean and variance of x =
(X1 + X2 +... + Xn)/n are given as follows:

En) =u V(n) = 02/n

Even if the initial random distribution is not normal, if a reasonably large
value for n is used, the arithmetical mean x of a considerably large number
of variables will be close to the normal distribution.

In actuality, 12 is used for n, uniform random numbers are accumulated n
times and their arithmetical mean is derived as the ultimate Gaussian dis-
tribution random number.

The following algorithm is used to generate uniform distribution random
numbers:

seed [n] = (253.0 x seed [n-1] + 1.0) mod 16777216

ran = seed [n] /16777216
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Pattern Codes

On the AWG2005, it is possible to select the coding system used when

pattern strings are output. If the code will be affected by the immediately

preceding data, the data item just before the first item of data will be calcu-

lated as 0. The following tables show the coding systems.

m  NRZ: Normal data format

Pattern Output Data

0 0

1 1
Example
Input 0 1 0 ]0 1 1 1 1 1
Output 0 1 0|0 1 1 0 [0 ]O 1 1 1

m  NRZI: The data changes when a 1 is received.

Each pattern is made up of 2 data items.

Example
Input 0 1 0 0 1 1 0 0 0 1 1 1
Output o0o|ot|11 111001111111 ]| 10] 01 ] 10
®  RZ: The data always returns to 0.

Each pattern is made up of 2 data items.

Pattern Output Data

0 00

1 10
Example
Input 0 1 0 0 1 1 0 0 0 1 1 1
Output 00|10 00| 00|10 10]) 00| 00(f00]|10]10] 10
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m  MFM (Modified FM): Each pattern is made up of 2 data items. In the

Appendix D: Miscellaneous

table below, data in parentheses () indicates the immediately preceding

data of the data for which coding is being attempted. Here the output

data is inverted every time when 1 appears in the codes.

Code
Pattern Conversion
1 01
(0)0 10
(Mo 00
Example
Input 0 1 0 |oO 1 1 0 |0 |O 1 1 1
Code i0fo1|o00| 10|01 |[0O1|00|10]10] O1 | O1 ] O1
Conversion
Output 111000 1110|0111 ]| 00| 11| 10| O1 | 10
m  BI-PHASE: Each pattern is made up of 2 data items.
Pattern Output Data
0 01
1 10
Example
Input 0 1 0 0 1 1 0 0 0 1 1 1
Output otj10]01tjo1|{10f(10]) 0101 |0O1]|10]10] 10

m  f/2f: Each pattern is made up of 2 data items. In the table below, data in
parentheses () indicates the immediately preceding data of the data for
which coding is being attempted.

Pattern Output Data

(0)0 11

(Mmo 00

(0) 1 10

(M1 01
Example
Input 0 1 0 0 1 1 0 0 0 1 1 1
Output 11101 00|11 ]01|01|]00(f11 00| 10| 10} 10
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m  1-7 RLL (Run-length Limited Codes): 2-item patterns are made up of 3
data items, and 4-item patterns are made up of 6 data items. In the table
below, x indicates that this value will become 1 when the preceding bit is
0, and 0 when the preceding bit is 1. Here the output data is inverted
every time when 1 appears in the codes.

Pattern Cog\?:ri.ion
01 010
10 x00
11 x01
0001 x00000
0010 x00001
0011 010001
0000 010000
Example
Input 01 10 11 0010 10 0011 11 0001 0011 10 0000
Code 010 | 100 | 101 | 000001 000 | 010001 001 | 000000 | 010001 000 | 010000
Conversion
Output 011 | 000 | 110 | 000001 111 | 100001 110 | 000000 | 011110 | 000 | 011111
m  2-7 RLL: 2-item patterns are made up of 4 data items, 3-items pattern
are made up of 6 data items and 4-item patterns are made up of 8 data
items. Here the output data is inverted every time when 1 appears in the
codes.
Pattern Cog\?edr:ion
11 1000
10 0100
011 001000
010 100100
000 000100
0011 00001000
0010 00100100
Example
Input 11 10 010 000 0010 011 0011 10 0010
Code 1000 0100 100100 | 000100 | 00100100 | 001000 | 00001000 | 0100 00100100
Conversion
Output 1111 1000 111000 | 000111 | 11000111 | 110000 | 00001111 | 1000 00111000
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user defined: When user defined has been selected as the code for
pattern setting from the Code selection menu, the following pattern

systems can be created by setting

the values for Source Data Pattern,

Converted Code, Initial Src, Initial Code and Out[1/0].

NRZ
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
0 0
1 1
NRZ1
Intial Sr 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data Pattern Converted Code
0 00
1 01
RZ
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
0 00
1 10
BIPHASE
Intial Sr 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
0 01
1 10

AWG2005 User Manual



Appendix D: Miscellaneous

f/2f
Intial Sr 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data Pattern Converted Code
0 10
1 11
MFM
Intial Sr 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data Pattern Converted Code
0 30
1 01
Logica| Operation In the waveform editor timing display, it is possible to perform logical opera-

tions for data on different data lines. The following logical tables and timing
charts show examples of each type of operations.

= AND
A B A*B
0 0 0
0 1 0
1 0 0
1 1 1
DATA A ‘ ‘
DATA B
A*B
= NAND
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A B A*B
0 0 1
0 1 1
1 0 1
1 1 0
DATA A
DATA B
A*B
= OR
A B A+B
0 0 0
0 1 1
1 0 1
1 1 1
DATA A
DATA B
A+B
= NOR
A B A+B
0 0 1
0 1 0
1 0 0
1 1 0
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DATA A
DATA B
A+B
= EX-OR
A B | AGB
0 0 0
0 1 1
1 0 1
1 1 0
DATA A
DATA B
AOB
= EX-NOR
A B | AGB
0 0 1
0 1 0
1 0 0
1 1 1
DATA A
DATA B
AOB
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FFT (Fast Fourier
Transforms)

FFT is an algorithm for fast calculation of discrete Fourier transform. FFT
transforms the time axis signal onto the frequency axis. FFT can also pro-
vide the frequency component magnitudes and phases. With the FFT editor,
you can use inverse FFT (IFFT) to generate the real time data from the
frequency component magnitudes and phases.

Basic FFT Rules

FFT discrete Fourier transforms any number of sample points, but certain
rules must be followed.

1) The Record Length must be a Power of 2.

The FFT calculations can only be used when the record length is an
power of 2 (2, 4, 8, ...2"). The minimum record length for the this instru-
ment is 512 points, and the maximum record length is 16384 points.

If the record length is not a power of 2, the waveform is edited expand-
ed to a power of 2. Then when the editing is complete and the waveform
is saved, the waveform is reduced to its original record length by inter-
polating the data. Therefore, it is recommended to use the record length
of a power of 2 when accurate data is needed.

2) Nyquist Frequency and Aliasing

FFT transforms the sampled data on the time axis into data on the
discrete frequency axis from 0 Hz to the maximum permitted frequency.
The maximum permitted frequency is called the Nyquist frequency and
is 1/2 the sampling rate.

If the signal has frequency components above the Nyquist frequency,
they appear on this limited discrete frequency axis too. They appear as
no different than noise aliased from the Nyquist frequency. For example,
if there is a signal 5 MHz above the Nyquist frequency, it appears as if it
is 5 MHz below the Nyquist frequency. On the other hand, in the D/A
conversion, a frequency component is output aliased above the Nyquist
frequency.

To deal with aliasing, first it is necessary to sample with a clock greater
than double the highest frequency component in the signal. Second, a
low-pass filter is required to block any signal above the Nyquist frequen-

cy.

Record Length and Frequency Resolution

The frequency spectrum frequency range and resolution depend on the time
axis sampling rate and the record length (N).

For the given data length on the time axis, FFT has frequency components
from —N/2 to N/2—1. However, when the real number data on the time axis
is transformed, FFT gives results symmetrical about 0 Hz (DC). Because of
this symmetry, all the necessary frequency data is contained between 0 and
N/2 — 1. Thus, with FFT if values are given from zero to the positive N/2

AWG2005 User Manual
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point, this is enough. Since the non-DC components have energy dispersed
on both the positive and negative sides, the DC component is 2x the other
components. Since the DC component is scaled by 1/2 with the FFT editor,
DC and the other components can be handled equally.

Since FFT has N/2 sampling points on the discrete frequency axis between
DC and the Nyquist frequency (Fn), the frequency resolution is Fn/(N/2).
Since the Nyquist frequency is one half the sampling rate (fs), the frequency
resolution can also be expressed as fs/N.

Therefore, if the sampling rate is fixed, when the record length is increased,
the frequency resolution rises. On the other hand, if the record length is
fixed, raising the sampling rate raises the Nyquist frequency and lowers the
frequency resolution.

Relationship Between Phase and Delay
The phase is the quantitative displacement from the standard time. The

cos(2 n ft) has a 0 phase, but sin(2 =t ft) has a 90 degree delay. The standard
time is the sampling start time.

f()=COS(2 T ft)

VARV,
/\

f)=SIN(2 TT ft)

\

Figure D-6: Phase and Delay

A
\

90°
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FFT Window Functions

FFT calculates with limited data blocks. Also, since FFT calculations assume
that the sampled data blocks are repeated infinitely, frequency error arises
from non-continuities generated at the edges of data blocks. This frequency
error is called leakage error.

