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Environmental Considerations

This section provides information about the environmental impact of the product.

Product End-of-Life Observe the following guidelines when recycling an instrument or component:
Handling

Equipment recycling. Production of this equipment required the extraction and
use of natural resources. The equipment may contain substances that could be
harmful to the environment or human health if improperly handled at the product’s
end of life. To avoid release of such substances into the environment and to
reduce the use of natural resources, we encourage you to recycle this product in
an appropriate system that will ensure that most of the materials are reused or
recycled appropriately.

This symbol indicates that this product complies with the applicable European
Union requirements according to Directives 2002/96/EC and 2006/66/EC

on waste electrical and electronic equipment (WEEE) and batteries. For
information about recycling options, check the Support/Service section of the
Tektronix Web site (www.tek.com).

Restriction of Hazardous  This product is classified as Monitoring and Control equipment, and is outside the
Substances  scope of the 2002/95/EC RoHS Directive.
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Environmental Considerations

General safety summary

vi

To avoid fire or personal
injury

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

To avoid potential hazards, use this product only as specified.
Only qualified personnel should perform service procedures.

While using this product, you may need to access other parts of a larger system.
Read the safety sections of the other component manuals for warnings and
cautions related to operating the system.

Use proper power cord. Use only the power cord specified for this product and
certified for the country of use.

Ground the product. 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.

Observe all terminal ratings. To avoid fire or shock hazard, observe all ratings
and markings on the product. Consult the product manual for further ratings
information before making connections to the product.

Do not apply a potential to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

Power disconnect. The power cord disconnects the product from the power source.
Do not block the power cord; it must remain accessible to the user at all times.

Do not operate without covers. Do not operate this product with covers or panels
removed.

Do not operate with suspected failures. If you suspect that there is damage to this
product, have it inspected by qualified service personnel.

Avoid exposed circuitry. Do not touch exposed connections and components when
power is present.

Do not operate in wet/damp conditions.
Do not operate in an explosive atmosphere.
Keep product surfaces clean and dry.

Provide proper ventilation. Refer to the manual's installation instructions for details
on installing the product so it has proper ventilation.
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General safety information

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.

Symbols and terms on the =~ These terms may appear on the product:

product m  DANGER indicates an injury hazard immediately accessible as you read

the marking.

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

B CAUTION indicates a hazard to property including the product.
The following symbols may appear on the product:

@ -+~ O |

CAUTION Protective Ground . Mains Disconnected ~ Mains Connected
Refer to Manual ~ (Earth) Terminal Chassis Ground OFF (Power) ON (Power)

AFG3000C and AFG3000 Series Specifications and Performance Verification
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Preface

This manual describes the installation and operation of Tektronix AFG3000 Series
Arbitrary Function Generators along with basic operations and concepts. The
following instruments are supported by this manual:

Table i: Supported products

AFG3011 AFG3021B AFG3011C
AFG3101 AFG3022B AFG3021C
AFG3102 AFG3022C
AFG3251 AFG3051C
AFG3252 AFG3052C
AFG3101C
AFG3102C
AFG3251C
AFG3252C

Where to find more information

The following table lists related documentation available for your instrument.
The documentation is available on the Tektronix Web site (www.tek.com/

downloads).

Item Purpose Location

Safety and Safety, compliance, =
Compliance and basic power @ 5
Instructions information Tektronix.com
Quick Start User Unpacking,

Manual

Installation, Tutorials,
Operation, and
Overviews

Built-in Help

Ul Help and Operation

Programmer
Manual

Menu Structures,
User Interface,
and Programming
Information

Service Manual

Self-service and
Performance test

WWW.Te kEron ix.com

AFG3000 Series Quick Start User Manual
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Preface

Item Purpose Location
Technical Specifications
Reference and performance
verification WWV\-/.fekfronix.com
procedures
ArbExpress Waveform creation PN
Software CD Import waveforms @/) +
from oscilloscope or 7
PC

NOTE. Please see the printed Safety and Compliance Instructions that were
shipped with your instrument for general safety summary, EMC compliance, and
safety compliance information.

Conventions used in this manual

The following icons are used throughout this manual.

Front panel power Connect power Network

USB
. i &
® &

The soft keys along the right side of the display are called bezel buttons in this
manual. In other documents, they may also be called option buttons or side-menu
buttons.
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Getting started

General features

Each AFG3000 Series Arbitrary Function Generators offers the functionality of
three generators in one:

B 10 MHz to 240 MHz Function Generator

® 5 MHz to 120 MHz Pulse Generator

B 14-bit Arbitrary Waveform Generator

The following tables describe some of the general features of your instrument. An
“X” means the feature is included with the model.

Table 1: General features for regular and B models

AFG3021B/
Feature AFG3011 AFG3022B AFG3101/ AFG3102 AFG3251/ AFG3252
Channel 1 112 112 112
Sine 10 MHz 25 MHz 100 MHz 240 MHz
Pulse 5 MHz 12.5 MHz 50 MHz 120 MHz
Memory 210 131,072 210 131,072 210 16,384 >16,384 to 210 16,384 >16,384 to
131,072 131,072
Sampling Rate 250 MS/s 250 MS/s 1 GS/s 250 MS/s 2 GS/s 250 MS/s
Amplitude 20 Vp-p 10 Vp-p 10 Vp-p 5 Vp-p
Display Color Monochrome/ Color Color
Color
Interface USB, LAN, USB, LAN, USB, LAN, GPIB USB, LAN, GPIB
GPIB GPIB
Ground X X X X
isolation
Synchronous X X X X
operation
Context-sensitive X X X X
Help system
ArbExpress® X X X X
Software

AFG3000 Series Quick Start User Manual



Getting started

Table 2: General features for C models

AFG3021C/ AFG3051C/ AFG3101C / AFG3251C |
Feature AFG3011C AFG3022C AFG3052C AFG3102C AFG3252C
Channel 1 112 1712 1712 112
Sine 10 MHz 25 MHz 50 MHz 100 MHz 240 MHz
Pulse 5 MHz 25 MHz 40 MHz 50 MHz 120 MHz
Memory 2 to 2t0 131,072 210 131,072 2 to >16,384 2 to >16,384
131,072 16,384 to 16,384 to
131,072 131,072
Sampling 250 MS/s 250 MS/s 1 GSIs 1 GS/s 250MS/s 2 GS/s 250 MS/s
Rate
Amplitude 20 Vp-p 10 Vp-p 10 Vp-p 10 Vp-p 5 Vp-p
Display Color Color Color Color Color
Interface USB, LAN, USB, LAN, GPIB USB, LAN, GPIB USB, LAN, GPIB USB, LAN, GPIB
GPIB
Ground X X X X X
isolation
Synchronous X X X X X
operation
Context-sensitiveX X X X X
Help
system
ArbExpress® X X X X X
Software

2 AFG3000 Series Quick Start User Manual



Getting started

Before installation

Inspect the instrument carton for external damage. If the carton is damaged,
notify the carrier.

Remove the instrument from its package and check that it has not been damaged in
transit. Verify that the carton contains the instrument and its standard accessories.

Operating requirements

Environmental

1. Place the instrument on a cart or bench, observing 329.6 mm
clearance requirements: (12.980 in)
= Sides: 50 mm (2 in) , —— )
®  Rear: 50 mm (2 in) 2
2. Before operating, ensure that the ambient O 156.3 mm
temperature is between 0 °C to +50 °C (+32 °F ) (6.160 in)
to +122 °F). O
O
v 0 N\ @
= @
) g '

1631-049

CAUTION. To ensure proper cooling, keep both sides of the instrument clear of
obstructions.

Power Supply
Requirements

WARNING. To reduce the risk of fire and shock, ensure that the mains supply
voltage fluctuations do not exceed 10% of the operating voltage range.

Requirement AFG3000 series /| AFG3000B series / AFG3000C series
Source Voltage and Frequency 100 V t0 240 V, 47 Hz to 63 Hz; or 115V, 360 Hz to 440 Hz
Power Consumption Less than 120 W

AFG3000 Series Quick Start User Manual 3



Getting started

Standard accessories

Unpack the instrument and check that you received all items listed as Standard
Accessories. Check the Tektronix Web site (www.tek.com) for the most
current information.

Table 3: Standard accessories

Description Tektronix part number
AFG3000 Series Arbitrary Function Generators Safety and Compliance Instructions 071-3244-xx
AFG3000 Series Arbitrary Function Generators Programmer 077-0743-xx
Manual
AFG3000 Series Arbitrary Function Generators Service 077-0744-xx
Manual
AFG3000 Series Arbitrary Function Generators Specifications ~ 077-0691-XX
and Performance Verification Manual
ArbExpress (Application Software for Tektronix Arbitrary Function Generators) Software CD 063-3763-xx
Power cord
North America (Option AQ) 161-0066-00
Universal Euro (Option A1) 161-0066-09
United Kingdom (Option A2) 161-0066-10
Australia (Option A3) 161-0066-13
Switzerland (Option A5) 161-0154-00
Japan (Option A6) 161-0298-00
China (Option A10) 161-0304-00
India (Option A11) 161-0400-00
Brazil (A12) 161-0357-00

No power cord or AC adapter (Option A99)

1 These manuals contain a language overlay for the front panel controls.
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Getting started

Optional accessories

The following optional accessories are recommended for your instrument:

Table 4: Optional accessories

Description Tektronix part number
50 Q BNC cable, double-shielded, 91 ¢cm (36 in) 012-0482-XX

50 Q BNC cable, double-shielded, 250 cm (98 in) 012-1256-XX

GPIB interface cable, double-shielded, 200 cm (79 in) 012-0991-XX
Rackmount kit RM3100

Fuse adapter (BNC-P to BNC-R) 013-0345-XX

0.125 fuse set (contains three fuses) 159-0454-XX

NOTE. To ensure the EMC compliance listed in the Specifications, connect only
high quality shielded cables to this instrument. High quality shielded cables
typically are braid and foil types that have low-impedance connection to shielded
connectors at both ends.

Cleaning

Inspect the instrument as often as operating conditions require. To clean the
exterior surface, perform the following steps:

1. Remove loose dust on the outside of the instrument with a lint-free cloth. Use
care to avoid scratching the display.

2. Use a soft cloth dampened with water to clean the instrument. Use an aqueous
solution of 75% isopropyl alcohol for more efficient cleaning.

CAUTION. To avoid damage to the surface of the instrument, do not use any
abrasive or chemical cleaning agents.

CAUTION. Avoid getting moisture inside the unit during external cleaning. Use
only enough cleaning solution to dampen the cloth or swab.

AFG3000 Series Quick Start User Manual 5



Getting started

Power the instrument on and off

The following procedures show you how to apply power to the instrument and
turn it on and off.

Power on

1. Insert the AC power cord into the power receptacle
on the rear panel.

2. Push the front-panel power button to power on the
instrument.

Wait until the front-panel display shows that the
instrument has passed all power-on self tests before
using the instrument.

g oo

s

@ 0

1631-062

©®:9| 003008

(0} DS

Power off
1. Push the front-panel power button to power off the P g
instrument. @ CCL; :
P
SO
SOéeé
Héé .
| of @@ ® = : |

1631-062
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Getting started

Change instrument settings at power-on

The default settings are restored when you power on the instrument. You can
change the power-on settings to the last powered-off settings from the Utility
menu using the following procedure.

NOTE. You can restore the instrument to its default settings at any time by pushing
the front-panel Default button.

1. Push the front-panel Utility Edit
button.

2. Push the System bezel button.

Utility
u u - Interface

Language

English

1631-063

3. Push the Power On bezel button
to select from the following the
power on settings.

®m  Default restores the default
settings when the instrument
is powered on.

Last
B Last restores the same

settings as when the
instrument was last powered
Off 1631054

SRCUFE

AFG3000 Series Quick Start User Manual 7



Getting started

Erase instrument setups and waveforms from memory

You can also erase all instrument setups and waveforms from the instrument
internal memory using the following procedure.

