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Warranty

Warranty

Tektronix warrants that this product will be free from defects in materials and workmanship for a period of one (1) year from the date of
shipment. If any such product proves defective in materials or workmanship during this warranty period, Tektronix, at its option, either will
repair the defective product without charge for parts and labor, or will provide a replacement in exchange for the defective product. Parts,
modules and replacement products used by Tektronix for warranty work may be new or reconditioned to like new performance. All replaced
parts, modules and products become the property of Tektronix.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration of the warranty period
and make suitable arrangements for the performance of service. Customer shall be responsible for packaging and shipping the defective
product to the service center designated by Tektronix, with shipping charges prepaid. Tektronix shall pay for the return of the product to
Customer if the shipment is to a location within the country in which the Tektronix service center is located. Customer shall be responsible
for paying all shipping charges, duties, taxes, and any other charges for products returned to any other locations.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate maintenance and care.
Tektronix shall not be obligated to furnish service under this warranty a) to repair damage resulting from attempts by personnel other
than Tektronix representatives to install, repair or service the product; b) to repair damage resulting from improper use or connection to
incompatible equipment; c) to repair any damage or malfunction caused by the use of non-Tektronix supplies; or d) to service a product
that has been modified or integrated with other products when the effect of such modification or integration increases the time or difficulty
of servicing the product.

THIS WARRANTY IS GIVEN BY TEKTRONIX WITH RESPECT TO THE PRODUCT IN LIEU OF ANY OTHER WARRANTIES, EXPRESS
OR IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED WARRANTIES, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF NON-INFRINGEMENT, SATISFACTORY QUALITY, MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. TEKTRONIX' RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE PRODUCTS IS THE SOLE AND EXCLUSIVE
REMEDY PROVIDED TO THE CUSTOMER FOR BREACH OF THIS WARRANTY. TEKTRONIX AND ITS VENDORS WILL NOT BE
LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER
TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.

[W2 - 15AUG04]
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Important safety information

Important safety information

This manual contains information and warnings that must be followed by the user for safe operation and to keep the product in a safe
condition.

To safely perform service on this product, see the Service safety summary that follows the General safety summary.

General safety summary

Use the product only as specified. Review the following safety precautions to avoid injury and prevent damage to this product or any
products connected to it. Carefully read all instructions. Retain these instructions for future reference.

This product shall be used in accordance with local and national codes.

For correct and safe operation of the product, it is essential that you follow generally accepted safety procedures in addition to the safety
precautions specified in this manual.

The product is designed to be used by trained personnel only.

Only qualified personnel who are aware of the hazards involved should remove the cover for repair, maintenance, or adjustment.
Before use, always check the product with a known source to be sure it is operating correctly.

This product is not intended for detection of hazardous voltages.

Use personal protective equipment to prevent shock and arc blast injury where hazardous live conductors are exposed.

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.

When incorporating this equipment into a system, the safety of that system is the responsibility of the assembler of the system.

To avoid fire or personal injury

Use proper power cord.

Use only the power cord specified for this product and certified for the country of use. Do not use the provided power cord for other
products.

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. Do not disable the power cord grounding connection.

Power disconnect.

The power cord disconnects the product from the power source. See instructions for the location. Do not position the equipment so that it is
difficult to operate the power cord; it must remain accessible to the user at all times to allow for quick disconnection if needed.

Connect and disconnect properly..
Do not connect or disconnect probes or test leads while they are connected to a voltage source.

Use only insulated voltage probes, test leads, and adapters supplied with the product, or indicated by Tektronix to be suitable for the
product.

Observe all terminal ratings.

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



Important safety information

Do not exceed the Measurement Category (CAT) rating and voltage or current rating of the lowest rated individual component of a product,
probe, or accessory. Use caution when using 1:1 test leads because the probe tip voltage is directly transmitted to the product.

Do not apply a potential to any terminal, including the common terminal, that exceeds the maximum rating of that terminal.
Do not float the common terminal above the rated voltage for that terminal.

The measuring terminals on this product are not rated for connection to mains or Category I, Ill, or IV circuits.

Do not operate without covers.

Do not operate this product with covers or panels removed, or with the case open. Hazardous voltage exposure is possible.

Avoid exposed circuitry.

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

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

Disable the product if it is damaged. Do not use the product if it is damaged or operates incorrectly. If in doubt about safety of the product,
turn it off and disconnect the power cord. Clearly mark the product to prevent its further operation.

Before use, inspect voltage probes, test leads, and accessories for mechanical damage and replace when damaged. Do not use probes or
test leads if they are damaged, if there is exposed metal, or if a wear indicator shows.

Examine the exterior of the product before you use it. Look for cracks or missing pieces.
Use only specified replacement parts.
Do not operate in wet/damp conditions.

Be aware that condensation may occur if a unit is moved from a cold to a warm environment.
Do not operate in an explosive atmosphere.

Keep product surfaces clean and dry.

Remove the input signals before you clean the product.

Provide proper ventilation.
Refer to the installation instructions in the manual for details on installing the product so it has proper ventilation.

Slots and openings are provided for ventilation and should never be covered or otherwise obstructed. Do not push objects into any of the
openings.

Provide a safe working environment
Always place the product in a location convenient for viewing the display and indicators.

Avoid improper or prolonged use of keyboards, pointers, and button pads. Improper or prolonged keyboard or pointer use may result in
serious injury.

Be sure your work area meets applicable ergonomic standards. Consult with an ergonomics professional to avoid stress injuries.
Use care when lifting and carrying the product. This product is provided with a handle or handles for lifting and carrying.

WARNING: The product is heavy. To reduce the risk of personal injury or damage to the device get help when lifting or carrying
2 the product.
Use the secondary grip for repositioning/liting on the bench top. To avoid injury by dropping the instrument, use the primary

handle when you carry the instrument.

Use only the Tektronix rackmount hardware specified for this product.

MSO and DPO 70000DX and 5000B User Manual 9
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Service safety summary

The Service safety summary section contains additional information required to safely perform service on the product. Only qualified
personnel should perform service procedures. Read this Service safety summary and the General safety summary before performing any
service procedures.

To avoid electric shock.
Do not touch exposed connections.
Do not service alone.

Do not perform internal service or adjustments of this product unless another person capable of rendering first aid and resuscitation is
present.

Disconnect power.

To avoid electric shock, switch off the product power and disconnect the power cord from the mains power before removing any covers or
panels, or opening the case for servicing.

Use care when servicing with power on.

Dangerous voltages or currents may exist in this product. Disconnect power, remove battery (if applicable), and disconnect test leads
before removing protective panels, soldering, or replacing components.

Verify safety after repair.

Always recheck ground continuity and mains dielectric strength after performing a repair.

Terms in this manual

These terms may appear in this manual:

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

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

Terms on the product

These terms may appear on the product:

+ DANGER indicates an injury hazard immediately accessible as you read the marking.
+  WARNING indicates an injury hazard not immediately accessible as you read the marking.
« CAUTION indicates a hazard to property including the product.

Symbols on the product
c When this symbol is marked on the product, be sure to consult the manual to find out the nature of the potential
hazards and any actions which have to be taken to avoid them. (This symbol may also be used to refer the user to

ratings in the manual.)

The following symbols(s) may appear on the product.

10
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CAUTION Protective Ground Earth Terminal . WARNING
Refer to Manual (Earth) Terminal Chassis Ground Standby High Voltage
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Compliance information

Compliance information

This section lists the EMC (electromagnetic compliance), safety, and environmental standards with which the instrument complies.

EMC compliance
EC Declaration of Conformity - EMC

Meets intent of Directive 2004/108/EC for Electromagnetic Compatibility. Compliance was demonstrated to the following specifications as
listed in the Official Journal of the European Communities:

EN 61326-1:2006, EN 61326-2-1:2006.
EMC requirements for electrical equipment for measurement, control, and

laboratory use."

+ CISPR 11:2003. Radiated and conducted emissions, Group 1, Class A
+ |EC 61000-4-2:2001. Electrostatic discharge immunity

+  |EC 61000-4-3:2002. RF electromagnetic field immunity?

+ |EC 61000-4-4:2004. Electrical fast transient/burst immunity

+ |EC 61000-4-5:2001. Power line surge immunity

+  |EC 61000-4-6:2003. Conducted RF immunity?

+ |EC 61000-4-11:2004. Voltage dips and interruptions immunity
EN 61000-3-2:2006.

AC power line harmonic emissions

EN 61000-3-3:1995.

Voltage changes, fluctuations, and flicker

European contact.

Tektronix UK, Ltd.
Western Peninsula
Western Road
Bracknell, RG12 1RF
United Kingdom

Australia / New Zealand Declaration of Conformity - EMC
Complies with the EMC provision of the Radiocommunications Act per the following standard, in accordance with ACMA:

+ CISPR 11:2003. Radiated and Conducted Emissions, Group 1, Class A, in accordance with EN 61326-1:2006 and EN 61326-2-1:2006.

1 This product is intended for use in nonresidential areas only. Use in residential areas may cause electromagnetic interference. Emissions which exceed the levels
required by this standard may occur when this equipment is connected to a test object. If interconnect cables are used, they must be low—-EMI shielded cables
such as the following Tektronix part numbers or their equivalents: 012-0991-01, 012-0991-02 or 012-0991-03 GPIB Cable; 012-1213-00 (or CA part number 0294-9)
RS-232 Cable; 012-1214-00 Centronics Cable; or LCOM part number CTL3VGAMM-5 VGA Cable. Use an 012-0482-00 cable for the Ref Out connector.

2 The performance criterion for when the oscilloscope is subjected to the continuously present electromagnetic phenomenon: MSO70000DX and DPO70000DX:
10 mV/division to 1 V/division: <0.4 division waveform displacement or <0.8 division increase in peak-to—peak noise. MSO5000B and DPO5000B: <4.0 division
waveform displacement or <8.0 division increase in peak-to—peak noise.
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Compliance information

Australia / New Zealand contact.

Baker & McKenzie

Level 27, AMP Centre

50 Bridge Street

Sydney NSW 2000, Australia

Safety compliance

This section lists the safety standards with which the product complies and other safety compliance information.

EU declaration of conformity - low voltage
Compliance was demonstrated to the following specification as listed in the Official Journal of the European Union:
Low Voltage Directive 2014/35/EU.

« EN61010-1. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1: General
Requirements

+  EN61010-2-030. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 2-030: Particular
requirements for testing and measuring circuits

U.S. nationally recognized testing laboratory listing

+ UL 61010-1. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1: General
Requirements

« UL 61010-2-030. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 2-030: Particular
requirements for testing and measuring circuits

Canadian certification

«  CAN/CSA-C22.2 No. 61010-1. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1:
General Requirements

+  CAN/CSA-C22.2 No. 61010-2-030. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use —
Part 2-030: Particular requirements for testing and measuring circuits

Additional compliances

+ |EC 61010-1. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1: General
Requirements

« |EC 61010-2-030. Safety Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use - Part 2-030:
Particular requirements for testing and measuring circuits

Equipment type

Test and measuring equipment.
Safety class

Class 1 - grounded product.
Pollution degree description

A measure of the contaminants that could occur in the environment around and within a product. Typically the internal environment inside a
product is considered to be the same as the external. Products should be used only in the environment for which they are rated.

+ Pollution Degree 1. No pollution or only dry, nonconductive pollution occurs. Products in this category are generally encapsulated,
hermetically sealed, or located in clean rooms.

MSO and DPO 70000DX and 5000B User Manual 13



Compliance information

+ Pollution Degree 2. Normally only dry, nonconductive pollution occurs. Occasionally a temporary conductivity that is caused by
condensation must be expected. This location is a typical officelhome environment. Temporary condensation occurs only when the
product is out of service.

+ Pollution Degree 3. Conductive pollution, or dry, nonconductive pollution that becomes conductive due to condensation. These are
sheltered locations where neither temperature nor humidity is controlled. The area is protected from direct sunshine, rain, or direct
wind.

+ Pollution Degree 4. Pollution that generates persistent conductivity through conductive dust, rain, or snow. Typical outdoor locations.
Pollution degree rating
Pollution degree 2 (as defined in IEC 61010-1). Rated for indoor, dry location use only.

IP rating
IP20 (as defined in IEC 60529).

Measurement and overvoltage category descriptions

Measurement terminals on this product may be rated for measuring mains voltages from one or more of the following categories (see
specific ratings marked on the product and in the manual).

+ Measurement Category II. For measurements performed on circuits directly connected to the low-voltage installation.

+ Measurement Category . For measurements performed in the building installation.

+ Measurement Category IV. For measurements performed at the source of low-voltage installation.

Note: Only mains power supply circuits have an overvoltage category rating. Only measurement circuits have a measurement
category rating. Other circuits within the product do not have either rating.

Mains overvoltage category rating
Overvoltage category Il (as defined in IEC 61010-1).

Environmental considerations

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

Product end-of-life handling

Observe the following guidelines when recycling an instrument or component:

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
2012/19/EU and 2006/66/EC on waste electrical and electronic equipment (WEEE) and batteries. For information about
recycling options, check the Tektronix Web site (www.tek.com/productrecycling).

Mercury notification This product uses an LCD backlight lamp that contains mercury. Disposal may be regulated due to
environmental considerations. Please contact your local authorities or, within the United States, refer to the
E-cycling Central Web page (www.eiae.org) for disposal or recycling information.

Perchlorate materials This product contains one or more type CR lithium batteries. According to the state of California, CR
lithium batteries are classified as perchlorate materials and require special handling. See www.dtsc.ca.gov/
hazardouswaste/perchlorate for additional information.
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Compliance information

Note: Mercury notification does not apply to MSO5000B and DPO5000B instruments. MSO5000B and DPO5000B instruments
use an LED backlight that does not contain mercury.

Restriction of hazardous substances

This product is classified as an industrial monitoring and control instrument and is not required to comply with the substance restrictions of
the recast RoHS Directive 2011/65/EU until July 22, 2017.

MSO and DPO 70000DX and 5000B User Manual 15



Preface

Preface

This manual describes the installation and operation of MSO/DPO7000DX Series and MSO/DPO5000B Series instruments. Basic
operations and concepts are presented in this manual. For more detailed information see the online help on your instrument. The following
instruments are supported by this manual:

+  MSO70804DX and DPO70804DX

+  MSO071254DX and DPO71254DX

+  MSO71604DX and DPO71604DX

«  MS072004DX and DPO72004DX

+  MSO73304DX and DPO73304DX

+  MS072504DX and DPO72504DX

+  MSO72304DX and DPO72304DX

+  MS05204B and DP05204B

+ MSO5104B and DP0O5104B

+  MSO05054B and DPO5054B

+  MSO05034B and DPO5034B

Key features

Tektronix oscilloscopes are high-performance solutions for verification, debugging, and characterization of sophisticated electronic designs.
These oscilloscopes feature exceptional signal acquisition performance, operational simplicity, and open connectivity to the design
environment. Classic analog-style controls, a large display with an optional touch-sensitive screen, and graphical menus provide intuitive
control. Open access to the Windows operating system enables unprecedented customization and extensibility.

Key features include:
+ Bandwidth:

+  DPO77002SX 70 GHz bandwidth and 200 GS/s on 1 analog channel or 33 GHz bandwidth and 100 GS/s on 2 analog channels
«  DPO75902SX 59 GHz bandwidth and 200 GS/s on 1 analog channel or 33 GHz bandwidth and 100 GS/s on 2 analog channels
+  DPO75002SX 50 GHz bandwidth and 200 GS/s on 1 analog channel or 33 GHz bandwidth and 100 GS/s on 2 analog channels
«  DPO73304SX 33 GHz bandwidth and 100 GS/s on 2 analog channels or 33 GHz bandwidth and 50 GS/s on 4 analog channels
+  DPO72504SX 25 GHz bandwidth and 100 GS/s on 2 analog channels or 20 GHz bandwidth and 50 GS/s on 4 analog channels
«  DPO72304SX 23 GHz bandwidth and 100 GS/s on 2 analog channel or 23 GHz bandwidth and 50 GS/s on 4 analog channels
+  DPO72004SX 20 GHz bandwidth and 100 GS/s on 2 analog channels or 25 GHz bandwidth and 50 GS/s on 4 analog channels
+  DPO71604SX 16 GHz bandwidth and 100 GS/s on 2 analog channel or 16 GHz bandwidth and 50 GS/s on 4 analog channels
+  DPO71304SX 13 GHz bandwidth and 100 GS/s on 2 analog channel or 13 GHz bandwidth and 50 GS/s on 4 analog channels

«  MSO073304DX, MSO72504DX, MSO72304DX, MSO72004DX, MSO71604DX, MSO71254DX, and MSO70804DX: 33, 25, 23, 20,
16, 12.5, and 8 GHz models with up to 100 GS/s real-time sampling rate on 2 channels, and 50 GS/s on 4 channels

« DPO73304DX, DPO72504DX, DPO72304DX, DPO72004DX, DPO71604DX, DPO71254DX, and DPO70804DX: 33, 25, 23, 20,
16, 12.5, and 8 GHz models with up to 100 GS/s real-time sampling rate on 2 channels, and 50 GS/s on 4 channels

« DPO71254C, MSO71254C, DPO71604C, MSO71604C, DPO72004C, and MSO72004C: 12.5, 16, and 20 GHz models with up to
100 GS/s real-time sampling rate on 2 channels, and 50 GS/s on 4 channels

«  DPO70404C, MSO70404C, DPO70604C, MSO70604C, DPO70804C, and MSO70804C: 4, 6, and 8 GHz models with up to
25 GS/s real-time sampling rate on 4 channels

« DPO7054C, DPO7104C, DPO7254C, and DPO7354C: 500 MHz, 1 GHz, 2.5 GHz, 3.5 GHz models with up to 20 GS/s real-time
sampling rate on 2 channels
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+ DPO5034B, MSO5034B, DPO5054B, MSO5054B, DPO5104B, MS05104B, DP05204B, and MS05204B: 350 MHz, 500 MHz, 1
GHz, and 2 GHz models with up to 10 GS/s real-time sampling rate on 2 channels

Record length: up to 1,000,000,000 samples on 2 channels and 500,000,000 samples on 4 channels, depending on the model and
options

Fast acquisition up to >300,000 acquisitions per second, depending on the model of instrument

Bandwidth enhancement controls available for some models (See Using DSP enhanced bandwidth on page 56)

Up to 1% DC vertical gain accuracy

Up to four input channels (each with 8-bit resolution)

Auxiliary trigger input and output

Sample, envelope, peak-detect, high-resolution, average, fast acquisition, and waveform database acquisition modes

Full programmability, with an extensive command set and a message-based interface

Extensive suite of advanced triggers

Powerful built-in measurement capability, including histograms, automatic measurements, eye pattern, and measurement statistics
Basic math as well as advanced equation editor and spectral analysis

Alarge 12.1 inch (307.3 mm), 1024 x 768 resolution, XGA color display that supports color grading of waveform data to show sample
density

Customizable MyScope control window (See Creating a new MyScope control window on page 166)
An intuitive graphical user interface (GUI) with online help

Internal disk storage

Wide array of probing solutions, options, and upgrades

GPIB Controller available on some models

Comprehensive suite of right-click menus

Parallel bus decoding, triggering and analysis

Serial bus decoding, triggering and analysis are optionally available

MSO70000DX Series Mixed Signal Oscilloscopes also offer:

16 digital channels plus 1 clock/qualifier channel

High resolution timing as precise as 80 ps

An analog view of any digital channel through the iCapture feature

Enhanced Logic Pattern and Logic State triggering includes digital channels

Differential (P6780) and single-ended (P6717A) logic probes

Easy connection to your device-under-test through the convenient design of the P6780 and the P6717 Logic probes
iCapture allows analyzing the analog characteristics of the digital channels

MSO5000B Series instruments offer:

+  MagniVu 60.6 ps resolution

Documentation

Review the following for the location of different types of information available for this product.

To read about Use these documents

Installation and Operation (overviews) User Manual. Provides general operating information.

Installation, safety, and compliance Installation and Safety. Provides basic installation instructions, front
panel, rear panel, safety, and compliance information.

Table continued...
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To read about

Use these documents

In-Depth Operation and User Interface Help

Online Help. Provides detailed instructions for using instrument
functions. Access online help from the Help button or Help menu
for information on controls and elements on screen. (See Accessing
online help on page 37.)

Programmer Commands

Programmer guide (on the documentation browser or available
on-line at www.tektronix.com/manuals). Includes the syntax of the
GPIB commands.

Service Information

Service manual (on the documentation browser or available on-line
at www.tektronix.com/manuals).

Conventions used in this manual

The following icons are used throughout this manual.

Sequence step | Front panel power | Connect power

Network PS-2 SVGA USB

v C
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Install your instrument

Install your instrument

Unpack the instrument and check that you received all items listed. Recommended accessories, probes, instrument options, and upgrades
are listed in the online help. Check the Tektronix Web site (www.tektronix.com) for the most current information.

Standard accessories

Power cords

Accessory Tektronix part number
One of the following: MSO5000B and DPO5000B MSO70000DX and DPO70000DX models
models

North America (Option A0) 161-0348-00 161-0213-00

Universal Euro (Option A1) 161-0343-00 161-0209-00

United Kingdom (Option A2) 161-0344-00 161-0210-00

Australia (Option A3) 161-0346-00 161-0211-01

North America 240 V (Option A4) — —

Switzerland (Option A5) 161-0347-00 161-0212-00

Japan (Option A6) 161-0342-00 161-0213-00
Notice: Do not use the provided power cord for other
products.

China (Option A10) 161-0341-00 161-0352-00

India (Option A11) 161-0349-00 161-0325-00

Brazil (Option A12) 161-0356-00 161-0358-00

No power cord or AC adapter (Option A99)

MSO and DPO 70000DX and 5000B User Manual
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Install your instrument

Operating Requirements
MS070000DX and DPO70000DX

1. Place the instrument on a cart or bench. The
instrument should rest on its bottom or rear
feet. An optional rack mounting kit is available.
Observe the following clearance requirements and
dimensions:
MSO70000DX and DPO70000DX Models:
Top: 0in (0 mm)
Left and right side: 3in (76 mm)
Bottom: 0in (0 mm) standing on feet, flip stands down
Rear: 0in (0 mm) on rear feet
2. Width: 11.48 inches (292 mm)
3. Height: 11.48 inches (292 mm)
4, Before operating the instrument, verify the 5°C to +45 °C (+41 °F to +113 °F)
ambient temperature:
5. |Verify the operating humidity: 8%to 80% relative humidity at up to +32 °C (+90 °F)
5%to 45% relative humidity above
+32°C (+90 °F) up to +45 °C
(+113°F), noncondensing, and is limited by a maximum wet-bulb temperature
of +29.4 °C (+85 °F) (derate relative humidity to 32% at
+45°C (+113 °F))
6. Verify the operating altitude

MSO/DPO70000C/DX models: 3,000 m (9,843 feet), derate
maximumoperating temperature by 1 °C per 300 meters

(984.25 feet)above 1500 meters
(4921.25 feet) altitude.

20
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Install your instrument

Maximum input voltage, 4 GHz to 20 GHz models:

50 Q

<1 VRys for <1 V/FS settings and < 5.5 VRMS for 21 V/FS settings

Maximum input voltage, > 20 GHz models:

50 Q

<1.2 VIFS settings

+1.5 V relative to the termination bias (30mA maximum).

15V absolute maximum input.

15V absolute maximum input.

10 V at 25 °C derated to 8.4 V at 45 °C (limited by attenuator).

Maximum nondestructive input voltage to logic
probes, MSO70000DX Series:

15V

2 CAUTION:
For proper cooling, keep the bottom and sides of the instrument clear of obstructions.
MS05000B and DPO5000B
1. Place the instrument on a cart or bench. The —
instrument should rest on its bottom or rear feet. An
optional rack mounting kit is available. Observe the
following clearance requirements and dimensions:
®
—
Rear: 21in (50.8 mm)
Left side: 21in (50.8 mm)
2. Width: 17.3 inches (439 mm)
3. |Height: 9.2 inches (233 mm) including feet
10.7 inches (272 mm) including vertical handle and feet
4, Before operating the instrument, verify the ambient |5 °C to +50 °C (+41 °F to +131 °F)
temperature:
5. |Verify the operating humidity: High: 40 °C to 50 °C (104 °F to 122 °F), 10% to 60% relative humidity
Low: 0 °C to 40 °C (32 °F to 104 °F), 10% to 90% relative humidity
6. Verify the operating altitude: 3,000 m (9,843 feet)

Table continued...
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1. Maximum input voltage:

50 Q input impedance 5 VRus, With peaks <20 V (DF <6.25%).

1 MQ input impedance 300 Vys, CAT I, with peaks <+425 V at the BNC.

For <100 mV/div derate at 20 dB/decade above 100 kHz to 30 VRMS at 1
MHz, 10 dB/decade above 1 MHz.