The leakage error depends on the FFT window function selected. The
processing to bring the window function at both ends towards 0 in order to
give the FFT continuity is called taper processing. This instrument has the
square wave window, which does not apply taper processing to the time
region data, and five FFT window functions that do carry out taper proces-
sing.

The FFT window functions in the time region correspond to filters in the
frequency region. This is convolution and it is well known that it has a char-
acteristic of sin(x)/x for square window. These filters have a high lobe at the
center, in other words a transmitting bandwidth. This lobe determines how
great the neighboring frequency components can be separated.

The transmission amount for the side lobes neighboring this center lobe
determines the amount of leakage. Leakage is the spread of energy from a
certain frequency component for the displayed frequency spectrum. Fre-
quency components with small magnitudes are covered overall by leakage.

O
Discrete .
frequency Convolution
component component
[l
Frequency component Window function Convolution component
included in real-time frequency and discrete frequency
waveform characteristic component

Figure D-7: Concept of Convolution

Figures D-8 through D-13 show the FFT window functions prepared for this
instrument and their characteristics. Also, note that if you use a window
function with taper processing, then carry out inverse Fourier transformation
to make real-time data, that real-time data is tapered.

AWG2005 User Manual
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The window functions are effective for investigating the frequency compo-
nents of the acquired waveform, but the waveform after the window function
is applied differs from the original waveform.

Square Wave Window — The square wave window does not taper the
time region data. The filter shape in the frequency region is sin(x)/x. The
square wave window is appropriate for observing the frequency spectrum of
non-repetitive signals. The square wave window is also used for observing
frequency components near DC.

0dB 3 dB Bandwidth
-20 0.89
Highest
—40 Side Lobe
=50
-13dB
Window Function Freq. Magnitude

Figure D-8: Square Window and Frequency Characteristic

Hanning Window — The Hanning window is a function derived from the
cos function. This window function has superior magnitude precision and
leakage elimination characteristics.

0dB /\ 3 dB Bandwidth
-20 A{ \/\ 1.44
Highest

0 Side Lob
/\(\f\) V\/\f\ lae Loobe

-80 -32dB

Window Function Freq. Magnitude

Figure D-9: Hanning Window and Frequency Characteristic
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Hamming Window — The hamming window is similar to a hanning
window, but it suppresses more the transmissivity for the side lobes next to
the transmitting bandwidth. Compared to FFT processing using a hanning
window, the degree of separation between two frequencies is greater, as
can be seen in Figure D-10. This window is particularly effective for separat-

ing close frequencies.
0dB /\ 3 dB Bandwidth
1.30

-20
-40 Highest
Side Lobe
—60 —43dB
Window Function Freq. Magnitude

Figure D-10: Hamming Window and Frequency Characteristic

Blackman-Harris Window — Of the six window functions in this
instrument, the Blackman-Harris window has the broadest transmission
bandwidth (and therefore, lowest frequency resolution) and the lowest side
lobe transmission (and therefore, lowest leakage). This window is particular-
ly suited for observing wide range frequency spectra.

0dB 3 dB Bandwidth
—40 / \ 1.66
-60
_80 / \ Highest
100 N N Side Lobe
_110 -92dB
Window Function Freq. Magnitude

Figure D-11: Blackman-Harris Window and Frequency Characteristic

AWG2005 User Manual D-17



Appendix D: Miscellaneous

Blackman Window — The Blackman window suppresses the side lobe
magnitudes in the frequency region lower than the hamming window does
and suppresses leakage even farther. However, it has inferior frequency
resolution.

0dB 3 dB Bandwidth
-20 / \ 1.68
-0 Highest
_60 Side Lobe
-80 -58dB
Window Function Freq. Magnitude

Figure D-12: Blackman Window and Frequency Characteristic

Triangle Wave Window — The triangle wave window is a convolution
of two square windows half the width of the window. Therefore, the triangle
wave window frequency spectrum is the product of the square wave win-
dows.

0dB / \ 3 dB Bandwidth
-20 1.28
—40 Highest
_60 Side Lobe
-80 -27dB
Window Function Freq. Magnitude

Figure D-13: Triangle Window and Frequency Characteristic
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Repackaging for
Shipment

If this instrument is shipped by commercial transportation, use the original
packaging material. Unpack the instrument carefully from the shipping
container to save the carton and packaging material for this purpose.

If the original packaging is unfit for use or is not available, repackage the
instrument as follows:

O

O

O

O
O

Step 1: Obtain a corrugated cardboard shipping carton having inside
dimensions at least six inches greater than the instrument dimensions
and having a carton test strength of at least 275 pounds.

Step 2: If the instrument is being shipped to a Tektronix Service Center
for repair or calibration, attach a tag to the instrument showing the
following: owner of the instrument (with address), the name of a person
at your firm who may be contacted if additional information is needed,
complete instrument type and serial number, and a description of the
service required.

Step 3: Wrap the instrument with polyethylene sheeting or equivalent to
protect the outside finish and prevent entry of packing materials into the
instrument.

Step 4: Cushion the instrument on all sides by tightly packing dunnage
or urethane foam between the carton and the instrument, allowing for
three inches of padding on each side (including top and bottom).

Step 5: Seal the carton with shipping tape or with an industrial stapler.

Step 6: Mark the address of the Tektronix Service Center and your
return address on the carton in one or more prominent locations.

AWG2005 User Manual
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When Reset to Factory is selected from the UTILITY Misc menu, this
instrument’s parameters are reset to the values they had at the factory.
Table D-5 lists these factory settings.

Factory Settings

Table D-5: Factory Settings

Setup Menu
Clock Frequency 10.00MHz
Clock Source Internal
CH1 Operation Normal
Filter Through
Amplitude 1.000V
Offset 0.000V
Display Graphics

MODE Menu
Operating mode Cont
Triggered Slope Positive
Gated Polarity Positive
Level 1.4V
Waveform Advance Run Continuous
Autostep Run Step
Configure Master

LOAD/SAVE Menu

Device Disk
Auto Load Off

UTILITY Menu
Misc Display... Brightness 70%
Misc Display... Catalog Order Name1
Misc Display... Data Time Off
Misc Hardcopy... Format BMP
Misc Hardcopy... Port Disk
Diag/Cal Diagnostics All
Diag/Cal Calibrations All

D-20
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Table D-5: Factory Settings (Cont)

FG Menu
Function waveform Selection Sine
Frequency 200.0kHz
Amplitude 1.000V
Offset 0.000V
Polarity Normal
Pulse Duty 50%

The following UTILITY menu settings are not affected by Reset to Factory.

Remote Port

GPIB Address

GPIB operating mode

Setting the RS-232C parameters
Date/Time

Table D-6 lists the factory settings for the SETUP menu with Option 05
installed. The menus other than the SETUP menu are same as a standard

instrument.

Table D-6: Option 05 Factory Settings

Clock Frequency

10.00000 MHz

Clock Source Internal
Sweep Off
Sweep Setup...
Sweep Type Linear
Start/Stop 1.00000 MHz/20.0000 MHz
Sweep Mode Continuous
Sweep Time 1.000 s

AWG2005 User Manual
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Appendix E:
Performance Verification Procedure

This subsection describes the kind of verification procedures that can be
followed, it indicates when to use the procedures, and gives conventions
used in their structure. The procedures in this section are:

m  Self Tests

m  Performance Tests

Preparation These procedures verify the AWG2005 Arbitrary Waveform Generator func-
tionality. Which procedure to follow depends on your goal:

m  To quickly confirm that the AWG2005 functions correctly and was ad-
justed properly, do the procedures under Self Tests, which begin on
page E-3.

Advantages: These procedures are short, require no external equip-
ment, and perform extensive functional and accuracy testing. Use them
to quickly determine if the AWG2005 is suitable for putting into service,
such as when it is first received.

m  For a more extensive confirmation of performance, do the Performance
Tests, beginning on page E-7 after doing the Self Tests.

Advantages: These procedures involve direct checking of warranted
specifications. They require more time and suitable test equipment. (See
Equipment Required on page E-8.

Before starting any of these procedures, read Overview and Basic Menu
Operation in section 2 of this manual. These instructions describe the
AWG2005 front-panel controls and menu system.

Conventions Throughout the procedures in this section the following conventions apply:
m  Each test procedure uses the following general format:
m  Title of Test
m  Equipment Required
m  Prerequisites

m  Procedure
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Performance Verification Procedure

m  Each procedure consists of as many steps, substeps, and subparts as
required to do the test. Steps, substeps, and subparts are sequenced
as follows:

1. First Step
a. First Substep
m  First Subpart
m  Second Subpart
b. Second Substep
2. Second Step

m  [nstructions for menu selection follow this format: FRONT PANEL BUT-
TON—Main Menu Button—Side Menu Button. For example, “Press
UTILITY—Misc - Config...—~Reset to Factory—0.K.”

m  Where instructed to use a front-panel button, key, or knob, or select
from the MENU column, or from a bottom or side menu, the name of the
item appears in boldface type: “push MODE, ” or “select Triggered in
the bottom menu.”