NOTE. You can restore the instrument to its default settings at any time without
erasing memory by pushing the front-panel Default button.

1. Push the front-panel Utility
button. Edit Utility

2. Push the System bezel button. (@)

>

Channgl
(] oy

1631055

3. Push the Secure bezel button. Triager Out
Push the OK bezel button to Trigger
erase all setups and waveforms Clock Fef
stored in internal memory, or finteinal
push the Cancel bezel button to External
cancel the operation. Pawer On

Dl f il
Last

1631-191

Perform instrument self test and self calibration

The instrument performs a limited set of hardware tests at power-on. You can
also perform the following manual diagnostics and/or self calibration using the
Utility menu:

m  Diagnostics (Self test): Perform the self test to verify that your instrument
is operating correctly.

®  Calibration (Self calibration): The self calibration mainly checks DC accuracy
using the internal calibration routines.

NOTE. Ifyou need to verify that the instrument meets the warranted specifications,
do the complete set of performance verification procedures provided in the
Specifications and Performance Verification manual.

8 AFG3000 Series Quick Start User Manual



Getting started

1. Push the front-panel Utility
button. Edit Utility @

2. Push the -more- bezel @) — —
button. |::: E;

3. Push the —— =

Diagnostics/Calibration @
bezel button.

1631055

4. To execute the instrument
diagnostics, push the Diagnostics PASSED\

Execute Diagnostics
bezel button.

To execute self calibration,
push the Execute
Calibration bezel button.

5.  If Diagnostics completes
without any errors, the
message “PASSED” is
displayed. AFGIT0Z2  Mersion 1,20

Dec 12 2006 www tekironiz.com
Utility — Diagnostics £ Calibration

Calibration

1631056

CAUTION. Do not power off the instrument while executing self calibration. If the
power is turned off during self calibration, data stored in the internal memory
may be lost.

Quick Tips B Before executing self calibration, ensure that the ambient temperature is
between +20 °C and +30 °C (+68 °F to +86 °F). Allow a 20 minute warm-up
period before executing self calibration.

®  Disconnect all the cables from the instrument when you perform self test or
self calibration.

B Perform self calibration at least once a year to maintain DC accuracy. It is
recommended that the self calibration should be performed along with a
periodic check.

AFG3000 Series Quick Start User Manual 9



Getting started

Select a local language

You can select the language you want displayed on the instrument screen.

1. Push the front-panel Utility Edit Utility
button. (5]

1631-067

2. Pushthe Language bezel button. m
Intei'ia.::e

Language

English

3. Select the desired language.

You can select from English,
French, German, Japanese,
Korean, Simple Chinese,
Traditional Chinese, and
Russian.

Enalish

Frangais

Deutsch

B

AFGI02  version 1.0

Wil TR O Ol

Utility — Language
1631-069

Quick Tips ® When you power on the instrument for the first time, English is selected by
default. After you select a desired language, all the bezel menus, pop-up

messages, and built-in help are displayed in the specified language. The main
display area is not translated.

m  Use the front-panel overlay that corresponds to each local language.

10 AFG3000 Series Quick Start User Manual



Getting started

Protect your instrument from misuse

Check input and output 1, [ ocate the output

connectors connectors on the Con) (om) () S
front panel. The

image shown here —_—————— -
shows the outputs. ( @ @ @ ) @

2. Locate the input HE o, ey N
connector on the estom

front panel. Some @ @
instrument models

have more than one

input.

NOTE. When connecting a cable, be sure to distinguish the input connector from
the output connectors to avoid making the wrong connection.

The instrument input and output connectors are floating inputs/outputs.

WARNING. To avoid personal injury due to electric shock, do not apply voltages
in excess of 42 Vpk to any BNC connector ground or to the chassis ground.

CAUTION. Do not short output pins or apply external voltages to Output
connectors. The instrument may be damaged.

CAUTION. Do not apply excessive inputs over +5 V to Trigger Input connector.
The instrument may be damaged.

AFG3000 Series Quick Start User Manual 11



Getting started

12

Use fuse adapter

The instrument will be damaged if a large DC or AC voltage is applied to the
output or input connectors. To protect the output circuits, a fuse adapter is
provided as an optional accessory. When the instrument is used by students or
other inexperienced users, always attach the fuse adapter to the output connectors
to avoid damage. (See page 5, Optional accessories.)

=@
-0

1631061

Figure 1: Fuse and fuse adapter

1. Fuse adapter
2. Fuse

AFG3000 Series Quick Start User Manual
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Floating ground

Since the common (input and output channel common) of the arbitrary function
generator is electrically isolated from the chassis ground (the instrument chassis
and ground line of the AC connector), you can make a floating connection
between the instrument and other equipment.

All the signal output connectors are connected to the common ground, and the
remote interface connector is connected to the chassis ground.

WARNING. To prevent electrical shock, use this product so that the sum of the
floating voltage and the output voltage of the instrument does not exceed 42 Vpk.
Do not touch the center of the BNC while the equipment is in use.

CAUTION. The maximum rated voltage between the chassis ground and common
ground is 42 Vp-p (DC + peak AC). When the potential voltage between the
chassis ground and common ground goes over 42 Vp-p, the internal protective
circuit will be activated to protect the circuits. However, higher voltage may cause
the internal circuits in the instrument to be damaged.

When a potential voltage exists between the chassis ground and common ground,
a short circuit from output to ground causes the instrument internal fuse to open
and the output is stopped. If the fuse opens, you need to contact your local
Tektronix Service Support.

When a potential voltage exists between the common ground and chassis ground,
short-circuiting between them may lead to excessive current flow and the internal
or external circuits may be damaged.

©

| .
i \/\jcm 500 | \OD

Common
ground

1631062

Chassis ground

AFG3000 Series Quick Start User Manual 13
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Protect your DUT

Use care when you connect the instrument Channel Output to your DUT (device
under test). To avoid damage to your DUT, the following preventive measures are
provided. Follow these steps to set the limit values for high level and low level.

1. Push the front-panel Top
Menu button. The Output
Menu is displayed at the
bottom of the bezel menu. : gt
Select Output Menu. wtemal ddd Off

Output Off

2. In this example, High T Dutput Off
Limit is set to 5.000 V, T woise gd OFF
and Low Limit is set to R ao i 1%
_5000 V off

3. Push the Limit bezel
button.

4. Select High Limit. Use
numeric keys or the
general purpose knob to
enter a value.

Enter 50 mV for High

Limit, and -50 mV for Low
Limit.

1631-064

5. Push the front-panel
Sine button to display 100 000 00w
the waveform parameter. R
Confirm that High and
Low voltage levels were
changed.

You cannot enter any
values greater than
50 mV for High level.

Output Off

High Lesel

1631085

NOTE. When you set limit values using Output Menu, a level indicator is
displayed at left end of graph area.

14 AFG3000 Series Quick Start User Manual



Getting started

Update your instrument firmware

You can use the front-panel USB flash drive connector to update your
instrument firmware.

CAUTION. Updating your instrument firmware is a sensitive operation which
may damage your instrument if you do not follow all instructions carefully. To
prevent damage to the instrument, do not remove the USB flash drive or power
off the instrument during the update process.

NOTE. The screen images of the following procedure are provided as an example.
The actual screen display may be different depending on your instrument

configuration.

1. Push the front-panel Utility Edit Utility
button to display the Utility @ @
menu. 1631-067
Version information is displayed @
on the screen. Confirm the

firmware version of your
instrument.

2. Visit www.tektronix.com, and
check if Tektronix offers a newer
firmware version. Download
the compressed zip file with the
most current firmware to your
PC.

Unzip the downloaded file and
copy the file to the root directory
of your USB flash drive device.

) Free Technical Seminar Series
Learn the latest test methodologies

aaaaa

1631-066

3. Insert the USB flash drive device e
into the front-panel USB I ' - |
connector and check that you \ S ®
have saved the file to the root - @
directory of the USB flash
drive device. 1631067

AFG3000 Series Quick Start User Manual 15



Getting started

4. Push the -more- bezel button
twice in the Utility menu.

5. The third page of the Utility menu =~ —1
is displayed. Select Firmware
Update = -

NOTE. Ifthe USB flash drive is

not inserted, the Firmware Update

bezel button is disabled. -
NOTE. If Access Protection is on, [ @

the Firmware Update bezel button is

disabled. You can read more about
access protection. (See page 81.)

6. Select the downloaded firmware
file by rotating the general FH Update
purpose knOb’ and then pUSh Irill:lzjrram 1.0.3-01, Build:
the Execute bezel button. '

1631-068

1 tekafoth-1.1.04h 0OCT1214:15 2005

 Utility — P Update §

1631-069

7. Follow the on-screen
instructions.

8. Check that the clock symbol
at the top right of the screen
indicates the update process is
in progress.

CAUTION. A firmware update
usually takes approximately two
minutes. Do not remove the USB
flash drive during the update
process.

CAUTION. If you accidentally
removed the USB flash drive during
the update process, do not power off
the instrument. Repeat the
installation process from step 3.
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9.  Wait until the instrument displays

"Operation completed". F”n Update
10. Push OK. .
CA UTION I “Operation Completed" tekafgth-1.1 0tk OCT12 1415 200
is not displayed, do not power off the 0

instrument. Repeat the installation
process from step 2 using a different
type of USB flash drive device.

Utility — P Update

11. Remove the USB flash drive
from the front-panel USB
connector.

12. Power the instrument off and
then back on.

1631-074

13. Push the front-panel Utility Edit Utility
button to display the Utility @
menU 1631-073
Confirm that the firmware has @

been updated.

NOTE. You can protect access to firmware update using the Security menu.

Connect to a network

The AFG3000 series arbitrary function generator communication interface allows
you to communicate with or remotely control your instrument. You can use a
USB, Ethernet, or GPIB interface.

USB Interface  The USB interface requires no front panel or bezel menu operations to set up. Use
a USB cable to connect your instrument to a PC.

AFG3000 Series Quick Start User Manual 17
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To connect your instrument to a network, you must first obtain information from
your network administrator. The procedure for entering the Ethernet network
parameters depends on your network configuration. If your network supports
DHCP (Dynamic Host Configuration Protocol), follow these steps:

Ethernet Setup

18

1. Connect a LAN cable to
the LAN port on the rear
panel.

1631-075

2. Push the front-panel
Utility button.

Edit Utility

1631-076

3. Push the I/O Interface >
Ethernet bezel buttons.

170
Interface

Language

Enalish
Ethernet

Ehoeyerm
ahstenm T

4. The Ethernet Network
Settings menu is
displayed.

By selecting the DHCP
On, the instrument can
set its network address
automatically through
DHCP.

P tddress

Subnet Mask

Default
Gateway

DHCP .
LT On

1631-078
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If you cannot establish
communication by setting
DHCP On, you need to set up
an IP Address manually and
a Subnet Mask if necessary.
Follow these steps:

5. Display the Ethernet
Network Settings menu
and select DHCP Off.

6. Push the IP Address
bezel button to enter an
IP address. You need
to contact your network Rateway
administrator to get the IP
address to use. DHCP

7. Push the Subnet Mask Uff
bezel button to enter a
Subnet Mask. Ask your
network administrator
whether a subnet mask is
required.

8. Push the Default Gateway
bezel button to enter
a gateway address.
Ask your network
administrator for the
gateway address.

GPIB Setup  To set the instrument GPIB interface, follow these steps:

1. Connect a GPIB cable to
the rear panel GPIB port.

2. Push the front-panel Edit Utility
Utility button. (G

1631-076
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Quick Tip

Push the 1/O Interface >
GPIB bezel buttons.

170
Interface

Language GPIE

English

Ethernet

1631-081

Push the Address bezel
button to assign a unique
address to the instrument.

The GPIB address
defines a unique address
for the instrument. Each
device connected to the
GPIB bus must have a
unique GPIB address.
The GPIB address must
be from 0 to 30.

Push the Configuration
bezel button to toggle
the instrument bus
communications on
and off.