For 2100 mV/div derate at 20 dB/decade above 3 MHz to 30 VRMS at 30
MHz, 10 dB/decade above 30 MHz.

Maximum nondestructive input voltage to logic 42V
probes:

2 CAUTION:

For proper cooling, keep the back and left side of the instrument clear of obstructions.

Preventing ESD

CAUTION: A direct electrostatic discharge can damage the instrument input. To learn how to avoid this damage, read the
following information.

Electrostatic discharge (ESD) is a concern when handling any electronic equipment. The instrument is designed with robust ESD
protection, however it is still possible that large discharges of static electricity directly into the signal input may damage the instrument. To
avoid damage to the instrument, use the following techniques to prevent electrostatic discharge to the instrument.

1. Discharge the static voltage from your body by wearing a grounded antistatic wrist strap while connecting and disconnecting cables
and TekConnect adapters.The instrument provides a front panel connection for this purpose.

~  DUT
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2. Acable that is left unconnected ona bench can develop a large static charge. Discharge the static voltage from all cables before

connecting them to the instrument or device under testby momentarily grounding the center conductor of the cable, or by connecting a
50 Q termination to one end, before attaching the cable to the instrument.
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Powering on the instrument

Power supply requirements

Source voltage and frequency

Power consumption

MSO70000DX and DPO70000DX Series:
100-240 Vys £10%, 50-60 Hz
or 115 Vs £10%, 400 Hz. CAT Il

<1100 VA

MS05000B and DPO5000B Series:
100-240 VRMS +10% 50-60 Hz
115V 440 Hz

275 Watts maximum

Figure 1: MSO70000DX and DPO70000DX Series

Figure 2: MSO5000B and DPO5000B Series

MSO and DPO 70000DX and 5000B User Manual
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Install your instrument

Powering off the instrument

Figure 3: MSO70000DX and DPO70000DX Series

Figure 4: MSO5000B and DPO5000B Series

Removing the power

Figure 5: MSO70000DX and DPO70000DX Series
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Install your instrument

Figure 6: MSO5000B and DPO5000B Series

Securing the oscilloscope

1. Use a standard laptop computer-style securitylock to secure your oscilloscope to your location.

Figure 7: MSO5000B and DPO5000B Series

Connecting to a network

Connect your instrument to a network for printing, file sharing, internet access, and other functions. Consult with your network administrator
and use the standard Windows utilities to configure the instrument for your network.

Use the Remote Desktop Connection of Windows to control and view the instrument remotely.

Adding a second monitor

You can operate the instrument while using Windows and installed applications on an external monitor. Follow the procedure below to set
up a dual monitor configuration.

MSO and DPO 70000DX and 5000B User Manual 25
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MSO70000DX and DPO70000DX Series

Turn power off.

Connect second monitor.
Connect keyboard.
Connect mouse.

Turn instrument power on.
Turn monitor power on.

S gk~ b=

2617067

Figure 8: MSO70000DX and DPO70000DX Series

MS05000B and DPO5000B models

Turn off power.

Connect second monitor.
Connect keyboard.
Connectmouse.

Turn on instrument power.

S gk~ Db =

Turn on monitor power.
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Figure 9: MSO5000B and DPO5000B models

Activating Microsoft Windows 10

The copy of Microsoft Windows 10 that ships with this product is shipped in Deferred Activation mode. Microsoft has a default activation
method that requires a connection to the Internet. If you are not able to connect to the Internet, you can activate Windows 10 by phone or
you can continue to operate in Deferred Activation mode.

First time activation
You can activate Windows 10 either of the following ways.

1. Connect to the Internet. Windows will automatically activate. You can also go to System Properties to connect and activate.

2. Call Microsoft and speak with a representative to activate Windows 10. Contact information and a unique activation code (installation
ID) will appear in a pop up window.

Activation with removable drives

If the SSD is removed from one instrument and inserted into another instrument, then the activation process will need to run again on the
second instrument. If the second instrument is not connected to the Internet, the activation will fail and an Activate Windows watermark will
display on the screen. To activate Windows and remove the watermark, you must connect to the Internet or call Microsoft.

MSO and DPO 70000DX and 5000B User Manual 27
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Operating system restore

A Note: This part of the procedure is only applicable for MSO5000B and DPO5000B models.

If your instrument shipped with an operating system restore DVD and you need to restore the operating system, you can use the procedure
that came with the DVD.

The instrument contains an operating system restore file on a separate partition of the hard drive.
The preferred method to restore the instrument operating system is to use the hard disk restore file.

Note: Using the restore process reformats the hard drive and reinstalls the operating system. All saved data is lost. If possible,
save important files to external media before performing a system restore.

1. Restart the instrument. During the boot-up process you will see the following message at the top of the screen: Starting
Acronis Loader... press F5 for Acronis Startup Recovery Manager.

Note: To successfully complete the system restore, you must use the Windows version of the Acronis software.
A Using a generic MAC keyboard starts the DOS version of the Acronis software. Do not use a MAC keyboard.

2. Repeatedly press the F5 key until the Acronis True Image Tool opens. There is a 15-second time period from when the
message appears until the instrument proceeds with the normal instrument startup. If the instrument does not open the
Acronis application, power off the instrument, then power on the instrument and try again.

3. Click Restore.

4. In the Confirmation dialog box, click Yes to restore the instrument operating system, or No to exit the restore process. The
restore process takes approximately 30 minutes; the actual time depends on the instrument configuration.

Restoring a Windows SSD

A Note: This part of the procedure is only applicable for MSO70000DX and DPO70000DX models.

When you need to recover your Windows system image backup use the following process to restore your Windows drive

About this task

The goal of this procedure is to use the AOMEI OneKey Recovery to restore the latest version of your Windows drive.
Before you begin

+ Akeyboard is attached to the instrument.
+ No USB drives are plugged into the instrument

Procedure

1. Power off the instrument completely.
2. Power the instrument on.

From the Choose an operating system menu, select the Enter into AOMEI OneKey Recovery option. This menu is only displayed
for 5 seconds.

Select the Yes button when the Do you need to restore your system prompt appears.

Select the Start Restore button to confirm which drive partitions will be overwritten. AOMEI Restore begins.

When the restore completes select the Finish button.

Select the X is the upper right corner to close the AOMEI application. The instrument powers off and automatically restarts.
Verify that the instrument restored successfully.

Lad
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Installing the MSO5000B and DPO5000B hard drive

A CAUTION: Inserting the hard drive assembly upside down could damage the instrument.

1. Verify that the instrument is off.

2. Insert the hard drive into the instrument with the drive assembly chassis facing up.
3. Secure the drive assembly using the thumb screw.

4. Install the cover.

MSO and DPO 70000DX and 5000B User Manual 29



Getting acquainted with your instrument

Getting acquainted with your instrument

Front panel

MSO70000DX and DPO70000DX

+ DVD/CD-RW drive
+  Front panel controls
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« USB port

+  Ground terminal

+ Recovered data output (not available on DPO7104C and DPQO7054C)
+  Recovered clock output (not available on DPO7104C and DPO7054C)
+  Probe compensation output

+  Probe calibration output

+  Channel 1-4 input

*  Auxiliary Trigger input

+ Fast Edge output

+ DC Probe Cal output

+  Logic probe input

+  Ground terminal through a 1 MQ resistor
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Figure 10: DPO70000DX Series
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Figure 11: MSO70000DX Series

MS05000B and DPO5000B Series

+  Front panel controls

+  Ground terminal

Probe compensation output
Auxiliary Trigger input

+  Channel 1-4 inputs

* Logic probe input

« USB ports

Figure 12: MSO5000B and DPO5000B Series

Side and rear panels
MS070000DX and DPO70000DX

Removable hard disk drive

PS-2 connector for mouse

USB host ports

Passive eSATA Port

RJ-45 LAN connector to connect to network
TekLink connector

GPIB port to connect to controller

Line Out connector for speaker

© N o ok DD =

A Note: Some instruments may have additional audio connectors.

9.  Mic connector for microphone

MSO and DPO 70000DX and 5000B User Manual
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Getting acquainted with your instrument

DVI-D Video port

COM 1 and COM 2 serial ports
PS-2 connector for keyboard
Auxiliary output

Reference output

External reference input

VGA port

¥

‘‘‘‘‘

Figure 13: MSO70000DX and DPO70000DX Series

MS05000B and DPO5000B

1. Line In connector

2. Line Out connector for speaker

3. Mic connector for microphone

4.  Video port to connect a monitor

5.  PS-2 connector for keyboard

6.  PS-2 connector for mouse

7.  USB host ports

8.  RJ-45 LAN connector to connect to network
9.  USB Device port

10. Probe Power input, use 119-7465-xx power supply
11.  External reference input

12.  Auxiliary output

13.  Security lock input

14. AC Power input

15. Removable hard disk drive cover

16. Ground connection
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To use PS-2 devices, they must be plugged in before you power on the instrument. PS-2 devices must not be hot swapped.
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Figure 14: MSO5000B and DPO5000B Series

Interface and display

The menu bar mode provides access to commands that control all of the instrument features and functions. The toolbar mode provides
access to the most common features.

1. Menu Bar: Access to data I/O, printing, online help, and instrument functions

Buttons/Menu: Click to toggle between toolbar and menu bar modes and to customize your toolbar

Multipurpose Knob Readouts: Adjust and display parameters controlled by the multipurpose knobs

Display: Live, reference, math, digital, and bus waveforms display here, with cursors

Waveform Handle: Click and drag to change vertical position of a waveformor bus. Click the handle and change the position and scale
using the multipurpose knobs.

LA S N

Controls Status: Quick reference to vertical selections, scale, offset, and parameters

. Readouts: Display cursor and measurement readouts in this area. Measurements are selectable from the menu bar or toolbar. If a
control window is displayed, some combinations of readouts move to the graticule area.

N o

WARNING: If there is vertical clipping, there may be a dangerous voltage on the probe tip, but the readout will indicate a low

voltage. A symbol My appears in the measurement readout if a vertical clipping condition exists. Automatic amplitude-related
measurements where the signal is vertically clipped produce inaccurate results. Clipping also causes inaccurate amplitude
values in waveforms that are stored or exported for use in other programs. If a math waveform is clipped, it will not affect
amplitude measurements on that math waveform.

8. Status: Display of acquisition status, mode, and number of acquisitions; trigger status; date; time; and quick reference to record length
and horizontal parameters
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Buttons/Menu: Click to toggle between toolbar and menu bar modes and to customize the toolbar
Drag cursors to measure waveforms on screen

Drag the position icons to reposition a waveform

Click the icon to assign the multipurpose knobs to waveform vertical position and scale

Drag across the waveform area to create a box for zooming, enabling/disabling histograms, gating measurements, and adding and
controlling visual trigger areas

6. Drag icon to change the trigger level
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Getting acquainted with your instrument

Control panel
MS070000DX and DPO70000DX

Push to automatically set up the vertical, horizontal, and trigger controls based on selected channels.
Push to return settings to default values.

Push to make a hard copy or save a screen capture.

Push to turn on MultiView Zoom and add a magnified graticule to the display.

Horizontally scale, position, delay, and set record length (resolution) of all waveforms.

Use to start and stop acquisition, start a single acquisition sequence, clear data, or start fast acquisitions.

Use to set the trigger parameters. Push Advanced to display additional trigger functions. The Arm, Ready, and Trig'D lights show the
acquisition status.

Turn to adjust waveform intensity.

Turn to adjust parameters selected from the screen interface. Push to toggle between normal and fine adjustment.
Push to turn cursors on or off.

Use to search and mark waveforms.

Push to turn the touch screen on and off.

Turn channel displays on and off. Vertically scale, position, or offset the waveform. Toggle between position and offset.

On MSO70000 Series instruments, turn on digital channels using the Digital > Digital Setup menu. (See Setting up digital signal
input on page 61)

MSO and DPO 70000DX and 5000B User Manual
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MS05000B and DPO5000B
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Turn to adjust parameters selected from the screen interface. Push Fine to select fine adjustment, push Coarse to select coarse
adjustment.

Push to turn cursors on or off.
Push to adjust waveform intensity using a Multipurpose knob.
Push to turn on MultiView Zoom and add a magnified graticule to the display.

Push to perform automated measurements, search through an acquisition for user-defined events/criteria, or start or stop fast
acquisitions.

Horizontally scale, position, and set the horizontal and acquisition parameters of all waveforms.

Turn the inner zoom knob to control the zoom factor. Turn the outer pan knob to scroll the zoom window through the acquired
waveform. Push the play-pause button to start or stop the automatic panning of a waveform. Control the speed and direction with the
pan knob.

Use to start and stop acquisition or start a single acquisition sequence.

Use to search and mark waveforms, to establish or delete a waveform mark, or to jump to the previous or next waveform mark.
Push to automatically set up the vertical, horizontal, and trigger controls based on selected channels.

Use to set the trigger parameters. Push Menu to display additional trigger functions.
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+  Turn channel displays on and off. Vertically scale or position the waveform.

On MSO5000B Series instruments, turn on digital channels by pushing the D15-D0 button or using the Digital > Digital Setup

menu.(See Setting up digital signal input on page 61)
+ Push to turn the touch screen on and off.
+ Push to display the math, reference, bus, or vertical setup menus.
+  Push to turn off a displayed menu.
+ Push to access the digital setup menu (MSO5000B Series only).
+ Push to clear data.
+  Push to return settings to default values.
+ Push to save and recall setups, waveforms, and screen images.
+ Push to make a hard copy or save a screen capture.

@ O

@[ J@

(@) T G @ e C )
Input range +42Y Peak
\ / 2790012

ORODRD)

Accessing online help

In-depth informationis available in the online help on all the features of your instrument.

MSO and DPO 70000DX and 5000B User Manual
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To access context-sensitive help on the active window, select Help > Help on Window or press F1.
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1. To access any topic in the help system, select Help > Contents and Index.
2. Use the Contents, Index, Search, or Favorites tab to select the topic, and then click Display.
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To navigate within the help system:

+ Click a button in a help window to navigate between the Overview and specific topics.
+  Click the Minimize button in the help window to move help out of the way so you can operate the instrument.
+ Click Alt and Tab to see the last help topic again.

pes Online Help.
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Accessing menus and control windows

Access menus and control windows using the following techniques:

+ Click a menu, and then select a command.
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Copy Setup.
1733.049

+  For a shortcut menu, right-click anywhere in the graticule or on an object. The shortcut menu is context sensitive and varies with the
area or object where you right-clicked. Some examples are shown in the figure at right.
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+ Inthe toolbar mode, click a button to quicklyaccess a setup control window. (See Interface and display on page 33)

werical | Horizibeq | Trigger | Dispiy ! Cursors | Measure Masks Savs Recal | MpScope | Hep | v

17334052
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Inspect your instrument

Inspect your instrument

Use the following procedures to verify the functionality of your instrument.

Verify internal diagnostics pass

1. Power on the instrument.
2. Select Instrument Diagnostics.

Tek Secure Erase...

Set Time & Date...

GPIB Configuration...

LAN Server Status. .
External Signals...

Touch Screen r
Instrument Calitaration. ..

Inztrument Disgnostics... @

E-mail on Event s

Muttipurpose Knoks 4

Mavigation Buttons

User Preferences...

Ciption Installation...

1733053

3. Click Run. The test results appear in the diagnostics control window.
4, Verify that all the tests pass. If diagnostic failures occur, contact your local Tektronix service personnel.

Diagnostics

Test Halt Condition
|ALL ¥ JlALL [r]

Tests gailuw Counts Restart Counts Loop Control  llalt on Fail

Processor =
& W @ @

Acquisition
DrmsDiagl
DrxDiag2
Trigger

1733054
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Acquisition

This section contains concepts of and procedures for using the acquisition system.

Signal path compensation

Use this procedure if the temperature has changed more than 5 °C (9 °F) since the last signal path compensation (SPC). Perform the
signal path compensation regularly to ensure that your measurements have the highest level of accuracy. Tektronix considers it a best
practice to run SPC when using the instrument to measure signals with higher sensitivity(10 mV/div and lower) settings regardless of

temperature shift or time since it was last run. Failure to do so may result in the instrument not meeting warranted performance levels.

1. Pre requisites: instrument powered on for 20 minutes, and all input signals removed.
2. Select Instrument Calibration.

Utilities | Help

Tek Secure Erase. .

Set Time & Date...
GPIBConfiguration...

LAN Server Status...
External Signals. ..

Touch Screen r

Instrument Calibration.. .—.

Instrument Diagnostics..

E-mail on Event ’

Multipurpos e Knobs *

HNavigation Buttons

User Preferences...

Option [nstallation..

1733214

3. When the Temperature Status changes to Ready, click Run SPC to start the calibration. Calibration may take 10 to 15 minutes.

Calibration

Signal Path Compensation (SPC) sorrets for DC inaccuracies raused by
ToHperEre varatons o by long-term it Allow the csclDscons 4 wark up 20
minutes before running 3PC. Run SPC whenever the ambientiemper aiure of the
osciloscope has changed by more tan §°C

SPC will be achersely afected by input signals with AC components. Disconnect any
probes or input signals before running SPC. 8PC may take over ten minutes to run.

2617-072

4. |f the instrument does not pass, recalibrate the instrument, or have the instrument serviced by qualified service personnel.
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Note: To always show the SPC status icon or display a warning when SPC has not been run in more than a month, click the
corresponding check box.

[calibration

Instructions

Signal Palh Compensation (8P C) corrects for DG inaccuracies caused by
termperare varisions of by long-tern dit. Allow the osciloscope to warm up 20
tinLtes hefore runting SPC. Run SPC mhehever 1e atbisnt ermperatire of the
ostilostope has changed by more than 570

SPC Wil e sdversely Sfected by NPt signal: Wi AC components, Disconnect sy
probies of input sigals before running SPC. SPC may take over en minUtes 1o run.

| Aiways show SPC status icon (sven when passing)
W Display a warning when SPC has not been run in more than a montl @

1733-056

5. If the SPC needed icon is red, perform a signal path compensation.

2.0ns/div 50.0GS/s 20.0ps/pt @

sample
449 acqs RL:1.0k
Auto September 11, 2008

2597-020

Setting up analog signal input
Use front-panel buttons to set up your instrument to acquire the signal.
1. Connect the probe to the input signal source.

CAUTION: To prevent damage to the instrument, always wear an antistatic wrist strap when making connections to the
instrument and observe the maximum input voltage ratings for input connectors.

Figure 15: MSO70000DX and DPO70000DX
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Figure 16: MSO5000B and DPO5000B Series
2. Select the input channel by pushing the front-panel buttons to toggle the channels on and off.

Figure 17: MSO5000B and DPO5000B Series

Figure 18: MSO70000DX and DPO70000DX Series
3. Push Autoset.
4. Adjust the vertical position, scale, and offset using the front-panel knobs.
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Figure 19: MSO5000B and DPO5000B Series
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Figure 20: MSO70000DX and DPO70000DX Series
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5. Adjust the horizontal position and scale using the front-panel knobs.

44

The horizontal position determines the number of pretrigger and posttrigger samples.
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Figure 21: MSO5000B and DPO5000B Series

Figure 22: MSO70000DX and DPO70000DX Series

6. If you want to invert the input signal, click the Invert button to toggle invert on and off. The Invert button is in the Vertical Setup menu or
the Deskew/Attenuation/Invert menu.

Using Default Setup

1. To quickly return to the factory default settings, push DEFAULT SETUP.
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Figure 23: MSO70000DX and DPO70000DX Series

Figure 24: MSO5000B and DPO5000B Series

Using Autoset

Use Autoset to quickly and automatically set up the instrument (acquisition, horizontal, trigger, and vertical) based on the characteristics
of the input signal. Autoset makes adjustments to the signal such that the waveform displays two or three cycles with the trigger level near
the midlevel.

1. Connect the probe, and then select the input channel. (See Setting up analog signal input on page 42)
2. Push the Autoset button to execute an Autoset.

@

Default
Autoset Selup
O O @ @I=1
@ push-Fg [ Horizontal

Position

Multiview
Zoom

|

1733018

Figure 25: MSO70000DX and DPO70000DX Series
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Figure 26: MSO50008 and DPO5000B Series
3. Click Undo to undo the last Autoset. Parameters that are not affected by Autoset retain their settings.

0

AutoSet complete. o
2 ndo to return to previous instrument

1733-058

Quick tips

+ Autoset automatically sets up the analog channels.
+  Oninstruments with iCapture, autoset automatically sets up the iCapture channels.
+ To position the waveform appropriately, Autoset may change the vertical position. Autoset may also adjust vertical offset.

+  If you use Autoset when one or more channels are displayed, the instrument selects the lowest numbered channel for horizontal
scaling and triggering. You can individually control the vertical scaling of each channel.

+ If you use Autoset when no channels are displayed, the instrument turns on channel one (Ch 1) and scales it.

+  Close Autoset Undo control window by clicking the X. After Autoset Undo closes, you can still undo the last Autoset by selecting the
Undo Last Autoset command from the Edit menu.

+  Stop the Autoset Undo control window from opening automatically by changing the User Preferences in the Utilities menu.

Probe compensation and deskew

To optimize measurement accuracy, see the instrument online help to perform the following procedures:

+  Compensate passive probes
+ Compensate active probes
+  Deskew input channels
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Acquisition concepts

Acquisition hardware

Before a signal is displayed, it must pass through the input channel where it is scaled and digitized. Each channel has a dedicated input
amplifier and digitizer.

Each channel produces a stream of digital data from which the instrument extracts waveform records.
Sampling process

Acquisition is the process of sampling an analogsignal, converting it into digital data, and assembling it into a waveform record, which is
then stored in acquisition memory.

+5.0V  +50V

V 0V 0V 0V

-50V  -50V
Input signal Sampled points Digital values

0

Real-Time sampling

In real-time sampling, the instrument digitizes all of the points it acquires using one trigger event. Use real-time sampling to capture
single-shot or transient events.

M Record points
—I-I—l-Ll-Ll-Ll-Ll-I—l-Ll-Ll-I—l-I— Samp"ng rate

Interpolated Real-Time sampling

In interpolated real-time sampling, the instrument digitizes all of the points it acquires using one trigger event. If the instrument cannot
acquire enough samples for a complete waveform at the maximum real-time sample rate, it interpolates. Use interpolated real-time
sampling to capture single-shot or transient events.

Equivalent-Time sampling

The instrument uses equivalent-time sampling to extend its sample rate beyond its real-time maximum sampling rate. Equivalent-time
sampling is only used if Equivalent Time is selected and the time base is set to a sampling rate that is too fast to create a waveform record
using real-time sampling.

The instrument makes multiple acquisitions of a repetitive waveform to obtain the sample density required for one complete waveform
record. Thus, equivalent time sampling should only be used with repetitive signals.
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nth acquisition cycle

The instrument builds the waveform record through use of the following parameters:

+ Sample interval: The time between sample points.
+ Record length: The number of samples required to fill a waveform record.
+  Trigger point: The zero time reference in a waveform record.

Acquisition

+  Horizontal position: When horizontal delay is off, the horizontal position is a percentage of the waveform record between 0 and 99.9
percent. The trigger point and the horizontal reference are at the same time in the waveform record. For example, if the horizontal
position is 50 percent, then the trigger point is in the middle of the waveform record. When horizontal delay is on, the time from the

trigger point to the horizontal reference is the horizontal delay.

Sample interval
First sampled and digitized
point in record

Horizontal

Tri int
rigger poin reference

d
I
I
I
I
— 3,
]
I

A

|

| A A ]
- - Horizontal
Horizontal delay acquisition

Horizontal position window

Interpolation

Your instrument can interpolate between the samples it acquires when it does not have all of the actual samples it needs to fill the

waveform record. Linear interpolation computes record points between actual acquired samples by using a straight line fit.

MSO and DPO 70000DX and 5000B User Manual
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Sin(x)/x interpolation computes record points using a curve fit between the actual values acquired. Sin(x)/x interpolation is the default
interpolation mode because it requires fewer actual sample points than linear interpolation to accurately represent the waveform.

How the acquisition modes work

Sample mode retains the first sampled point from each acquisition
interval. Sample is the default mode.

1733210

Peak Detect mode uses the highest and lowest of all the samples
contained in two consecutive acquisition intervals. This mode only
works with real-time, noninterpolated sampling and is useful for
catching high frequency glitches.

Hi Res mode calculates the average of all the samples for each
acquisition interval. Hi-Res provides a higher resolution, lower
bandwidth waveform.

Envelope mode finds the highest and lowest record points over m m m I:> m

many acquisitions. Envelope uses Peak Detect for each individual
acquisition.

Average mode calculates the average value for each record point
over many acquisitions. Average uses Sample mode for each m m m |:> m

1733211
individual acquisition. Use average mode to reduce random noise.