Self Tests

This subsection describes how to use AWG2005 internal self-test routines.
No equipment is required to do these procedures. The self tests include
these internal routines:

m  Diagnostics

This self-test procedure uses internal routines to verify that the
AWG2005 functions, and passes the internal circuit tests.

m  Calibration

The second procedure checks the AWG2005 internal calibration
constants and changes them if needed.

Diagnostics

The internal diagnostic routines check AWG2005 characteristics such as
amplitude, offset, trigger level, clock, filters and attenuation.

The AWG2005 automatically performs the internal diagnostics at power-on;
you can also run the internal diagnostics using the menu selections de-
scribed in this procedure. The difference between these two methods of
initiating the diagnostics is that the menu method does more detailed
memory checking than the power-on method.

Equipment Required: None.

Prerequisites: Power on the AWG2005 and allow a twenty-minute warmup
period before doing this procedure.

Procedure:

1. Verify that internal diagnostics pass: Do the following substeps to verify
passing internal diagnostics.

a. Display the diagnostics menu and select all tests: Push
UTILITY—Diag/Cal—Diagnostics xxxx—All. See the menu in
Figure E-1.

The Diagnostics column on the left shows the tests available for
diagnostics. In addition to selecting all of the tests shown for Diag-
nostics, you can select only the test(s) you want to run using the
general purpose knob. In Figure E-1, the symbol to the left of Cpu
indicates that test is one of the tests selected.
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GPIB Continuous mode Master|Stopped
Diaghostics Result Code .

+[Cpu pPass Diag/Cal

#/Clock Pass 1

# Display Pass Diagnostics
FPP —

xFrontPanel Pass All

#[Trigger Pass

#|Setup CH1 Pass ; ;

¥ Setup CH2 Pase Calibrations
Setup CH3 — All
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#'waveform Memory CH1 Pass ;

+ Waveform Memory CH2 Pass Interactive
waveform Memory CH3 — Test
waveform Memory CH4 ——— Front Panel
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Date Time

il

®
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Figure E-1: Diagnostics Menu

b. Run the diagnostics: Select Execute from the side menu. This
executes all the AWG2005 diagnostics automatically.

c. Wait: The internal diagnostics do an extensive verification of
AWG2005 functions. While this verification progresses, the screen
displays the clock icon. When finished, the resulting status appears
on the screen.

d. Confirm that no failures are found: Verify that no failures are found
and reported on-screen. If the diagnostics displays FAIL as the result
of any test, consult a qualified service technician for further
assistance.

2. Return to regular service: Push a button (other than UTILITY) in the
MENU column to exit the diagnostic menu.
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Calibration

The AWG2005 includes internal calibration routines that check electrical
characteristics such as amplitude, offset, trigger level, clock, filters and
attenuation and adjust internal calibration constants as necessary. This
procedure describes how to do the internal calibration.

Equipment Required: None.

Prerequisites: Power on the AWG2005 and allow a 20 minute warmup
period at an ambient temperature between +15°C and +25°C before doing
this procedure.

Procedure:

NOTE

If the AWG2005 is powered off while the calibration is executed the
calibration data in the memory may be loss.

1. Verify that internal adjustments pass: Do the following substeps to verify
internal adjustments have passed.

a. Display the calibrations menu and select all tests: Push
UTILITY—Diag/Cal—Calibrations xxxx—All. See the menu in
Figure E-2.

The Calibrations column on the left shows the tests available for
calibration. In addition to selecting all of the tests shown, you can
select only the test(s) you want to run using the general purpose
knob. In Figure E-2, the symbol to the left of Trigger indicates the
tests selected.
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Figure E-2: Calibrations Menu

b. Run the adjustments routine: Select Execute from the side menu.
This executes the AWG2005 calibration routines automatically.

c. Wait: The internal calibration does an exhaustive verification of
proper AWG2005 function. While this verification progresses, the
clock icon appears on screen. When finished, the resulting status
will appear on the screen.

d. Confirm that no failures are found: Verify that no failures are found
and reported on-screen. If the calibration displays FAIL as the result,
consult a qualified service technician for further assistance.

2. Return to regular service: Push any button (other than UTILITY) in the
MENU column to exit the calibration menu.




Performance Tests

This subsection contains a series of procedures for checking that the
AWG2005 Arbitrary Waveform Generator performs as warranted.

The procedures are arranged in eleven logical groupings, presented in the
following order:

m  Operating Mode Checks

m  Arithmetic Operation Checks

m  Clock Frequency and Amplitude Checks
m  Gain Accuracy Check

m  Offset Accuracy Check

m  Pulse Response Check

= MARKER OUT Amplitude Check

m  CONTROL SIG OUT Amplitude Check

m  External Trigger Level Accuracy Check

m  External CLOCK IN Check

m  Master-Slave Operation Check (Optional Check)
m  DIGITAL DATA OUT Check

These procedures extend the confidence level provided by the internal
diagnostic and calibration routines described on page E-3.

Prerequisites

The tests in this subsection comprise an extensive, valid confirmation of
performance and functionality, when the following requirements are met:

®  You must have performed and passed the calibration procedure de-
scribed in Self Tests, the previous subsection.

NOTE

For operation to specified accuracy, allow the AWG2005 to warm
up at least 20 minutes before doing the performance tests.

m  Load all the files from the Performance Check disk (063-1706-XX) that
comes with this manual into AWG2005 internal memory. For instructions
on loading files, see Loading Files on page E-9.
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Related Information

Read Preparation and Conventions on page E-1. Also, if you are not familiar
with operating the AWG2005, refer to Operating Basics before doing any of

these procedures.

Equipment Required

The following equipment is required to check the performance of the

AWG2005.

Table E-1: Test Equipment

Item Description

Minimum Requirements

Example

Purpose

Precision Impedance: 50 Q, 0.1% Tektronix Part 011-0129-00 Signal termination.
termination Connectors: BNC
Adapter Connectors: BNC female-to- Tektronix Part 103-0090-00 Signal

dual banana

interconnection.

BNC dual input
(TEE) adapter

Connectors: BNC

Tektronix Part 103-0030-00

Signal
interconnection.

BNC cable
(4 required)

Impedance 50 Q
Connectors: BNC
Length: 43 inches

Tektronix Part 012-0057-01

Signal
interconnection.

Digital Data Out
Cable (Option 04)

Must use example equipment

Tektronix Part 174-3192-00

Used to check
digital data output.

2 X13 header

Must use example equipment

Tektronix Part 131-3847-00

Used to check

(Option 04) digital data output.
Probe, 10X 10X probe Tektronix Part P6139A Used to check
(Option 04) digital data output.
Test Bandwidth: >250 MHz Tektronix TDS500 Series Digitiz-  Checks output
oscilloscope ing Oscilloscope signals. Used in
many procedures.
Frequency Frequency range: Tektronix DC 5010 Program- Used to check clock
counter 10 Hz to 250 MHz mable Universal Counter/Timer" frequency.
Digital DC volts range: Fluke 8842A Used throughout the
multimeter 0.05Vto10V checks to measure
Accuracy: £0.1% voltage.
Function Output voltage: Tektronix FG 5010 Program- Used to input the
generator -5Vto5V mable Function Generator” trigger signal.
Performance Check  Must use example listed Tektronix Part 063-1706-XX Used throughout the

disk

checks to provide
waveform files.

*
Requires a TM 5000 Series Power Module Mainframe
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Table E-2: Test Equipment For Optional Check

Item Description Minimum Requirements Example Purpose
Arbitrary Must use example listed Tektronix AWG2005 Arbitrary Used to check mas-
Waveform Waveform Generator ter-slave operation.
Generator
GPIB Continuous mode Stopped
Catalog : Memory Free : 3867KB Load
Mame  Type  Size Date & Time Comment
Load
Destination ——— >
Load All
Catalog : Disk  \ Free : 1020KB
Name  Type Size Date & Time Comment [+
EQU 93-11-18 69 AMPLI TUDE MODULATION
#AM WFM 64102 93-11-18 09:30
*D_EXP EQU 744 93-11-18 09:33 DOUBLE EXPOMENTIAL PULSE
*D_EXP WFM 20582 93-11-18 089:33
#FM EQU 744 93-11-18 09:28 FREQUENCY MODULATION
Source ————————>|xFH WM 65638 93-11-18 09:28
#GAUSS_P  EQU 666 93-11-18 09:33 GAUSSIAN PULSE ch
#GAUSS_P  WFM 614 93-11-18 09:33 ange
#LIN_SWP EQU 744 93-11-18 09:33 LINEAR FREQUENCY SWEEP Directory
Device Load Save Auto Load
[ Disk Off

Figure E-3: LOAD Menu

Loading Files

The following steps explain how to load files from the Performance Check/
Adjustment disk (063-1706-00) into internal memory.

1.
2.

Push the LOAD/SAVE button in the MENU column.

Turn the disk so the side with the arrow is on top; insert the disk into the
AWG2005 floppy disk drive.

Push the Device button along the bottom menu to select Disk. The
menu in Figure E-3 appears.