B Talk/Listen - Select
this mode to remotely
control the instrument
from an external host
computer.

m  Off Bus - Select this
mode to disconnect
the instrument from
the GPIB bus.

m  Refer to the AFG3000 Series Arbitrary Function Generators Programmer
Manual for information on remote control commands.
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Equivalent output circuits

Getting started

The following illustrations show the equivalent output circuits for the
AFG3000 series instruments:

1. AFG3011/3011C

Output signals do
not exceed 20 V
when the >50 Q load

©)

50
impedance is used.
Signal/
Offset 7
Y4
2. AFG3021B/ 3021C /
AFG3022B / 3022C /
3051C / 3052C 500 ~
| |

Amplitude and offset of
the output signals are
not affected by load
impedance.

S
©)

Signal

el

Offset

AFG3000 Series Quick Start User Manual
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3. AFG3101/3101C /3102
13102C

Output signals do
not exceed £10 V
when the >50 Q load
impedance is used.

Voltage over the
maximum level is
clipped.

Amplitude and offset
are affected when
you change the
load impedance.
The maximum and
minimum levels do
not exceed £10 V,
respectively.

Signal

Offset

4. AFG3251/3251C /3252

13252C

Output signals do
not exceed £10 V
when the >50 Q load
impedance is used.

Signal

Offset

j 50 Q@
©

50 Q
Current soure Voltage soure

5
5
:
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The following table shows the output window (maximum and minimum levels)
for sine waveform when you change the load impedance (L). Load impedance
will affect the output window.

L=50Q L = High Z

AFG3011/3011C

Maximum level 10V-10V(20Vp-p)  20V-20V (40 Vp-p)
Minimum level
(Maximum
amplitude)
AFG3021B / 3021C / 3022B / 3022C / 3051C / 3052C
Maximum level 5V -5V (10 Vp-p) 10V-10V (20 Vp-p)
Minimum level
(Maximum
amplitude)
AFG3101/3101C /3102 / 3102C
Maximum level 10V-10V (10 Vp-p) 10V -10V (20 Vp-p)
Minimum level
(Maximum
amplitude)
AFG3251/3251C / 3252 | 3252C
Maximum level 5V -5V (5Vp-p) 10V-10V (10 Vp-p)
Minimum level

(Maximum
amplitude)

Overheat Protection (AFG3011 / 3011C Only)

The instrument internal temperature is monitored in the AFG3011 and AFG3011C.
A warning message will appear if the internal temperature reaches a threshold
level, and signal output will automatically turn off. If the warning message
appears, check for the following conditions:

B The ambient temperature requirement is being met.
®  The required cooling clearance is being met.

B The instrument fan is working properly.
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Instrument interface, front panel, and rear panel

Front panel overview

The front panel is divided into easy-to-use functional areas. This section provides
you with a quick overview of the front panel controls and the screen interface.
The following figure shows the front panel of the dual-channel model.

Tektronix AFG 31025 oo snemon

Bezel menu buttons
Top menu button
Function buttons

1

2

3

4. Shortcut buttons
5. Numeric keypad
6

Triggered LED is lit when the instrument receives an internal or external
trigger

7. Trigger input connector

8. Trigger output connector

9. Menu buttons

10. CH 1 and CH 2 output connectors
11. Return to previous menu button
12. View button

13. USB connector

14. Power on/off switch
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Lock or unlock the front  If you need to lock the front panel controls, use the following remote command:

panel controls o oy o m-KLOCK[:STATe]

To unlock the front panel without using a remote command, push the front-panel
Cancel button twice.

Parts of the screen interface

1. Message display area. A message that monitors hardware status such as clock
or trigger is displayed in this area.

2. Output status. If the output is set to disable, Output Off message is displayed
in this area. When you push the front panel channel output button to enable the
output, the message will disappear.

3. Bezel menu. When you push a front panel button, the instrument displays the
corresponding menu on the right side of the screen. The menu shows the options
that are available when you push the unlabeled bezel buttons directly to the right
of the screen. (Some documentation may also refer to the bezel buttons as option
buttons, side-menu buttons, or soft keys.)

4. Channel tabs. Alternate between channels being used.

5. Level meter. Amplitude level is displayed. The following figure describes the
level meter.

6. Main display area and View tab. Pushing the front-panel View button
toggles through the view format of the main display area. The view tabs
correspond with the current view format. The instrument can display three
different screen formats.
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1. Shows maximum
amplitude level of your
instrument.

2. Shows the range of high
limit and low limit set by
the user.

3. Shows the amplitude level
that is currently selected.

1631017

View button
The instrument provides the following three screen view formats:
B Waveform parameter and graph display
®m  Graph comparison

B Waveform parameter comparison
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1. To change the screen -0
display format, push the | a
front-panel View button. : 1~ N ©®

1631018

2. The first format provides
the single channel
waveform parameters
and graph display.
(Dual-channel model
only): You can
toggle the CH1 and
CH2 information by
pushing the channel
select button.

When you push the View
button once, the view
format is changed to
the graph comparison
format.

Push the View button
again to display the
third format. This view
provides the channel
parameter comparison.

Qutput Off

@

1631-019

Quick Tips = If the instrument is currently in the Save, Recall, Utility, Help, or Output
menu, pushing the View button will have no effect.

B When the instrument is in the Edit menu, pushing the View button will toggle
between Edit text and graphical views. This is the only function of the
single-channel model view button.
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Shortcut buttons

28

Quick Tips

Shortcut buttons are provided for experienced users. The shortcut buttons allow
you to select a setup parameter and enter a numeric value using the front panel
controls. By using the shortcut buttons, you can select a waveform parameter
without using any bezel menu selection.

1. Shortcut buttons are located

below the Run Mode buttons on Continuous Modulation  Sweep
the front panel.

; ~N
In this example, use pulse Frequency/Period  Amplitude/High

waveform. ( ) C )

Phase | Delay Offset/Low @

Duty/Width Leading/Trailing

1631-020

2. Ifyou push the Amplitude/High §rn
shortcut button once, Amplitude WEH 1 Cont Output Off

becomes actwe B ] 0 M Amplitude

Trailing

1631-021

3. If you push the Amplitude/High Tk
shortcut button again, High Level (e Output Off
becomes active. '
You can also set parameters for
Frequency/Period, Offset/Low,
Duty/Width, or Leading/Trailing
in the same way. High Level

Trailing

m  If you push the Phase | Delay shortcut button, Delay becomes active. Pushing
Phase | Delay again will have no effect, because there is no phase parameter
in the pulse parameter menu.

®m  The Duty/Width and Leading/Trailing shortcut buttons are functional only
when the instrument is in the pulse parameter menu.
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Default Setup

When you want to restore the instrument settings to the default values, use the
front-panel Default button.

1. Push the front-panel Default Save Recall  CEIND
button ¥ en Q @

1631023

2. A confirmation pop-up message
appears on the screen.

Push OK to recall the default .
settings. o0 Trailing 1800 ns

Push Cancel to cancel the recall.

Tek
| | N Cont Output Off
Freq

1631-024

3. Ifyou select OK, the instrument
displays a 1 MHz frequency,
1 Vp-p amplitude sine waveform
as the default setup.

Qutput Off
Imite

Ampl

Otfset Omy

1631-025

Quick Tips B The AFG3000 Series Arbitrary Function Generators Programmer Manual
describes the default setup settings in detail. This manual is available at
www.tek.com/downloads.

m  The front-panel Default button does not reset the following settings:
= Language option
= Power-on settings

= System related settings (display contrast, screen saver, click tone, and
beeper)

= Saved setups and arbitrary waveform data
= Calibration data
= GPIB and Ethernet setups

= Access protection

AFG3000 Series Quick Start User Manual 29



Instrument interface, front panel, and rear panel

Select Waveform

The instrument can provide 12 standard waveforms (Sine, Square, Ramp,
Pulse, Sin(x)/x, Noise, DC, Gaussian, Lorentz, Exponential Rise, Exponential
Decay, and Haversine). The instrument can also provide user-defined arbitrary
waveforms. You can create, edit, and save your custom waveforms.

You can also create modulated waveforms using the Run Mode Modulation
menus. The following table shows the combination of modulation type and the
shape of the output waveform.

The following matrix shows which waveforms are allowed with each run mode.

Sine, Square, Ramp, Arb, Sin(x)/x,

Gaussian, Lorentz, Exponential Rise, Noise,

Run Mode Exponential Decay, Haversine Pulse DC
Continuous N N N
Modulation

AM N

FM N

PM N

FSK \

PWM N
Sweep N
Burst N ~

NOTE. When the instrument outputs an Arb waveform, Vp-p of instrument setup
indicates the Vp-p value of normalized waveform data.

When the instrument outputs Sin(x)/x, Gaussian, Lorentz, Exponential Rise,
Exponential Decay, or Haversine, Vp-p is defined as twice the value of 0 to peak
value.
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To select an output waveform, follow these steps:

1. To select a continuous
sine waveform, push @
the front-panel Sine
bUtton and then pUSh Sine Continuous Modulation Sweep Burst

the Continuous button. ( (:

2. You can directly select . requenoyPeriod  Ampltuderigh
One Of four Standard uare requenc! erio mplitude/Hi
waveforms from the C) C ) C )
front-panel Function
buttons.

3. To select an arbitrary

form, h th
waveform, push the § C) Q

Arb button.
Arb Edit Utility

4. To select other
standard waveforms @ @

Ramp Phase | Delay Offset/Low

o )

Pulse Duty/Width Leading/Trailing

such as Sin(x)/x, More... Save Recall
Noise, DC, or @)
Gaussian, push the

More... button, and

then push the top

bezel button.

1631026

5. These are waveform Sin(x)/x Noise
examples of Sin(x)/x fun ¢ g -
and Noise.

1 \ “

\/\/\\j/ \\//\/\/
200mvQ M 100ns “A Ch1 5 0.00V
W+ 52.0000ns oh  Zs0my @ M100ps 5065k 200psht
1631027
6. These are waveform DC Gaussian
examples of DC and — - . — e iriga
H
Gaussian.
L1 “ /
/I
\
200mvQ M 100ns “A Ch1 5 0.00V 200mvQ M 100ns “A Ch1 5 0.00V
W-+v.52.0000ns v 52.0000ns

1631028
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7. These are waveform Lorentz Haversine
examples of Lorentz Run e Trigd Run e Trigd
.
and Haversine.
D S\ |1 /\
200mv M 100ns “A Ch1 5 0.00V 200mv M 100ns “A Ch1 5 0.00V
W-+v.52.0000ns W-+v.52.0000ns
1631-029
8. These are waveform Exponential Rise Exponential Decay
examples of I e e jrge o e rge
Exponential Rise and
Exponential Decay. /"‘“‘
L // “a P A “
/
/
200mvQ M 100ns “A Ch1 5 0.00V 200mv Q M 100ns “A Chi1 5 0.00V
W-+v.52.0000ns W+v.52.0000ns
1631-060
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Select Run Mode

Push one of the four Run Mode buttons to select the instrument signal output
method.

1. The default -
Run Mode is @ WE S 5 Output Off
Continuous. Omie

You can read more about
changing waveform
parameters. (See

page 35.)

Continuous  Modulation Sweep Burst

1631-031

2. To select a
modulated @
waveform, push the
Modulation button. Al

You can read more about Cotinuous  Modulation ~ Sweop  Burst Offset 0
modulating waveforms.
(See page 58, Modulate
a Waveform.)

Internal

1631-062
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3. To select a sweep
waveform, push the
Sweep button.

You can read more about
sweeping waveforms.

Return

Continuous  Modulation Sweep Burst

(See page 55.) Sweep Tine
n Time
4. To select a burst /8 —
waveform, push the @ W

Burst button.

You can read more
about Burst mode. (See
page 54.)

Continuous ~ Modulation Sweep Burst

1631-064

Adjust Waveform Parameters

When you turn on your instrument, the default output signal is a 1 MHz sine
waveform with an amplitude of 1 Vp-p. In the following example, you can change
the frequency and amplitude of the original output signal.