Waveform Database mode is a three-dimensional accumulation
of source waveform data over several acquisitions. In addition to X f \ / |:> >O<
amplitude and timing information, the database includes a count of 173212

the number of times a specific waveform point (time and amplitude)
was acquired.

Enable enhanced effective number of bits

Use Acquisition tab to turn the Enhanced Effective Number of Bits (ENOB) on or off to optimize the waveform detail. This control is only
available on MSO/DPO70000DX models.

Enhanced Effective 6'

v Number of Bits (ENOB)

1. Click the Enhanced Effective Number of Bits check box to turn ENOB On or Off. This control is available in the Acquisitions tab of
the Horizontal/Acquisition control window.

Enhanced Effective Number of Bits enables interleave correction DSP that improves the effective number of bits. This control is only
available in some instrument models. This control is not available in Hi Res mode.

When Enhanced Effective Number of Bits is enabled, EB+ is displayed in the horizontal/acquisition readout.

Changing the acquisition mode

Use this procedure to change the acquisition mode.
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1. Select Horiz/Acq > Acquisition Mode.
2. To select an acquisition mode, do one of the following:

+  Select an acquisition mode directly from the menu.
+ Click Mode..., and then select an acquisition mode.

Horiz/Acy

Trig

Drizplay

Cursors

HotizartaliLoouistion Setup. ..

Zoom Cortralz..

Avtoget

Fast Acquistions

Funista

Dy Maocke On

¥l | Rol Moce Auto

B...

Sampling Modes

Horizortal Modes

@

Position/Scale. ..

Resoluti

ar...

Acquizition Mode

Fazt Frame Setup...

Zoom Setup...

Zoom Graticule Size

@

Sample
Pk Detect
HiRes
Envelope
Average
Wifm DB

Mode. ..

3. For Average or Envelope acquisition modes, click the #of Wfms control, and then set the number of waveforms with the multipurpose

knob. For WfmDB mode, click the Samples control, and then set the number of samples with the multipurpose knob.

®

Acquisition

Sample

Pk Detect

Hi Res

Envelope

Average

WimbDR

- T

Samples

100000

Quick tip

+  Click the keypad icon to set the number of waveforms or samples.

Starting and stopping an acquisition

After the channels that you want to acquire are selected, use the following procedure.

1. Push the front-panel Run/Stop button to start the acquisition.
2. Pushthe Run/Stop button again to stop the acquisition.

3. To take a single acquisition, push the Single button.

MSO and DPO 70000DX and 5000B User Manual
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Autoset

Figure 27: MSO70000DX and DPO70000DX Series

Figure 28: MSO5000B and DPO5000B Series

Selecting the horizontal mode

Your instrument has three horizontal modes. Automatic is the default mode. Select the horizontal mode that works best for your test setup.

To set the horizontal mode, select Horiz/Acq > Horizontal/Acquisition Setup to display the horizontal control window. Choose one of the
modes described below.

Horizideg | Trig  Dizplay | Cursors

HorizontallAcouisition Setup. ..
Loom Controlz...

Autozet

In Automatic mode you can set the Scale and Sample Rate. Record length is a dependent variable. If changing the scale would cause the
record length to exceed the Record Length Limit, the sample rate is decreased to the next available setting.

If the sampling mode is real time and the sample rate is at the real time limit, attempting to increase the sample rate has no effect.
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250MS /s P50MS/s

[ aons

To set the Record Length Limit, click Record Length Limit and set the limit using the buttons or keypad. The default maximum limit
depends on your instrument model and record length option.

In Constant Sample Rate mode you can set the Sample Rate and Scale. The default sample rate ensures bandwidth filter operation.
Record length is a dependent variable. The maximum record length depends on your instrument model and record length option.

The front-panel resolution knob changes the sample rate in both automatic and constant sample rate modes.
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250MS/s

In Manual mode you can set the Sample Rate and Record Length. Horizontal Scale is a dependent variable calculated from the sample
rate and record length.

The Horizontal Scale knob changes record length in manual mode.

All three modes interact with sample rate, scale, and record length as shown. The horizontal line is the maximum real-time sample rate.
Each staircase shows that as you increase the scale, the sample rate must decrease when either the maximum record length or the record
length limit you set is reached. Manual mode uses the maximum record length.

Automatic and Constant Sample Rate modes are identical. However, Constant Sample Rate mode keeps the sample rate constant at a
rate that guarantees bandwidth enhancement filters are used.
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Maximum real
Record length 1 time sample rate

Record length 2
Maximum
/ record length

Scale 733227

Quick tips

Digital sample rate and resolution are dependent variables, and are controlled by the analog sample rate selection.

Using FastAcq

Fast acquisition mode reduces the dead time between waveform acquisitions, enabling the capture and display of transient events such as
glitches or runt pulses. Fast acquisition mode can also display waveform phenomena at an intensity that reflects their rate-of-occurrence.

1. Push FastAcq.

O,

Intensity
FastAcq
Clear DPX
| Trigger )
1733-216

Figure 29: MSO70000DX and DPO70000DX Series

Wave Inspector
(Measure Search DPX )

2730024

2. Find glitches, transients, or other random events.

When you have identified an anomaly, set the trigger system up to look for it. (See Capturing intermittent anomalies on page 191.)
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Quick tips

+ Digital channels and buses are not available in FastAcq mode.

+ To optimize for capturing details or rare events, select Horiz/Acq > Horizontal/Acquisition Setup > Acquisition > FastAcq, and then
select Optimize For Capturing Details or Capturing rare events.

Using DSP enhanced bandwidth

If your instrument has the enhanced bandwidth feature, use the DSP (digital signal processing) enhanced bandwidth for more accurate
rise time measurements, to extend the bandwidth, and flatten the passband at the full sample rate. The enhanced bandwidth provides a
matched response across enabled channels so you can perform channel-to-channel comparison and differential measurements.

1. Push Autoset to set the horizontal, vertical, and trigger controls or set the controls manual.
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@

Default
Autoset Setup
( Print ) C S Sirgle|:
@ Push 8 [ Horizontal
Position
Multiview
Zoom
QO |

1733-020

Figure 30: MSO70000DX and DPO70000DX Series

Autoset

Trigger

Menu

Zrapz

Figure 31: MSO5000B and DPO5000B Series
2. Select Vertical > Bandwidth Enhanced....
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Vertical | Digital | HorizlAcq

Wertical Setup...
Bus Setup...
Zoom Contrals..
Display On/Off...
Position/Scale. .
Label...

Offset...
Termination...
Coupling..

Bandwidth Limit...

Bandwidth Enhanced.. @

Prokhe Mnntrals
2790073

Click Digital Filters (DSP) Enabled to turn the enhanced bandwidth on. You must set the sample rate correctly to enable DSP.
To force a constant sample rate that enables DSP filters, check Force Constant Sample Rate.

Note: If not already set, selecting Constant Sample rate sets the horizontal mode to constant sample rate, sets the sample
rate to allow DSP, and selects a DSP bandwidth.

Select the desired bandwidth from the Bandwidth list.
The available bandwidth selections depend on your instrument, probe, and probe tip.

Selecting Analog Only selects a hardware (HW) bandwidth.
To apply your selections to all channels, check Apply To All Channels.

When different probing makes it impossible for the instrument to set all channels the same, the instrument sets each channel to the
closest bandwidth value possible.
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2980-079

The bandwidth indicator appears in the vertical readout when the enhanced bandwidth is turned on.

| @® 100mvi/div 1MQ Bj:500M

1733229

Quick tips

* Right click the waveform handle to display a menu where you can select the channel bandwidth and other bandwidth enhanced
settings.

+ The DSP enhanced bandwidth occurs at maximum sample rate.

+ Use the DSP enhanced bandwidth when your signals have rise times less than 50 ps.

+  Select Analog Only for higher waveform throughput, overdriven signals, and when you prefer to use your own DSP post-processing.

*You can limit the instrument bandwidth by selecting Vertical > Bandwidth Limit and then selecting the bandwidth.

Setting the Termination Voltage
Termination voltage adjustment is only available on MSO/DPO70000DX models.

Oscilloscope inputs have traditionally been terminated to ground. The signals being measured often are not ground referenced. Pulling
signals to ground can impair measurement results or potentially damage the DUT.

The instrument delivers a variable termination voltage up to +£3.4 volts to the device under test (DUT), and supports a large offset range.
This allows you to adjust the oscilloscope to mirror the conditions and behavior of the DUT, and measure high-speed signals in an
environment similar to the one in which they operate.

Using the combination of termination voltage and offset to center the oscilloscope reference point in the operating range of the DUT
maximizes the available dynamic range and minimizes the noise of the measurement system.

To set the termination voltage of a channel, do these steps:

1. Select Vertical > Vertical Setup.
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“Yerical | Digital | Horizf&cg

Vertical Setup... -'»—.

Bus Setup...

Loom Cantrals...

Dizplay Onfoff..

2. Click in the Termination Voltage field. Set the termination voltage using the keypad or multipurpose knobs.

-

2980-024

Using Roll Mode

Roll mode gives a display similar to a strip chart recorder for low-frequency signals. Roll mode displays acquired data points without
waiting for the acquisition of a complete waveform record.

1. Select Horiz/Acq > Horizontal/Acquisition Setup....

Horizitoo Trig Dizplay Curso

HorizantaliAcouistion Setup...

Zoom Controls..

Atozet

Undo Last Autoset

1733-064

2. If not selected, click the Acquisition tab. Click Auto to turn on Roll mode.

A Note: Roll mode requires Sample, Peak Detect, or Hi Res acquisition mode.
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= @
(Lon )

1733-065
3. To stop acquisitions in Roll mode:

+ Ifyou are not in Single Sequence, push RUN/STOP to stop Roll mode.
+ Ifyou are in Single Sequence, Roll mode acquisitions stop automatically when a complete record is acquired.

®

Default |nlen5“y
Autoset Sewp FastAcq
O O (8] o] o) o) &)
@ Push-E8 [ Horizontal | Trigger b
1733-021

Figure 32: MSO70000DX and DPO70000DX Series

Figure 33: MSO5000B and DPO5000B Series
Quick tips

+  Switching to Envelope, Average, or WfmDB acquisition mode will turn off Roll mode.
*+ Roll mode is disabled when you set the horizontal scale to 50 ms per division or faster.

Setting up digital signal input

Use Digital setup menus to set up the digital channels to acquire signals. Digital channels are available only on MSO70000DX and
MSO05000B Series instruments, DPO5000B Series instruments with option MSOE installed, and DPO70000DX instruments with option

MSOU installed.

1. Connect the logic probe to the instrument.
2. Connect the probe to the input signal sources.

MSO and DPO 70000DX and 5000B User Manual
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CAUTION: To prevent damage to the instrument always wear an antistatic wrist strap when making connections to the
instrument and observe the maximum input voltage ratings for input connectors.

Figure 34: MSO70000DX and DPO70000DX Series

Figure 35: MSO5000B and DPO5000B Series
3. Set up digital channels and buses using the Digital menus.

(See Setting up digital channels.) and (See Setting up a bus.)

Digital Setup... 0'—@

Bus Setup...

2617080

Setting up digital channels

You can set a digital channel threshold, size, position and label on MSO70000DX and MSO5000B Series instruments, DPO5000B Series
instruments with option MSOE installed, and DPO70000DX instruments with option MSOU installed.

1. Select Digital > Digital Setup.
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Digital | Horizfacg

Digital Setup... .'—.

Bus Setup...

2617-082

2. Select the D7 - DO or D15 - D8 tab for the digital channels you want to set up.
3. Click a digital channel button to toggle the display of the digital channel on or off.

P15-D3 1 v (TN T (T

2617-104

4. Click Threshold or Position and adjust them using the keyboard or multipurpose knobs. Or, set the threshold of all 16 channels by
entering a Global Threshold value and clicking Apply.

D7 - DO

D15-D8

2617-105

5. To change the displayed vertical size of all digital channels, click Size and select the display size from the list.
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2617-108

2617-107

Setting up a bus

You can set up serial (optional) and parallel buses.

1. Select Vertical > Bus Setup or, on some instruments, Digital > Bus Setup.

it | Vertical | Digital | Horizlacq | Trig

Vertical Setup...

Bus Setup... —‘

Zoom Controls..

Display On/Off...

2790-066

2. Select the Config tab.
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Display

2980-052

3. Scroll to, and then select the bus to set up.
4. To toggle the display of the bus on or off, click the Bus button.

Display 32 SCLK chi [ 500mV

SDA chz [ 500mV [k

2980-053

5. To change the default label of the bus, click Label and enter a new label using the keyboard.

6. To change the displayed position of the bus, click Bus Position and use the keyboard or multipurpose knob to enter a new bus
position.

Dispilay B2 SCLK chl & 500mvV @
lear Bu SDA chz [ 500mV

7. To select the bus type, click Bus Type Serial or Parallel.
You can set up each bus type.

(See Set up a serial bus.) or (See Set up a parallel bus.)
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SCLK cht »[ 500mv [(a
spA | chz [ 500mV (b

2980-055

Quick tips
Position a bus or waveform by clicking on the bus or waveform handle and dragging the handle to the desired position.
Set up a serial bus
You can set serial (optional) bus parameters. You can use digital channels in bus definitions on MSO Series instruments only.
1. To set up a serial bus, select Bus Type Serial and select the type of serial bus from the drop-down list.
Each bus type has its own collection of parameters that you set up. Set up other bus types as appropriate for the selected bus.

See the online help for additional help setting up a bus.

| s00mv | Rising
500mV Active Low
500mV Active High

[ s B vsrs v

2980-056

Chant-Chan4 *

Math1 - Mathd ¥

DO- D7 ,

Dg- D18 4

3. To setan input threshold, double click Threshold and enter the threshold using the keypad.
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Note: To set thresholds independently when they are currently shared, go to Trig > A Event (Main) Trigger Setup and
change Settings to Independent.

chz
ch3

‘_- s Frs v

2980-058

4. To select the polarity for the displayed components of the bus, click the component Polarity and select from the displayed list.

/ [ Rising
Active Low
Active High

[ s B sre v

2980-058

Quick tips

To use a custom serial decoder, see the online help.

Set up a parallel bus

You can set parallel bus parameters. You can use digital channels in bus definitions on MSO Series instruments only.
1. Toset up a parallel bus, select Bus Type Parallel.

See the online help for additional help setting up a bus.
2. Toadd sources to the bus, click the Add Sources Select button.

Display

MSO and DPO 70000DX and 5000B User Manual
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3. Click the button for each channel you want in the bus. The order of the parallel bus is determined by the order in which you select the
channels. Digital channels are available as sources only on MSO Series instruments.

4.  Click the OK button.

2617020
5. To move a channel within the bus, scroll to and select the channel you want to move, and then click the up or down arrow buttons.
6.  To remove a channel within the bus, scroll to and select the channel you want to remove, and then click the Remove button.
7. To set channel thresholds, click the Thresholds Setup button.

2850061

8.  Foreach threshold you want to set, double click the channel Threshold, and enter the threshold using the keypad or multipurpose
knobs.

9.  When the desired thresholds have been set, click the OK button.
10. To set all channels to the same threshold, double click Digital Threshold and use the keypad to enter a threshold. Then click Apply.
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Threshold Setup

[rav [ aav [ aav [ dav ey ey D ey ey

i 2790-082

11.  On MSO70000DX instruments, to set the clock source and polarity, double click the item and select from the displayed list. To set the
clock level, double click the Clock Level, and enter the level using the keypad or multipurpose knobs.

Setup bus display

You can set the bus style and decoding. You can use digital channels in bus definitions on MSO Series instruments only.

1. Select Digital > Bus Setup.

Digital | HorizfAcg

Digital Setup...

Bus Setup... o”—.

2617-081

2. Select the Display tab.
3. To select the bus, scroll to display the bus, and then select the bus.
4. Select the decoding from the bus decoding list.

See the online help for information on the Results Table.
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v F:\Users\Tek_LDcal_Admin\.Tekn oW S8

5. Click a + box to expand (display additional) the views, or click a - box to collapse (remove) views.

2080063

6. Bus views may also be added or removed from the display by clicking on the + box or - box in the display. Available views may include
Transaction/transport, link/framing/packets, physical/bytes/symbols, and bit level.

Logical Idle Logical Idle ILogical Idle]

354 bytes 354 bytes | 135 bytes [

146mY 400ns

2880064
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7. If using a symbol table, check Use Symbol File. Click Browse and browse to the symbol table file.
For some buses other settings are available. Set the other settings as appropriate for your bus.

See the online help for additional help setting up a bus.

181
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(=t

[ es - —
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When and why to turn on MagniVu

For the MSO5000B Series, MagniVu gives you higher resolution to accurately determine edge placement. This helps you make precise
timing measurements on digital edges. You can see up to 32 times more detail than with normal digital channel sampling.

The MagniVu record is acquired in parallel to the main digital acquisition and is available at any time, running or stopped. MagniVu
provides an ultra high resolution view of your data sampled at a maximum resolution of 60.6 ps for 10,000 points centered around the

trigger.

Note: MagniVu centers itself around the trigger point. If you turn MagniVu on while using a large record length and you are looking
somewhere other than the trigger point, then the digital signal may be off screen. In most of these cases, you can find the digital
record by looking for the digital signal in the upper overview and panning accordingly.

Using MagniVu
To use MagniVu do the following:
1. Push D15 - DO.

0

00 Q:Uoo
neo 1
C)oo[| i
0

[

QooQ[Q
Ooo O 0o

00c0 (0000

00000

(@]

S e D15 - DO

2121-211

2. Select Digital > MagniVu to toggle MagniVu On.

MSO and DPO 70000DX and 5000B User Manual 71



Acquisition

Digital | HorizlAcq

Digital Setup...
Bus Setup...
Magnivu =~ .

Quick tips

+  If you think you need more timing resolution, turn on MagniVu to increase the resolution.
« MagniVu is always acquired. If the oscilloscope is in a stopped state, turn on MagniVu and still get the resolution without taking another

acquisition.
Viewing analog characteristics of digital waveforms

iCapture allows you to view the analog characteristics of digital channel signals. Additional measurement capabilities are available while
viewing the analog characteristics of a waveform. iCapture is available on MSO70000DX Series instruments and on DPO70000DX
instruments with option MSOU installed.

1. Select Vertical > Vertical Setup.

Yedical | Digital | Horizf&cg

Vertical Setup... -'»—.

Bus Setup...

Loom Cantrals...

Display Onfofef...

2. Press the Digital Input iCapture button.

560mdiv (@

2980011

3. Click Digital Source and select a digital channel to send through the analog input.
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For each threshold you want to set, click the channel threshold. Set the threshold using the keypad or multipurpose knobs.
. When the required thresholds have been set, click the OK button.

To set channel thresholds used when converting an analog waveform to digital format for inclusion in a bus, click the Logic Properties

To choose whether to share threshold settings or have independent threshold settings, click Channel Settings and select Shared or
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Quick tips
If using iCapture on an MSO70000DX, you can select the digital source as the trigger signal.

Using FastFrame mode

FastFrame allows you to capture many trigger events as single records in a larger record, and then view and measure each record
individually. Time Stamps display the absolute trigger time for a specific frame and the relative time between triggers of two specified
frames.

1. Push AUTOSET to set the horizontal, vertical, and trigger controls or set the controls manually.

Default

Adtosat Selup

SO @ @T=]
@ Push g Horizontal

Position
Multiview
Zoom

|

1733-020

Figure 36: MSO70000DX and DPO70000DX Series
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Autoset @

Trigger

Menu

Figure 37: MSO5000B and DPO5000B Series
2. Select Horiz/Acq > FastFrame Setup....

Zrapz

Horiziton | Trig | Display | Cursors

Horizontal /A couisition Setup...

Foom Controls.

Autoset

Fast Acouisitions
Rundstop...
Delary Mode On

*| | Rall Mode suto

Sampling Modes r
Horizortal Modes r
PostioniScale...

Resalution... @
Acouisition Mode 4

Fazt Frame Setup..
Zoom Setup. ..
Zoom Graticule Size r
1733232

3. Push FastFrame to toggle it On.

4. Select Frame Size and # of Events Frames. Then use the multipurpose knobs to set each one. Number of frames represents the
number of trigger events that are captured. Frame size is the number of samples that are stored with each trigger event (or frame). The
number of frames is reduced if there is insufficient memory to store all the records. The shorter the frame length, the more frames you
can acquire.

MSO and DPO 70000DX and 5000B User Manual 75



Acquisition

Setup

Anahlze

1733-233

5. Use the Frame Viewing controls to select the frame that you want to view.
6. To view multiple frames superimposed over each other, select Overlay Only.

Setup

Anahze

“ 7 1733238

7. Use the Time Stamps controls to select the source for, and frame number of, the reference frame. The reference frame is the starting
point when measuring the relative time between two frames.
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Setup

Anahze = n

cnt-cne v B3
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1733-235

Quick tips

Digital channels and buses are not available in FastFrame mode.
Use FastFrame when you want to preserve the data associated with each trigger event for further analysis or visual inspections.
Use FastFrame when you want to capture multiple events that have long dead times between them that are of no interest to you.

Multiple frames are best viewed with the Normal, Green, or Gray color palettes because the dark blue selected frame may be hard to
distinguish if you use Temp or Spectral.

If you select an Average Summary Frame, you can set Math functions (Averaging) to apply to All Frames or have it apply to Only

the Summary Frame. If the summary data is of primary interest, selecting Summary Frame Only can substantially improve system
throughput.

Using FastFrame frame finder

Frame finder allows you to find a FastFrame frame that is different from other frames.

1. Select the source of the FastFrame frames.
2. Set the Search Range by entering the From Frame # and the To Frame #.

MSO and DPO 70000DX and 5000B User Manual
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FastFragme |
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0.000 016 D02 768 sec
1733-255
3. Push Run/Stop to stop acquisitions.
Default Intensity
Autoset Sewp FastAcq
O O e @ Lol =) Gm
@ Push Eng [ Horizontal Il Trigger A

1733-021

Figure 38: MSO70000DX and DPO70000DX Series

Figure 39: MSO5000B and DPO5000B Series
4. Push Start to start the search.

Frame Finder searches for and displays a different frame.
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FastFrame

chi-cna (v [ | EXNE2

chi-cni [ 5

0.000 0135 999 362 sec

1733256

5. If the anomaly you are looking for is not in the displayed frame, push No. Frame Finder searches for another different frame.

6. If the anomaly you are looking for is in the displayed frame, push Yes.
7. If you are done searching, push Stop.

“FastFrame

CEZEL (.

Cri-cne (w5

0.000 015 999 885 sec

1r33-257

8. Push Run/Stop to restart acquisitions.

®

Defalt Intensity
Autosst Setup Fasltcq
O G @I Gm £
@ Push-Fnel | Horizontal I Trigger 3
1733:258

Figure 40: MSO70000DX and DPO70000DX Series
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Figure 41: MSO5000B and DPO5000B Series
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Pinpoint triggers

The Pinpoint trigger system comes with advanced trigger types that are usable on both A and B triggers, and it can reset the trigger
sequence if the B event does not occur after a specific number of events or a specific time. Pinpoint triggers support capture of events
based on the most complex trigger event or sequence of trigger events.

Only a portion of the Pinpoint trigger functionality is available on MSO5000B and DPO5000B instruments.

This section contains concepts and procedures for using the trigger system.

Triggering concepts

Trigger event

The trigger event establishes the time-zero point in the waveform record. All waveform record data are located in time with respect to that
point. The instrument continuously acquires and retains enough sample points to fill the pretrigger part of the waveform record. When a
trigger event occurs, the instrument starts acquiring samples to build the posttrigger part of the waveform record (displayed after, or to the
right of, the trigger event). Once a trigger is recognized, the instrument will not accept another trigger until the acquisition is complete and
the holdoff time has expired.

Trigger modes
The trigger mode determines how the instrument behaves in the absence of a trigger event.

+  Normal trigger mode enables the instrument to acquire a waveform only when it is triggered. If no trigger occurs, the last waveform
record acquired remains on the display. If no last waveform exists, no waveform is displayed.

+ Auto trigger mode enables the instrument to acquire a waveform even if a trigger does not occur. Auto mode uses a timer that starts
after a trigger event occurs. If another trigger event is not detected before the timer times out, the instrument forces a trigger. The
length of time it waits for a trigger event depends on the time base setting.

Auto mode, when forcing triggers in the absence of valid triggering events, does not synchronize the waveform on the display. The
waveform will appear to roll across the screen. If valid triggers occur, the display will become stable.

In edge-trigger mode, force the instrument to trigger by pushing the Force Trigger button on the Trigger Setup control window.

Select the trigger mode in the Trig > Mode. For more information, see the instrument online help.