Select the Load All button along the side menu to load all files in the
root directory on the disk into the AWG2005 internal (volatile) memory.
Or, turn the general-purpose knob to highlight the file you want to load
and select Load. The display indicates which file it is loading. When
loading is complete, the clock icon disappears.

Push the floppy drive button and remove the disk from the floppy drive.

Push any button in the MENU column (other than LOAD/SAVE) to exit
the menu.
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Performance Check Table E-3 lists the waveform files on the Performance Check disk
Files (063-1706-XX) that are used in these performance tests, the AWG2005

front-panel settings that each file sets up, and the performance test that
uses each file.

NOTE

The files on the Performance Check disk are locked (the files
names are displayed with *), so the data in these files cannot be
changed unless the lock is opened. The file data includes not only
waveform data, but also output parameters.

When you select a file with the Waveform Sequence item, the
AWG2005 output parameters change to those specified in the file,
and the waveform output reflects waveform data in the file. After
selecting a file, do not change an output parameter with the SETUP
menu unless a procedure instructs you to do so. During the proce-
dures, if you are unsure that the AWG2005 settings still match the
file’s settings, select the waveform again using the Waveform
Sequence item on the SETUP menu.

Table E-3: File List for Performance Check Disk

EDIT Menu SETUP Menu

No. File Name Usage
Wfm Wfm . .
Shape Point Clock Operation Filter Ampl Offset

1 MODE.WFM /\ Cont Mode,
/

1000 10 MHz Normal Through 1V oV Triggered
Mode,
Gated Mode

2 MODE_ADV.SEQ /A [\ | 1200 Waveform
ADV-1.WFM A 1000 10 MHz Normal Through 1V oV Advance
ADV-2.WFM ~ 1 200 Mode

3 MODE_ASTAST Vs Autostep
Step: 1 AST-1.WFM \/ 1000 10 MHz Normal Through 3V oV Mode

Step: 2 AST-2.WFM
/\/ 200 5MHz Normal Through 1.5V oV

Step: 3 AST-3.WFM -
/\/ 200 20 MHz Normal Through 0.5V oV
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Table E-3: File List for Performance Check Disk (Cont.)

Performance Tests

EDIT Menu SETUP Menu
No. File Name Usage
\éV;?p e ‘F,’v;mt Clock Operation Filter Ampl Offset
4 OPE.AST External AM
Step: 1 1000 1 MHz Ext AM Through 5V oV Operation
EXT_ AM.WFM  (CH1)
Step: 1
—————— (CH2)
Step: 2 Internal AM
AM-1.WFM (CH1) 1000 1MHz AM Through 5V oV Operation
Step:2
AM-2.WFM (CH2) 1000 1MHz ——- Through 10V oV
Step: 3
AM-1.WFM (CH1) 1000 1MHz AM Through 5V oV
Step:3
AM-3.WFM (CH2) 1000 1MHz ——-— Through 10V oV
Step: 4 External ADD
ADD.WFM (CH1) 1000 1 MHz  Ext ADD Through 5V oV Operation
Step: 4
——————— (CH2)
Step: 5 Internal Add
ADD.WFM (CH1) 1000 1MHz  Add Through 5V oV Operation
Step:5
ADD.WFM (CH2) 1000 1MHz ——-— Through 5V oV
5 CLK FREQ.WFM a Clock
\/ 1000 20 MHz Normal Through 1V ov Frequency
_ Accuracy
6 CLK AMPL.WFM / Clock
\/ 1000 1 MHz Normal Through 1V ov Amplitude
7  GAIN.AST (CH1-CH4) Gain
Step: 1 GAIN-1.WFM 1000 1 MHz  Normal Through  0.999 V oV Accuracy
Step: 2 GAIN-2.WFM
1000 1 MHz  Normal Through —-0.999V 0V
Step: 3 GAIN-3.WFM
1000 1 MHz Normal Through 10V oV
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Table E-3: File List for Performance Check Disk (Cont.)

EDIT Menu SETUP Menu
No. File Name Usage
Wfm Wfm . .
Shape Point Clock Operation Filter Ampl Offset
Step: 4 GAIN-4.WFM
1000 1 MHz  Normal Through -10V oV
8 OFF.AST (CH1-CH4) Offset
Step: 1 OFFSET-1.WFM 10000 1 MHz  Normal Through 0.05V 5V Accuracy
Step: 2 OFFSET-2.WFM
1000 1 MHz  Normal Through 0.05V oV
Step: 3 OFFSET-3.WFM
1000 1 MHz Normal Through 0.05V -5V
9 PULSE.WFM — Pulse
64 20 MHz Normal Through 0.5V oV Response
10 MKR.WFM MARKER
200 1 MHz Normal Through 1V oV OuUT Ampli-
— tude
11 CNTRL.WFM CONTROL
2000 1 MHz  Normal Through 1V oV SIG OUT Am-
— plitude
12 TRG_IN.WFM External Trig-
\/ 1000 20 MHz Normal Through 1V oV ger Level Ac-
curacy
13  EXT_CLK.WFM External External
\/ 1000 Clock Normal Through 1V oV CLOCKIN
14 MS_SL.WFM Master-Slave
200 1MHz  Normal Through 1V oV Operation
Check (Op-
tional Check)
15  DIGI_OUT.WFM DIGITAL
4096 1MHz  Normal Through 1V ov DATA OUT
Check
(Option 04)
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Operating Mode
Checks

These procedures check operation of the Cont, Triggered, Gated, Waveform
Advance, and Autostep modes.

Check Cont Mode

Electrical Characteristic Checked: Operating modes, Continuous, on
page B-4.

Equipment Required: A 50 Q coaxial cable and an oscilloscope.

Prerequisites: The AWG2005 must meet the prerequisites listed on
page E-7.
Procedure:

1. Install the test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 CH1 output
connector through the coaxial cable to the CH1 vertical input con-
nector on the oscilloscope (see Figure E-4).

AWG2005 Oscilloscope

Figure E-4: Cont Mode Initial Test Hookup

b. Setthe oscilloscope controls:

Vertical: CH1
CH1 coupling: DC
CH1 scale 0.2 V/div.
CH1 input impedance: 50 Q
Horizontal
Sweep 50 ps/div.
Trigger
Source CH1
Coupling DC
Slope Positive
Level —-100 mV
Mode Auto

AWG2005 User Manual
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2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Select the file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to display the list of waveform
files and highlight the MODE.WFM file.

m  Push ENTER to select the file. This button is located to the
lower-right of the numeric keypad.

m  Select the MODE.WFM file for CH2 same as CH1.

Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

Check against limits: Check that the amplitude of the sine wave dis-
played on the oscilloscope is 5 vertical divisions and that 5 cycles of the
waveform are displayed.

Move the connection for the coaxial cable from the AWG2005 CH1
output to AWG2005 CH2 output connector.

Turn on the AWG2005 CH2 output: Push the CH2 button so that the LED
above the CH2 output connector is on.

Repeat procedure 2.

If Option 02 is installed (adds CH3 and CH4 output channels): Repeat
this procedure for CH3 and CH4 outputs.

End procedure: Disconnect the oscilloscope.
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Check Triggered Mode

Electrical Characteristic Checked: Operating modes, Triggered, on
page B-4.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install the test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 CH1 output
connector through the coaxial cable to the CH1 vertical input con-
nector on the oscilloscope.

b. Hook up the function generator:

m  Connect the AWG2005 TRIGGER INPUT connector though a
coaxial cable to the function generator output connector (see
Figure E-5).

Function Generator

AWG2005

AWG2005 e —

oooo oo,

Q|| & O_w o] O |ooo
E
15 O oo |olooo
je] oog
o
50| O |g|sss
(]
[ — N —

Oscilloscope
|
\ Jl

S882g™
o o)
Figure E-5: Triggered Mode Initial Test Hookup

[—O

c. Setthe oscilloscope controls:

Vertical: CH1
CH1 coupling: DC
CH1 scale 0.2 V/div.
CH1 input impedance: 50 Q
Horizontal
Sweep 50 ps/div.

AWG2005 User Manual
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Trigger
Source CH1
Coupling DC
Slope Positive
Level —-100 mV
Mode Auto

d. Set the function generator controls:

Function Square
Mode Continuous
Parameter
Frequency 1 kHz
Amplitude 4V
Offset 2V
Output Off

2. Set AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Modify the AWG2005 default settings:
m  Push MODE—Triggered—Slope to select Positive slope.

m  Select Level from the side menu and turn the general purpose
knob to select a 1 V trigger level.

c. Select the file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

m  Highlight the MODE.WFM file using the general purpose knob.
m  Push ENTER to select the file.

3. Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

4. Check triggered mode with manual triggering: Push the AWG2005
MANUAL TRIGGER button and check that when the button is pushed,
the oscilloscope displays a one-cycle sine wave.

5. Check triggered mode with external triggering:
a. Change the oscilloscope trigger mode to Normal.

b. Enable function generator output: Turn on the function generator
output.

c. Check triggering: Check that for each trigger supplied by the func-
tion generator, the oscilloscope displays a one-cycle sine wave.