1. Push the front-panel Save Recall
Default button to display W (= @
the default output signal. w10

2. To Change frequency, Frequency/Period  Amplitude/High
push the front-'panel @ 4 D m
Frequency/Period
shortcut button. Phase | Delay Offset/Low

o O

1631-012
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Frequency is now active.
You can change the value
using the keypad and
Units bezel menu, or you
can change the value
with the general purpose
knob.

Push the
Frequency/Period
shortcut button again

to toggle the parameter to
Period.

M (00 000 000 Wie Grun N E)

Ampl

Offset Omy

Output Off

Ampl

Offset Omy

1631-013

Next, change amplitude.
Push the Amplitude/High
shortcut button.

Frequency/Period  Amplitude/High @

Phase | Delay Offset/Low

J
J

1631-014

Amplitude is now active.
You can change the value
using the keypad and
Units bezel menu, or
you can change the value
using the general purpose
knob.

Push the Amplitude/High
shortcut button again to

toggle the parameter to

High Level.

You can change the
values of Phase and
Offset in the same way.

To change the amplitude
units, push the -more-
bezel button to display
the second page.

Push the Units bezel
button to display units
selection bezel menu. By
default, Vp-p is selected.

@ 1631-016
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Quick Tip  The following conversion table shows the relationship between Vp-p, Vrms,

and dBm.

Voo Vims dBm

20.00 Vp-p 7.07 Vrms +30.00 dBm
10.00 Vp-p 3.54 Vrms +23.98 dBm
2.828 Vp-p 1.00 Vrms +13.01 dBm
2.000 Vp-p 707 mVrms +10.00 dBm
1.414 Vp-p 500 mVrms +6.99 dBm
632 mVp-p 224 mVrms 0.00 dBm
283 mVp-p 100 mVrms -6.99 dBm
200 mVp-p 70.7 mVrms -10.00 dBm
10.0 mVp-p 3.54 mVirms -36.02 dBm

Channel Select (dual-channel model only)
1. Push the front-panel

Channel Select button to

control the screen display.
You can toggle between BUtpug
the two channels.

(ch1/ch2)
Output

1631-065

NOTE. If you push the Channel Select button while you are in the Utility, Save,
Recall, or Help menu, the screen display returns to the previous view. The

channels do not toggle.

AFG3000 Series Quick Start User Manual
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Output ON/OFF

1. To enable signal output,
push the front-panel @ @
Channel Output On o G
button. The button is it
with an LED when it is in ; .
the On state. 509 . @ g
You can configure the o315

signal with the outputs
off. This will allow you
to minimize the chance
of sending a problematic
signal to a DUT.

2. (Dual-channel model
only) You can turn on or
off the signal output for
channel 1 and channel
2 independently.

You can enable one of the
two channels or enable

AFG 325258cume =, ]

both of the two channel : Twg =
0oth Of the two channels ‘ . & .
at any time. = o KON © © © J
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Rear Panel

The following illustration shows the rear panel connectors for the instrument.

H @ A warnInG H

HERGARMEL.

2

GPIB [EEE-L88

o FACETINE
@ (@m - ; Ci el JQ
HOrE 1 e o]

@ © 000 o

ADD INPUT: The ADD INPUT connector is provided with AFG3101 /
3101C /3102 /3102C /3251 /3252 /3252C. This connector lets you add an
external signal to the CH1 output signal.

2. EXT MODULATION INPUT (CH1 and CH2): The CH1 INPUT and CH2
INPUT are independent. The signal input level of these connectors controls
modulation parameters.

3. EXT REF INPUT: This is a BNC connector for the external reference input.
When you want to synchronize multiple AFG3000 series arbitrary function
generators, or synchronize your arbitrary function generator and another
instrument, use the external reference input connector.

4. EXT REF OUTPUT: This is a BNC connector for the external reference
output. When you want to synchronize multiple AFG3000 series arbitrary
function generators, or synchronize your arbitrary function generator and
another instrument, use the external reference output connector.

5. USB: Used to connect a USB controller. (Type B)

6. LAN: Used to connect the instrument to a network. Connect a 10BASE-T
or 100BASE-T cable here.

7. GPIB: Used to control the instrument through GPIB commands.

8. Chassis Ground Screw: The chassis ground screw is used to ground the
instrument. Use a unified coarse screw (#6-32, 6.35 mm length or less).

9. Security Slot: Use a standard laptop computer security cable to secure your
instrument to your location.
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Quick tutorial: How to select a waveform and adjust parameters

If you are a beginning user, you can follow the steps described here to get
acquainted with how to select a waveform and adjust waveform parameters.

1.
2.

ARG S

~

Press the power button to turn on the instrument.

Connect the CH1 Output of the instrument to the oscilloscope input with a
BNC cable.

Select a waveform.
Enable the signal output.
Observe a waveform displayed on the oscilloscope screen.

Use the front-panel shortcut buttons on the instrument to select a waveform
parameter.

Select Frequency as a parameter to be changed.
Change the frequency value using the numeric keys.

Change the waveform parameters using the general purpose knob and the
arrow keys.

Quick tutorial: How to generate a sine waveform

If you are a beginning user, you can follow the steps described here to learn how
to generate a continuous sine waveform.

1.

Connect the power

cord, and then push the
front-panel power on/off
switch to turn on the
instrument.

NN
00000

Connect a BNC
cable from the CH1
Output of arbitrary
function generator to
an oscilloscope input
connector.

Push the front-panel Sine @
button, and then push

the Continuous button to

select a waveform.

Contiuous Modulation Sweep Burst

@ H OSSO

1631-041
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Push the front-panel
CH1 Output On button to
enable the output.

@ o @ oo

Output

Output

1631-042

Use the oscilloscope
auto-scaling function to
display the sine waveform
on the screen.

If the instrument outputs
a default sine waveform,
you can manually set the
oscilloscope as follows:

m (.5 ps/div
= 200 mV/div

Run 1 Trig'd N

W=

chi
Bandwidth

VARV

200mv Q% M 400ns ‘A Chl J-76.0mV

@+v0.00000s

U= e

200mv

Coupling  Invert Bandwidth FIN€ SCle pogivion  offset
AC off  1soMHz 299V o.00div  0.000V

Probe
Setup
1X

o

1631-043

To change the frequency,
push the front-panel
Frequency/Period
shortcut button.

@ Freq y/Period

Phase | Delay

High

Offset/Low

1631044

The
Frequency/Period/Phase
Menu is displayed and
Freq is selected. You
can now change the
frequency value.

Offset Dy

1631045
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To change the frequency
value, use the keypad
and Units bezel buttons.

For example, if you enter
a value "2" using the
keypad, the bezel menus
will automatically change
to Units.

After entering the
frequency value, push
the Units bezel button
or the front-panel Enter
button to complete the
entry.

You can change the
Amplitude, Phase, and
Offset values in the same
way.

1631-046

You can also change the
frequency value using
the general purpose knob
and the arrow keys.

To increase the value,
turn the knob clockwise.
To change a specific digit,
select it by pushing the
arrow keys. Then change
it by turning the knob.

Continuous Modulation
Frequency/Period  Amplitude/High

Phase | Delay Offset/Low

Sweep

Burst

-

1631047

Use the front-panel shortcut buttons to quickly select a waveform parameter.

You can also specify a waveform parameter by using bezel menu selection.
This method does not use the front-panel shortcut buttons.

When you specify a waveform parameter using the shortcut buttons or bezel
menu selection, an active parameter is displayed in green in the graph area.
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How to access the

instrument help system

Ways to access and

navigate the instrument

help system

The instrument help system allows you to access information about specific menu
items and instrument functions when you need help. You can access and navigate
this help system using front-panel buttons and knobs, and following on-screen
instructions as they appear. The individual help topics may contain links to other
topics, as well. These can be accessed by following the on-screen instructions.

You can follow the steps described here to access the instrument help system.

1. Push the front-panel Help Edit Utility

button to display the help — — -
screen. GIGW) G.r—,mD (Help/ @
Tek

2. Turn the general purpose
knob to move the Page 1/3
highlight from one link to 0
another.

3. Push the Show Topic
bezel button to display
the topic corresponding
to the highlighted link.

4. Push the Index bezel
button to display an Index
page.

5. Push the Exit bezel o
button or any front-panel — TCarom
button to remove the
Help text from the screen
and return to the graphic
or parameter display.

@e

®  Push the Help button to display information (topic) about the last menu
displayed on the screen.

Turn the general purpose knob to move from page to page within a displayed
topic.

B Push the Index bezel button to view the Help index page.

m  Push the Page Up or Page Down bezel buttons to search for the index page
that contains the topic you want to view.

B Turn the general purpose knob to highlight a help topic in the index.
®  Push the Show Topic bezel button to display the topic from the index page.

m  Push the Utility button and then the Language bezel button to choose the
language in which you want the Help topics, bezel menus, and on-screen
messages to appear.
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Generate a Pulse Waveform

1. Push the front-panel
Pulse button to display
the Pulse screen.

Output Off

2. Push the criod Tl
Frequency/Period Leading 18.00
shortcut button to select = | - Traiing  18.00 ns Perind

Frequency or Period.

1631087

3. Push the Duty/Width
shortcut button to
toggle between Duty
and Width.

4. Push the
Leading/Trailing
shortcut button to
toggle the parameters
for Leading Edge and
Trailing Edge.

1631-088

5. You can set the lead delay by pushing the Phase | Delay shortcut button to display the
lead delay setting screen and adjusting the parameter as needed. You can also select
Lead Delay from the bezel menu.

Pulse waveform formulas  The following formulas are applied to leading edge time, trailing edge time, pulse
period, and pulse width of pulse waveforms.

1Edge (Leading Edge Time)
tEdge (Trailing Edge Time)
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Maximum leading edge time. This value is the minimum of the three in each
instance.

If runMode = Continuous:
Templ = 0.8 * 2.0 * width — tEdge;
Temp2 = ( period — width ) * 0.8 * 2.0 — tEdge;
Temp3 = 0.625 * period.
Else:
Templ = 0.8 * 2.0 * width — tEdge;
Temp?2 = ( period — leadDelay — width ) * 0.8 * 2.0 — tEdge;
Temp3 = 0.625 * period.

Maximum trailing edge time. This value is the minimum of the three in each
instance.

If runMode = Continuous:
Templ = 0.8 * 2.0 * width — [Edge;
Temp2 = ( period — width ) * 0.8 * 2.0 — [Edge;
Temp3 = 0.625 * period.
Else:
Templ = 0.8 * 2.0 * width — [Edge;
Temp2 = ( period — leadDelay — width ) * 0.8 * 2.0 — 1IEdge;
Temp3 = 0.625 * period.
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Save/Recall arbitrary waveforms

You can save up to four arbitrary waveforms in the instrument internal memory.
To save more waveforms, use a USB flash drive

1. To recall or save an
arbitrary waveform, push @
the front-panel Edit button
Edit Utility

to display the Edit menu.

1631-089
2. Select Read from... R Tek 1)
to recall an arbitrary 0 WEH Fead fron [ : Memory
Puoints : Internal
waveform. |:> S
3. The Read Waveform Mew

page is displayed.

[peration Userd

Fead
from...
—mare=
Cancel

Tof3

1631-000

4. To save waveforms, 3
select Write to... to i Memory

display the Write Paste at - Inal
Waveform page. Beainning
5. Ifyou save a waveform Paste at
to a USB flash End
drivea file with the
i i ) Copy to
extension TFW is saved EMEME
Wite
10...
6. You can also recall Pulse
waveforms by pushing
the front-panel Arb > Arb oo
Waveform Menu bezel @ 7

buttons.

Level
Menu
1631-092
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Quick Tips

m  Push the -more- bezel button in the Write to... submenu to display the
Lock/Unlock and the Erase menu.

B The Lock/Unlock function allows you to lock the file against accidental

overwrite.