Trigger holdoff

Trigger holdoff can help stabilize triggering, by extending the period in which further trigger recognition is suppressed after initiating an
acquisition. Such an extension can help the system skip over the remaining events of a recurring burst of events, and thus always trigger
on the first event in each burst. Adjust holdoff to obtain stable triggering when the instrument is triggering on undesired trigger events.

Set the trigger holdoff in the Trig > Holdoff menu. For more information, see the instrument online help.
Trigger coupling

Trigger coupling determines what part of the signal is passed to the trigger circuit. Edge triggering can use all available coupling types:
AC, DC, Low Frequency Rejection, High Frequency Rejection, and Noise Rejection. All other trigger types use DC coupling only. Your
instrument may not offer all coupling types.

Select the trigger coupling in the Trig > A Event (Main) Trigger Setup menu. For more information, see the instrument online help.
Horizontal position

Horizontal position defines where the trigger occurs on the waveform record. It lets you choose how much the instrument acquires before
and after the trigger event. The part of the record that occurs before the trigger is the pretrigger part. The part that occurs after the trigger is
the posttrigger part.
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Pretrigger data is valuable when troubleshooting. For example, if you are trying to find the cause of an unwanted glitch in your test circuit,

trigger on the glitch and make the pretrigger period large enough to capture data before the glitch. By analyzing what happens before the

glitch, you may uncover information that helps you find the source of the glitch. Alternatively, to see what is happening in your system as a
result of the trigger event, make the posttrigger period large enough to capture data after the trigger.

Slope and level

The slope control determines whether the instrument finds the trigger point on the rising or the falling edge of a signal. The level control
determines where on that edge the trigger point occurs.

Delayed trigger system

You can trigger with the A (Main) trigger system alone or combine the A (Main) trigger with the B (Delayed) trigger to trigger on sequential

events. When using sequential triggering, the A trigger event arms the trigger system, and the B trigger event triggers the instrument when
the B trigger conditions are met. A and B triggers can (and typically do) have separate sources. The B trigger condition is based on a time
delay or a specified number of events. (See page Using a (Main) and b (Delayed) triggers.)

Choosing a trigger type

Your instrument allows you to modify basic trigger parameters from the front panel or set up more advanced triggers in the Trigger Setup
control window.

A Note: Some trigger type selections are not available on some instruments.

1. Select Trig > Edge Setup.

AEBvent (Main) Trigger Setup...

A - BTrigger Sequence...

B Event (Delayed) Trigger Setup...

Quick Select ATrigger k
Quick Select BTrigger *
Edage Setup...
Glitch Setup...

2790-026

2. Set the source, slope, coupling, and mode using the setup menu.

I S S S S S E— S— 2790027
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3. To select one of the other trigger types, select a trigger type directly from the Trig menu.

Trg | Display | Cursors | Measure | M

AEvent (Main) Trigger Setup...

A~ BTrigger Sequence...

B Event (Delayed) Trigger Setup...

Quick Select ATrigger r
Quuick Select BTrigger r
Edge Setup... h

Glitch Setup...

Width Setup...

Runt Setup...

Window Setup...
Timeout Setup...
Transition Setup... >@
Setup/Hold Setup...
Logic Pattern_.
Logic State...
Camm Setup...

Serial Pattern Setup..

Bus Setup... J

Holdoff...
Mode...

Run/Stop....

2ran-0r4

4. Complete the trigger setup using the controls displayed for the trigger type. The controls to set up the trigger vary depending on the
trigger type, instrument model, and options.
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Trigger - Glitch

-
o

Trigger on 64-bit NRZ serial pattern at data rates up to 1.25Gb/s and 4 8b/10b symbols

Trigger selections
Trigger Type Trigger Conditions
Edge Trigger on a rising or falling edge, as defined by the slope control. Coupling choices are DC,
f AC, LF Reject, HF Reject, and Noise Reject.
Glitch Trigger on a pulse narrower (or wider) than the specified width or ignore glitches narrower
I l l (or wider) than the specified width.
Width Trigger on pulses that are inside or outside a specified time range. Can trigger on positive or
| I | negative pulses.
Runt Trigger on a pulse amplitude that crosses one threshold but fails to cross a second threshold
m before recrossing the first. Can detect positive or negative runts, or only those wider than a
specified width. These pulses can also be qualified by the logical state of other channels.
Window Trigger when the input signal rises above an upper threshold level or falls below a lower
m threshold level. Trigger the instrument as the signal is entering or leaving the threshold
window. Qualify the trigger event in terms of time by using the Trigger When Wider option, or
by the logical state of other channels using the Trigger When Logic option.
Timeout | 1 Trigger when no pulse is detected within a specified time.
Transition Trigger on pulse edges that traverse between two thresholds at faster or slower rates than
_,*"'1‘_ the specified time. The pulse edges can be positive or negative.
Serial -nn_n-
oo

at data rates up to 6.25Gb/s (MSO70000DX and DPO70000DX only). Requires ST6G
(MSO70000DX and DPO70000DX). Includes clock recovery. Push the Push to Set 50%
control to reinitialize clock recovery.

Pattern Lock automatically finds and locks on a long repeating pseudo-random bit sequence
(PRBS). This lock means that the instrument knows the bit length of the pseudo-random bit
sequence and can predict when the cycle repeats. Pattern Lock enables the instrument to
take samples at specific locations in a data pattern with outstanding time base accuracy.

Table continued...

84




Pinpoint triggers

Trigger Type

Trigger Conditions

Pattern

[

Trigger when logic inputs cause the selected function to become True or False. You can
also specify that the logic conditions must be satisfied for a specific amount of time before
triggering.

Not recommended with iCapture inputs if using more than one source or an external trigger.

State

i:‘a-g

Trigger when all of the logic inputs to the selected logic function cause the function to be
True or False when the clock input changes state.

Not recommended with iCapture inputs if using more than one source or an external trigger.

Setup/ Hold

Ll

Trigger when a logic input changes state inside the setup and hold times relative to the
clock. The mode triggers on a setup and hold violation.

Not recommended with iCapture inputs if using more than one source or an external trigger.

Comm

Trigger with mask testing on communications codes and standards (analog channels only).
The controls work together to define the parameters for the trigger event (available with
Option MTM or MTH on some instruments). This mode includes clock recovery. Push the
Push to Set 50% knob to reinitialize clock recovery.

Bus

Trigger on components (such as a specified address) of a bus that you define. With some
instruments and options, trigger types include parallel, SPI, RS-232, USB, and I2C triggers.

Not recommended with iCapture inputs if using more than one source or an external trigger.

Video

W

Trigger on specified fields or lines of a composite video signal ( MSO5000B, and DPO5000B
Series only). Only composite signal formats are supported.

CAN

(idle | El |

| SOF edge|
1733-215

Trigger on CAN Bus signals.

Not recommended with iCapture inputs if using more than one source or an external trigger.

Checking trigger status

Check the trigger status from the status lights on the front panel or from the readout.

Check the ARM, READY, and TRIG'D front-panel controls to determine the trigger status.

« IfTRIG'D is on, the instrument has recognizeda valid trigger and is filling the posttrigger part of the waveform.
« IfREADY is on, the instrument can accept, and is waiting for, a valid trigger to occur. Pretrigger data has been acquired.
« If ARMis on, the trigger circuitry is filling the pretrigger part of the waveform record.

+ Ifboth TRIG'D and READY are on, a valid A event trigger has been recognized and the instrument is waiting for a delayed trigger.
When a delayed trigger is recognized, the posttrigger part of the delayed waveform will fill.

« If ARM, TRIG'D, and READY are off, acquisitions have stopped.

MSO and DPO 70000DX and 5000B User Manual
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Figure 42: MSO70000DX and DPO70000DX Series

To quickly determine the settings of some key trigger parameters, check the Trigger readout at the bottom of the display. The readouts
differ for edge and the advanced triggers:

Check the ARM, READY, and TRIG'D readout to determine the trigger status.
Check the Auto/Normal readout to determine the trigger mode.

1. Atrigger source = Ch1

2. Trigger slope = rising edge
3. Trigger level

4. Time base

5.

6.

CO® ©®

I 1.0msi/div 100MSis 10.0ns/pt
Rur Sample

1279 acgs RL:1.0M
D15-D0 Time Res: 1.0s/pt
Auto June 04, 2010 08:17:21

(5 ®)

Using a (Main) and b (Delayed) triggers

You can use the A Event (Main) trigger for simple signals or combine it with the B Event (Delayed) trigger to capture more complex signals.
After the A Event occurs, the trigger system looks for the B Event before triggering and displaying the waveform.

2790052
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A trigger
1. Select Trig > A Event (Main) Trigger Setup.

L= play CLrsar heasLre

& Bvent (hain) Tringer Setup. .

A - B Trigoer Sequence. .

B Event (Dekayed) Trigger Setup...

1733-068

2. Setthe A trigger type and source in the A Event tab.

2790-076

B trigger (Delayed)

1. Choose a function in the A —B Seq tab.
2. Set the trigger delay time or the number of B events.

Horizontal
Position
I 50.0%

A Trigger
Level

B Trigger
Level

Trigger Delay

1733-070

3. Set the B trigger characteristics in the B Event (Delayed) tab.

MSO and DPO 70000DX and 5000B User Manual
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AEvent

ronseq | EEORAA

B Event

2790-081 o

A-=B Seq

B Event

1733072

Trigger on B Event
The A trigger arms the instrument. Posttrigger acquisition starts on the nth B event.
Pretrigger record 0 Posttrigger record
Atrigger point Acquired

\ |<— waveform record —

A trigger source

B trigger source

\ J
Y
Waiting for the nth event (Where n=5)

B trigger point

B Trigger After Delay Time

The A trigger arms the instrument. Posttrigger acquisition starts on the first B edge after the trigger delay time.
Triggering with Reset

You can specify a condition to reset the trigger system if it occurs before the B trigger event. When the reset event occurs, the trigger
system stops waiting for the B event and returns to waiting for the A event.

A Note: Triggering with reset is not available on MSO5000B and DPO5000B instruments.
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Reset becomes
TRUE
B-Event that ' -
triggers the scope First B-Event
after Reset
Reset

b
B-Event — ﬂ _‘

~————— 100 Nanosecond minimum ——

Quick tips

B-trigger delay time and horizontal delay time are independent functions. When you establish a trigger condition using either the A trigger
alone or the A and B triggers together, you can also use horizontal delay to delay the acquisition by an additional amount.

Correcting trigger position

Trigger position correction corrects for differences in the data path and the trigger path to more accurately place the trigger on the
displayed waveform. Trigger position correction can also use averaging to more accurately place the trigger on noisy signals. To more
accurately place edge triggers on the display, perform the following procedure.

1. To more accurately place the trigger on the display, check Enhanced Triggering. To more accurately place the trigger on noisy
signals, also check Optimized for Noisy Signals.

The Optimized for Noisy Signals selection is only available if Enhanced Triggering is selected.

Trigger - Mode

A->B Seq

B Event

1733-259
Triggering with B-Event Scan
Use A->B Sequence B-Event Scan to create overlapped eye diagrams synchronized or initiated by an A trigger event.
A Note: B-Event Scan is not available on MSO5000B and DPO5000B instruments.

Trig on nth Event captures the nth B-Event that occurs after the A-Event for all acquisitions. B-Event scan automatically advances the
B-Event value to capture different portions of the signal.
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1.

2.

3.

4.
5.

90

Set the A trigger type and source in the A Event tab.

Enters Window n
Upper Leve ocous v

€|> €|

Lower Level

2647087

AEvent

noe oo | TR

B Event

2617088

To more accurately place the trigger on the display, click Enhanced Triggering. To more accurately place the trigger on noisy
signals, also click Optimized for Noisy Signals.

Trigger - Mode

A-=B Seq

B Event

2617-089

Select Trig on nth Event and B Event Scan in the A>B Seq tab.
To display the B Event Scan Setup window, press B Event Scan Setup.
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A Event
et 0 ] Horizontal
\ Position

ATrigger
Lewel

.| BTrigger
Level

224mw
6. Setthe B Event start value.

—
‘ 2617080
7.  Setthe B Event ending value.

8.  Set the number of acquisitions before the B Event value is incremented.

B Event

2617031

9. Select the method that the B Event value is incremented after the selected number of acquisitions occur:

+ Sequential Scan increments by 1 until the End Event is reached. When the End Event is reached, the B Event value is reset to
the Start Event value and the process starts over.

+ Random Scan sets the B Event value to a random value between the Start Event and the End Event for each set of Advance
After acquisitions.

+ Toggle Between Events toggles the B Event value between the Start Event and the End Event for each set of Advance After
acquisitions.

MSO and DPO 70000DX and 5000B User Manual 9
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B Event Scan Setup
The B Event Scan can

2617-002

10. In this example, a DDR3 DQS signal is on Ch 1 and the DQ signal is on Ch 2. The instrument is in Run Mode with Display Mode set
to Infinite Persistence. The instrument trigger setup was as follows:

+  A-Event Window trigger on Ch 1 to detect the DDR3 DQS Write condition.

+ B-Event Edge trigger on Either slope on Ch 1 to trigger on the DQS (clock) edges.
+ A->B Sequence set to Trig on the nth Event.

+ B Scan Enabled with Start Event = 1, End Event = 8, and Mode = Sequential.

+ The data eyes are formed by the DQ signal on Ch 2.

Fig ol Verdical | or 9 ¥ - Mash | Math | Meylicos

T opaipt

AL 3k
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Triggering on a parallel bus

Locate the problems by triggering on a parallel bus. MSO instruments can use digital channels as components of a parallel bus.
Set up a parallel bus.(See Setting up a bus on page 64)
1. Select Trig > A Event (Main) Trigger Setup.

Dizplay Cursar | heasure I

& Bvent (Main) Tringer Setup. .

& - B Trigoer Sequence ...

B Evert (Delayed) Tringer Setup...

1733-068

2. Select the A Event tab.

A Event

B Event

options | || LA G

Shares [ v

2650-086

3. Select the Bus Trigger Type.
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Edge
Glitch
Width
Runt

Timeout
Pattemn
State
Setup/Hold
Transition
Comm

' Serial

Window

Source
Chi1 >
| Mark Al Trigger —
Events in Record
LELALRA Set to 50%

Settings
Shared \ ¥ |

2980-067

4. Select the bus to trigger on.

A Note: Clocked buses will only appear in the drop down list if the clock source is set to Ch4.

| Trigger - Bus @
Trigger Type

Bus
Bus v B1 =
_\ “— B2 .
| Mark All Trigger = W

Events in Record B4
B5
LLLRIO ©
@ B8
B9
B10

2980-068

5. Click an Edit button and set the pattern and format that you want to trigger on.
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Options 7 1100000110§0011111001 §1100000101 0011111010

n (0011111001 §1100000110)0011111010 1100000101

2980:069

6. Select the data format.
7. Set the pattern to trigger on using the keypad.

2617-111

8. Analyze your waveforms.
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Bi_ Bus Parall
File | Edt | Wertical | g | Display | Cursors | Memsure | Mask | Math | 20 | Uhities | Hein ()

| |

&5 1.88V/div @G :16.0G [ 100nsidiv 6.25G8/s 160psipt
=B 3.75Vldiv G _Ii 0G rzDly: 0.0s Ru Sample
— — @@= === — & | 26339acqs RL:6.25k

D15D0 Time Res: 160psipt
Cons May 01, 2009 11:19:50

2617037

Triggering on a serial bus

Locate problems by triggering on a serial bus. Serial buses are available on MSO70000DX, DPO70000DX, MSO5000B and DPO5000B
Series instruments. Digital channels can be used in bus definitions on MSO instruments.

Setup a serial bus. (See Setting up a bus on page 64)
1. Select Trig > A Event (Main) Trigger Setup.

n Diizplay | CLirEor | Meazure | h

A Event [hsin) Trigoer Setup...

& - B Trigoer Sequence. ..

B Evert (Delayed) Tringer Setup...

1733-068

2. Select the A Event tab.
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(2

. . Trigger - Edge

Trigges Hipe

‘E iy

Hlakal ‘[_ Mark All Trigger
l Events in Record

LEAAANG

Settings
Shared v

3. Select the Bus Trigger Type.

Edge
Glitch
Width
Runt

Timeout

Pattem
State
Setup/Hold

Transition

Comm
Serial
Window ige

[ mark Al Trigger
Events in Record

HiHE

Settings
Shared |

Set to 50%

2860:006

Source
Ch1 >

select.

Setto 50%

4. Select the bus.

2980-070

MSO and DPO 70000DX and 5000B User Manual
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2980-071

5. Select the bus signal to trigger on.

AEvent igger |

O | N
'

B Event .

2980-072

6. Depending on your Trigger On choice and your bus type, make the required selections for the bus.

See the online help for additional help setting up a bus.

Triggering using Visual Triggers (Visual Triggering)

Visual triggering allows you to create trigger conditions directly on the display screen. (Visual Triggers are available as an option on some
models.)

1. Create a visual trigger area by left clicking and dragging a box on the display. Then select Add Visual Trig Area from the menu.

A Note: This same menu allows you to hide or show all visual trigger areas and toggle visual triggering on and off.
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Zoom 10n
Zoom20n
Zoom 30n
Zoom 4 0n
Histogram Vertical
Histogram Horizontal

Measurement Gating

AddVisual Trig Area

@

Visual TriggerOn

Cancel

2780-C0
2. Click the area to enable its handles. Click and drag the area to move it to a new location.
Click and drag one of the area handles to resize the area vertically, horizontally, or both.
T TR TR TR THTRITFTRCTITT IR I Py T

4

2793091

3. Right click in the visual trigger area and select Visual Trigger Area from the menu.
Use the visual trigger menus to edit the trigger area and set conditions for the visual trigger.

Refer to online help for detailed information about creating and editing visual triggers.
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PUT A1) & (C1 OUT AZ))

A e o ij‘ﬂ |x -

.

Graticule

Visual Trigger Area 1 Must beinside
hust be outside

Edit Equation ...

Edit Shape Triangle
Duplicate Area ®|| Rectangle
Delete Area Hexaaon
Delete All Areas Trapezoid
Hide Trig Expression FlipVertical
1.88Vidiv (i ‘ HideVisual Trig Areas Flip Horizonta
. Hide Area Seftings 90 CW
Visual Trigger Off 90 COwW

2790-082

4. From the Trig menu, select Visual Trigger Setup, then double click the Visual Trigger equation.

Refer to online help for detailed information about using the Qualification Expression Editor.

Qualification Expression Editor

Visual Qualification |[C1 IN A1)

Setting up Action on Event

Action on Event allows configure the oscilloscope to save a variety of files when a defined event takes place, such as a trigger events,
mask test failures, and limit test failures.

1. Select File > Action on Event..
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File | Edit | Vertical | Digital

Reference Waveform Controls..

Save Options

Save Al Waveforms ..

Sdve Screen Capture Cirl+3

Save As... F12

Recall...

Recall Default Setup

Action On Event...

2. Select the event to use.

© N o o &

Select the action to take when the event occurs. Select Save, Send E-mail, or both.
Use the Setup button (next to Save) to display the Save on Event Setup display screen.

Use the Setup button (next to Send E-mail) to display the Send E-mail Setup display screen. (See Setting up E-Mail on

Event on page 102)

Enter the location to save the files.
Select the event that initiates a save.
Select what type of files to save on the event.
Set the file naming convention to use.
Set the number of events to save.

.

MSO and DPO 70000DX and 5000B User Manual
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Savenn fvent Setu _
.,\Users\ current us¢ “.Tek1run|x\TekScUue\SaveOnTnngn

E E E a

27065

Sending E-Mail on Trigger
You must configure e-mail on event before performing the following procedure. (See Setting up E-Mail on Event on page 102)

1. Select Trig > A Event (Main) Trigger Setup.

2. Select the Mode tab.
3. Under E-mail on Trigger, click On, and then click Setup. (See Setting up E-Mail on Event on page 102)

Trig Dizplay Curzor

A Event (hain) Trigoer Setup...

A->B Seq
& - B Trigoer Sequence...

B Event
B Event (Delayed) Trigger S

Gnlick Select & Trigger ’

Gwick Select B Trigoer

Edoe Setup...

1733073

Setting up E-Mail on Event

1. Select Utilities > E-mail on Event > Setup.
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Tek Zecure Eraze. .

Set Time & Date...

GPIB Configuration...

LAN Server Status..
External Sionals...

Touch Screen ’
Instrument Calibration...

Instrument Disgnostics...

E-mail on Evert Rezet
hultipurpose Knobs r Trigoer
Mavigation Buttons Mazk

Izer Preferences. .. Setup... 0-—.

Cption Installation...

1733-134

2. Enter recipients' e-mail address(es). Separate multiple entries with commas. There is a limit of 252 characters in the e-mail address
box.

E-mail on Event Setup

user g@takironiy carm

1733135

3. Click Config, and then enter the SMTP Server Address. Contact your network administrator for the correct address.

E-mail Configuration [

SMTP Server Address: ||

Mare=:= | QI | Cancel Help

1733136

MSO and DPO 70000DX and 5000B User Manual
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4. Select the event(s) for which you want to send an e-mail.
5. Toinclude attachments, select the type of attachment, and then click Settings to specify the format.

1733-137
6. Set the maximum message limit and e-mail size. When the maximum message limit is reached, you must click Reset to send more
e-mails on event.
7. To verify that you have set up the e-mail addresses correctly, send a test-mail by clicking Send.
8. If necessary, click Config to access the e-mail configuration dialog box and adjust the configuration.

1733-138

Using horizontal delay

Use horizontal delay to acquire waveform detail in a region that is separated from the trigger location by a significant interval of time.

Trigger point
Acquired

|<— waveform —>|

JW gy UL ULl

|
|<— Delay time ————»1

Expansion point

1. Select Horiz/Acq > Horizontal/Acquisition Setup.
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| | HorizlAcg | Trg | Display | Cursors

HorizontaliAcquisition Setup... o——‘

Zoom Controls...

Autoset

2. Push the Delay Mode button to toggle delay mode on.
3. Adjust the delay time with the horizontal Position control, or enter the delay time in the control window
4. Adjust the horizontal Scale to acquire the detail that you need.

A, —

1000 Horiz Delay Ref Point

0.05 [ 50.0%

2790044

Quick tips

+  Use MultiView Zoom and Horizontal Delay together to magnify a delayed acquisition.

+ Toggle Horizontal Delay on and off to quickly compare signal details at two different areas of interest, one near the trigger location and
the other centered at the delay time.
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Display a waveform

This section contains concepts and procedures for displaying a waveform. Detailed information is available in the online help.

Setting the Display Style

To set the display style select Display > Display Style, and then select one of the following styles:

Displays waveforms with lines drawn between record points

1733-075

Displays waveform recordpoints as dots on the screen.

JRENC |

i\.'\.'::

1733076

Displays the actual samples. Interpolated points are not displayed.

\ O

1733077

| Display | Cursor Measure | h

Display Setup. ..
AppEarance...
Screen Text...
Ohjects...

Colors...

Dizplay Style [m] . Wectors

Display Persistence r | Dots

Digplay Format r : Irtensitied Zamples

Wizvetorm Interpolation » 1733074

Caraticr e Shula 3

Setting the Display Persistence

Select Display > Display Persistence, and then select the type of persistence.
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Dizplay Setup...

APpEarance ...

Screen Text...

Ohjects...

Colars...

Dizplay Style 4

Dizplay Persistence Reset Perzistence
Dizplay Format ’ Infinite Perzistence
Yiarveform Interpolation 4 Watiable Persistence
Graticule Style P|m] | no Persistence
Record Yiew Palette 4 Persistence Cortrols...
FastAradMfmDA Palete P 1733478

+  No persistence shows record points for the current acquisition only. Each new waveform record replaces the previously acquired
record for a channel.

+ Infinite persistence continuously accumulates record points until you change one of the acquisition display settings. Use for displaying
points that may occur outside the normal acquisition envelope.

+ Variable persistence accumulates record points for a specified time interval. Each record point decays independently according to the
time interval.

+ Reset persistence clears the persistence.

To set the variable persistence time, select Display > Display Persistence > Persistence Controls.
2. Click Variable, Persist Time, and then use the multipurpose knobs to set the persistence time.
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Display | Cursar | Measure
Display Setup...
Appearance...
Soreen Text...
Ohijects...
Colars. .
Display Style »
Display Persistence Feset Persistence
Displsy Farmsd k Infinite Persistence
Wavetorm Interpolation * Yariable Persistence
Graticule Style Bl [ml| b Persistence
Record iew Palette 4 Persistence Controls... @
FastArafifmbR Palstte ¥

rDisplay Persistence
Infinite: Variable

@ Persist Time
500ms

1733079

Setting the Display Format

The instrument can display waveforms in two different formats. Choose the format that best suits your needs.
Select Display > Display Format.