6. End procedure: Turn off the function generator output, and disconnect
the function generator and oscilloscope.

E-16



Performance Tests

Check Gated Mode

Electrical Characteristic Checked: Operating modes, Gated, on
page B-4.

Equipment Required: Three 50 Q coaxial cables, a 50 Q precision ter-
mination, a function generator, and an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:

1. Install test hookup and set test equipment controls:

a.

C.

Hook up the oscilloscope: Connect the AWG2005 CH1 output
connector through the coaxial cable to the CH1 vertical input con-
nector on the oscilloscope.

Hook up the function generator: Connect the function generator
output to both the AWG2005 TRIGGER INPUT and the oscilloscope
CH2 input through a coaxial cable and a dual input coupler (see
Figure E-6).

AWG2005 Oscilloscope

[ om—:7 )

DS 540

oo ool
olooo o

Figure E-6: Gated Mode Initial Test Hookup

Set oscilloscope controls:

Vertical CH1
CH1 coupling DC
CH1 scale 0.5 V/div.
CH1 input impedance 50 Q

AWG2005 User Manual
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Horizontal
Sweep

Trigger
Source
Coupling
Slope
Level
Mode

d. Set function generator controls:

Function
Mode

Parameter
Frequency
Amplitude
Offset

Output

200 ps/div.

CH1

DC
Positive
500 mV
Auto

Square

Continuous

1 kHz
40V
20V

Off

Set the AWG2005 controls and select the waveform file:
a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-

set to Factory—O.K.

b. Modify the AWG2005 default settings:

m  Push MODE—Gated—Polarity to highlight Positive.

c. Select the file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

m  Highlight the MODE.WFM file, using the general purpose knob.

m  Push ENTER to select the file.

Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

Check gated mode with manual trigger: Push and hold the AWG2005
MANUAL TRIGGER button, and check that the oscilloscope continu-
ously displays a sine wave while the MANUAL TRIGGER button is

pushed.

Check gated mode with gate signal:

a. Change the oscilloscope controls:

Vertical
CH1 coupling
CH1 scale
CH1 input impedance

Trigger
Source

CH1

DC

0.5 V/div.
50 Q

CHA1
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b. Apply gate signal: Turn function generator output on.

c. Check gated mode with positive gate signal: Check that the oscillo-
scope displays a sine wave while the function generator gate signal
level is in upper portion of the display (see Figure E-7).

Waveform
Output
CH1—>

Gate
Signal

CH2—>

Figure E-7: Relationship between 1 Volt or Greater Gate Signal and
Waveform Output Signal

d. Change the AWG2005 trigger polarity to negative: Push MODE—Po-
larity to change the polarity to Negative.

e. Check gated mode with a negative gate signal: Check that the
oscilloscope displays a sine wave while the function generator gate
signal level is in the lower portion of the display.

6. End procedure: Turn the function generator output off and disconnect
the function generator.

Check Waveform Advance Mode

Electrical Characteristic Checked: Operating modes, Waveform Ad-
vance, on page B-4.

Equipment Required: A 50 Q coaxial cable and an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.
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Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 CH1 output
connector through the coaxial cable to the CH1 vertical input con-
nector on the oscilloscope (see Figure E-8).

AWG2005 Oscilloscope
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Figure E-8: Waveform Advance Mode Initial Test Hookup

b. Set oscilloscope controls:

Vertical CH1
CH1 coupling DC
CHA1 0.2 V/div.
CH1 input impedance 50 Q
Horizontal
Sweep 50 ps/div.
Trigger
Source CH1
Coupling DC
Slope Positive
Level ov
Mode Auto

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Set AWG2005 controls:

m  Push MODE—Waveform Advance—Slope to highlight Posi-
tive.

m  Select Level from the side menu, and turn the general purpose
knob to selecta 1.0 V level.

m  Check that the side menu Run highlights Continuous. If neces-
sary, push Run to select Continuous.
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c. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

m  Highlight the MODE_ADV.SEQ file using the general purpose
knob.

m  Push ENTER to select the file.

3. Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

4. Check waveform advance: Repeatedly push the AWG2005 MANUAL
TRIGGER button, and check that the oscilloscope displays a continuous
sine wave that switches between two frequencies at each manual trig-
ger.

5. End procedure: Disconnect the oscilloscope.

Check Autostep Mode

Electrical Characteristic Checked: Operating mode, Autostep, on
page B-4.

Equipment Required: Two 50 Q coaxial cables and an oscilloscope.
Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:
a. Hook up the oscilloscope:

m  Connect the AWG2005 CH1 output through a coaxial cable to
the oscilloscope CH1 vertical input.

m  Connect the AWG2005 rear-panel CH1 MARKER OUT output
through a coaxial cable to the oscilloscope CH2 vertical input
(see Figure E-9). The CH1 MARKER OUT signal will serve as an
external trigger signal for the oscilloscope.
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AWG2005 (h‘ Oscilloscope
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Figure E-9: Autostep Mode Initial Test Hookup

b. Set the oscilloscope controls:

Vertical CH1
CH1 coupling DC
CH1 scale 0.5 V/div.
CH1 input impedance 50 Q
Horizontal
Sweep 50 ps/div.
Trigger
Source CH2
Coupling DC
Slope Positive
Level 100 mV
Mode Auto

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Modify AWG2005 default settings:
m  Push MODE—Autostep—Slope to highlight Positive.
m  Push Run from the side menu to highlight Continuous.

m  Select Level from the side menu, and turn the general purpose
knob to select 1 V.

m  Select Select Autostep File from the side menu.

m  Turn the general purpose knob to highlight the MODE_AST.AST
file.

m  Push ENTER to select the file.

3. Check autostep mode: Push the AWG2005 MANUAL TRIGGER button
and check that the oscilloscope momentarily displays a sine wave with a
different frequency and amplitude each time you push the button.

4. End procedure: Disconnect the oscilloscope.
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Arithmetic Operation These procedures check operation of external AM, external ADD, internal
Checks AM and internal Add arithmetic functions.

NOTE

The arithmetic operation checks are structured as a continuous
series of tests. After Check External AM Operation, each test uses
the control settings from the last test and uses the next step in the
autostep file.

Check External AM Operation

Electrical Characteristic Checked: External amplitude modulation,
page B-11.

Equipment Required: Two 50 Q coaxial cables, a 50 Q terminator, a
function generator, and a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up DMM: Connect the AWG2005 CH1 output through a coaxial
cable, the 50 Q terminator, and BNC-to-dual banana connector to
the DMM INPUT connector.

b. Hook up function generator: Connect the AWG2005 rear-panel CH1
AM IN input through a coaxial cable to the function generator output
(see Figure E-10).
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Figure E-10: External AM Operation Initial Test Hookup

c. Set DMM controls:

Mode VDC
Range 20
Inputs Front

d. Set function generator controls:

Function Square
Mode Continuous
Parameter
Frequency 1 kHz
Amplitude oV
Offset 1V
Output Off

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Modify AWG2005 default settings:
m  Push MODE—Autostep.
c. Select waveform file:
m  Select Select Autostep File from the side menu.
®m  Turn the general purpose knob to highlight the OPE.AST file.
m  Push ENTER to select the file.
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3. Enable the function generator output: Turn on the function generator
output.

4. Check external AM operation:

m  Check that the step number displayed on the AWG2005 MODE
menu is Step: 1 (see Figure E-11). If it is not, push MANUAL TRIG-
GER to step though the autostep file steps until Step 1 is displayed.

Step Display

GPIB Autostep mode Master|Waiting for Trigger

autostep file : OPE.AST Step : 1 Autostep

Slope

CH1 CH2 L Negative

Waveform /
EXT_AM. WM L 1 Level

1.4¥

Run
Continuous

Step

EXT_AM.WFM |

Select
Autostep
File

STOF

Configure

(Master

Slave

Waveform

Gated Advance

‘ Cont Triggered

Autostep

Figure E-11: MODE Menu Autostep Setting

m  Check that the DMM reading is in the range from 2.375 to 2.625 V
(100% modulation).

m  Set the function generator offset value to 0 V. Check that the DMM
reading is in the range from 1.125 to 1.375 V (50% modulation).

m  Set the function generator offset value to —1 V. Check that the DMM
voltage reading is in the range from —0.125 to 0.125 V (0% modula-
tion).

5. End procedure: Keep the test connections and instrument settings for
the next check.
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Check Internal AM Operation

Electrical Characteristic Checked: Arithmetic Operation, Amplitude
Modulation, on page B-11.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Use test hookup and control settings from previous check.
2. Check internal AM operation:

a. Check Autostep Step 2:

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the step changes to Step 2 on the MODE menu.

m  Check that the DMM reading is in the range from 2.375 to
2.625 VDC.

b. Check Autostep Step 3:

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the Autostep changes to Step 3 on the MODE menu.

m  Check that the DMM reading is in the range from —2.625 to
—-2.375 V.

3. End procedure: Retain the test hookup and settings for the next check.

Check External ADD Operation

Electrical Characteristic Checked: Arithmetic Operation, Ext Add, on
page B-11.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up function generator: Move the connection for the coaxial
cable from rear-panel CH1 AM IN to CH1 ADD IN connector. (see
Figure E-10).