Generate an Arbitrary Waveform

48

Quick Tips

The instrument can output an arbitrary waveform that is stored in the internal

memory or a USB flash drive

1. Push the front-panel Arb button.

2. Push the Arb Waveform Menu
bezel button.

1631093

3. The Arb Waveform Menu is
displayed. You can now browse
a list of waveform files in the
internal memory or USB flash
drive

Select Internal. You can specify
a file from the following:

m  User 1, User 2, User 3, or User 4

= Edit Memory 1 or Edit Memory 2

NOTE. Edit Memory 2 is

only available on dual-channel
instruments. Edit Memory 1 relates to
Channel 1 and Edit Memory 2 relates
to Channel 2.

Use the front panel general
purpose knob to scroll the files,
then select a file and push OK.

Tel

T Read from ] Menory |
: [
00 T T SE

0K

Cancel

1631-094

m  File names are displayed only in English characters. If you use non-English
characters to name a file, these characters are replaced by Roman symbols

such as #, $, %.

m  Use the Write to... bezel menu in the Edit menu to copy a waveform file on
the USB flash drive to the internal memory.
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Modify an Arbitrary Waveform (Edit Menu)

To modify an arbitrary waveform, use the Edit Menu. The Edit Menu supports
several waveform edit functions and provides import or storage of edited
waveform data. Dual-channel model instruments have two edit memories (Edit
Memory | and Edit Memory 2). The Edit Menu also supports copying waveform
data between these two memories.

1. Push the front-panel Edit button
to display the Edit Menu. @

Edit Utility

1631-089

2. Select Number of Points to set Nutiher
the number of waveform points af
to be edited. Points

3. Select New to write a standard
waveform to Edit memory.
The written waveform has the
number of points specified by
Number of Points. One of five
waveform types (Sine, Square, _
Ramp, Pulse, and Noise) can be LU
selected.

4.  Select Operation to display the
Operations submenu.

5. Select Read from... to specify

a memory location of waveform
data from Internal or USB.

©@eeae
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Push Operation to display the
Operations submenu.

m  Push Line to display the Line
edit submenu.

®  Push Data to display the Data
Point edit submenu.

®  Push Cut to display the Cut
Data Points submenu.

1631-097

Select Paste at Beginning to
append a waveform at the
beginning of the edit waveform.

Select Paste at End to append a
waveform at the end of the edit
waveform.

Select Copy to EMEM1/EMEM2
to copy waveform data between
Edit Memory 1 and Edit Memory
2. (This menu item is only
available on dual-channel
instruments.)

Select Write to... to display a

submenu to write waveform data
to.

Paste at
Beginning

Paste at
End

Copy to_
EMEMZ

Write |

6o ©

to...

1631-098
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Arbitrary Waveform Edit  The following example shows how to use the Line edit function. Paste a ramp
Example 1 waveform before sine waveform:

1. Select Number of
Points to set the
number of waveform
points to 1000 points.

2. Select New and then

select Sine. Save this
waveform to User1.

3. Next, create a 500
point ramp waveform.

4, Select Operation and
select Line. Do the
following line edit:

= X1:1,Y1: 8191

= X2:250,Y2: 16382

Push Execute. Once

again, select Line from
Operation and perform
the following line edit:

HX1:251,Y1: 16382

m X2: 500, Y2: 8191

5. Push Execute. Save
this waveform to
User2.

1631-100

6. Next, paste a
waveform. Push Read
from... and select
User1.

7. Push Paste at
Beginning. Select
User2 waveform and
then select Paste.

8. The waveform shown
here is created.

Number
of

Points

Tew

Dperation

Fead
fram...

Trig'd M Pos: 450.0ns

1 100ns
1631-101
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Arbitrary Waveform Edit
Example 2

Quick Tips

The following example shows how to edit a waveform by data point. In this

example, you can add a noise spike to the sine waveform.

1. Push Read from... and
select User1.

2. Push the front-panel
View button to change
the screen to Table
display.

Fumber
of
Points

[

Operation

Read
from...

3. Push Operation and
select Data.

4. Perform the following
data point edit:

= X:250,Y:8191
= X:251,Y:8191
m X:750,Y:8191

m X:751,Y:8191

5. After each data edit,
push Execute to
implement the edit
operation. Save this
waveform to User3.

Fumber
of
Points

Mew
Dperation

Fead

from...

Ewecute

1631-103

6. This is an example of an
oscilloscope screen for
the User3 waveform.

Tek S Trig'd M Pos: 480.0ns
+

14 100ns
15-Mar-0F 20:21
1631-104

m  [f you edit arbitrary waveform data in Edit Memory 1 or 2 while the

instrument generates a waveform from edited Edit Memory, the edited
data will be automatically reflected to the generated waveform from the
corresponding channel.

B Push the front-panel View button in the Edit Menu to toggle between edit
texts and graphical views.

m  Push the front-panel Channel Select button to toggle between the Edit
Memory 1 and Edit Memory 2 menus.
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Generate Noise/DC

Quick Tip

Push the front-panel
More... button.

Push the More Waveform
Menu bezel button.

J

Pulse

Arb

1631-105

Operating basics

Select Noise.

You can set waveform
parameters for Noise.
This is a sample of
Gaussian Noise displayed

on an oscilloscope screen.

=
©),
m

1631-106

Push DC to display DC
parameters.

1631-107

AFG3000 Series Quick Start User Manual

B You cannot modulate or sweep noise or a DC waveform.
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Generate a Burst Waveform

The instrument can output a burst using standard waveforms such as sine, square,
ramp, and pulse, or arbitrary waveforms. The instrument allows you to use the
following two types of burst modes:

Triggered Burst Mode. A specified number (burst count) of waveform cycles
are output when the instrument receives a trigger input from the internal trigger
source, an external trigger source, a remote command, or the Manual Trigger
button.

Gated Burst Mode. The instrument outputs a continuous waveform when an
effective gate signal is applied externally, when the Manual Trigger button is
depressed, when a remote command is applied, or during 50% of the selected
internal trigger interval.

To Generate a Triggered  The following example describes how to generate a double pulse using the burst
Burst Waveform  mode.

1. Select Pulse as an
output waveform i
and then pUSh the :..: TE.00ns
front-panel Burst i :
button. Sweep

2. Confirm that 1-Cycle,
N-Cycles, or Inf-Cycles
is selected, which
means triggered burst
mode is enabled.

To generate double " =

pulse, set the burst
count (N-Cycles) to 2.

Cutput Off

3. Thisis an example of Tek 1L Trig'd M Pos: 760,05
double pulse. M

4. This waveform is a
trigger output signal.

J L L) e

CH2 2004 1 1.00rms CH2 &

1631-109
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To Generate a Gated Burst In the gated burst mode, the output is enabled or disabled based on the internal
Waveform  gate signal or an external signal applied to the front-panel Trigger Input connector.
While the gate signal is true or the front-panel Manual Trigger button is pushed
in, the instrument outputs a continuous waveform.

1. Push the front-panel Burst
button to display the burst
menu.

2. Select Gate.

Output Off

1631-110

3. This is a sample Run [ ] Trig'd
oscilloscope screen.
The top waveform is a
trigger output signal.

4. This is a gated waveform
sample.

T

AR AR AR AR R Rk

M2.00ps A £ 900mvy
L W+ 3.36000us

1631-111

Quick Tips = The instrument provides the following three trigger sources for Burst mode:
= Internal or external trigger signal
= Manual trigger
= Remote command

B Once Gate is selected, burst count parameters are ignored.

Sweep a Waveform

The Sweep outputs a waveform with the output signal frequency varying linearly
or logarithmically.

You can set the following parameters for Sweep:
= Start frequency
B Stop frequency

B Sweep time
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= Return time
B Center frequency

B Frequency span

®  Hold time
Frequency
A
Stop Freq. - ﬁ:
reg.
Span
__ Center
Freq.
Start Freq. ' Time
Sweep — Hold —» Return

1. Select a waveform and [ Function

then push the front-pane| Sine Continuous Modulation  Sweep Burst
Sweep button. (:o\./.)QO(j D
2. You can specify the N
start frequency, stop Start
. Frequency
frequency, sweep time
and return time from the Stop
sWeep menu. FT'E'3||JE|'I|:Z'5.-'
Return Time represents o
the amount of time from STEELE '
Stop Frequency to Start

Frequency. Return Time

Push the -more- button
to display the second
sweep menu. 10f3

1631-114

—mare=
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3. In this page, you can set
the parameters for center
frequency, frequency
span, hold time and

Span
select the sweep type.
Hold time rgpresents the Hold Tine
amount of time that the
frequency must remain Tipe
stable after reaching the \ T
ogarithm
stop frequency.
Push the -more- button
to display the second s 2
sweep menu.

4. In this page, you can Made
select the sweep mode Fepeat
(Repeat or Trigger) and Triager
trigger source. Souree

Trigger
[mtersal

1631-116

5. This is a sample e
oscilloscope screen. -
The top is a sample of a o
sweep waveform.
6. This is a trigger output
Signal. - -
W— — —-——-—k
4
(2 WS rTmvTne2 .00 v QaMIT0ms A Cng S 1.32V
>~ .3.78000ms

1631-117

Quick Tips = For frequency sweep, you can select a sine, square, ramp, or arbitrary
waveform. Pulse, DC, and Noise waveforms cannot be selected.

m  Once the sweep is selected, the frequency is swept from the sweep start to
the sweep stop frequencies.

m [fa start frequency is lower than a stop frequency, the instrument sweeps from
the low frequency to the high frequency.
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Modulate a Waveform

To Output an AM Waveform

58

If a start frequency is higher than a stop frequency, the instrument sweeps
from the high frequency to the low frequency.

If you want to return to the Sweep menu after selecting other menus, push
the front-panel Sweep button again.

Select a waveform and then
push the front-panel Modulation
button.

In this example, use sine
waveform as an output waveform
(carrier waveform).

[ Function § ~ RunMode |

Sine Continuous Modulation Sweep Burst

Push the top bezel button to
display the modulation selection
menu.

Select AM as the modulation
type.

Pland

1631-119
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Select modulation source.
Set modulation frequency.
Select modulation shape.
Set modulation depth.

L S

Modulation
JIL]

7. This is an example amplitude
modulation waveform displayed
on an oscilloscope screen.

———

Trig'd

(2@ 500my QETTII =R M 20.0ps A (Terg  Sa0my

L > 60.0000ns

1631-121

Quick Tips B You can output frequency modulation or phase modulation waveforms in the

same way.

B You cannot select Pulse, Noise, or DC as a carrier waveform.

®  You can select an internal or external signal as an AM source. If you select an
external source and set the modulation depth to 120%, the output will be at the
maximum amplitude when a +1 V,, signal is applied to the rear panel EXT
MODULATION INPUT connector.

B You can select a modulation shape from the internal memory or USB flash drive

B The following equations show the output amplitude of AM, FM, and PM
modulation (in this example, sine waveform is used for carrier waveform and

modulation waveform):

AM: Output(Vp_p)Z% (1 + % sin (27Tfmt)) sin (2x fet)

FM: Output(V,,)=A sin (27 (fc + D sin (2w fmt)) t)

PM: Output(V,,)=A sin (27 fct + 27T3%0 sin (27 fmt))

AFG3000 Series Quick Start User Manual
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Carrier amplitude A[Vy,]
Carrier frequency fc [Hz]
Modulation frequency fm [Hz]
Time t [sec]
AM Modulation depth M [%]

FM Deviation D [Hz]
PM Deviation P [degree]

B The following table shows relationship between modulation depth and
maximum amplitude for AM modulation waveform (internal modulation
source is selected):

Depth Maximum amplitude
120% A (Vpy)

100% A (V) ¥ 0.909

50% A (V) *0.682

0% A (V) ¥ 0.455
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To Output an FSK  Frequency Shift Keying modulation is a modulation technique that shifts the
Waveform output signal frequency between two frequencies: the carrier frequency and Hop
frequency.

1. Follow the steps described : S
in the To Output an AM o . putputert
Waveform procedure to display I i
the modulation type selection
submenu. (See page 69,
Modulate a Waveform.)