+  Select YT format to show a signal amplitude as it varies over time.
+  Select XY format to compare the amplitude of waveform records point by point:

The following channels are compared:
Ch1(X)and Ch 2 (Y),

Ch3(X)and Ch4 (Y),

Ref 1 (X) and Ref 2 (Y),

Ref 3 (X) and Ref 4 (Y)

+  Select XYZ format to compare the voltage levels of the Ch 1 (X) and Ch 2 (Y) waveform records point by point as in XY format. The
displayed waveform intensity is modulated by the Ch 3 (Z) waveform record. XYZ format is triggered. A -5 division signal (including
position and offset) on Ch 3 produces a blank screen; a +5 division signal produces full intensity.
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Dizplay | Cursors | Measure

Display Setup..
Appearance...
Screen Text...
Ohjects...

Colars...

Display Style g

Dizplay Persistence L4

Display Format . YT

Waveform Interpolation # =

Graticule Style ’ HYZ

Record View Palette r
FastAcorvimDB Palette #

Uzer Palette...

Waveform Display Onfoff

Dizplay Trigger 'T'

2B17-073

Quick tips

« XY format is particularly useful for studying phase relationships such as Lissajous Patterns.
« XY format is a dot-only display, although it can have persistence. The Vector style selection has no effect when you select XY format.

Selecting the Waveform Interpolation

Select Display > Waveform Interpolation, and then select one of the following:

+  Sin(X)/X interpolation computes record points using a curve fit between the actual samples acquired.
+ Linear interpolation computes record points between actual acquired samples by using a straight line fit.
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Digplay | Curzors | Measure |

Display Setup...
Appearance. ..
Sereen Text...
Ohjects. .
Colors..
Dizplay Style k
Cisplay Persistence L4
Dizplay Format k
Wigveform Interpolstion B SN
Graticule Style r Linear
Record “iesw Palette r
FastioohWimDB Palette  #
Uzer Palette. .
¥/ | Waveform Display Cnfof

Dizplay Trigoer 'T'
1733081

Quick tips

Sin(X)/X interpolation is the default interpolation mode. It requires fewer actual sample points than linear interpolation to accurately
represent the waveform.

Adding Screen Text

1. Select Display > Screen Text.

Display | Cursor | Messure |

Dizplay Setup. ..

Appeatance. .

Screen Text... @
Ohjects ..

Colors...

= 1733-082

Enter up to eight independent lines of text.

Click Text Off or On to turn the text display on and off.

Click Font or Color to select the font and color of the screen text.

Click Controls to open the Text Properties control window for positioning of the text on the display.

o oDbd
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6. Click Clear to erase the entire text of the selected line.

Display

1733-083

Quick tips

+ Click and drag screen text to reposition it on the screen.
+ You can also label waveforms and buses. (See Setting up digital channels.) (See Setting up a bus.)

Setting the Graticule Style

To set the graticule style, select Display > GraticuleStyle, and then select one of the following styles:

é Use for quick estimate of waveform parameters.
1733085
% Use for full-screen measurements with cursors and automatic readouts when cross-hairs are not needed.
1733-086
Cross Hair Use for making quick estimates of waveforms while leaving more room for automatic readouts and other data.
1733087
Frame Use with automatic readouts and other screen text when display features are not needed.
1733-088
IRE Use for NTSC video signals.
1733201
mv Use for video signals other than NTSC.
1733202
Table continued...
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Solid is similar to Full, but the grid, cross hairs, and frame are drawn using solid lines.

Display Setup...
Appearance...
Screen Text..
Objects...

Caolors...

Display Style L4
Display Persistence L

Display Format L4

Waveform Interpolaion  *

Graticule Style (m] | Full

Record View Palette r Cross Hair
FasticgMfmDE Palette  * Grid

User Palette... Frame

Waveform Display OnOf IRE
Display Trigger T m

Display Date & Time Solid

Setting the Trigger Level Marker

1. Select Display > Objects.
2. Select one of the following:

+ Short displays a short arrow on the side of the graticule.
+ Long displays a horizontal line across the graticule.
+  Off turns off the trigger level marker.
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Trigger Level Marker

Dizplay Cursar MeasLUre

Cizplay Setup... Short

Appearance. . @ Q
zoreen Text... on @

Chjects...

Colors... Q

1733-089

Displaying the Date and Time

1. Select Display > Objects.
2. Toggle the display of the date and time on the graticule. Use the Utilities menu to set the date and time.

Display

Cisplay Setup... Date Time

Appearance... @ @
Soreen Texd...
Dhjects... @

colors...

1732-090

Using the Color Palettes

Select Display > Record View Palette or FastAcq/WfmDB Palette, and then select one of the following color schemes for the waveform
and graticule:

« Normal displays hues and lightness levels for best overall viewing. The color of each channel waveform matches the color of the
corresponding front-panel vertical knob.

+ Monochrome Green displays areas of the waveform with the highest sample density in lighter green shades. The areas of lowest
sample density appear in darker green shades. It most closely resembles analog oscilloscope displays.

+  Spectral Grading displays areas of the waveform with the highest sample density in blue shades. The areas of lowest sample density
appear in red shades.

+  Monochrome Gray displays areas of the waveform with the highest sample density in lighter gray shades. The areas of the lowest
sample density appear in darker gray shades.

+  User displays the waveform in a user-defined color.
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Display Setup...

AppESrance. .

=creen Text...

Objects...

Colors..

Display Style 4
Displary Perzistence L4
Display Formst 4

Waveform Interpalation 4

Graticule Style 4
Record Yiew Palette = | Normal
FastAcoiwimDB Palette  F Temperature Grading
User Palette. .. Monochrome Green
V| Wigvetorm Display OniOff Spectral Grading
Display Trigger 'T' Monochrome Gray
Uzer
2617-076
Quick tips

+ Choose one of the color grading palettes in the Display > Colors control window to see different sample densities represented in
different colors.

+ There are two color palettes, one for Record View and one for FastAcq/WfmDB.

Setting reference waveform colors

Select Display > Colors, and then select one of the following:

+ Default uses the default system color for reference waveforms.
* Inherit uses the same color for the reference waveform as the original waveform.

Reference Color

‘ Dizplay Setup.. |:> Default
Appearance... @
Soreen Text... Inherit
Dhjects...

Colors...
Dizplay Style 4 1733-092
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Setting Math Waveform Colors

Select Display > Colors, and then select one of the following:

+ Default uses the default system color for math waveforms.
 Inherit uses the same color for the math waveform as the lowest numbered channel waveform the math function is based on.

| Cursar | hezsure ] Math Color

Dizplay Setup... |:> Default
Appearance. .. @

Screen Text...

Inherit
Chiects...

Colars. ..

Dizplay Style * 1733093

Quick tips

The default color for math and reference waveforms are different for each waveform.

Using MultiView Zoom

Use the MultiView Zoom function to magnify a waveform vertically, horizontally, or in both dimensions. Zoomed waveforms can also be
aligned, locked, and automatically scrolled. Scale and Position affect only the display, not the actual waveform data.

1. If MultiView Zoom is off, push MultiView Zoom to split the screen and add a zoom graticule.

~ @

2790-029

2. Push Horiz or Vert to select which axis to magnify in the zoom graticule. Use the multipurpose knobs to adjust scale and position of
the magnified waveform.
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[ b = y
Position €
36.2%
actor
b gt o

—t ot e e rvlh‘r‘—-wﬂ-‘.-o'—H“Mw‘J| —t

&P 200mvidiv 500 84606
) 200mV 588ns -16.7ps -10.9ps

Acq

D)
@ 2617078

In this example the main graticule is the top half of the graticule and the zoomed graticule is the bottom half of the graticule.

Note: You can hide or display zoomed waveforms by pressing Show/Hide Waveforms and then checking which zoomed
waveforms to display.

3. To adjust the zoom graticule size, select Zoom Graticule Size from either the Vertical or Horiz/Acq menus.

4. If MultiView Zoom is on but the readouts are not attached to the zoom controls, press the MultiView Zoom button to attach the
readouts to the zoom controls.

Press the MultiView Zoom button again to turn zoom off.

Aftenuation...
Zoom Setup...
Zoom Graticule Size SiE0%
m | 80520% @) @
@ 100%

Size...
2790-030

Quick tips

+ Use the Zoom Setup menu to change the graticule size of the zoomed waveform.

+ Use Wave Inspector to manage long record length waveforms. (See page Using Wave Inspector to manage long record length
waveforms.)

Zooming in multiple areas

When you want to view and compare multiple areas of one record at the same time, use the following procedure.

1. Click and drag a box around the area of the waveform that you want to zoom.
2. SelectZoom 1 On.
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Faclor

Loom 1 On
Zootm 2 0n
Zoom 3 On
Zoom 4 <n
Hiztagram “ertical
Hizstogram Horizontal

Measurement Gating

|
-e-_| |

3. Click and drag a box around another area of the waveform that you want to zoom, and then select Zoom 2 On.

Foom 1 ©n

Loom 2 0n

Foom 3 0n

Foom 4 0n

Histogram “Yertical

Histogram Horizont

1
1733007 b

4, To adjust the zoomed area horizontally, click the horizontal marker below the Zoom box to select the zoomed area.
5. Use the multipurpose knobs to adjust the horizontal position and factor of the selected zoom area.
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6.

Horizontal

Position
50.0 ::E__l',‘: @

1733-008 &' é

To adjust the zoomed area vertically, select Vertical > Zoom Setup..., click a vertical field, and then use the multipurpose knobs to
adjust the Vertical Position and Fact.

Vertical | Horiziten | Trig | Vertical

@ | Position
Attenustion...

| 0.0divs

Zoom Setup...

Loom Graticule Size Factar

| 1.0
1733000 ﬁ @

Quick tips

To clear the zoom area, click Position Factor Reset from the Zoom Setup control window. Turn each zoom display on and off from the
Zoom Setup control window.

Turn each zoom display on and off from the Zoom Setup control window.
Push the MultiView Zoom button once or twice to toggle all zoom displays on and off.
To reposition the zoomed area horizontally, click and drag the horizontal marker at the bottom of the zoom box.

Use Wave Inspector to manage long record length waveforms. (See Using Wave Inspector to manage long record length
waveforms on page 120)

Lock and Scroll zoomed waveforms

118
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| Wettical | HorizfAch | Trig |

l Attenustion... @ |

Loom Setup...

Zoom Graticule Size  *
1733-100

+ To scroll a single zoomed area, select a Zoom 1-4 check box, and click an Auto Scroll button.

@

[ Lock and Scroll

Lock l:; Zoom 1 Auto Scroll
|+ Zoom 2
|+ Zoom 3 Scroll Speed
1
|+ 2oom 4

1733-101
+  To scroll multiple zoomed areas simultaneously, click Lock, and select the Zoom1-4 check boxes that you want to scroll through.

Locking the zoomed areas locks in their relative horizontal position. Changing the horizontal position of one locked and zoomed area
changes them all.

®

" Lock and| Scroll

Lock I/ Zoom 1 Auto Scroll
|/ Zoom 2
| Zoom3
r Scroll Speed
1
[ Zoom 4

1733102

Quick tips

When multiple zoom areas are selected but not locked, the zoom area with the highest number will autoscroll, while the other zoom areas
remain stationary.

Hide waveforms in the zoomed window

1. To hide or view waveforms, select Zoom Setup... from either the Vertical or Horiz/Acq menu.
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wertical | Hao Lock and

Scroll

Attenuation. .

Loom Setup...

Zoom Graticule Size  *

1733100

2. Click a Zoom tab, and then press Show/Hide Waveforms.

i

20 7]

2617041

3. Select the zoomed area that contains the waveform you want to show or hide.
4. Uncheck the channel, math, reference, or digital waveform you want to hide.

Digital channels are only available on MSO Series instruments.

<

0

S

|

2617-042

Using Wave Inspector to manage long record length waveforms

The Wave Inspector controls (Pan/Zoom, play/pause, Mark, Search) help you to efficiently work with long record length waveforms. To
magnify a waveform horizontally, turn the Zoom knob. To scroll through a zoomed waveform, turn the Pan knob.

A Note: Wave inspector is available on MSO5000B and DPO5000B Series instruments.

The Pan-Zoom Control consists of :

1. Anouter pan knob
2. Aninner zoom knob
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Zooming a waveform
To use zoom:

1. Rotate the inner knob on the Pan-Zoom control clockwise to zoom in on a selected part of the waveform. Rotate the knob
counterclockwise to zoom back out.

&_\\J/\/\f\f\/\/ﬁ@/\/\/\/
N

2. Alternatively, enable or disable the zoom mode by pushing the zoom button once or twice.

1785-069

(See Using MultiView Zoom on page 115

<D
&)

( L Set/ Clear -) )
.

3. Examine the zoomed view of the waveform that appears on the larger, lower part of the display. The upper part of the display will show
the position and size of the zoomed part in the waveform, within the context of the overall record.

1785.070 S
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1785154

Panning a waveform
While the zoom feature is on, use the pan feature to quickly scroll through the waveform. To use pan:
1. Rotate the pan (outer) knob of the pan-zoom controls to pan the waveform.

Turn the knob clockwise to pan forward. Turn it counterclockwise to pan backward. The further you turn the knob, the faster the zoom
window pans.

R
ﬁ%@ﬂftﬁ/\/

e

1785073

Playing and pausing a waveform
Use the play-pause feature to automatically pan through a waveform record. To use it:

1. Enable the Play-Pause mode by pushing the play-pause button.

2. Adjust the play speed by turning the pan (outer) knob further. The further you turn it, the faster it goes.
3. Change the play direction by reversing the direction that you are turning the pan knob.
4

. During play, up to a point, the more you turn the outer knob, the faster the waveform accelerates. If you rotate the outer knob as far
as it can go, the play speed does not change, but the zoom box quickly moves in that direction. Use this maximum rotation feature to
replay a part of the waveform that you just saw and want to see again.

5. Pause the play-pause feature by pushing the Play-Pause button again.
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Searching and marking waveforms

You can mark locations of interest in the acquired waveform. These marks help you limit your analysis to particular regions of the
waveform. You can mark areas of the waveform automatically, if they meet some special criteria, or you can manually mark each item
of interest. You can jump from mark to mark (area of interest to area of interest). You can automatically search and mark many of the
same parameters that you can trigger on. Many search parameters do not have the time limits as triggers. You can search on math and
reference waveforms. You can find all of the acquired events of a certain type.

Search marks provide a way to mark a waveform region for reference. Set marks automatically with search criteria. Search for and mark
regions with particular edges, pulse widths, runts, logic states, rise/fall times, setup and hold violations, and bus search types.

Search and Mark do not support digital waveforms.
To manually set and clear (delete) marks:
1. Turn on Multiview Zoom. Zoom 1 is used with marks.

(See Using MultiView Zoom on page 115

N @

2790-029

2. Select Analyze > Search.

Search...

hark...
DDR Analy=is @

[Mome)

Jitter and Eye Analysis ¥

3. Move (the zoom box) to the area on the waveform where you want to set (or clear) a search mark by turning a multipurpose knob.

Push the Next ( —) or Prev («) arrow button to jump to an existing mark.
4. Push Set Clr or the front panel Set/Clear button.
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If no search mark is at the screen center, the instrument will add one.

When a mark is created, the horizontal zoom factor is saved. When you use Next or Prev to move between marks, the zoom factor is
restored.

2680029

5. Investigate your waveform by moving from search mark to search mark. Use the Next ( —) or Prev («) arrow button to jump from one
marked location to another, without adjusting any other controls.

6. Delete a mark. Push the Next ( —) or Prev («) arrow button to jump to the mark you want to clear. To remove the center-positioned
mark, push the Set Clr or the front panel Set/Clear button. It works on both manually and automatically created marks.

=R

2680030

To automatically set and clear (delete) search marks:

1. Push Search or select Analyze > Search.
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Liilities | Help

Restore Application

Search ®
Mark...
Protocol Decode Event Table

[Mone)

2ran-083

2. Select the desired search type from the menu.
The search menu is similar to the trigger menu.

Serial bus searches are optional.

Edge
‘Configure ﬁ

Search - Select
Glitch Width Setup/Hold DDR Read
Pattern DDR Write

Bus Runt Window

Transition Timeout State

DDR Read
& Write

J

3. Set up your search from the Configure tab. To copy the trigger setup or a search setup, press Settings Copy.

790084

4. From the Copy Settings window, select where to copy the settings from and where to copy the settings to. Press Copy and then

Close.
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_Copv Settings o

seern 1 v [N

Search - Configure

Select

T >

Results

1733-265

5. To modify the current search setup, adjust the displayed controls. Displayed controls vary depending on the selected search.

Search - Configure

Select

Level

Resulis > X I

6. Ifnot already on, press All Searches to toggle search to on.

2980031
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7. On the screen, triangles show the location of automatic marks and triangles with a white outline show the custom (user-defined)
locations. These appear on both normal and zoomed waveform views.

| Litilities | Help n

1733-268

8.  Quickly investigate your waveform by moving from mark to mark with the Next ( —) or Prev («) arrow button. No other adjustments
are needed.

2980032

9. Totoggle between the display of search events counts or Marks time, select the Results tab and press View Count.
10. To clear all marks from the table, press All Marks Clear.

11.  To export the Mark Table to a file, press All Marks Export.
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Results: Mark Table

. Time Deha L
Location -~ | e -l_us | . | - Description
-283.12us +Edye; level=263.623myY
-229.36us| 000 000 256 000 000
144 48us | 000 000 031 EO0 000 | +Edge: evel=053.683my
-102.88u5) 000 000 034 380 000 +Edge:level=032.63mY
69.0d4us (000 000 171 920 000 | +Edge:levelEB53B3mY
146us | 000 000 076G 959 999 | +Edoe evel=853 F3my

1733-270

12. To convert a mark or all marks to user marks, press Search Marks Save or Save All.
13.  To remove the currently highlighted row from the Mark Table, press Search Marks Clear.
14. To toggle between showing mark locations in engineering notation or in high precision form, press Digits.

Results: Mark Table

. Time Delta .
Location o | o ]—us | . | = Description

-283.12us +Edge: level=863.683mY
-220.36us| 000 000 285G 000 000
144 48u5 | 000 000 031 FO0 000 | +Edge: level=853.83mY
-102.68u5| 000 000 084 880 000 | +Edge: level=853.83mY
£9.04us (000 000 171 820 000 | +Edge: level=843BE3my
146us | 000 000 076 953 9809 | +Edge lavel=853 63my

15.  To toggle the display of mark triangles on and off, select the View tab and press Show Marks.

Search - View -

Configure

Results

1733-273

16. To stop acquisitions if a match is found, select the Mode tab and check Stop Acquisition if event found.
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Search - Mode

Configure

Results

1733-272

Quick tips

+ Search is performed only on acquired data. Set up the instrument to acquire the data you are searching for.
+ Set the sample rate so the search event is discernible. You can search for a glitch that is wider than a couple of sample intervals.

+You can copy trigger settings to search for other locations in your acquired waveform that meet the trigger conditions. You can copy
search settings to your trigger.

+ Edge search marks are created without zoom factors. Other search types create marks with an appropriate zoom factor.

+  Pressing Bring Zoom to Mark Zoom 2 or Zoom 3 displays the corresponding zoom view with the same zoom parameters as Zoom 1.

+  Custom (User) marks are saved with the waveform when the waveform is saved and when the setup is saved.

+ Automatic search marks are not saved with the waveform when the waveform is saved. However, the search criteria are saved in the
saved setup, so you can easily recapture the marks by reusing the search function.

Search includes the following search capabilities:

Search Description

Edge Searches for edges (rising or falling) with a user-specified threshold level.

Glitch Searches for pulses narrower (or wider) than the specified width, or ignores glitches narrower (or
wider) than the specified width.

Width Searches for positive or negative pulse widths that are >, <, =, or # a user-specified pulse width.

Setup & Hold Search for violations of user-specified setup and hold times.

Runt Searches for positive or negative pulses that cross one amplitude threshold but fail to cross a second

threshold before crossing the first again. Search for all runt pulses or only those with a duration >, <,
=, or # a user-specified time.

Window Searches for a signal that is entering or leaving the threshold window. Qualify the search in terms of
time by using the When Wider option, or by the logical state of other channels using the When Logic
option.

Pattern Search for a logic pattern (AND, OR, NAND, or NOR) across multiple waveforms with each input set

to either High, Low, or Don't Care. Search for when the event goes true, goes false, or stays valid
for >, <, =, or # a user-specified time. Additionally, you must define one of the inputs as a clock for
synchronous (state) searches.

Transition Search for rising and/or falling edges that are >, <, =, or # a user-specified time.

Timeout Searches for no pulse in a specified time.

State Searches for when all of the logic inputs to the selected logic function cause the function to be True or
False when the clock input changes state.

DDR Read Searches for DDR read pulses. Requires option DDRA

DDR Write Searches for DDR write pulses. Requires option DDRA.

DDR Read and Write Searches for DDR read and write pulses. Requires option DDRA.

Table continued...
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Search

Description

Bus

Parallel: Search for a binary or hex value.
I2C: Search for Start, Repeated Start, Stop, Missing Ack, Address, Data, or Address and Data.
SPI: Search for SS Active, MOSI, MISO, or MOSI & MISO.

CAN: Search for Start of Frame, Type of Frame (Data, Remote, Error, Overload), Identifier (standard
or extended), Data, Identifier and Data, End of Frame, or Missing Ack, Bit Stuffing Error.

RS-232, RS-422, RS-485, UART: Search for Tx Start Bit, Rx Start Bit, Tx End of Packet, Rx End of
Packet, Tx Data, Rx Data, Tx Parity Error, Rx Parity Error.

LIN: Search for Sync, Identifier, Data, ID & Data, Wakeup Frame, Sleep Frame, Error.

FlexRay: Search for Start of Frame, Type of Frame, Identifier, Cycle Count, Header Fields, Data, ID &
Data, End of Frame, Error.

Ethernet: search for Start of Frame, MAC Addresses, Q-Tag Control Information, MAC Length/Type/
Data, IPv4Header, TCP Header, TCP/IPv4 Client Data, End of Packet, and FCS Error.

PCle: search for Pattern, Character/Symbol, Long Ordered Set Error, and Any Control Character.
8b/10b: search for Pattern, Character/Symbol, Error, and Any Control Character.

MIPI: search for Stop, Start/End of Transmission, Bus Turn Around, Escape Mode, Warning, Error,
and Short/Long Packet.

MIL-STD-1553: search for Sync, Command/Status Word, Data, RT/IMG Time, and Error.
Custom: search using your custom decoder.

USB: Search for Sync, Reset, Suspend, Resume, End of Packet, Token (Address) Packet, Data
Packet, Handshake Packet, Special Packet, Error, Pattern, Character/Symbol, Long Ordered Set,
Packets, LFPS, or Any Control Character.

Using a visual search

A visual search is performed with the same settings as the main trigger.The results of a visual search are displayed as marks with a color
distinct from those of an Analyze search. Do the following steps to set up a visual search.

1. Set up pin point triggers. (See Choosing a trigger type on page 82)
2. Set up a visual trigger.(See Triggering using Visual Triggers (Visual Triggering) on page 98
3. Click Mark All Trigger Events in Record.

A=B Seq

B Event
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Trigger - Edge

Trigger Type

Edge

st

'/ Mark All Trigger
Events in Record

18

Settings

shares ||

v

2980-046
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4. Visual Trigger areas are displayed in blue.
5. Visual Search areas are displayed in green.

File | Edt | Vertica | Digital | Horiztacq | Trg | Display | Gursors | Measure | wask | watn | Myscope | Analyze | utiiies | Heip |[IED)

{c1 outaz) & (c1 outan) i i i

0 i =

v —y
1 0utaz& c1 outat)

[ ™ 100mvrdiv s00 GRS ‘ (@& 7 10zme 32msidiv 3125MS/s  32nsipt |

T 100mV 640us  22ms 4.2ms : Ru Sample

- 14 acgs RLA0.0M
Man September 28, 2012 16:22:19

28680047

6. Only the active visual search area is displayed. Press the Mark Next and the Mark Prev buttons to move the active area to other visual
search areas.

Use the other Analyze Search control windows to control or view the results of the Visual Search.
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Analyzing waveforms

Your instrument features cursors, automatic measurements, statistics, histograms, math, spectral analysis, and advanced pass/failtests to

help you to analyze waveforms. This section contains concepts and procedures for analyzing waveforms. Detailed information is available
in the online help.

Taking automatic measurements

1. Select Measure > Measurement Setup....

Math || MyScope | Analyz

Math Setup...

Display Cnioff...
Position/Scale...

Lahel...

1733115

2. Select the channel, math or reference waveform that you want to measure.
3. Using the tabs, select measurements in five different categories.