E-26



Performance Tests

b. Set function generator controls:

Function Square
Mode Continuous
Parameter

Frequency 1 kHz

Amplitude oV

Offset 50V

(The actual voltage out is 1/2 of what is displayed.)
Output Off

Enable the function generator output: Turn on the function generator
output.

Check external ADD operation:
a. Check Autostep Step 4:

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the step changes to Step 4 on the MODE menu.

m  Check that the DMM reading is in the range from 4.750 to
5.250 V.

Disable function generator output: Turn the function generator output off.

End procedure: Keep the test connections and instrument settings for
the next check.

Check Internal Add Operation

Electrical Characteristic Checked: Arithmetic Operation, Add, on
page B-11.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:

Use test hookup and control settings from previous check.

2. Check internal ADD operation:

a. Check Autostep Step 5:

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the step changes to Step 5 on the MODE menu.

m  Check that the DMM reading is in the range from 4.750 to
5.250 V.

AWG2005 User Manual
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3. End procedure: Remove equipment: Disconnect connections to the test
equipment.

Clock Frequency and
Amplitude Checks

These procedures check the accuracy of the AWG2005 clock frequency and
the waveform output amplitude.

Check Clock Frequency Accuracy

Electrical Characteristic Checked: Clock Generator, Accuracy, on
page B-9.

Equipment Required: A 50 Q coaxial cable and a frequency counter.
Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up frequency counter: Connect the AWG2005 rear panel
CLOCK OUT connector to the frequency counter input through a
coaxial cable (see Figure E-12).

Frequency Counter

AWG2005

6600

Figure E-12: Clock Frequency Accuracy Initial Test Hookup
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b. Set frequency counter controls:

CHANNEL A
Termination 50 Q
Slope Negative
Attenuation X5
Coupling DC
FREQ A

2. Set AWG2005 controls and select the waveform:

a.

Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factor—O.K.

Select the waveform file:

Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

Turn the general purpose knob to select the CLK_FREQ.WFM
file.

Push ENTER to select the file.

3. Check clock frequency accuracy:

a.

Check clock frequency accuracy at current clock frequency setting:
Check that the frequency counter reading falls between

19.9999 MHz and 20.001 MHz (between 19.9999 MHz and

20.0001 MHz for the instrument with Option 05).

Check clock frequency accuracy for different clock frequency set-
tings:

Select Clock from the bottom of the SETUP menu.
Push Source from the side menu to highlight Internal.
Select Internal Clock from the side menu.

Turn the general purpose knob (or press the numeric and units
keys, and push ENTER) to select the first clock frequency listed
in Table E-4.

Check that the frequency counter reading is within the frequen-
cy range listed in the table for the clock frequency setting (refer
to right column in the table for the instrument with Option 05).

Repeat this step for each clock frequency and frequency range
listed in Table E-4.
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Table E-4: Clock Frequency Accuracy

Clock Frequency

Frequency Range

Frequency Range (Option 05)

10 MHz 9.9995 MHz — 10.0005 MHz 9.99995 MHz — 10.00005 MHz
1 MHz 0.99995 MHz - 1.00005 MHz 0.999995 MHz — 1.000005 MHz
1 kHz 0.99995 kHz — 1.00005 kHz 0.999995 kHz — 1.000005 kHz
10 Hz 9.9995 Hz — 10.0005 Hz 9.99995 Hz — 10.00005 Hz

4. End procedure: Disconnect the frequency counter.

Check Clock Amplitude

Electrical Characteristic Checked: Auxiliary Outputs, Clock, Amplitude,

on page B-12.

Equipment Required: A 50 Q coaxial cable and an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:

1. Install test hookup and set test equipment controls:

a. Hook up oscilloscope: Connect the AWG2005 rear-panel CLOCK
OUT connector through a coaxial cable to the oscilloscope CH1

vertical input (see Figure E-13).
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Figure E-13: Clock Amplitude Initial Test Hookup
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b. Set oscilloscope controls:

Vertical
Coupling
Scale
Input impedance

Horizontal
Sweep

Trigger
Source
Coupling
Slope
Level
Mode

Performance Tests

CHA1

DC

500 mV/div.
50 Q

500 ns/div.

CH1

DC
Positive
500 mV
Auto

Set the AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-

set to Factory—O.K.

b. Select the waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to select the CLK_AMPL.WFM

file.

m  Push ENTER to select the file.

Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

Check clock amplitude accuracy: Check that the pulse amplitude of the
displayed waveform is 2 V, , or greater.

End procedure: Disconnect the oscilloscope.

Gain Accuracy Check

This procedure checks the accuracy of the AWG2005 gain.

Electrical Characteristic Checked: Main Output, Amplitude, DC Accu-
racy, on page B-10.

Equipment Required: A 50 Q coaxial cable, a 50 Q termination, a BNC-to-
dual banana adapter, and a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

AWG2005 User Manual
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Procedure:
1. Install test hookup and set controls:

a. Hook up DMM: Connect the AWG2005 CH1 output through a 50 Q
coaxial cable, a 50 Q termination, and a dual banana connector to
the DMM INPUT connector (see Figure E-14).

AWG2005
[ ——

o
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Figure E-14: Gain Accuracy Initial Test Hookup

b. Set DMM controls:

Mode VDC
Range 20
Input Front

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Select the AWG2005 waveform file:
m  Push MODE—Autostep—Select Autostep Fil.
m  Turn the general purpose knob to select the GAIN.AST file.
m  Push ENTER to select the file.
3. Check gain accuracy:

m  Check that the displayed step is Step 1 on the MODE menu. If it
is not, select the side menu STOP button to return to Step 1.

m  Note the DMM reading as A’ for this value.

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the displayed step is Step 2.

m  Note the DMM reading as "B” for this value.

m Do the following calculation.

A-B

m  Check that the calculated value is in the range from 0.990 V to
1.010 V.
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m  Push the AWG2005 MANUAL TRIGGER button, and check that
the displayed step is Step 3.

m  Note the DMM reading as "C” for this value.

®  Push the AWG2005 MANUAL TRIGGER button, and check that
the displayed step is Step 4.

m  Record the DMM reading as "D” for this value.

m Do the following calculation.

C-D

Check that the calculated value is in the range from 9.850 V to
10.15 V.

4. Move the connection for the coaxial cable from the AWG2005 CH1
output to AWG2005 CH2 output connector.

5. Repeat procedure 3.

6. If Option 02 is installed (adds CH3 and CH4 output channels): Repeat
above procedure for CH3 and CH4 outputs.

7. End procedure: Retain the test hookup and control settings.

Offset Accu racy This procedure checks the accuracy of the AWG2005 offset.
Check

Electrical Characteristic Checked: Main Output, Offset, Accuracy, on
page B-10.

Equipment Required: A 50 Q coaxial cable, a 50 Q termination, BNC-to-
dual banana adapter, and a digital multimeter (DMM).

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set controls:

a. Hook up DMM: Connect the AWG2005 CH1 output through a 50 Q
coaxial cable, a 50 Q termination, and a dual banana connector to
the DMM INPUT connector (see Figure E-15).
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AWG2005

Figure E-15: Offset Accuracy Initial Test Hookup

b. Set DMM controls:

Mode VDC
Range 20
Input Front

Set the AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Select the AWG2005 waveform file:

m  Push MODE—Autostep—Select Autostep File.
= Turn the general purpose knob to select the OFF.AST file.
m  Push ENTER to select the file.

Check offset accuracy:

m  Check that the displayed step is Step 1 on the MODE menu. If it
is not, select the side menu STOP button to return to Step 1.

m  Check that the DMM voltage reading is in the range from 4.940
to 5.060 V.

®  Push the AWG2005 MANUAL TRIGGER button, and check that
the displayed step is Step 2.

m  Check that the DMM voltage reading is in the range from
—0.060 to 0.060 V.

m  Push the AWG2005 MANUAL TRIGGER button, and check that
the displayed step is Step 3.

m  Check that the DMM voltage reading is in the range from
—5.060 to —4.940 V.

Move the connection for the coaxial cable from the AWG2005 CH1
output to AWG2005 CH2 output connector.

Repeat procedure 3.

If Option 02 is installed (adds CH3 and CH4 output channels): Repeat
above procedure for CH3 and CH4 outputs.

End procedure: Disconnect the DMM.
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Pulse Response
Check

This procedure checks the pulse response characteristics of the AWG2005
output waveforms at amplitudes of 0.5 and 1 V.

Electrical Characteristic Checked: Main Output, Pulse Response, on
page B-10.

Equipment Required: A 50 Q coaxial cable and an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 CH1 output
connector through the coaxial cable to the CH1 vertical input con-

nector on the oscilloscope (see Figure E-16).
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Figure E-16: Pulse Response Initial Test Hookup

b. Set oscilloscope controls:

Vertical CH1
Coupling DC
Scale 0.1 V/div.
Input impedance 50 Q

Horizontal
Sweep 20 ns/div.

Trigger
Source CH1
Coupling DC
Slope Positive
Level ov
Mode Auto

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-

set to Factory—O.K.
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b. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

= Turn the general purpose knob to select the PULSE.WFM file.
m  Push ENTER to select the file.
m  Select the PULSE.WFM file for CH2 same as CH1.

3. Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

4. Check pulse response at 0.5 V amplitude:

a. Check rise time: Check that the rise time of the waveform displayed
on the oscilloscope from the 10% point to the 90% point is 35 ns or
less.

b. Check aberrations: Check that the aberrations of the displayed
waveform is within 0.35 div.

c. Check flatness: Check that the flatness of the displayed waveform is
within 0.15 div. after 20 ns from the rising edge.

d. Change the oscilloscope controls:

Trigger
Slope Negative

e. Check fall time: Check that the fall time of the displayed waveform
from the 10% point to the 90% point is 35 ns or less.

5. Check pulse response at 10 V amplitude:

a. Change the oscilloscope controls:

Vertical CH1
CH1 scale 2 V/div.
Trigger
Slope Positive

b. Change the AWG2005 controls:
m  Push SETUP—Amplitude to change the amplitude for CH1.

m  Press the numeric key 1, 0 and press the units key V to select
an amplitude of 10 V.

C. Repeat substeps 4a through 4e, checking to the follow limits:

Rise time 35 ns, maximum
Aberrations 0.35 div., maximum
Flatness 0.15 div., maximum
Fall time 35 ns, maximum
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Move the connection for the coaxial cable from the AWG2005 CH1
output to AWG2005 CH2 output connector.

Turn on the AWG2005 CH2 output: Push the CH2 button so that the LED
above the CH2 output connector is on.

Repeat procedures 4 through 5.

If Option 02 is installed (add CH3 and CH4 output channels: Repeat
above procedure for the AWG2005 CH3 and CH4 output channels.

End procedure: Remove the connections.

MARKER OUT
Amplitude Check

This procedure checks the amplitude of the MARKER OUT signal.

Electrical Characteristic Checked: Auxiliary Output, MARKER, Ampli-
tude, on page B-12.

Equipment Required: A 50 Q coaxial cable and an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:

1.

Install test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 rear-panel CH1
MARKER OUT connector through the coaxial cable to the CH1
vertical input connector on the oscilloscope (see Figure E-17).
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Figure E-17: Initial Test Hookup

b. Set oscilloscope controls:

Vertical CH1
CH1 Coupling DC
CH1 Scale 500 mV/div.
CH1 Input Impedance 50 Q

AWG2005 User Manual
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Horizontal
Sweep 50 ps/div.
Trigger
Source CH1
Coupling DC
Slope Positive
Level 500 mV
Mode Auto

Set the AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to highlight the MRK.WFM file.
m  Push ENTER to select the file.

Check rear-panel CH1 MARKER OUT amplitude:

a. Check CH1 MARKER OUT pulse amplitude:

m  Check that the pulse amplitude of the displayed waveform is
2 Vpp or greater.

Check rear-panel CH2 MARKER OUT pulse amplitude:
a. Check CH2 MARKER OUT pulse amplitude:

m  Move the coaxial cable from the AWG2005 rear-panel CH1
MARKER OUT connector to the rear-panel CH2 MARKER OUT
connector.

m  Check that the pulse amplitude of the displayed waveform is 2 V
or greater.

Check Option 02: If the AWG2005 has CH3 and CH4, repeat this entire
test, selecting the AWG2005 waveform and setting controls for CH3 and
CH4 and checking:

m  Rear-panel CH3 MARKER pulse amplitude
m  Rear-panel CH4 MARKER pulse amplitude

End procedure: Disconnect the oscilloscope.
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CONTROL SIG OUT This procedure checks the amplitude of the CONTROL SIG OUT signal.

Amplitude Check
Electrical Characteristic Checked: Auxiliary Output, CONTROL SIG,

Amplitude, on page B-12.
Equipment Required: A 50 Q coaxial cable and an oscilloscope.
Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscope: Connect the AWG2005 rear-panel CON-
TROL SIG OUT connector through the coaxial cable to the CH1
vertical input connector on the oscilloscope (see Figure E-18).
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Figure E-18: Initial Test Hookup

b. Set oscilloscope controls:

Vertical CH1
CH1 Coupling DC
CH1 Scale 1 V/div.
CH1 Input Impedance 50 Q

Horizontal
Sweep 50 ns/div.

Trigger
Source CHA1
Coupling DC
Slope Positive
Level 500 mV
Mode Auto

2. Setthe AWG2005 controls and select the waveform file:

a. Initialize AWG2005 controls: Push UTILITY—-Misc—Config...—~Re-
set to Factory—O.K.
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b. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to highlight the CNTRL.WFM
file.

m  Push ENTER to select the file.
3. Check rear-panel CONTROL SIG OUT pulse amplitude:
a. Push Mode—Gated.
b. Pushthe AWG2005 MANUAL TRIGGER button.

c. Check that the pulse upper level of the displayed waveform is 2 V or
greater.

d. Check that the pulse lower level of the displayed waveform is 0.8 V
or less.

4. End procedure: Disconnect the oscilloscope.

External Trigger Level This procedure checks the external trigger level accuracy of the AWG2005.

Accuracy Check
Electrical Characteristic Checked: Auxiliary Input, TRIGGER, Accuracy,
on page B-13.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up oscilloscope: Connect the AWG2005 CH1 output through a
coaxial cable to the oscilloscope CH1 vertical input.

b. Hook up function generator: Connect the AWG2005 TRIGGER INPUT
through a coaxial cable to the function generator output (see Fig-
ure E-19).
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Function Generator

AWG2005

Oscilloscope

(AWG2005 )

ojboooo;

A\

olcoolp
oooo

o OW O |0O|ooo
o ooo
o oo O (ooo
jeo] ooo
2
500 |3|ss
(o]

o
° o
—

J

Figure E-19: External Trigger Level Accuracy Initial Test Hookup

c. Set oscilloscope controls:

Vertical
CH1 Coupling
CH1 Scale
CH1 Input Impedance

Horizontal
Sweep

Trigger
Source
Coupling
Slope
Level
Mode

d. Set function generator controls:

Function
Mode

Parameter
Frequency
Amplitude
Offset

Output

CH1

DC

0.2 V/div.
50 Q

50 ps/div.

CH1

DC
Positive
oV
Auto

Square
Continuous

1 kHz
oV
0.6V

Off

2. Select the AWG2005 waveform file and set AWG2005 controls:
a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-

set to Factory—O.K.

b. Modify AWG2005 default settings:

m  Push MODE—Gated—Polarity to highlight Positive.

m  Select Level from the side menu, and turn the general purpose
knob to select 1 V. (You can also use the numeric and units keys
to select 1 V; then push ENTER.)
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c. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to highlight the TRG_IN.WFM
file.

m  Push ENTER to select the file.

Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

Check external trigger high level:

a. Adjust oscilloscope controls: Press and hold the AWG2005 MANU-
AL TRIGGER button and adjust the oscilloscope vertical and hori-
zontal position to display the waveform from the AWG2005. Release
the MANUAL TRIGGER button.

b. Enable function generator output: Turn on the function generator
output.

c. Check external trigger level accuracy:

m  Gradually increment the function generator offset level until a
waveform is displayed on the oscilloscope.

m  Check that that the function generator offset level is from 0.85 to
1.15 V when the waveform is first displayed.

Check external trigger low level.
a. Change the function generator controls:

Parameter
Offset —-0.6V

b. Change the AWG2005 controls:
m  Push MODE—Polarity to highlight Negative.

m  Select Level from the side menu, and turn the general purpose
knob to select —1 V. (You can also use the numeric and units
keys to select —1 V; then push ENTER.)

c. Check external trigger level accuracy:

m  Gradually decrease the function generator offset level until a
waveform is displayed on the oscilloscope.

m  Check that that the function generator offset level is from
—1.15Vto —0.85 V when the waveform is first displayed.

End procedure: Turn off the function generator output and disconnect
the function generator.
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External CLOCK IN

Check

This procedure checks the AWG2005 response to an external CLOCK IN
signal.

Electrical Characteristic Checked: Auxiliary Input, CLOCK, Threshold
level, on page B-13.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up oscilloscope: Connect the AWG2005 CH1 output through a
coaxial cable to the oscilloscope CH1 vertical input.

b. Hook up function generator: Connect the AWG2005 rear-panel
CLOCK IN through a coaxial cable to the function generator output
(see Figure E-20).
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Figure E-20: External CLOCK IN Initial Test Hookup
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c. Set oscilloscope controls:

Vertical CH1
Coupling DC
Scale 0.2 V/div.
Input Impedance 50 Q
Horizontal
Sweep 500 ps/div.
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Trigger
Source CH1
Coupling DC
Slope Positive
Level 0mV
Mode Auto

d. Set function generator controls:

Function Square
Mode Continuous
Parameter
Frequency 1 MHz
Amplitude 20V
Offset 1.0V
Output Off

2. Select the AWG2005 waveform file and set AWG2005 controls:

a. Initialize AWG2005 controls: Push UTILITY—Misc—Config...—~Re-
set to Factory—O.K.

b. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

®m  Turn the general purpose knob to highlight the EXT_CLK.WFM
file.

m  Push ENTER to select the file.