In this example, select FSK as
the modulation type.

1631-122

2. The FSK parameter setting
screen is displayed.

Select Internal or External as o

FSK source. anpt 10000 wee ste 5000 —
3. Ifyou select Internal, you can set fifset Dal

the FSK Rate.

If you select External, the FSK
Rate is ignored.

4. Set Hop Frequency.

Carrier waveform frequency

shifts to the Hop frequency with
the specified FSK rate, and then
returns to the original frequency.

@ ee

1631123
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Quick Tip

To Output a PWM
Waveform

Push the front-panel
Pulse button, and
then push the Pulse
Parameter Menu bezel
button to display the
pulse parameter setting
screen.

m  The AFG3000 series instruments generate a phase continuous FSK signal.

Follow these steps to output a PWM waveform.

Pulse
Parameter
Penu

Push the front-panel
Modulation button
to display the PWM

parameter setting screen.

Select the PWM source.
Set the PWM frequency.

Select the Modulation
Shape.

Set the Deviation (pulse
width deviation).

Quick Tip = See an application example of pulse-width modulation. (See page 94, Motor

Speed Control by Pulse-Width Modulation.)
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Trigger Out

The Trigger Output signal of the instrument is linked to the run mode and
function selected in CH1 if your instrument is a dual-channel model.

Connect the front-panel
Trigger Output connector
and the external trigger
input connector of the
oscilloscopes. The
Trigger Output connector
provides the trigger signal
for oscilloscopes.

o

Output

(e
®

Trig'd

Input

@

1631-126

Continuous mode: The
trigger output is a square
waveform and the rising
edge at the start of each
waveform period.

When an output
frequency is higher
than 4.9 MHz, some
restrictions are applied.

Run

s
e

Trigd

‘@

See the Quick Tips below. pich B Uiz - e 40dE™E=C2 - MO
: _pWwszoooons
1631-127
Sweep mode: When the R e Trigd
Repeat or Trigger sweep s A s n A
mode and internal trigger D
source are selected, the
trigger output isa square [l s LR R L
waveform and the rising Lkl Ll
edge at the start of each _@
sweep. S P ——
- 0
@mz 1.60 v Q%Mm.r 1.32¥
| Wov3.osoooms L
1631128
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Modulation mode: When
an internal modulation
source is selected,

the trigger output is a
square waveform of the
same frequency as the
modulating signal.

When an external
modulation source is
selected, the trigger
output is disabled.

Run 5] Trig'd

U

mqw“”‘\Ww‘”'”‘!‘\'“\“w\
e
i Wiy

o

S00mV QT M 20.0us A (TITTTETOMY”

L > 60.0000ns
1631-129

Burst Mode: When

an internal trigger source
is selected, the trigger
output is a square
waveform and the rising
edge at the start of each
burst period.

When an external trigger
source is selected, the
trigger output is high
during the time the trigger
input is high.

Trig'd

et ————— ————————
200mV Q%Ch2° 1.00 V @M 200us A Ch2 S 1.52V
- +v380.000ps

1631-130
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Quick Tips ™ When a setting frequency of an output waveform is higher than 4.9 MHz, a
divided frequency that is lower than 4.9 MHz is output from the Trigger Out.

See the table below:

Set frequency of output waveform (MHz)

Trigger output frequency (MHz)

—4.900 000 000 00 Fs

4.900 000 000 01 to 14.700 000 000 0 Fs/3
14.700 000 000 1 to 24.500 000 000 0O Fs/5
24.500 000 000 1 to 34.300 000 000 0 Fsl7
34.300 000 000 1 to 44.100 000 000 0 Fs/9
44.100 000 000 1 to 50.000 000 000 O Fs/11
50.000 000 000 1 — No signal

NOTE. The Trigger Out signal cannot be output when the instrument outputs a

continuous signal higher than 50 MHz.

NOTE. When the instrument outputs a modulation waveform, Trigger Output
signal cannot be output if you select External as the modulation source.

Adjusting parameters of two channel signals (dual-channel models only)

Phase @ The AFG3000 series uses phase continuous method to change frequency. When
you change the frequency of a channel, it will affect the phase relationship

between the two channels.

For example, the instrument is generating a 5 MHz sine waveform for both CH1
and CH2 and the phase is adjusted between the two channels. If you change the
CH2 frequency to 10 MHz and then return it to 5 MHz, the CH2 phase does
not return to its initial condition. To adjust the phase relationship between the
two channels, you need to stop signal generation and restart it. The instrument
provides a function called " Align Phase" to adjust the phase relationship.

AFG3000 Series Quick Start User Manual
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In this example, a

5 MHz continuous

sine waveform is used.
Confirm that both phases
are set to 0 degrees.

Offset Omy

UEHIRN S CHCH2

1631-131

Change the CH1
frequency to 10 MHz,
and then back to 5 MHz.
In this state, the CH2
phase does not return to
its initial condition.

Tek i Trig'd M Pos: 0.000s
-

(2)
V!

1631-192

To align the phase of two
channel signals, push the
Align Phase bezel button.

When you push the
Align Phase button,
the instrument will stop
the signal generation,
adjust the phases of
both channels, and
automatically restart the
signal generation.

Tek S Trig'd b Pos: 0,000s
-

Frequency

e m

011

, @
— 3 v \\fm\

1631-133
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Amplitude

Frequency (Period)

Operating basics

To set the CH1 amplitude and CH2 amplitude to the same level, follow these steps:

1. Push the front-panel

Amplitude/High shortcut Hplitude
button.
Frequency/Period  Amplitude/High Offeet
2. Push the -more- bezel C ) C 2 S
button. Phase | Del Offsot/L
ass]|[Dslay SOt OV Hiah Level
O O >
Liow Level
—more— .
3. Page two of

Amplitude/Level Menu is
displayed.

You can set the CH1 and
CH2 amplitude to the
same level by selecting
On in the second bezel
menu from the top.

—Mmore—

1631-135

To set the CH1 frequency and CH2 frequency to the same value, follow these

steps:

1. Push the front-panel

Frequency/Period Frequency
shortcut button to display Frequency/Period . Amplitude/tigh
the Frequency/Period e ) ) Period
Parameter Menu. Phase | Delay Offset/Low Fre

2. You can set the CH1 and o - e

CH2 frequency to the
same value by selecting
On in the third bezel
menu from the top.

Phase

#lian Phase

1631-136
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Set up Load Impedance

The output impedance of the AFG3000 series is 50 Q. If you connect a load other
than 50 Q, the displayed Amplitude, Offset, and High/Low values are different
from the output voltage. To make the displayed values same as output voltage,
you need to set load impedance. To set the load impedance, use the Output menu.

1. Push the front-panel Top Fraquency/

Menu button, and then Period! |n.IF!;_'ﬁi'E":E

push the Output Menu Phae Menu

bezel button. The Output Anplitudef Imert

Menu is displayed. Wen o
2. Push Load Impedance Run Made -

to display the Load Menu Linit

Impedance submenu.

1631-138
[Output
Menu

3. To adjust the load
impedance, select Load.

4. You can set the load
impedance to any value
from 1 Q to 10 kQ.

5. When the load
impedance is set to
other than 50 Q, the set
value is displayed in the
output status.

External Add Off

The load impedance is applied to the amplitude, offset, and high/low level
settings.

Quick Tips

B When dBm is specified for output amplitude units, the amplitude units setting
is automatically changed to Vpp if you select high impedance.
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Invert Waveform Polarity

To invert a waveform polarity, use the Output menu. The following example
shows how to get a differential signal using the invert function of dual channel
model:

1. Select the CH1

waveform.
2. Push the front-panel Frequency/Py/fad
Frequency/Period button. 9
3. Push the Frequency ol

(

bezel button to set the
CH1 frequency.

4, Select the third bezel
button from the top to
set the two channel
frequencies to the same
value.

5. Push the front-panel
Channel Select button to
select CH2.

6. Push the Output Menu
> |nvert bezel buttons to
invert the CH2 waveform.

Ourtput OFf

Lo Limit

Load

1631-141

7. Push the front-panel
CH1 Output On button to
enable the output.

8. You can get a differential ) (o)
signal. Qutpi o

00

1631-142
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Add Noise

To add the internal noise signal to a waveform, use the Output menu.

1. Push the front-panel
Sine > Continuous Sine Continuous Modulation  Sweep Burst
buttons to display the
Sine waveform screen in
this example.

1631-189

2. Follow the steps
described in the previous ot _ Ut bise fg
pages to display the o ) osedal O orf i
Output Menu. (See ' '
page 80.) To add noise
to a sine waveform, push
Noise.

3. The Noise Add submenu
is displayed. Push Noise

o gl

1631-190

Add to select On.
4. To adjust the noise level, -

push Noise Level. Use i MOISE Nise Add

the general purpose [ HiohLiit - 5000 loise fidd 2 Bit 0o

knob or the numeric pad Low Limit

to enter the value. e

1631-143

5. Thisis awaveform before Tek L. @TEd M Pos; 00005

adding noise.

6. This is a waveform after
adding noise. i @
To avoid overflow by
noise addition, the o EEEm
amplitude of the output

signal is automatically )
halved.

CH2 5.00% b 500ns
26-Mar-07 20:07
1631-144
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Quick Tips = An internal noise generator (digital) is used to add noise.
B  CHI1 and CH2 noise signals are non-correlating.

B The Output Status is changed from Output Off to Noise when you push the
front-panel Channel Output button to enable the output.

NOTE. When you set Noise Add to On, the amplitude of output signal is reduced
to 50%.

Add signal (AFG3100 and AFG3200 Series)

The AFG3101 /3101C/3102/3102C and AFG3251 /3251C /3252 /3252C rear
panel ADD INPUT connector allows you to add an external signal to the CH1
output signal.

1. Connect an external
signal source to the
rear panel ADD INPUT
connector.

1631-145

2. Push the front-panel Top
Menu button, and then
push the Output Menu
bezel button. Fun Mode

3. Push External Add to Menu
select On.

Moise

External

(Output

Menu i on
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4. The following is an Tek  Jl.  BTisd M Pos; ~204lns
example of adding noise
as an external signal.
The upper waveform is @
an external signal.
5. The bottom waveformis a @
square waveform before o] 4
adding external signal.
PE-PE 22,4y Coyz RS 10,7
Period 1.000 08 Freq-335.3kHz
CH2 1000% 14 S00ns CH2 7 -
1631-147
6. This is an example of Tk JL  @Tisd M Pos: ~20.00ns
square waveform after
adding external signal
(noise).
W
” @®
PE-PE 31.2% : Cyi RMS 10,3y
Period 333:5ns Freq 1.001k4Hz
CHz2 10,04 1 S00ns CH2 & -

1631-148

Quick Tip = The Output Status is changed from Output Off to Ext Add when you push the
front-panel CH1 Output button to enable the output.

Generating a Differential Signal

A dual-channel instrument can be used to generate a differential signal by
programming CH2 to output the complement of CH1. The CH2 settings can be
configured conveniently by using the CH1 Complement function.
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1. After setting the CH1
waveform parameters,
push the front-panel
Channel select button to
select CH2.

Operating basics

250,00 m'pe) Cutput Off

Amplitude

¥
Output OFf

1631-149

2. Push the front-panel Top
Menu button, and then
push the Output Menu
bezel button.

3. Push the CH1
Complement bezel
button.

1631-150

4, The CH2 wave shape
and timing parameters
are copied from CH1,
and the CH2 amplitude
settings are inverted from
CH1.

BEE Cont

125 mll

Output Off

Output Off

1631-151

NOTE. When CHI is selected in the AFG310x or AFG325x series instrument, the
instrument displays External Add Off/On in the Output menu.

AFG3000 Series Quick Start User Manual

73



Operating basics

External Reference Clock

1. The external reference
input (EXT REF INPUT)
and the external
reference output
(EXT REF OUTPUT)
connectors are provided
on the AFG3000 series
rear panel.