Mealiurement Setup

‘ Measurements = Channels
SIS prplitude RMS Max g G
@ @Ww @
Time
T e @

AC RMS High Min

@ @D @D e

1733104
4. To remove all measurements, click Clear All.
5. To remove multiple measurements, click and drag to select the measurements, and then click Clear Selected.
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Channels

+0vrshoot*
Pos Width

Area

Rise Time
L.

1733105

You can also choose a measurement for the selected waveform directly in the Measure menu. (See Automated measurement
selections on page 134)

Math

Measurement Setup...
Snapshot. .
Amplituice Higgh Level
Time: » Loy Level
Camm " Amplituce
More » Maximum
Statistics 4 MinitmLim
Reference Levels... Peak to Peak
Gating » Pos Qwershoot
Waveform Histograms .. Meg Orvershoot
Reset Histogram Mean
Histogram Measurements  * =
A nntation 3 AC RMS
Cyrle Mean
Cyele RS

1733108

Quick tips

+  Automatic measurements are available for digital channel waveforms by using DPOJET. Only measurements appropriate to digital
waveforms are available. On MSO70000DX instruments you can take a measurement of a digital channel waveform by first sending
the digital channel to an analog channel using iCapture. (See Viewing analog characteristics of digital waveforms on page 72 )

+ Inroll mode, measurements are not available until after you stop the acquisition.
WARNING:

A If there is vertical clipping, there may be a dangerous voltage on the probe tip, but the readout will indicate a low voltage. A fi"';
symbol appears in the measurement readout if a vertical clipping condition exists. Automatic amplitude-related measurements
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where the signal is vertically clipped produce inaccurate results. Clipping also causes inaccurate amplitude values in waveforms
that are stored or exported for use in other programs. If a math waveform is clipped, it will not affect amplitude measurements on

that math waveform.

Automated measurement selections

The following tables list each automated measurement by category: amplitude, time, histogram, communication, or more. (See Taking

automatic measurements on page 132.)

Amplitude measurements

Measurement Description

Description The high value less the low value measured over the entire waveform or gated region.

High This value is used as 100% whenever high reference, mid reference, or low reference
values are needed, such as in fall time or rise time measurements. It is calculated using
either the min/max or histogram method. The min/max method uses the maximum value
found. The histogram method uses the most common value found above the midpoint. This
value is measured over the entire waveform or gated region.

Low This value is used as 0% whenever high reference, mid reference, or low reference values
are needed, such as in fall time or rise time measurements. It is calculated using either the
min/max or histogram method. The min/max method uses the minimum value found. The
histogram method uses the most common value found below the midpoint. This value is
measured over the entire waveform or gated region.

RMS The true Root Mean Square voltage over the entire waveform or gated region.

AC RMS The true Root Mean Square voltage over the measurement region.

Max The most positive peak voltage. Max is measured over the entire waveform or gated
region.

Min The most negative peak voltage. Min is measured over the entire waveform or gated
region.

Pk-Pk The absolute difference between the maximum and minimum amplitude in the entire
waveform or gated region.

Cycle RMS The true Root Mean Square voltage over the first cycle in the waveform or the first cycle in
the gated region.

+Qvershoot This is measured over the entire waveform or gated region and is expressed as: Positive
Overshoot = ((Maximum - High) / Amplitude) x 100%.

-Overshoot This is measured over the entire waveform or gated region and is expressed as: Negative
Overshoot = ((Low - Minimum) / Amplitude) x 100%.

Mean The arithmetic mean over the entire waveform or gated region.

Cycle Mean The arithmetic mean over the first cycle in the waveform or the first cycle in the gated

region.
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Time measurements

Measurement Description

Rise Time The time required for the leading edge of the first pulse in the waveform or gated region to
rise from the low reference value (default = 10%) to the high reference value (default = 90%)
of the final value.

Fall Time The time required for the falling edge of the first pulse in the waveform or gated region to fall
from the high reference value (default = 90%) to the low reference value (default = 10%) of
the final value.

Pos Width The distance (time) between the mid reference (default 50%) amplitude points of a positive
pulse.

The measurement is made on the first pulse in the waveform or gated region.

Neg Width The distance (time) between the mid reference (default 50%) amplitude points of a negative
pulse.

The measurement is made on the first pulse in the waveform or gated region.

+ Duty Cyc The ratio of the positive pulse width to the signal period expressed as a percentage. The duty
cycle is measured on the first cycle in the waveform or gated region.

- Duty Cyc The ratio of the negative pulse width to the signal period expressed as a percentage. The
duty cycle is measured on the first cycle in the waveform or gated region.

Period The time required to complete the first cycle in a waveform or gated region. Period is the
reciprocal of frequency and is measured in seconds.

Freq The frequency of the first cycle in a waveform or gated region. Frequency is the reciprocal of
the period; it is measured in Hertz (Hz) where one Hz is one cycle per second.

Delay The time between the mid reference (default 50%) amplitude point of two different

waveforms.

More measurements

Measurement Description

Area The area over the entire waveform or gated region in volt-seconds. Area measured above
ground is positive; area measured below ground is negative.

Cycle Area The area over the first cycle in the waveform or the first cycle in the gated region expressed in
volt-seconds. The area above the common reference point is positive while the area below the
common reference point is negative.

Phase The amount of time that one waveform leads or lags another waveform, expressed in degrees
where 360° contains one waveform cycle.

Burst Width The duration of a burst (a series of transient events) and is measured over the entire waveform

or gated region.

Histogram measurements

Measurement Description
Wfm Ct Displays the number of waveforms that have contributed to the histogram.
Hits in Box Displays the number of points in or on the histogram box.

Table continued...
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Measurement Description

Peak Hits Displays the number of points in the largest bin of the histogram.

Median Displays the middle point of the histogram box. Half of all acquired points within or on the
histogram box are less than this value and half are greater than this value.

Max Displays the voltage of the highest nonzero bin in vertical histograms or the time of the
rightmost nonzero bin in the horizontal histograms.

Min Displays the voltage of the lowest nonzero bin in vertical histograms or the time of the
leftmost nonzero bin in the horizontal histograms.

Pk-Pk Displays the peak-to-peak value of the histogram. Vertical histograms display the voltage of
the highest nonzero bin minus the voltage of the lowest nonzero bin. Horizontal histograms
display the time of the rightmost nonzero bin minus the time of the leftmost nonzero bin.

Mean Measures the average of all acquired points within or on the histogram box.

Std Dev Measures the standard deviation (Root Mean Square (RMS) deviation) of all acquired

points within or on the histogram box.

Mean +1 Std Dev

Displays the percentage of points in the histogram that are within one standard deviation of
the histogram mean.

Mean £2 Std Dev Displays the percentage of points in the histogram that are within two standard deviations
of the histogram mean.
Mean +3 Std Dev Displays the percentage of points in the histogram that are within three standard deviations

of the histogram mean.

Communication measurements

Measurement Description

Ext Ratio The ratio of eye top to base. This measurement only works for waveform database or a
reference waveform saved in waveform database mode.

Ext Ratio % The ratio of eye top to base expressed as a percentage. This measurement only works for
waveform database or a reference waveform saved in waveform database mode.

Ext Ratio (dB) The ratio of eye top to base expressed in decibels. This measurement only works for waveform
database or a reference waveform saved in waveform database mode.

Eye Height The measurement of the eye height in volts.

Eye Width The measurement of eye width in seconds.

Eye Top The top value used in the extinction ratio measurements.

Eye Base The base value used in the extinction ratio measurements.

Crossing %

The eye crossing point expressed as a percentage of eye height.

Jitter P-P The peak-to-peak value for the edge jitter in the current horizontal units.

Jitter RMS The RMS value of the edge jitter in the current horizontal units.

Jitter 6 Sigma Six times the RMS value of the edge jitter in the current horizontal units.

Noise P-P The peak-to-peak value of the noise of the top or base of the signal as specified by you.
Noise RMS The RMS value of the noise of the top or base of the signal as specified by you.

SIN Ratio The ratio of the signal amplitude to the noise of the top or base of the signal as specified by

you.

Table continued...
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Measurement Description

Cyc Distortion The peak-to-peak time variation of the first eye crossing measured at the Mid Ref as a percent
of the eye period.

Q-Factor The ratio of eye size to noise.

Customizing an automatic measurement

Customize automatic measurements by using gating, modifying measurement statistics, or adjusting the measurement reference levels.
Gating
Use Gating to confine the measurement to a certain part of a waveform.

1. Select Measure > Gating > Gating ....
2. Position the gates by doing one of the following:

+ Click Cursor to set the gated area to the area between the cursors.
+ Click Zoom (1-4) to set the gated area to the Zoom (1-4) graticule.

Messure | Mask | Math | MyS

Statistics L4

Reference Levels ..

Gating ||| Off
Wiavetorm Histograms... Curzar
Feset Histogram Eoom 1
Histogram Measurements ¥ Zoom 2
Annotstion 4 Foom 3
Gating Zoom 4

region Gating... @

1733-107

Measurement Gating

@
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Statistics
Statistics turn on automatically with measurements. Statistics characterize the stability of the measurement.

1. To change the statistics that are displayed, select Measure > Statistics, and then select Mean or All. (All includes min, max, mean,
standard deviation, and population.)

2. To remove statistics select Off.

A Note: Placing the cursor over a measurement displays a higher resolution version of the measurement.

Camm >

Mare b

Statistics Reset Statistics
Reference Levels... =l Off

Gating » Mean

Waveform Histograms... all

Resst Histogram Statistics Contrals...

Histogram Measuremerts ¥

St Dev Count Info

1733-108
Snapshot

To see a one-time view of all valid measurements, select Measure > Snapshot.

A Note: If the setup for a measurement is invalid, theresults of that measurement is displayed as 3 question marks.

[Measurement Snapshet en Ch 1

| hdath

Patind 2 Tus Frag M BkHz
Paz Width 13 Alps Meg Width 15 1dps
Eurst 1ifid iV

ﬂeaﬂuremen’[ SEtup o Rize Time 141 39ns Fall Time B3 33ns
+ Duty Cye 47 8% - Duty Cye q2 72%
+Cyershoot 3 37% ~Overshoot 1 33%

SﬁapShD‘t o Mok B8 High 820 v
olin 48 Dr Lowry 12 O

'ﬂ.'mp"-tude » Srplitude B32 Pk-Pk 95 o

- blean 313 BimY Cycle Mean ELr Y

@ RS 592 Bl Cycle RMS 5540 Blmy
TlmE k Area I 3pv:  Cyc Area 10 B3

1733-253

To select between taking a snapshot of general measurements or communications measurements, select General or Comm.
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Measurement Shapshot on Ch

Petiod M Tz Frity M A2kHz Hessurement Corrtext
Pos Wit 13 Afus Neg tilfclth 16 s Base, Top Form Histogram Mode
Burst Wid h Mips Hgh Ref 0.0%
Rize Time 141 3ns Fall Titne B %3ns Micl Ret 50.0%

+ Duty Cwe 7 X - Duty Cyr 52 Ti% Low Ref 10.0%
+Overshoct 3 3M% -Owershoot 4 33%

Iulax: 048 m\ High 820 my

Infin 45 D' Lo =12 Ot

Amplitude 032 m\ Plk-Fk 8% mb

Mlean 373 Bbrm Cycle Mean 3T e

RRA3 952 Blml Cycle RME 394 Blm

Area A Mve Cye Area e

1733250

Annotate measurements

1. To annotate measurements, select Annotation from the Measurements setup control window. From the drop down list, select the
measurement to annotate.

Measurement Setup

Measurements

LU pise Time  Pos Width Period

me )

Fall Time

Histog

Py
Comm i 1 - Amplitude

1733-261

2. To select the amount of measurement annotation detail, select Measure > Annotation > Standard or Detailed.
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L

Measurement Setup...

Snapshat...

Amplitucle 4
Tirme: L
Comm L
Mare. L
Statistics L

Reference Levels. ..

Gating L4

Wigvetorm Histograms...
Reset Histogram

Histogram Measurements  #

Annotation [m] Standard

Detailed (2\

» \Z/

1 - Amplituce

[m] 2 - Freqguency

1733252

Reference Levels
Reference levels determine how time-related measurements are taken.

1. Select Measure > Reference Levels....

2. Adjust the measurement reference levels to different relative or absolute values.
+ High and Low references are used to calculate rise and fall times. The default High reference is 90% and Low reference is 10%
+  Mid reference is primarily used for measurements between edges such as pulse widths. The default level is 50%.
+ Mid2 reference is used on the second waveform specified in delay or phase measurements. The default level is 50%.

Referece Levels

High Ref
Statistics 4 llr\“‘ﬁl 90.0%
1 "
Reference Levels... _JI Mid Ref
N ' ' 50.0%
Gating »
4II Low Ref
@ Mid2 Ref 10.0%
40.0%
1733-109
Quick tips

To ensure accurate noise values, be sure to go to the Reference Levels Setup menu and set the signal type to Eye when measuring an
Eye signal.
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Taking cursor measurements

Use cursors to take manual measurements on acquired data.
1. Push Cursors.

Note: If cursors are on but the multipurpose knob readouts are not attached to the Position controls, press the Cursors button
to attach the controls to the readouts. Press the Cursors button again to turn cursors off.

Multiview
Zoom

(&

Cursors)®

1733-030

Figure 43: MSO70000DX and DPO70000DX Series

Figure 44: MSO5000B and DPO5000B Series
2. Select the Cursor Source.
3. Select a cursor type from one of the following:

+ H Bars measure amplitude (typically in volts or amperes)
+ V Bars measure horizontal parameters (typically time)

+  Waveform and screen cursors measure vertical and horizontal parameters simultaneously. Waveform cursors are attached to the
waveform, and screen cursors float, unattached to the waveform.

o
Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 H Bars V Bars Waveform Screen

Cxmmma o

1733-110

4. To take measurements between two waveforms, select Waveform, and then select the waveform source for each cursor.
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Cursor Type
H Bars V Bars Waveform Screen cursors

1733031

5. Select Cursors > Cursor Position..., and then use the multipurpose knobs to adjust the cursor position.
6. Read cursor measurement results in the display.

Cursar Contrals. .

Cursors on
Cursor Type r
Cursor Mode ’

Cursor Pasitian...

Cursar Setup...

Move @10 Center

Cursor 1 Cursor 2
Source X Position Source X Position
Ch1 v B0.0ps (@) Ch 1 v 80.0pus (b

1733111

Quick tips

+  Use the Cursor Track Mode to set the cursors to move in tandem. Use the Cursor Independent mode to move the cursors separately.
+ If you use the zoom graticule, you can place a cursor directly on a specific waveform point to take precision measurements.

* You can also move cursors by clicking and dragging them to a new position.

+You can also move cursors to the center of the display by pressing Move Cursors to Center.

* You can select solid or dashed cursors.

+ Vertical cursors measure the time from the trigger point to the vertical cursor.

Setting up a histogram

You can display either a vertical (voltage) or horizontal (time) histogram. Use histogram measurements to get statistical measurement data
for a section of a waveform along one axis.
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1. Click and drag the pointer across the segment of the waveform that you want the histogram to cover. For example, make the box for a
horizontal histogram wider than it is tall.

2. Select Histogram Vertical or Histogram Horizontal from the shortcut menu.

i
I

or .

.y

Zoom 10N
Zoom 200
Zoom 3 0n
Zoaom 4 0N
Histogram Yertical

@ Histagram Harizontal

Measuremert Gating +

1733112

3. View the histogram at the top (for horizontal histograms) or the left edge (for vertical histograms) of the graticule.

2790 042

4. To make adjustments to the histogram scale or the size and location of the histogram box, select Measure > Waveform Histograms ,
and then use the Histogram Setup control window.

5. You can also take automated measurements on histogram data. (See Taking automatic measurements on page 132)
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MMeasure Mask Mt

Reference Levels...

Sating 4

Wenveform Histodrams. ..
Reszet Histogram

Histogram Meazurements ¢

Top Limit
498 mv

Bottormn Limit

S04my

Left Limit Right Limit
| 4.0ns | 4.0ns

1733-14

Quick tips

+ Use vertical histograms to measure signal noise and horizontal histograms to measure signal jitter.
+ Use the click and drag procedure to activate the shortcut menu to turn the histogram display off.

Using math waveforms

Create math waveforms to support the analysis of your channel and reference waveforms. By combining and transforming source
waveforms and other data into math waveforms, you can derive the data view that your application requires.

Use the following procedure for predefined math equations.
1. Select Math > Math Setup.
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hilath by cope Analyz

.
W
—

Math Setup...

Dizplay Cnioff...
Posttioniscale. ..

Label...

1733-115

2. Choose one of the predefined math equations.

Use the following procedure to build an advanced math waveform expression.
1. Select Math > Math Setup.

Mﬂth r|||1' O

.I.' .
—

Math Setup...

Display Cnioff...
Position/Scale...

Lahel...

1733115

2. Click Editor.
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3. Build your advanced math waveform expression using sources, operators, constants, measurements, variables, and functions
4. When you have defined the expression to your satisfaction, click Apply.

1733-118

6. Double click the folder for the filters and double click the filter you want to use.
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r " o)
o Open E
@@v . <« Math Arbitrary ... » Smoothing-MNorm - |-" | | Search Smoothing-Nom 2 ‘

Organize v Mew folder s 0l @
= =
=] Pictures “ Mame ¥ Date modified Type
Videos
E _| smooth3.fit 2/25/2011 1217 PM FLT File
__| smoothS.fit 272520111227 PM  FLT File
1% Computer =
_ __| smoothl0.fit 2/25/2011 1217 PM FLT File
&, Local Disk (C) \ ) :
Ji inetpub || smooth20.flt 2/25/2011 1297 PM  FLT File
. netpu =
2 0 r . __| smooth30.fit 2/25/2011 1217 PM  FLT File
ntel L
b || smooth100.fit 2725720111217 PM FLT File
. National Instru —
__| smooth200.f 2/25/2011 1217 PM  FLT File
A Perflogs
. Program Files
| Program Files (
. TekApplication
4 TekScope
L Tektronix | o - -
File name: - [Alfiles 1) -
I Open |vl [ Cancel ]
S = a4

2980015

7. Build your math expression using the filter you selected.
8. When you have defined the expression to your satisfaction, click Apply.

Quick tips

+  Double clicking on a math expression opens the Math Equation Editor.

+ Math definitions are not implemented if the sources are not valid.

+ Math waveforms are created from analog channel, reference, math source waveforms and from measurements.
+ Digital channels are not valid in math waveforms. However iCapture waveforms are valid in math waveforms.

+ Use Digital Properties to set the digital threshold of analog channels.

*  Measurements are taken on math waveforms in the same way as on channel waveforms.

« Math waveforms derive their horizontal scale and position from the sources in their math expressions. Adjusting these controls for the
source waveforms also adjusts the math waveform.

+ If Autoscale is not checked, vertical scale and position are not calculated when a math waveform is turned on or the math equation is
changed.

+  Magnify math waveforms using MultiView Zoom; use the mouse for positioning the zoomed area.
+  See the online help for more information on arbitrary math filters.
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Using Spectral Analysis

Use the following procedure for predefined spectral math expressions. See the online help for more information.
1. Select Math > Math Setup.

hilath hyScope Analyz

Math Setup...

Dizplay Cnioff...
Posttioniscale. ..

Label...

1733-115

2. Choose one of the predefined spectral math expressions.
3. Click Basic.

4. Click Resolution BW or Frequency Span and use the keypad or the multipurpose knobs to adjust the spectral display.

A Note: Resolution BW and Frequency Span are only adjustable in Manual Horizontal Mode.

a2z

Use the following procedure to build an advanced spectral math expression.
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1. Select Math > Advanced Spectral.

Math

Ch3 * Chd

Basic Spectral. .

Advanced Spectral... -—.

Magnitude Spectrum

Phase Spectrum

1733120

Select the math waveform that you want to define.

Select the source waveform.

o~ owbd

Click the type of spectral waveform that you want to create. To redefine a waveform, click Clear.

[ 156.25MHz

312.5MHz
|

Figure 45: MSO70000DX and DPO70000DX Series
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[ oss
[ 200ps

125000

2790-032

Adjust the spectral waveform, using the controls in the Spectral Setup control window and use the multipurpose knobs.
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Figure 46: MSO5000B and DPO5000B Series
6. View time-domain and frequency-domain waveforms simultaneously.

Use Gating to select only a part of the time-domain waveform for spectral analysis. (See Gating)

|\H|

IR RN |ml”._.
"WLWV” VI .”wwH%| IR Frequency
l - : " |

1!
Y domain

1733122

Quick tips

+  Sources for spectral math waveforms must be channel or other math waveforms

+  Use short record lengths for faster instrument response.

+ Use long record lengths to lower the noise relative to the signal and increase the frequency resolution.

+ Different window functions produce different filter response shapes in the spectrum and result in different resolution bandwidths. See
the online help for more information.

+ The resolution bandwidth (RBW) directly controls the gate width. Therefore, the time domain gate markers move as you adjust the
control.

+ You can display the linear magnitude of the real data or the imaginary data in the spectrum. This is useful if you process the spectrum
off line and transform it back into a time domain trace.
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Using the Serial Error Detector

The Serial Error Detector requires option ERRDT. The oscilloscope Error Detector conducts Bit, Frame, Symbol, and Character tests much
like a BERT. It has the advantage that it not only counts the errors and computes the error rates, but it also shows you where the error
occurs in the signal and it allows you to connect probes to other channels to debug the source of the errors, such as crosstalk.

The Error Detector is often used in conjunction with TekExpress software applications to conduct receiver and margin testing.

The Error Detector has built-in preset setups that cover the most common use cases. These can be modified and saved as custom setup
files for later recall. Sample arbitrary waveform generator (AWG) setup files are included for various SATA Gen3 and USB3 signals. These
files make it easy to verify correct operation of the Error Detector, and may be used to test a device-under-test (DUT).

To use the Serial Error Detector, do the following steps:

1. Select Analyze > Serial Error Detector to display the Error Detector control window.

Analyze | Utilities | Help ﬂ

Search...
Mark...

Jitler and Eye Analysis (DPOJET) L]

Results Table
Serial Error Detector @
SignalvuWector Signal Analysis Software

Serial Data Link Analysis
TekExpress MIPIM-PHY Rx
TekExpress MHL

PC| Express

USB 3.0 Essentials

MIPI® D-PHY Essentials
MIPI® M-PHY Essentials
DOR Analysis

2080033
2. Select a setup from the Preset Setting drop-down list and press Apply.

If Custom Setup is not required, proceed to step 13.
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SATA1_CJTPAT_BIT

SATAZ CJTPAT BIT
SATA3_CJTPAT_BIT o—.
SATA3_FRAME

SATA3 CHAR
SATA3_HFTP_BIT
SATA3 LBP BIT
SATA3_LFTP_BIT
SATA3_MFTP_BIT
USB3_SYMBOL
USB3_CHAR
PCIE1_CJTPAT_BIT
PCIEZ_CJTPAT_BIT
PREST_BIT

PRESY BIT
ANY_CJTPAT_BIT

=Aw_mpm_m
Serial Error Detector CUSTOM_SETUP

Preset Sefting |SATA3 _CJTPAT _BIT

Serial Bus: SATAGEN3

Data Rate: 6 Gh/s

2080034

3. When you select the Custom Setup, additional controls are shown on the display so you can browse for a setup file. The usual idea
is to start with a setup that is close to what you want, use the Ul to specify the settings you desire, and then save the result. When
you enter a new name for the file in the file name text control, press Enter to have your editing changes accepted. Then press the
Save button to save the setup into the file. To recall a setup file, browse to the file you want and press Open. The default location for
Error Detector setup filesis C: \Users\Pub\u00021ic\Tektronix\TekScope\ErrorDetector.

Seral Error Detector | @
N
Preset Setting CUSTOM _SETUP F Isers\PubliciTe ktronix\TekScopelErn ) Not Locked
Serial Bus: 656
Data Rate:
Pattern Name:
Stop Condition:

—_—
—

Elapsed Time:

runrce ]

2080-035

Select the Setup tab.
From the Source Setup tab, select the Serial Bus, Data Rate and signal Source from the drop-down lists.
6.  Click the Error Detection option button for the type of error you want to detect.

The Advanced button will open the Advanced Settings window.
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1.

The advanced settings window provides controls for parameters that you may need to change for special testing. The default settings
for these values are correct for most devices.

Seri| | Ermor Detector
-

Preset Seiting |SATA3_CJTPAT_BIT ( apply ) ( save )
) oo ocroa]

- Serial Bus Source
E) Sotice Senp |saTacENa |7 | EXEEA
Data Rate Error Detection
S =g e
Stop Condition ({_)Character

2980-036

Click On or Off to turn Spread Spectrum Clocking (SSC Tracking) on or off.
SSC is on by default.