3. Turn on the AWG2005 CH1 output: Push the CH1 button so that the LED
above the CH1 output connector is on.

4. Check the external CLOCK IN threshold level:
a. Enable function generator output: Turn on function generator output.

b. Check the level: Check that the waveform displayed on the oscillo-
scope has an amplitude of 5 divisions and a stable display of 5
cycles.

5. Turn off equipment output and disconnect test hookup:
a. Disable function generator output: Turn off function generator output.

b. Remove connections: Disconnect all connections to the AWG2005.
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thiona| Check — This procedure checks operation of the AWG2005 slave mode.

Master-Slave

Operation Check NOTE

This Slave Operation check has been factory verified. The check is
performed only as necessary or only after a failure.

Electrical Characteristic Checked: Auxiliary Input, CONTROL SIG IN,
Threshold level, Pulse Width, Input Volts, on page B-13.

Equipment Required: Two 50 Q coaxial cables, a function generator, and
an oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up master AWG2005: Connect the slave AWG2005 (device
under test) rear-panel CONTROL SIG IN and CLOCK IN connectors
to the master AWG2005 CONTROL SIG OUT and CLOCK OUT
connectors using the two coaxial cables.

b. Hook up oscilloscope: Connect the master AWG2005 CH1 output
and slave AWG2005 CH1 output to the oscilloscope CH1 and CH2
vertical inputs using the two coaxial cables (see Figure E-21).

CLOCK
our
CONTROL
SIG IN CLOCK
CONTROL IN
SIG OUT [ ] Oscilloscope
=== Sisl=
cggjo LU SSi=) SIS
S== ===
o T [en] ‘ [en] V [en] ‘
o elelelslses o .@@‘
Master AWG2005 \\CH1 Slave AWG2005 (DUT)|| CH1

L

Figure E-21: Slave Operation Initial Test Hookup

AWG2005 User Manual E-45



Performance Tests

c. Set oscilloscope controls:

Vertical CH1 and CH2
Coupling DC
Scale 0.2 V/div.
Input Impedance 50 Q
Horizontal
Sweep 500 ps/div.
Trigger
Source CH1
Coupling DC
Slope Positive
Level 0omV
Mode Auto
Output Off

Select the master AWG2005 waveform file and set master AWG2005
controls:

a. Initialize master AWG2005 controls: Push UTILITY—Misc—Con-
fig...—~Reset to Factory—0.K.

b. Load waveform file: Load the CNTRL_IN.WFM file only to the master
AWG2005 using the performance check disk. For details on how to
load a file, see the Instruction for Operation in the section 2.

c. Set waveform file:

Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

Turn the general purpose knob to display the list of waveform
files and highlight the SLAVE.WFM file.

Push ENTER to select the file.
Push MODE—Triggered.

Press the bottom Configure button to select Master.

Select the slave AWG2005 waveform file and set slave AWG2005 con-

trols:

a. Initialize slave AWG2005 controls: Push UTILITY—=Misc—Con-
fig...—~Reset to Factory—O.K.

b. Select waveform file:

Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHT1 files (upper list) and the CH2 files (lower list).

Turn the general purpose knob to highlight the SLAVE.WFM file.
Push ENTER to select the file.
Push MODE—Cont.

Press the bottom Configure button to select Slave.
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4. Turn on CH1 output on both AWG2005 instruments : Push the CH1
button so that the LED above the CH1 output connector is on.

5. Check the slave operation:

a. Change the master AWG2005 operation mode from Triggered to
Cont.

b. Check the operation: Check that the two waveforms displayed on
the oscilloscope have a same timing relation and a stable display.

6. Disconnect test hookup:

a. Remove connections: Disconnect all connections to the both
AWG2005 instruments and oscilloscope.

DIGITAL DATA OUT This procedure checks the AWG2005 DIGITAL DATA OUT at the rear panel.

Check (Option 04) NOTE

This check requires that the AWG2005 has Option 04 installed.

Electrical Characteristic Checked: Auxiliary Output, DIGITAL DATA
OUT, Amplitude, on page B-12.

Equipment Required: Digital data out cable, 2 X13 header, probe and
oscilloscope.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Install test hookup and set test equipment controls:

a. Hook up termination board: Connect a digital data output cable to
the AWG2005 rear-panel CH1 DIGITAL DATA OUT output (see
Figure E-22).

b. Hook up oscilloscope:
m  Connect the oscilloscope probe to the CH1 vertical input.

m  Connect the probe ground-clip to the GND pin of 2 X13 header.
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AWG 2005 Rear Panel Oscilloscope

5 : ()
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\ 2x13 Header

} Y
Digital Data
Out Cable

Figure E-22: Digital Data Out Initial Test Hookup

c. Set oscilloscope controls:

Vertical CH1

Scale 1 V/div.

Input Impedance 1 MQ
Horizontal

Sweep Adjust as needed
Trigger

Mode Auto

2. Create the AWG2005 waveform file, select waveform file, and set
AWG2005 controls:

a. Initialize AWG2005 controls: Push UTILITY—-Misc—Config...—~Re-
set to Factory—O.K.

b. Select waveform file:

m  Push SETUP—Waveform Sequence, if necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CH1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to highlight the DIGI_OUT.WFM
file.

m  Push ENTER to select the file.
c. Set AWG2005 controls:
®  Push MODE—Cont
3. Check the CH1 digital data output signals:
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a. Check the signal levels:

m  Contact the oscilloscope probe to the pins on 2 X13 header (see
Figure E-23). Check that the oscilloscope display shows these
signals:

m  Data signals D0-D11 and CLK (Clock) are TTL level output.

m  All other pins are ground.

2X13 Header

CLK/ 4 —

GND

Digital Data Out Cable

Figure E-23: Output Pins on the Digital Data Out Cable

4. Check the CH2 digital data output signals:

a. Change connection: Change the connection for the digital data out
cable from CH1 DIGITAL DATA OUT connector to CH2 DIGITAL
DATA OUT connector.

b. Repeat the step 2 and 3 to check the CH2 digital data output sig-
nals.

5. Turn off equipment output and disconnect test hookup:
a. Disable power supply output: Turn off power supply output.

b. Remove connections: Disconnect all connections to the AWG2005.
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Floating Point
Processor Check
(Option 09)

This procedure checks the AWG2005 floating point processor.

NOTE

This check requires that the AWG2005 has Option 09 installed.

Equipment Required: None.

Prerequisites: The AWG2005 meets the prerequisites listed on page E-7.

Procedure:
1. Check that floating point processor test in internal diagnostics passes:

a. Run the AWG2005 internal diagnostics: Push the AWG2005 ON/
STBY switch two times so that the AWG2005 runs the power-on
diagnostics.

b. Check the FPP test results: When the AWG2005 finishes the FPP
test, check that the test result is Pass.

This completes the performance tests for the AWG2005.
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Appendix F:
Inspection and Cleaning

Inspect and clean the instrument as often as operating conditions require. The
collection of dirt can cause instrument overheating and breakdown. Dirt acts as
an insulating blanket, preventing efficient heat dissipation. Dirt also provides an
electrical conduction path that can cause an instrument failure, especially under
high-humidity conditions.

CAUTION. To prevent damage avoid the use of chemical cleaning agents that
might damage the plastics used in this instrument. Use only deionized water
when cleaning the menu buttons or front-panel buttons. Use a ethyl alcohol
solution as a cleaner and rinse with deionized water.

Avoid the use of high pressure compressed air when cleaning dust from the
interior of this instrument. (High pressure air can cause ESD.) Instead, use low
pressure compressed air (about 9 psi).

Inspection—Exterior

Using Table F-1 as a guide, inspect the outside of the instrument for damage,
wear, and missing parts. You should thoroughly check instruments that appear
to have been dropped or otherwise abused to verify correct operation and
performance. Immediately repair defects that could cause personal injury or
lead to further damage to the instrument.

Table F-1: External inspection check list

ltem Inspect for Repair action

Cabinet, front panel, and cover Cracks, scratches, deformations, damaged Replace defective module
hardware or gaskets

Front-panel knobs Missing, damaged, or loose knobs Repair or replace missing or defective knobs

Connectors Broken shells, cracked insulation, and Replace defective modules; clear or wash out
deformed contacts. Dirt in connectors dirt

Carrying handle and cabinet feet Correct operation Replace defective module

Accessories Missing items or parts of items, bent pins, Replace damaged or missing items, frayed
broken or frayed cables, and damaged cables, and defective modules
connectors
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C|eaning Procedure To cleanthe instrument exterior, do the following:

—Exterior

VAN

WARNING. To avoid injury or death, unplug the power cord from line voltage
before cleaning the instrument. To avoid getting moisture inside the instrument
during external cleaning, use only enough liquid to dampen the cloth or applica-
tor.

1. Remove loose dust on the outside of the instrument with a lint-free cloth.

2. Remove remaining dirt with a lint free cloth dampened in a general purpose
detergent-and-water solution. Do not use abrasive cleaners.

3. Clean the monitor screen with a lint-free cloth dampened with either ethyl
alcohol or, preferably, a gentle, general purpose detergent-and-water
solution.

Lubrication. There is no periodic lubrication required for this instrument.
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