2. The instrument can use

the internal or external 0
Interface

signal as a reference Edit Utility

signal. @ Language
To select a reference English
signal, push the

front-panel Utility button @ System

and then push the
System bezel button.

3. Push the Clock Ref bezel
menu button to toggle
between Internal and
External.

1631153

Power On
Oefault
Last
1631-154

Quick Tips

The external reference Input and Output connectors are used for synchronizing
multiple AFG3000 series instruments.

B The instrument can use the internal source or an external source as a reference
signal. When the internal reference is activated, a 10 MHz reference signal
is output on the rear panel EXT REF OUT connector. This output signal
synchronizes other devices to the instrument.

B When the external reference input is activated, the rear panel EXT REF
INPUT connector is used as the input for an external reference signal. The
instrument is synchronized by this external reference signal.

®  The EXT REF OUTPUT connector is not provided on the AFG3021,
AFG3022, AFG3051, or AFG3052.
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Synchronous Operation

To synchronize multiple arbitrary function generators, use the Utility menu.
Some documentation may also refer to the synchronous operation as master-slave
operation.

1. Use a BNC cable to
connect the front-panel

Trigger Output of one EXT REF OUT - EXT REF IN (rear panel)

instrument (master) to the -~

Trigger Input of another Master w Slave

unit (slave). e N ecooo e M e ooo I

The master unit sends a § %J ‘@g § Z}®é

trigger signal to the slave =l cSges) 1| =k S S8k A

umt S == ?m? _D; S == 25 & __om—
2. Connect the rear panel K‘Eﬁd ?Z’

EXT REF OUT (master) r— ,

Ti Output - Ti Input
and EXT REF IN (slave) rigger Sput- Trigger Topd
with another BNC cable.

1631156

The master clock and
the slave clock are
synchronized.

3. Push the front-panel -
Utility button of the Edit Utility |ntE'ln,3.;;E
master unit to display the
System menu.

4.  Sets the following:

Language
Enalish
m  Trigger Out - Sync

®  Clock Ref - Internal

Secure

1631-156

5. Set the slave instrument:
Display the System
menu, and then push the
Clock Ref bezel button to
select External.

Secure

1631-157
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Select Burst as the Run
Mode for both the master
and the slave instrument.

To synchronize two
instruments, you must
stop running output
signals once before
triggering using the Burst
mode.

Continuous Modulation Sweep Burst l

1631-158

Select the trigger source
of the slave unit.

Push the -more- bezel
button in the Burst mode
to display the second
page.

Push the Source bezel
button to select External.

Confirm that Internal is
selected in the master
and External is selected
in the slave for Source.

1-Cycle [ielay

Source

[nf-Cycles

—more=

2of 2

1631-159

10.

This screen shows signal
outputs by master-slave
operation. The top
waveform is the signal of
the master unit.

When one meter long
cables are used, the
slave signal delay
approximately 40 ns.

M Pos: 38,000

L —

M~
3.M\/,’wf\ A\ —

CHT 100% CH2 1.00kY B S0.0ns CH1 . -2

1631-160

1.

12.

To make the delay
between the master and
slave 0 (zero), set the
Delay of the master unit.

The screen shows
waveforms after setting
the delay to the master
unit. The top waveform
is master and the two
bottom waveforms are
slaves.

7] Tr|g d 1 Pos: 3800

CHT 100%  CH2 1.00kY M 50.0ns CH1 & =
1631-161
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Quick Tip = To output continuous waveforms by synchronous operation, select External
as the trigger source for the master unit to stop signal generation. Select
Inf-Cycles as the burst count for both master and slave units. Change the
trigger source of the master unit to Internal to restart the signal generation.

USB flash drive A USB flash drive connector is provided with all the Tektronix AFG3000
Series Arbitrary Function Generators to allow you to perform the following
tasks:

®  Save or recall user-defined waveforms to or from a USB flash drive,
B Save or recall setups to or from files on a USB flash drive,
B Update your instrument firmware,

B Save a screen image,

CAUTION. When you attach a USB flash drive to the instrument, a caution
message appears on the screen. Do not remove the USB flash drive until the
message disappears.

If you remove the USB flash drive while this caution message is displayed, it
may cause damage to the instrument.

Read more about saving/recalling user-defined waveforms. (See page 47,
Save/Recall Arbitrary Waveforms.). Read more about saving/recalling instrument
setups. (See page 80, Save/Recall Instrument Setup.). Read more about updating
your instrument. (See page 15, Update your instrument firmware.)

Quick Tips = Use a USB flash drive with cross section smaller than 20 mm x 12
mm to connect to the AFG3000 series front-panel USB connector. To
connect a larger USB flash drive, use an extension cable.

B The AFG3000 series instruments support USB flash drives with a
FAT12, FAT16, or FAT32 file systems.

NOTE. Emissions may exceed the specification limit if a USB cable is placed in the
front-panel USB flash drive connector. Use only appropriate USB flash drive devices.
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Utility Menu

78

Push the front-panel Utility button to display the Utility menu. The Utility menu
provides access to utilities used by the instrument such as I/O interface, system
related menus, diagnostics/calibration, and local language preferences.

Push the front-panel
Utility button to display
the Utility menu.

I/O interface. (See page
17.)

Language selection. (See
page 10.)

For "System related
menus. (See page 78
steps 6 and 10.)"

Push the Status bezel

button to display the
instrument status.

Edit

Utility -

@ m P
Interface
Language

@ English

System

Status

@®E ®

1631-162

Push the System bezel
button to display the System
submenu.

6.

7.

Trigger Out. (See page
63.)

Reference Clock. (See
page 74.)

You can select the
instrument power-on
settings.

Executing the Secure
function will erase all data
except the MAC Address,
calibration data, and the
instrument serial number.

Trigaer

Last

Secure

©eee

—mare=

1of2

1631-163

10.

1.

12.

13.

Push the -more- button to
display the second page.
Push Contrast to adjust
the screen contrast.

Push Screen Saver to
toggle the screen saver
Off and On.

Push Click Tone to toggle
the click tone Off and On.

Push Beeper to toggle the
beep sound Off and On.

Trigger Contrast
Internal
Detault

7T S

Beeper

@REE

(i1 S

1631-164
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14.

15.

16.

Push the previous menu
arrow button located
beneath the bezel buttons
to return to the previous
menu. Push the -more-
button to display the 3
second page. '-'It!ig:f:"l
For Backup/Restore, see -
step 17.

You can copy the
waveform parameter

of one channel to another
channel.

17.

Push the Backup/Restore
bezel button to display
the Backup/Restore
submenu.

In this menu, you can
back up a waveform data
from internal memory to a
USB flash drive or
restore a waveform data
from a USB flash drive to
internal memory.

18.

19.

Return to the Utility main
menu. Push the -more-
bezel button to display
the third page. On this
page, you can execute
the instrument firmware
update. (See page 15,
Update your instrument
firmware.)

Security Menu. (See
page 81, Using the
Security Menu.).

Firmuware
lpdate
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Save/Recall Instrument Setup

80

Quick Tips

You can save setups of the instrument as files in the internal memory or in an
external USB flash drive You can recall the stored setups from a file in the
internal memory or in a USB flash drive.

Push the front-panel
Save button to display
the Save Menu.

To specify a memory
location, select Internal
or USB. In this example,
select USB.

Use the general purpose
knob to scroll files. Push
Save to save a setting.

Save Recall

e : -:- o
C D Cont 1,234 500 AmYy

® =

You can save a setup as
a new file if you specify
USB. Push Save As.

You can enter a file name
in this screen. Use the
general purpose knob to
select a character. Push
the Enter Character bezel
button or the front-panel
Enter key to enter the
character.

1631-168

To recall a setup, push
the front-panel Recall
button.

Select a memory location
(Internal or USB), and
then push the Recall
bezel button.

Internal

Save Recall
‘ Ly ' )

® EL©®

You can lock a setup file to avoid accidental overwrite. When a memory

location is locked, a lock key icon will appear on the screen. To lock or unlock

a setup file, push the Lock/Unlock bezel button.

To erase a file, push the Erase bezel button.

Output state is Off by default after reading a setup file.

If you save a setup to a USB flash drive, a file with the extension TFS is

saved.
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Saving a Screen Image

Operating basics

You can save a screen image of the instrument to a USB flash drive Do
the following steps:

1.

Insert a USB flash drive
to the front-panel USB
connector.

L e
. W N @

1631-171

@

Set the display to show
the screen you want to
save as an image.
Then simultaneously
push the two arrow
keys underneath the
rotary knob on the front
panel.

Continuous Modulation Sweep Burst
Freq; y/Period A i /High
Phase | Delay Offset/Low

0
!

1631-172

A message appears on
the screen, indicating that
the screen image was
saved.

Push OK.

Qutput Off

1631-173

Quick Tips =

Using the Security Menu

Image files are saved in a folder named "TEK" on the USB flash drive.

Image files are saved as .BMP format. The instrument gives all files created
by the instrument the default name TEK0Onnn.BMP, where nnn is a
placeholder for an automatic number sequence from 000 to 999.

Use the Security menu to limit access to the following menus:

Firmware update

B Service menu (refer to the service manual for information about the service

menu).
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Access Protection  The access protection is set to Off by default. To turn the access protection on,
do the following steps:

1. Push the front-panel

. . 11 Firmuare
Utility button to display |r|t;'r|¥|a|::e |_||:|I|Ija:1‘_E
the Utility menu, and then
push the -more- bezel Lanquage
button twice.

Edit Utility Enalish

2. Select Security Menu. @ |:>

ey

~mare=

1631-174

3. Select Access Protection
to display the password Protection
input page. »

4. Enter your password. Pgﬁa;}:?d
Use the general purpose . _
knob tO SeleCt the Access Protection o
characters and push Charater
the Enter Character
bezel button after each 0—° OK
selection.

As you enter the
characters of your
password, they are
displayed as a series of
asterisks (*******) on the
password input page.

If no specific password
has been previously
defined, use the default
password DEFAULT.

5. Select OK to turn the
access protection on.

NOTE. When Access Protection is on, the Change Password bezel button is
disabled.
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Changing the password Before the password is changed for the first time, the default password is
DEFAULT. To change the password, do the following steps:

1. Select Security Menu Edit Utility

from the Utility menu. @ |::> |:> @

2. Ifthe Access Protection is
set to On, turn it off using
the Access Protection @

menu. Otherwise, skip to
step 3.

1631176

3. Select Change Password
to display the password
input page.

4. Enter your current
password.

Use the general purpose
knob to select the
characters and push
the Enter Character
bezel button after each
selection. Then select
OK to display the New
Password input page.

1631177

5. Enter a new password.

As you enter the
characters of your new
password, they are
displayed on the screen.
Check carefully to ensure
you are entering the
desired characters. Eniter ew rd!

6. Select OK to activate the
new password.

NOTE. A password must ‘
have at least four characters,

and not more than12

characters.

hiocess Protection

631-178

Quick Tip ™ Use the front-panel general purpose knob to select a character when you enter

a password, and then push the Enter Character bezel button. You can also u
the front-panel numeric keypad and the Enter button.

SC

NOTE. To activate or deactivate the access protection, you must enter the
password you set. If you forget the password, you must return the instrument to
Tektronix to reset the password.

AFG3000 Series Quick Start User Manual
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ArbExpress

84

ArbExpress is a Windows-based software for creating and editing waveforms for
Tektronix AWG and AFG instruments. With ArbExpress, you can quickly and
conveniently create the desired waveforms and send them to the instrument.

The following table and list describe the system requirements and general features.