K285 D102 D10.2 D27.3

2880-037

To ignore align primitives, select the Ignore Align Primitives option button and specify the primitives using the keypad or keyboard.

Alignment Primitives are inserted into the signal by the DUT for purposes of pacing (keeping transmitter from overrunning the
receiver).

Enter the Maximum consecutive alignes using the keypad or keyboard.

The maximum consecutive aligns is a design parameter of the particular device that indicates how many consecutive aligns are
allowed.

The Test Pattern Setup provides control of the signal test pattern length and the Sync Pattern description. These are often the most
difficult settings, because they require knowledge of the signal. The Pattern Length is the number of bits in the repeating signal being
sent to the DUT or oscilloscope by the signal generator or AWG. The Sync Pattern is a 10-, 20-, 30-, or 40-bit unique pattern in the
signal that the error detector uses to align the signal to the acquired comparison pattern. The Advanced check box just allows you to
set the Disparity of each of the Sync Pattern symbols individually. The X means don't care. The Preset Setups set these parameters
to make the job easier for the common cases.

MSO and DPO 70000DX and 5000B User Manual 153



Analyzing waveforms

10.

1.

12,

13.

154

' D10.2| D10.2 D27.3

2980038

From the Test Pattern tab, specify the Sync Pattern, Sync Pattern Polarity, and the Pattern Length.

Serial Error Detector '@
<
Sync Pattern
D11.5 b3 X X
Sync Pattern Polarity | Advanced
(=) RD+ [ ) RD-

2080039

From the Stop Condition tab, select the Stop When condition. You can stop manually, after a preset count or time that you specify,
or on an error.

Use large numbers for bit count tests. At 6 Gb/s, 60 billion bit tests take 10 seconds.

Select and setup the actions to perform when the stop condition is met. Using these actions, you can preserve the information
captured by the oscilloscope. You must set up the email address and the SMTP server for Send E-mail to work.

Serial Error Detector A 'ﬁ

7 S &

Stop When Actions on Detection
[MANUAL [ Audible Alert

I- Save screen image

[ save wavetorm
[ send E-mail

2980-040

Press the Sync button and wait for a status of Not Counting (about 6 seconds). Depending on the signal quality, you may need to
press the Sync button more than once.

Sync gets the oscilloscope synchronized to the signal.
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A status of No Signal status indicates that the oscilloscope cannot detect the signal. You may need to turn on the output of the
signal generator or AWG. A status of No Sync may arise for Bit tests that require a known pattern length, sync pattern, or alignment
character.

| )
4
ot Locked )

2680041

14. Press the Learn button, if visible. Learn only applies to some Bit Error Tests. Frame, Symbol, and Character tests do not require the
learn operation. Learn discovers the repeating pattern in the signal and stores it into system memory for comparison to the signal to
determine errors in the signal. Once a signal is in memory, it remains there until a subsequent Learn operation, so you don’t have to
use the Learn button every time you start testing for errors.

<]
ot Locked 158

2980042

15. Press the Run button to start the error detector.
If desired, you may press Stop or Reset at anytime. After a Stop, you can press Run again.

Run starts the Error Detector testing for errors.
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o
<]
Not Locked |32

2680043

16. Select the Results tab to see the results of running the error detector.

Note: The Serial Error Detector automatically resyncs and resets all counts to zero if you press Reset or disconnect and
then reconnect the signal.

If you are using one of the supplied AWG signal patterns, you can press the Force Event button on the AWG to induce an
error in the signal to verify the operation of the Error Detector. These AWG setup files are located in Win7 in the directory
C:\User\Public\Tektronix\Tekscope\ErrorDetector\AWG.

Alternatively, you can verify operation by disconnecting and reconnecting the signal. There will be massive errors when the signal is
disconnected, but after the signal is reconnected the Error Detector will resynchronize to the signal, clear the error counts and rates,
and resume testing.

Serial Error Detector ) ﬁ

Piset Setling  SATA3_CJTPAT._| § ) ) [Hot Locked |8

Serial Bus:
Data Rate:
Pattern Name:
Stop Condition:

Elapsed Time:

2980-044

17. Press the Error Detector Off button to end the error detector session. A popup will appear saying the trigger has changed to Edge.
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18.

19.

20.

Serial Error Detector

Preset Setting
Serial Bus:
Data Rate:

Pattern Name:
Stop Condition @
Elapsed Time:

2880045

The typical startup sequence can be summarized as a) Select a Preset Setup; b) Press Sync; c) Press Learn (if visible); and d) Press
Run. The Sync operations gets the oscilloscope synchronized to the signal, the Learn operation acquires the signal pattern into
oscilloscope memory, and the Run operation starts the Error Detector testing for errors. Note that the Learn operation only applies to
some Bit error tests. Remember, Frame, Symbol, and Character error tests do not require a Learn operation.

There are several cable arrangements you can use with the Serial Error Detector. The first cable setup specifically applies to SATA,
PCle, and generic 8b/10b bit testing, when a Learn operation is required to acquire the signal test pattern into Error Detector
memory. However, you can use this same cable arrangement to verify Error Detector operation.

There are several cable arrangements you can use with the Serial Error Detector. The first cable setup specifically applies to SATA,
PCle, and generic 8b/10b bit testing, when a Learn operation is required to acquire the signal test pattern into Error Detector
memory. However, you can use this same cable arrangement to verify Error Detector operation.

Signal
Generator

DUT
not connected

Scope Error
Detector

2680049

Having done the Learn operation, you can now insert the DUT in-between the Signal Generator and the Error Detector as shown.

With the DUT inserted between the Signal Generator and the Serial Error Detector, all you need to do to get the Error Detector
running is to press Sync and Run buttons, because the Learn operation was completed in the previous step. If you do another Learn
operation, you risk learning errors created by the DUT.

Signal
Generator

Device Under
Test
(in loop back)

Scope Error |,
Detector

2950-050

To avoid having to rearrange the cables after the Learn operation, you may split the output of the signal generator, putting one branch
into the Error Detector and one branch into the DUT. Here the Learn Operation is done on Ch1, but the actual error detection occurs
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on Ch2. You can adjust the amplitude of the signal generator to account for the loss due to splitting the signal. This works because
the Error Detector learn operation stores the signal test pattern into non-channel-specific memory.

21.  When the Error Detector is driven from the user interface, bus triggers are used whenever possible, so that bus decoding is
automatically enabled. The Decoding indicates the location of the error in the signal by highlighting the decoded value in red, as
shown in the screen shot below. You can use additional oscilloscope channels to simultaneously probe other signals to debug the
cause of the error.

File | Edt | vertica | Digital | Horizzacq | Trg | Display | Cursors | Measure | Mask | Matn | Myscope | Analyze | utiities | Hetp ()

¥
|
Y

J LAMAL R (Tl HW\ M R AaAAN M :
WWWWW i, T T

=B 100mV/div 500 B;:20.0G ‘ |[@ B1Bus8b10b  ERR-DET || 100ns/div 50.06S/s 20.0ps/pt

€TTH 100mV 20ns  10.0ns 10.0ns Rur Sample 1
- 1acqs RL:50.0k
Auto October 04,2012 10:15:24

Serial Error Detector

Preset Setting |SATA3 CJTPAT BIT v @ @

Serial Bus: SATAGEN3 Bit Error Rate: 2.539106e-012
Bit Error Count: 1

Bits Tested: 393839435960
Pattern Name: CJTPat Consecutive Aligns: <=0

Data Rate: 6.0Gb/s

Stop Condition:  Manual Stop

Elapsed Time: 0:0:1:5
dd:hh:mm:ss

Using mask testing

Serial Communications Mask Testing (Option MTM or MTH) allows you to compare your signal to a predefined template or mask. For the
signal to pass the test, it must fall outside the segments defined by the mask. Generally, standards committees such as ANSI define the
masks. To perform mask testing do the following:

1. Select Mask > Source.
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Mazk histh My=cope

Mask Setup. ..

Mask Type...

SOUrCE. .. 0—.

Tolerance Setup...

1733123

2. Select the signal source.

@

| channets

1733124

3. Click the Masks tab.

Source/
Tolerance

Pass/Fail
Setup

Pass/Fail
Results

1733125

4,  Select the Type and standard.
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Mask Testing

1733126

5. Click a Config button to access a Mask Configuration control window, where you can adjust how masks and violations are displayed
and how Mask Autoset and Autofit are configured.

6.  Click Masks to return to the Mask Setup control window.

1733127

7.  Click Lock Mask to Wfm On to track mask changes in the horizontal or vertical settings.
Toggle Hit Count On to highlight violations during a mask test.

1733128

9. Click Autoset to automatically align the waveform with the mask based on the characteristics of the input signal.
10. Toggle Autofit On to automatically reposition the waveform after each acquisition to minimize hits.
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17334120

Click the Tolerance tab, and then set the tolerance.
Tolerance settings greater than 0 % make the mask test harder to pass, settings less than 0 % make the test easier to pass.

Use 0 % if you want the mask as specified in the standard. Changing the percentage allows you to do margin testing.

Source/ |
iTolerance:

12. Select the Pass/Fail Setup tab, and then set up the pass/fail parameters. (When acquisition mode is Waveform Database, the # of
Wfms label becomes Samples.)

13.  Select your Pass/Fail Test Notifications.
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Number of
Waveforms

20 ¢

Fail Threshold

1

Pre-Test Delay

1733131

14. Select the polarity of the waveform you want to test.
15.  Click Toggle Repeat On to run the mask test continuously.
16. Select the notice you want when the test is complete.

17. Click the Pass/Fail Results tab to view the test results.
18. Click Pass/Fail Test On to start the mask test.
19. Click Reset to reset the totals and clear any violations.

PassFail
Resulis

Total Hits Failed Véfms

2790-046
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Quick tips

+ Mask testing is not available on digital channel waveforms.
+ Ifthe signal is not within the mask, enable Autoset to center the waveform in the mask.

Using limit testing

Optional limit testing allows you to compare an active signal with a template waveform. Build your template waveform from a known good
signal and use it to compare to an active signal to perform pass/fail testing.

1. Select Mask > Limit Test Setup.

Mla=k | Math | M

haszk Setup...

Mazk Type...

SOUFCE. ..

Tolerance Setup...

PazzFail Setup...

PazszFail Resultz..
¥ | Mazk COn

Mazk Controls. .

Mask Configure 4

Mazk Edit Setup..

Mazk Edit Controls...

Limnit Test Setup...
1733274

2. Create the template by selecting the Source, Destination, and Tolerances. Use the multipurpose knobs to adjust the Tolerances.
Tolerances specify how much margin the signal is allowed before failing the limit test.

3. Click Save. You can create multiple templates and save them for later use.
Select the source waveform to compare to the template.
Select the template to compare to the Source waveform. (Usually, this is the template that you created in step 3.)
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T —

Setup ‘

Failure

Hotification f n _an

[ s00mavs 2
1; [0 0mas

Gh1-Ref1

1733-275

6.  Click Failure Notification to set up the Failure Notification.
7. Select the failure notification(s), and then click Setup to return to the setup control window.

Setup

Failure
Motificatior

1733-276

8.  Click Lock Template to Waveform On to lock the vertical scale or position of the template to that of the source waveform.
9.  Click Highlight Hits On to show points that fall outside the template in a different color.

Ch1-Ref1

1733277
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10. Toggle Limit Test to On to start the test.
11. Click Reset to clear all violations and reset the test.

[ 0.0

| 40.0mdivs

1733-278

Quick tips

+ Use active or saved waveforms to create a limit test template.
+  Using Average acquisition mode will create a smoother template waveform.
+ Using Envelope acquisition mode will create a template that allows for occasional overshoots.
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MyScope

MyScope allows you to create custom control windows that include only the controls that you use regularly. Instead of switching between
several control windows, put the controls you use into a custom control window.

This section contains procedures for creating and using MyScope control windows. Detailed information is available in the online help.

Creating a new MyScope control window
1. Click MyScope > New Control Window.

My Scope Analyze Liilities

Renw Comtrol Wincow. . @

Open Control Window:

Eciit Control wWincosy ...

050914 _ 173205 towe 1

E 050914 _ 172528 towy 2 E
| = 111733139

2. Click + to expand a category. Controls that you can add to your MyScope control window are contained within each category. The
categories match the menu bar to help you find the controls you normally use.

MyScope Setup

Choose Fram These Cantrols

+- Fila

¥ Edit

+0" vertical

E I Horizontal
Fename Tab ol T{'lgger
- + o Display

+ CUrsors

+ - Measure
User Pref. . 4 Mask

o +-- Math
+ e Utilities
1733-140

3. Click a control to preview it.
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MyScope Setup

Choose From These Controls

$l Edit
MNew Tab o
| M=wTel Fwenm Werical

= al=]

- Dffset
-~ Termination
-~ Coupling
- Bandwidth
- Probe Cal
- Deskew
- Attenuation 0
- 200m

- Enhanced Bandwidth

+----- Horizental

- Trigger
4 Display =

1733-141

Eename Tab

UserPref. ..

-3 - - -

4.  Double-click the control or click the + to expand the control list. (If there is no +, then the control cannot be customized further.)

MyScope Setup

Chooge From These Controls

|2

Edit

Mew Tab E

A Dispiay
| Position
| Scale

[ Lahel

UserPref. .. : - Lnits
. F— Offset

Bename Tah

Terminatian
Zoupling

B andwidth
Probe Cal
Deskew
Attenuation
--------- Zoom

- Enhanced Bandwidth b
1733-142

5.  Clear the check boxes to remove any components that you do not want included in the control.
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6.
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MyScope Setup

Choose From These Caontrols

|3

e Wartical
= Wertical

Mewe Tab

BEename Tab ﬂ B

o | Seale

. i + --------- Lakel
UserPret e Units

] T e— CFfset

#— Termination

-~ Caualing .

- Bandwidth

— Prohe a3l

- Deskew

-~ Aftenuztion

- Znam

- Enhanced Banchwidth b

1733-143

Click and drag the control to your MyScope control window. The control will snap to the nearest grid location when you release the
mouse. Change the placement of the control in your MyScope control window by clicking and dragging.



MyScope

Choose From These Contrals Click and Drag Controls onto the Tab telow
[# = Fila ]
Edit I
- Vertical Verti
Vertical
R Source
A Posttion L Ch
[\ Seale 1
—Laoe ] mam
| -20.0mdi
e CIffgBE i m
e TErMMINGLON - Sical
i s (:DupHng B i
[~ Bandwicth .Jumiv
[+ Probe Cal
[~ Deskew
[ Attenuation
e £ OOM
- Enhanced Bandwidth &

WVertical

Souice)

Ch1

Bosition|

1733-144

7.  Click New Tab to add a tab to your MyScope control window. You can have up to six tabs.
8.  Torename a tab do one of the following:

+ Click Rename Tab.

+  Double-click the tab, and then type the new name.

9.  Click User Pref... to specify user preferences that are loaded with your MyScope control window.

ﬂewTab

Bename Tak

1733-145

10. To delete controls do one of the following:

+ Select a tab, and then click Delete. The tab and all of the controls are deleted.
+ Select a control, and then click Delete. Just the selected control is deleted.
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Snn

Rername Tab...
1733-146 .I

Delete

1.

Save MyScope File As

Click Save, and then enter a name for your MyScope control window, or use the default name.

Save in: |_} MyScope

= - B ef B

QExamples
050901 _094717 kow

Test window, tow
kann's controls. bow

050914_172144 . kow trigger.kow
050914 _172529 kow

050914 _173203 kow

CUrsarss, bow

Cursors, ko

save.kow

O,

oawve

Name: 050514 173525 Save

~| &

Cancel

[

Save az type: |MyScupe File:s [ tew)

oave As

[ Auto-increment file name Help

i

1733147

Quick tips

+To reconfigure a control, click and drag it back to the preview window. Then select or clear the check boxes to include or remove
components in the control.

+ To change the tab order, click and drag a tab to a new location.
+ To delete a control, click and drag it to the upper half of the screen (out of your MyScope control window).

Using MyScope control windows

To open a previously defined MyScope control window, do the following:

1. Select MyScope > Open Control Window or one of the five most recently used MyScope windows.

LKilitie=

Mesne Control Wincow .
Cpen Contral Wind o

@

Edit Controlindouw...

0308914 173205 towe 1

[ e R— R—

| 050914 172528 10w 2
. 1733-148
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2. Select the MyScope control window you want to use, and then click Open.

Edit MyScope Control Window

Loak. in: | 05 MyScope

= = Bk E

X

IL)Examples
050901 _094717 . kow
050914_172144.tow

Test window. tow
tom's controls, bow

trigger.bow

050914 _172529 . kow

050914 _173203.kow ’
Cursarsz.kow @ e
Cursars, kow

Help

save.tow
File name: | IETEREMREE E
Filez of lwpe: |M pScope Files (7 tow] ﬂ ﬂ

To display the active MyScope control window, do the following:

1733-149

1. Select MyScope > Current or click MyScope in the toolbar mode. (Your MyScope control window remains active even when it is not

displayed.)

|tilties

Current... @

ewy Control WWindowe ...
Cipen Control Windasw...

Edit Contral Winchoe:...

050314 173203 o 1
050914 _ 172528 fowe 2
00314 _172529 o 3

00314 _172529 o 4

savetcw 3

1733-150

To edit a MyScope control window do the following:

1. Select MyScope > Edit Control Window.
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Litilitie:s

Currert...

Meyww Control Window .

Qe Contral WVyincow ..

Eclit Cantral Window... @

030914 173203 towe 1

030914 _1723529 o 2
030314 _172529 o 3

030914 _1723529 o 4

savetow 5

1733-151

2. Select the control window you want to edit, and then click Open.

Edit MyScope Control Window E|
Laok jr: |L'f..‘ MyScope j ﬁ( v

|CiExamples Test windaw, bow
= 050901 _094717 tew [ tom's cantrols.tow
050914 172144 e trigger ko

[=los0914_172529.bew
050914 _173203 kow
Cursorsz.tow

Cursars.kow

save.tcw
Flename:  [o50314_1725230w  ~|
Files of type: |My8cnpe Files [* tcw) ﬂ ﬂ
Help
1733152
Quick tips

+  Some controls function differently in a MyScope control window than they do in the standard control window. For details, see the online
help.

*You can copy MyScope control windows (.tcw files) to other MSO70000DX, DPO70000DX, MSO5000B and DPO5000B Series
instruments.
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Saving and recalling information

This section contains procedures for saving and recalling screen captures and setups, saving measurements, using the clipboard, and
printing on your instrument. Detailed information is available in the online help.

Saving screen captures

1. Select File > Save or Save As > Screen Capture.

File | Edit | Wertical | HorizlAcq | Trig | Display | Cursors | k

Reference Wawveform Controls..,

Save Cirl+3

I Save As... F12

| Save Options L4 Waveform
Save All Waveforms. ., Digitals
Recall... Setup
Recall Default Setup Measurement
Delete » User Mask

‘ Page Setup... Histogram Data
Print Preview Timestamp Table
Print... Cirl+P _

2617043

2. Click Options... to set up the Palette, View, Image, or Screen Capture Format options; otherwise, skip to step 3.
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r@ Save Asl Screen Capture Save Options

Save /A
rPalete ————— [ Screen Capture Format —
a % Color PNG -
Screer
Options " Caler (Ink Saver Mode) " Resolution
" Black & Wwhite High(1024¢768) =
Wavef
av —\View
" Full Screen
I™ Hide Control Windows
Digial I™ Hide Menu/Toolbar
™ Graticule(s) Only
(=
Setup
Cancel |
Measurement | Auto-increment file name
[ Prompt for file name before saving
[V | ™ Set Frant Panel Frint Button to Save Help

2330:016

3. Select the location to save the screen capture.
4. Type in a name for the screen capture, or use the default name, and then select a file type.
5. Click Save.

Save As J'u |
Save 'Wwhat: j - ‘ ® = Y

Save in Iuj' Scresn Captures

Screen Capture

Oplions. ..

Waveform

Digitals

Mamea: 5[‘,.11;-‘

Save as type: IPc-rlabIe Netwiark Graphic [*.png|
Mezsuremert | Autcdincrement file name
™ Prompt for fle name befaore saving

» I [~ Set Front Pangl Print Button to Save

More

Quick tip

To quickly save multiple screen captures, select Set Front Panel Print Button to Save, and then click Save. You can now save a screen
capture by pushing the front panel Print button.
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Saving waveforms

1. To save waveforms, select File > Save or Save As > Waveform.

File | Edit | Wertical | Ho | Trg | Display | Cursors |
Reference Wavefarm Controls..

Save Chrl+8

Save As... iz Screen Capture
Save Options L4 Waveform

Save All Waveforms... Digitals

Recall.. Setup

Recall Default Setup Measurement
Delete 3 User Mask

Page Setup... Histogram Data
Print Prexiew Timestamp Table

FPrint... Ctrl+P

2817046

2. Click Waveform.

3. Click Options... to specify the Waveform Data Range, FastFrame Data Range, Waveform Detail, Data Destination, Source, or Data
Ordering; otherwise, skip to step 4.

Waveform Save Opticns

‘Waveform Data Range
Sources to Save

Channell -

oy |

" Samples |1 o |1

" Save Samples between Cursors

Save As

Data Destination

Screen Cap lﬁ‘&" (" Save Samples in Zoom Area |1 =

Number of Samples: 12500000

FastFrame Data Rangs

Wavef - Y

¢ Options. - [
— e

‘Waveform Detail Data Ordering
[¥ Include waveform scale factors Top first

[~ Force same file size for waveforms

Measurem Ok Concel | Help |

1" Set Front Panel Print Button to Save
More Help

4
2080073

Select the Source.

5. You can either save the waveform as a reference waveform in the instrument memory or as a .wfm file in a Windows directory. To save
the waveform as a reference, select Ref 1-4. To save as a .wfm file, select the location where you want to save the waveform.

6. If you are saving as a .wfm file, type in a file name, or use the default.
Click Save.
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Screen ap‘tur\e Save i Dzciloscope Memary Pt

B Aefl B Fefd
@ Ref2
B Reid

Wa\..'e*fonn Savein I_." waveforms
Options... I

Digitals
Com

IE

Setup

Name: fos0417_og2253 =1 save |
Save as type: ITektromH Waweform Data [%wim] j Cancel |

Mezsuremert | Autcincrement file name
[~ Prompt for fle name before saving

More P Il- Set Fronk Panel Print Button to Save o

2617-048

Quick tips

+  Select Auto-increment file name to save similar waveforms without having to retype the entire name.

+ To quickly save multiple waveforms, select Set Front Panel Print Button to Save, and then click Save. You can now save a waveform
by pushing the front-panel Print button.

Recalling waveforms

1. Select File > Recall.

File | Edit | “ertical | Haorizf

Reterence Waveform Controls...

Save Wavetarm Ctri+3
Save Az Fi2 ¥
Save Options k

Save AllWavelorms...

Recall... @

Fecall Default Setup 1733159

Click Waveform.

Select the Destination of the waveform you are recalling.

Select the waveform to recall.

Click Recall. Clicking Recall turns on the reference waveform and activates the Reference Waveform control window.

o~ owbd
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Recall [g|
Recal What | e |Ej' wavefoms LJ A X cf B
[ 050512104944 v
“iavefom [ 105 _ReFL wiEm @
=l TD5_REFZ, Yo
| 1|[=:tos reFawem

TDS_REF4 WFH

Uzer Mask

Destination: Refl © =
File name: | l]ﬁ | F!e%all

Files of type: ]Tektmnix “wlavefomn Data [ wim) Ll el
Help

1733-160

6. Use the controls to adjust the Reference waveform. You can also access the Reference Waveform control window by selecting File >

Reference Waveform Controls.

Reference Display Ref 1 Vert Position Scale Horz Position Label @
Ref1 || @ @ [ 0.0div [ 143mv [ 50.0% [ @

®

File Edit werfical Horiz

Reference Waveform Controls. .

Save Clri+=

Save As. Fi2 F

1733-181

Quick tip

You can save several different file types but you can only recall setup (*.set) files and waveform (*.wfm) files.

Saving digital waveforms

On MSO Series instruments, you can save digital waveforms in a .csv format file.

1. To save digital waveforms, select File > Save or Save As > Digitals.
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File | Ecit | “etical | Horiz!

mave

Save &= Fi2 Screen Capture

Save Options 4 Wanvetarm
Save AlWWavetorms. Digitals
Recall.. Setup

Fecall Default Setup

Delete L4
Prirt.... CtrhP
tdinimize Cirl+hd
Shutdown..

Exit

Click Digitals.

You can only save digital waveforms as a .csv file in a Windows directory. To save as a .csv file, select the location where you want to
save the waveform.

Type in a file name, or use the default.
5. Click Save.