System requirements

OS Supported Windows XP Professional or Windows
2000 or Windows 98/Me or Windows NT or
Windows 7 (32-bit only)

Minimum PC Requirements Pentium 11l 800 MHz and higher 256 MB
RAM 300 MB free hard disk Microsoft
Internet Explorer 5.01 and higher .NET
Framework 1.1 Redistributable 800 x 600
Display resolution

TekVISA Version 3.3.4.6 and above

B (Create waveforms from standard waveform templates
B Modify and transfer waveforms to perform DUT level tests
B Directly import waveforms from Tektronix oscilloscopes

B Send waveforms to AWG/AFG instruments directly from ArbExpress or
MATLAB

B Math operations on waveforms

NOTE. You can use ArbExpress to transfer waveform data to the instrument.
When you transfer waveform data (.tfw file), any part of the waveform outside
of allowed limits in the AFG3000 series will be automatically converted to be
within the allowed range.

The following pages contain the screen interface and basic operating procedures
for using ArbExpress. For more information on ArbExpress, refer to the
ArbExpress online help.
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Screen interface

B ArbExpress - [Wave Bookl-Samplel wim]
£ File Edit Math

Wiew Gommunication  Window

Dizplay  Waveform Help -8 X

Cursor 1 g Cursor 2 aag % WWaveform 1 {7 Waveform 2
=
Standard YWavefarm...

Equation Editor ...

Blank..

Propeties...

Easy Edit

=

Pairts Amplitucde

ol o5 |

A
C
QVD

* Rotate { Horizontal Shift

Move curzors to edit & segment

ﬂ Import/ Transfer Wavel--- (2

File Transter & Control

Import Wavetorm from Scope | v | Sampline Rate: 4 G5/ || Point: 8 Volt: 067 Mode: 3
Oscilloscope: || Status: Moglonnected Arbe || Status: Mot Connected | it
onnectedll DD ] otatus ot JOnnecled ]

1631-179

Item Description
1 Menu bar: The menu bar provides access to the application functions. When

you select a menu item, the application displays the associated dialog box or the
menu selection causes an immediate action.

2 Toolbar: The toolbar buttons provide instant access to most features without
having to navigate through several menus.

3 Waveform display area: When you create or open a waveform, it will be
displayed in this area.

4 Marker area: Marker patterns appear in this area. You can toggle the display of
markers by selecting Display > Marker from the menu bar.

5 Status bar: The status bar, located below the waveform and marker display,

shows information about the application and the waveform.

6 Shortcut View: The Shortcut view occupies the left part of the display. Use
the Shortcut view to quickly access various functions provided by the
application. Refer to the ArbExpress online help for more information.
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Basic operations

that are available with ArbExpress.

The following steps explain basic waveform creation and other useful functions

1. To create a new waveform, use the File menu. Hie | Edt  view Display Waveform
2. Blank sheet opens a blank sheet in the window Blank shest Uctrlw
with a 1024 point waveform length. You can Standard Wavefarm—" Ctrl+W
change the number of points using Properties... Equation editor
from the Waveform menu. — T
Close
i save Ctris
Save As
Exit Chrl+E
1631-180
3. Use the Standard Waveform dialog box to Standard Waveform &
create any of the standard waveforms that are Settings 3)
available. Use Settings to select a desired ( Funetien[sine \ M/ x| trettment argz0zz =] ‘
H Vertical [ Preview Defoult
Waveform and InStrument type " Ampl/Dffset 4 tin ¢ Ful DAC Value ﬁ
4. Use Vertical to set the waveform vertical Amphtuda[Fk-Pkl()—m v Fropariss
parameters. Uizt 0y BT |+
5. Use Horizontal to set the waveform horizontal e @7 .
para meters Tatal Mumber of Points ’7“‘ ’@
6. Click Preview to view the waveform. - —T TS e |
Phase e . Tatal Points 11k, oK.
Cycles 10 Cancel
Help |
1631-181
7. You can also use the Equation Editor to create e e
a waveform. The application provides a set of A Okss ¥ 3 4 ARoaz -
sample equations that you can directly use or pietes : : plicace
. #Change the range according to your settings
mOdIfy. range(D.Tus)
#Your equation goes here
8. Use Command List to select the commands, e
functions, units, and operations. @
9. Use Preview to view the waveform after the
equation is compiled.
[ Dutput
I:nml:;-iled Successfully r—
—
—Command List 8 \ —Settings
Sin[ Cos{ e&\ /{ng[ int( pi i ) Mumber of Paints
In( Sat[ | Max( Min( x e + - Totsl Range K] 7=
range( md( mark( diff[ ¥ k * / F Lock TntaIHa:ge: ,-;-“;;-;/S
norm( round( abs{ integ( 1 w . = Equivalent Sampling Rate
7 8 q | | | | Sampling rate of the instrument 16575
o || o o || @
* 5 s .| [« | w | R, e |
! 2 : Enter BKSP CLR sendlodb | ) ﬂl
0 [Chi] Help
1631-182
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10.

You can also use a waveform math tool.

From the Math menu, select Waveform Math...
to display the Waveform Math dialog box.

Waveform Math
Math 5 ource

" il aveform Libran

Selected W avefom

11. Select a math source from Waveform Library. sl KA [ 5V
Select Noise in this example. yes -
. . . Phase ’70 degrees
12. Calculation results are displayed in the L Selected Number of Points: 1000
Resultant Waveform pane. This is an example C SoalaVakie T —
of adding noise to a square waveform. Fralte il
" Copy from clipboard
0
+ Add ™ Sublract
 Multiply " Divide —Resultant W avefom- 12\
¥ Only Between Cursars
,TI LCancel Help
1631-183
13. You can remotgly control Tektronix AWG/AFG AR E Teoeter o2 Contie)
instruments using ArbExpress. T g i 2 Gomect @ @;
. . Arb List PG Folders FC Files
From the Commumcatlon menuv SeleCt . AWG Ethernet —( 000 ) =[] Wavefarm a | | File s)/Folder(s) Name Size ~
AWG/AFG File Transfer & Control... to display oA Tl e
the dla|Og bOX 2] &e “Wanie formil .tfw 2 KB
. . 3 CC R Wave form A 1 KB
14. Connected instruments are listed on the Arb i a Ff‘: V| weema
List =
) Transfer Direcion————— ’TGMemory ‘ R
| EMEM | wiavetorm 3 tur
15. The Instrgment Cont.rol pane appears on!y . B A [ || e p—
when an instrument is connected, otherwise it FC lo USER [ USERZ || < Drag sourcs fils and drop here >
is hidden EMEM lo USER ["user3 || Wavelarm? tw
' D Er Feena || - nvan conees fila and dean hara s

Instrument Connected: AFGE252

Ll Contral—
Channel Selector —

CH1 = 0.00 3: Deg Operating Mode Burst 1-Cuycle hd

¥ Output On Ampitude  [5-000ED = vpp Output Frequency (200K H Hz
~Functiom————————

unc! Dffsst ZEOED v EMEM Size 1000 = Paints

EDIT il

Apphy I Fun/Stop | Close | Help

1631-184
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Using CSV format  ArbExpress allows you to convert a CSV (Comma Separated Value) format file,
waveform data  Which is created by Microsoft Excel, to waveform data that is compatible with
the instrument.

1. Create a CSV file to use with ArbExpress.
2. Enter point or time to this column. :| B Hle Edt iow et ForpemJods Data
3. Enter data to this column. b= l = 2@\ @
When you open a CSV file, a dialog box may
appear to confirm the CSV file format.

fh

M~ o s r = o

008400?

018065
0.041704
-0.28471
-0.45873
-015777
0423242
0708722

00|~ 4= |

1631-185

4. This is an example of ArbExpress waveform N [ (& ot C wamene
display area after recalling CSV data.
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5. Savethe waveform as the {fw format

Copy the waveform data to a USB flash drive s | R == =i
i i ; i

and load the waveform in the arbitrary function B o

generator. Myecent [ ARGI000-1 K

_ B arasnnn-2 tw

||r\."B [Eeurst-00. thw
Deskiop [Eramp-00.tfw

\\-.

My Documents

My Computer @

\ 1

File name: [Test wavetorm A4 k| Save
M histmay SV 85 byper [AFG T (vt = Oancel

1631-18]

£

6. The AFG3000 series instrument outputs Tek . Tiia'd M Fos: 456.0ns
recalled waveform data. This is an example of
the oscilloscope screen.

O

1 S0.0ns
1631188
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Lissajous Patterns

90

This section contains a series of application examples. These simplified examples
highlight the features of the instrument and give you ideas for using it to solve
your own test problems.

Use your AFG3000 series dual-channel model to create a Lissajous pattern and
observe the waveforms with an oscilloscope.

Connect the CH1 and
CH2 Outputs of the
dual-channel instrument
and the CH1 and CH2
Inputs of an oscilloscope
with BNC cables. Set the
waveform parameters as
follows:

Frequency

= Sine (Continuos)

= Amplitude: 1V

®  CH1 Frequency:
400 kHz

®  CH2 Frequency:
500 kHz

Set the oscilloscope | Run [ ] i Trigid
display format to XY.
Adjust the amplitude

so that the waveform is

shown in the graticule. B

A Lissajous pattern is @ / X
displayed. sé 5&

Ch1 500mv M1.00ps A Chl 5 —470mv

-

>~ 0.00000s

1631-009

Use the general purpose  Run [ 3 i Trigid
knob on the instrument

to change the phase of

CH1 or CH2. Observe

that the Lissajous pattern B

changes shape. @ ‘><) 4

Ch1 500mv M1.00ps A Chl 5 —470mv

>~ 0.00000s

1631-010
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Measurement of Filter Characteristics

Use the instrument sweep function to observe the frequency characteristics of
the 50 Q filter.

1. Connect the CH1 output AFG3000 series Oscilloscope
of the instrument and an I —— i —
oscilloscope CH1 input i @
with a BNC cable.

2. Connect the Trigger

Output of the instrument
and the external trigger

input connector of an £ b
oscilloscope. @ Filter
Set the oscilloscope input
impedance to 50 Q.
3. Select Sweep from - Run ———— Trig'd

Run Mode of the
instrument and set

the start frequency, stop
frequency, and sweep

time so that the waveform @4 L

is shown in the graticule.

You can measure the
frequency characteristics
of the filter by sweep time B soomv e Miooms A Chz s 104V
and the oscilloscope time . i P T 2

base.

1631-007
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Motor Speed Control by Pulse-Width Modulation

Pulse-width modulation is used for controlling the speed of a DC motor or the
luminance of an LED (Light Emitting Diode). Use the instrument PWM function
to control the DC motor speed.

1. Connect the instrument DUT (example: Motor)
output and a DUT using ~ o
a BNC-to-alligator clip AFG3000 series [
adapter. [rEEEEE—— T ST S g”\
=20 O
= @< @ [=)]
= S
= o ogeel,
© [l =Yw] [=) =z @
©: =E"—-d|4 OH4-40)—6

2. Select Pulse as an output
waveform and then select
PWM as a modulation
type.

Set the frequency to
approximately 100 kHz.

7 AN
/ @
7
\\_—_/

Internal

1631002

3. Connect the output to an r stop ]
oscilloscope. Confirm
that a pulse-width
modulation waveform ————————
is displayed on the |

oscilloscope screen. @(

Select Pulse Duty and

change the duty rate. -

Observe that the motor

speed changes if you 100y MZ.00us A Ch1 S 220my
change the duty rate. L v —2.4000005

1631-003
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Carrier Null (Frequency Modulation)

Use the instrument and spectrum analyzer to observe a carrier waveform of
frequency modulation.

1. Select Sine as an output
waveform and then select
FM as the modulation
type.

2. Set the waveform
parameters as follows:

= Carrier frequency:
1 MHz

= Modulation frequency:
2 kHz

3. Change Deviation.

Set the deviation to
4.8096 kHz. It makes

Tekironix WCA 280A 05/03/10 15:44:00 ol AMPLITUDE

the carrier waveform null. Spam O Qorma) e §
Confirm that the carrier . |
null can be observed on &m Auto Level
the spectrum analyzer. Vel Sl

10

Vertical Units

[ m]dBv] v v W

10
dB/

Corrections...

-112
dBrm
Center: 1 MHz Span: 50 kHz,

Spectrum Analyzer: Measurement Off 3 Ref Level (dBm): -12

1631-005
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