Savewhat

Save in: | () data j

Screen Capture

W aveform

[

Digitals

(|8
-

Selup

M ame: [|:3|:|41E: 103572 j H Save |
Save a: bupe: |Digila| [Drata (7o) j Cancel

Measurement [ Auto-increment Fle name

[ Prompt for file name before saving

[ Set Front Panel Print Button to 5ave
Mare P Help

2617060

Saving instrument setups

1. Select File > Save or Save As > Setup.
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File | Edit

Vertical | Horizdacg | Trig | Display

: Reference Waveform Controls...

‘ Save Cirl+8

-‘ Save As... F12 ‘, Screen Capture

: Save Options L4 i Waveform

i Save All Waveforms.., : Digitals
Recall.. Selup

| Recall Default Setup | Measurement

: Delete v User Mask

‘ Page Setup... Histogram Data
Print Preview Timestamp Table
Print... Cirl+P

|

B17-061
2. Click Setup.

Select the location where you want to save the setup. Either save the setup to the instrument memory in one of the ten setup storage

locations or as a .set file in a Windows directory.

Type a file name or use the default name. Use the pop-up keyboard to type a file name for a setup saved to the instrument memory.

Click Save.
1 x|
Sawe what:
- Save n; Oscilloscope Memony E Pl
B0 Facton EDle Factory
Sereen Capture | EE2 Factory BT Factory
@0z Factom EDs Factory
[E)4 Factom BT Factory
[®s Factomn =T 40 Factory
Wavef - :
Svsam Save in: I__} setups j = | * o E&-
Digitals o
Setp ‘
Name: | AR =1 Save |

Save as type ISetup files [.2et]
Measursment [ Autodncrsment fils name
[~ Prompt for file name before saving

b [~ Set Front Panel Prink Button to Save

More
[T Set Front Panel Default Setup button to recall this setup

Quick tips

+ Ifthe touch screen is enabled, use the pop-up keypad to label the setups for easy identification.

*+  Use Auto-increment file name to save similar files without having to retype the entire file name.
+ To quickly save multiple setups, select Set Front Panel Print Button to Save, and then click Save. You can now save a setup by

pushing the front panel Print button.
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Recalling instrument setups

1. Select File > Recall.

File | Edit | “ertical | Hariz

Reterence Waveform Controls ..

Save Wavetarm Cirl+3
Save Az Fiz ¥
Save Options r

Save AllWaveforms...

Recall. .. @

Recall Default Setup 1733159

Click Setup.

Select the setup you want to recall. Recall a setup file from one of the ten locations in the instrument memory or from a Windows
directory.

To retain your current deskew settings, click Don't recall deskew values.
4. Click Recall.

Recall E

Recal ‘what:

Look in: Dscillozcope Memony

I\ 1 Factory ECe Factory &) 11 Factory Defaults
Bz Factory EI7 Factary N

@0 Factory EDs Factory®

B4 Factory EDls Factory .

BO5 Factory B0 Factory

Lock jn: |i5'jDesklop ® ;J ] X cf B~

[CS)stinger_captures (Bl 080918 _152023, set

L) Wetsion 1.3.564
|-| B vs0918_152012. 58t o
030918 _152019. 55t
U zer Mask @ - ;

Filz hame: I L] E '

Fecall

Filss of tvpe: ISEtup fles [* setf] ﬂ Coniel
[ Don't recal deskew values. Keep esisting deskew settings
Help

1733-164

Quick tip

You can recall any setup stored on disk and then save it in an internal setup storage location for quicker access.

Saving measurements

1. Select File > Save or Save As > Measurement.
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File | Edit | Vertical | Horizlaeq | Trig | Display | Cursors | K

Reference Wavefarm Controls... |

Save Cirl+3 |

Save As.., Fi2 Screen Caplure
Save Options L4 Waveform
Save Al Waveforms... Digitals
Recall... Setup

Recall Default Setup Measurement
Delete » User Mask
Page Setup... Histogram Data
Print Preview Timestamp Table
Print... Ctrl+P |

: |

BAT-063

2. Click Options... to specify Displayed Measurements, Measurement Snapshot, or Measurement Format; otherwise, skip to step 3.

e
Save As L

Save whal: Savein IJ e

x|

o = & | X o @

| ) AT
e He] Measurement Save Options

i Measurements

Wavsf
e {*' Displayed Measurements

" Measurement Snapshot
Digitals

-

e

Setup

Mzasurement Format

Numeric C5V ha

ok | Cancel | o

I Save

&

Cancel

MeSSUEMtes,
Dptions...‘l [ Prompt for file name before saving

[ Set Front Panel Print Button to Save

More B

Help

F T

3. Select the location to save the measurement.

4. Type in a name for the measurement, and then select a file type.

5. Click Save.
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Save As “_'- EI
Save'what o I i data ? j - ‘ e E-
L) 020225 111228 csv
Screen Capture \
Waveform
Digitals @
o
Mamea: II-: 0 j E Save I
Save s typa: IMeasurement Murmenic CSV files [*.oev) j el |
Measurement | [ Autoeincrement file name
Optionz... ™ Prampt for fle name before saving
Mo P [ Set Front Panel Print Button to Save Help |
2617085

Saving user masks

1. Select File > Save or Save As > User Mask.

File | Edit | W al | q| Trg | Display | Cursors | N

Reference Wavefarm Contrals..

Save Girl+8 ‘ ‘

Save As... F12 @ —— 1
Save Options L4 Waveform

Save All Waveforms... Digitals

Recall... Setup

Recall Default Setup Measurement
Delete L4 User Mask

Page Setup... Histogram Data
Print Preview Timestamp Table
Print

Minimize

Shutdown

Exit

2617055

Click User Mask.

Select the location to save the mask.

Type in a name for the mask, and then select a file type.
Click Save.

o~ oeDbd
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Save As I EI
Save what Sawein ;__}data ? J = [ ¥ o EE-
| 020225 111228 csv
Screen Capture
Waveform
Digitals
i
(s
Setup
L (7 0511 sove__|
Savs 38 type: IMeasuremen t Humnenc CSV files ["‘cw] J el
Measurement | [ Autoeincrement file name
Optionz... [~ Prampt for file name befare saving
Mo P [ Set Front Panel Print Button to Save =
elp |

2617-065

Saving histogram data

Select File > Save or Save As > Histogram Data.

File |

Reference Waveform Controls

Edit | Wertical | HorizlAcg | Trg | Display | Cursors |

-- W l

Save

3ave As... F12 Screen Capture
Save Options L4 Waveform
Save All Wavefarms... Digitals
Recall... Setup

Recall Default Setup Measurement
Delete k User Mask
Page Setup Histogram Data

Print Preview

Timestamp Table

Print..

Minimize
Shutdown.

Exit

2617058

2. Select Histogram. Depending on previous selections, you may need to select More > Histogram Data to display the Histogram

selection.
3. Select the location to save the histogram.

Type in a name for the histogram, and then select a file type.

Click Save.
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Save As il
Save wihal Savein: I‘J E ,
L) 020225 111228, c5v
Screen Capture
Waveform
Digttals
e [EEIERED B seve |
'.5 Save as type |Histngram files [.cavw) ﬂ Cancel |
Histogram [T Autorinciement file name
[ Prompt for fle name before saving
™ Set Front Panel Print Button to Save
More B Help |

BA7-059

Saving timestamps

1. Select File > Save > or Save As > Timestamp Table.

File | Edit | Wertical | HoriziAeq | Trig | Display | Cursors |

Reference Waveform Controls..

Save Ctrl+3 ‘ ‘ ‘

Save As... F12 .%
Save Cplions L4 Waveform

Save All Waveforms... Digitals

Recall... Selup

Recall Default Setup Measurement
Delete k User Mask

Page Setup... Histogram Data
Frint Prev/ew Timestamp Takle

Print.. Cirl+P

Minimize Girl+M
Shutdown. ..

Exit

2617080

2. Click Timestamp. Depending on previous selections, you may need to select More > Timestamp Table > to display the Timestamp
selection.

3. Click Options... to specify the Source or FastFrame Data Range; otherwise, skip to step 4.
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x|
Save What . = H
Savem.ll'jldaia j 1'|>'<Ic:f'
Sereen Capturs
Timestamp Save Options
Waveform rSouree
ICh1 -Chd TI
—Fast Frams Data Range
Digitals & Frames |1 to |1
& All Frames
etup 3 ok || cancel Help |
Nam,  EECaficmnca T Save |

T
‘ -Eve astype: ITimeStamp files [* tt) j Cancel |
Timestam | Autodncrement file namme
Options.. I [~ Prompt for fle name before saving
[~ Set Front Panel Frint Button to Save
Help |

2617-061
4. Select the location to save the timestamp.
5. Type in a name for the timestamp, and then select a file type.
6. Click Save.
m x|

x| =B Ko E

Save whal

Savein I fi) data

Screen apture

Waveform

Digitals

Mame: I
o= = "Hlﬂﬁ 15502, j E Save
i Save as type: IT\meStamp filerse [¥. kat] j Cancel |

Timestamp | [ Autoincrement file name
Optiors... [ Prompt for file name before saving

Moe B [~ SetFront Panel Piint Button to Save Help |
%

17062

Copying your results to the clipboard

Use the following procedure to set the output content and format for images, waveforms, or measurements to be copied to the Microsoft
clipboard.

1. Select Edit > Copy Setup.
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Edit | “ertical | Horizia

Undo Last Autoset |

oy Ctri+C

Clear Data

Select for Copy ¥

Caopy Setup...

1733-168

2. Click the Images, Waveforms, or Measurements tab, and then select the desired options.

©)

Copy Setup @

Images l Waveforms I Measurements ]

Palette Screen Capture Format
{* Color Bitmap
(" Color (Ink Saver Mode)
" Black & \white

View
{» Full Sereen
[~ Hide MenuwToolbar

(" Graticule(s) Cnly

Copy 0K ‘ Cancel | Help

2980017

To copy images, waveforms, or measurements, use the following procedure:

1. Select the item that you want to copy.
2. Select Edit > Copy or press Ctrl + C.
3. Press Ctrl +V to paste the item into a Windows application.
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Undo Last Autoset

Capy Crl+C

Clear Data

select for Copy B | Full Screcn (bitmag)
Copy Zetup.., Graticule (hittma)

Wy eform (data)

meazurement (dats)

ELX-3564 System Contreller Test Report

| wertical | Hori O —
Eren
i

D,
< i

Taey iy Ist dhta mvmete JekcL L gier dshonos darkos Kebh aug e
E et s vy Uy it . v

Undo Last Autoset

Copy Cirl+iZ

Clear Data

Select for Copy  *
—_— LEUBITU Toh s T T LR P AR Mg Rimms 87 ArAaTRaL Rellh
g T ey e s we § enm o

Unsrmnd legd LLX-3584

Copy Setup.. ot LB € s g LIS SDC0: LAt Nl 2
T

i oot s v, (A, . i VS skttt Lein
1733171 e e lads T334 rch: e il omd s e bcied Tolf o ebiion =
e bl el pqamg-:o etap ¢ Agulorhes EAAT 9 M, ToILs Sp T

Printing a hard copy

1. To print a hard copy, push the print button or select File > Print. If necessary, make changes to the page orientation in the Page Setup
dialog box.

File | Edit | “erical | Horiz/&co

Reference Waveform Controls...

Page Setup...

Prirt Presden

Prirt... Cirl+P @

2790-035

Your Print and Page Setup dialog boxes will depend on the printer you are using.
2. Click Page Setup.
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r

-
Print 2 o
— Printer
Mame: Properties. . |

Statuz: Fieady
Type: Genernic 4 Test Only
Where:  LPTT:

Comment; [ Prirt ko file

— Print range

Page Setup...l Print Presdews | OE. I Cancel Help

F
2880018

3. Select the printing parameters.
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Page Setup u1

—Paper B
Size: -
Source: I.&utumaticall_l..l Select ﬂ

— Drientation M arging [inches)

& Portrait teft 000 B mige [ooo [
e Landzcape Top: WE Bottom: WE .

— Palette Wiew

= Color % Full-Screen

™ Color [Ink Saver Mode) [~ Hide Menu/Toolbar
7 Black & White " Graticule(z] Only

[ Set Frant Panel Prirt Button to Save
J

F'lintF'review___l Ok I Eancell Prirt.... | Help |
4
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Run application software

Run application software

Each application is available for ten free trials on your instrument. These applications provide application-specific measurement solutions.
Some examples are described below. Additional packages may be available. Some applications may not be available on your instrument.
Contact your Tektronix representative or visit our Web site at www.tekironix.com for more information.

Use DDRA Memory Bus Analysis to automatically identify DDR1, LP-DDR1, LP-DDR2, LP-DDR3, DDR2, DDR3, DDR4, DDR3L,
GDDR3 and GDDR5 read and writes.

Use DJA DPOJET Jitter and Eye Diagram Analysis, Advanced to reliably measure complex clock, digital, and serial data signals.
DPOJET Essentials included standard with all models.

Use D-PHY for MIPI D-PHY Transmitter debug, characterization and compliance testing (requires option DJA).
Use DP12 Display Port Compliance Software to validate your IC, motherboard, and graphics card designs.
Use DVI Compliance Test Solution Software for DVI physical layer compliance testing.

Use ERRDT Frame and Bit Error Rate Detector to detect errors in high speed serial standards (requires option ST6G).
Use ET3 to perform 10/100/1000 Base-T Ethernet compliance testing.

Use HT3 HDMI Compliance Test Software for HDMI compliance testing for 24 GHz models.

Use HT3DS HDMI Direct Synthesis for HDMI 1.4 (requires HT3) for HDMI analysis.

Use LT Waveform Limit Testing to compare an acquired waveform to tolerance boundaries that you set.

Use MOST Essentials for electrical compliance and debug testing for MOST50 and MOST150.

Use MTH Communication Mask Testing Software for mask compliance testing on 24 GHz models.

Use MTM Communication Mask Testing Software for mask compliance testing on <4 GHz models.

Use PCE3 PCI-Express compliance test for Gen3. Used with DPOJET.

Use PCE compliance test for Gen1 and Gen2. Used with DPOJET.

Use PWR Power Measurement Software to quickly measure and analyze power dissipation in power supply switching devices and
magnetic components.

Use SDLAG64 Serial Data Link Analysis Visualizer to emulate the serial data channel, de-embed a fixture, and add or remove
transmitter equalization.

Use SR-810B to enable serial triggering and analysis of 8B/10B signals.

Use SR-AERO for MIL-STD-1553 Serial Triggering and Analysis.

Use SR-AUTO for Serial Triggering, debugging, decode and Analysis of CAN, LIN, and FlexRay signals.
Use SR-COMP to enable serial triggering and analysis of RS-232/422/485/UART signals.

Use SR-DPHY for MIPI-DSI1 and MIPI-CSI2 serial analysis.

Use SR-EMBD to enable serial triggering and analysis of 12C and SPI signals.

Use SR-ENET for serial analysis of Ethernet signals.

Use SR-PCIE Serial Data Compliance and Analysis (requires ST6G for serial triggering).

Use SR-USB to enable serial triggering and analysis of USB2.0 and USB3.0 signals.

Use ST1G or ST6G Serial Protocol Trigger Software to trigger and decode NRZ serial data (ST1G) and 8B/10B data on high-speed
serial or data protocols (ST6G). Protocol triggering up to 6.25 GS/s (with ST6G).

Use SVP, SVM, and SVE Spectral Analysis application to validate wideband designs and characterize wideband spectral events.
Use SVO for flexible OFDM analysis, requires SVE.

Use SVT for settling time measurements (frequency and phase), requires SVE.

Use USB to characterize USB 2.0 signals including mask testing and parametric testing.

Use USB3 to verify, characterize, debug, and compliance test USB 3.0 systems (requires option DJA).

Use VET to enable visual trigger and search

Use XGBT for 10 GBASE-T Ethernet physical medium attachment (PMA) physical-layer (PHY) electrical compliance testing.
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Run application software

Follow the instructions provided with the application software to install it. To run the software, select Analyze and then select the
application.

Utilities | Help  y

Analyze

. Restore Application

Search...
Mark...

USB2.0 Test Package
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Application examples

This section contains examples of using your instrument in common troubleshooting tasks and extending the use of your instrument.

Capturing intermittent anomalies

One of the most difficult tasks that design engineers face is tracking down the cause of intermittent failures. If you know what type of
anomaly you are looking for, it is easy to configure the oscilloscope advanced triggering capability to isolate it. However, when you do not
know what you are looking for, it can be exceptionally tedious and time consuming to find infrequent anomalies, especially given the low
waveform capture rate on traditional digital storage oscilloscopes.

Digital Phosphor Oscilloscopes enabled by DPX technology have an exceptionally fast acquisition mode called FastAcg, which allows you
to find anomalies like these in a matter of seconds or minutes. A regular DSO would take hours or days to find the same event.

Use the following procedure to capture intermittent anomalies.

1. Connect the probe to the input signal source.

@
N\

2590-040
2. Push Autoset.
Default
Autoset Selup
Run/ Sinale
Stop hg
@ Push gt [ Horizontal
Position
Multiview
Zoom
€9 |

1733018

Figure 47: MSO70000DX and DPO70000DX Series
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Figure 48: MSO5000B and DPO5000B Series

3. Select Display > Display Persistence > Infinite Persistence. In this example, you are looking at a clock signal. After observing the
signal for 1-2 minutes, but before you look for the problem elsewhere, go to step 4.

Display Setup...

Appearance...

Screen Text...

Chiects. ..

Colors...

Dizplay Style s

Display Persistence Reset Persistence
Display Format ¥ [m | Infinite Persistence
Wigrvefarm Interpalation ’ Yariakle Persistence
Graticule Style 4 Mo Persistence
Record iew Palette » Persistence Controls...
FasticoivimDE Palette 1733-203

4. Push FastAcq.

®

Intensity
Clear } { FastAcg ) @
Trigger
1733217
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Wave Inspector

(Measure Search DPX )

2790-037

Figure 50: MSO5000B and DPO5000B Series

Figure 49: MSO70000DX and DPO70000DX Series

5.  Find glitches, transients, or other random anomalies that are present in the signal. In this example, FastAcq revealed an =300 ns
positive glitch after only a few seconds.

360mV

Width

300ps

[ «a® siimn ssomy || z0ps -—-250MSMs - -4.0usi

58 784 ncqs RL:5.0k

November 02, 2003 15 1

1733-204
To trigger on the glitch that you identified in step 5, select Glitch Setup....

Select the appropriate polarity.

Click Level, and then set the level based on what you found in step 5.

Click Width, and then set the width based on what you found in step 5

© o N o

Check HF Filtering if you want the trigger system to treat a high frequency burst as a single pulse.
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T

Level

-

10. Click E-mail on Trigger On. (See Setting up E-Mail on Event on page 102.)

A Bvent

1733-206

11. Push Single to trigger on a single glitch.

Defauit Intensity

Selp
- EIHEINEIRCED)

@ Push 4 Horizontal | Trigger A

Autoset

1733-213

Figure 51: MSO70000DX and DPO70000DX Series
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Single | | | @

Trigger

Figure 52: MSO5000B and DPO5000B Series

2790-038

Using the extended desktop and OpenChoice architecture for efficient
documentation

Engineers often need to document their lab work for future reference. Instead of saving screen shots and waveform data to a CD or USB
memory device, and then generating a report later, try using the OpenChoice architecture to document your work in real time.

To make your instrument the center of your design and documentation process, use the following procedure.
A Note: On 64-bit systems, you will need 64-bit compatible device drivers and application software.

1. Load Microsoft Word or Excel on your instrument.
2. Connect a second monitor.(See Adding a second monitor on page 25.)

2790-039

3. Open Microsoft Word, and then drag the Word window onto the extended desktop.
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Microsoft |
Word

1733-230

4. Click TekScope to restore the instrument application.

Em lekSco pe

1733176

5. Select Edit > Select for Copy > Full Screen (bitmap).

Elit ertical Hiokiz A

Undo Last Autozet @

Copy Ctr+C

Clear Data

Select for Copy E| Full screen [hitmap]
Copy Setup.. Graticule (hitmap)

Wiavetarm (cata)

Meazurement (oEta)

1733-179

6. Press Ctrl+C.
7. Click in the Word document wherever you want to place the screen shot, and then press Ctrl+V.

Quick tips

+ The instrument comes with a variety of OpenChoice software tools designed for maximum efficiency and connectivity to the rest of
your design environment.

Triggering on buses

You can use your instrument to trigger on 12C, SPI, RS-232/422/485/UART, MIPI DSI-1, MIPI CSI-2, 8B/10B, USB, CAN, and parallel
buses. The instrument can display both physical layer (as analog waveforms) and protocol level information (as digital and symbolic
waveforms).

Note:
c Some trigger types are not available on some instruments.

For detailed bus triggering procedures, use the following procedures: (See Triggering on a parallel bus on page 93.) and (See
Triggering on a serial bus on page 96.)

To set up the bus trigger:
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1. Select Vertical > Bus Setup.

Vertical

Vertical Setup...

Bus Setup.. —.

Zoom Controls..

Micrmlaw MirdMF
2950005

2. Selecta bus type.
3. If you selected the Serial Bus Type, select the type of serial bus.

4. Specify the components.

SCLK Cht 500m\/

SDA ch2 | 500mV

5. Select Trig > Bus Setup.

Trg | Display | Cursars | Measure | N

AEvent (Main) Trigger Setup...

A-BTrigger Sequence...

T T T

Logic Sate...
Comm Sstup...
Serial Pattern Setup ..

Bus Setup... .-—‘

2980-022

6. Select Trigger On to select the desired trigger on feature.

MSO and DPO 70000DX and 5000B User Manual
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2980-075

7. Depending on your Trigger On selection, you may need to make additional selections.

Triggering on a video signal
The instrument supports triggering on NTSC, SECAM, PAL, and high definition signals.

To trigger on the video fields:
A Note: The video trigger type is available only on DPO7000C, MSO5000B, and DPO5000B Series instruments.

1. Select Trig > A Event (Main) Trigger Setup....

Trig Dii=palay Cursar Measure

A Event (Main) Trigoger Setup. ..

A - B Trigher Sequence...

B Evert (Delayed) Trigger Setup. ..

1733-068

2. Setthe A trigger type and source in the A Event tab.
Select Format > 525i/NTSC.
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A Event
I\ 525iNTSC | v

1733-193
3. Select Trigger On > Field.
Select Odd, Even, or All fields.

1733-199

Triggering on lines
To look at the video lines in the field:

1. Select Trig > A Event (Main) Trigger Setup....

Trig Dizplay Cursar MeasLre

A Event (Main) Trigger Setup...

A - B Triguer Sequence...

B Event (Delayed) Trigoer Setup...

1733-068
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2. Setthe A trigger type and source in the A Event tab.
Select Format > 525i/NTSC.

A Event

1733-193

3. Select Trigger On > All Lines.

1733285

Correlating data between a Tektronix oscilloscope and logic analyzer

Almost every design is a high-speed design with fast clock edges and data rates. For these designs, you need to see the analog
characteristics of high-speed digital signals in relation to complex digital events in the circuit. iView is your window into the digital

and analog world. The iView capability seamlessly integrates and automatically time-correlates data from Tektronix logic analyzers and
oscilloscopes, so you can transfer analog waveforms from the oscilloscope to the logic analyzer display with the click of a mouse. View
time-correlated analog and digital signals side-by-side and pinpoint the source of elusive glitches and other problems in moments.

The iView External Oscilloscope Cable allows you to connect your logic analyzer to a Tektronix oscilloscope, enabling communication
between the two instruments. The Add External Oscilloscope wizard, which is available from the TLA application System menu, will guide
you through the process of connecting the iView cable between your logic analyzer and oscilloscope.

A setup window is also available to help you in verifying, changing, and testing the oscilloscope settings. Before acquiring and displaying a
waveform, you must establish a connection between your Tektronix Logic Analyzer and oscilloscope using the Add External Oscilloscope
wizard.
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1. Select Add iView External Oscilloscope... from the logic analyzer System menu.

Sl Tools Window  Help

Run System
Repetitive
Status Monitor

Ctri+R

Ctrl+M

System Froperties
System Trigger...
System Configuration...
System Inter-probing...
Repetitive Froperties...
PG Run Properties ...

Symbols...

Calibration and Diagnostics...

Lock Data Windows...

Add View External Oscilloscope...
Delete iView External Oscilloscope

Add Data Source...

Options...

1733-231

2. Select your model of oscilloscope.
3. Follow the on-screen instructions, and then click Next.

Add Wiew External Oscilloscope I-’_ 3

This seas wsind pucs you Frough tha crocest of correciing your sdimal
SeSloscoos 10 your Teoni Logc Analyzer (TLA) The wizerS pomots you i
dentfy the model of your estemal psolloacope . Using ths riomaton, # guides you
through connecing the logic anahyaer 12 the edemal ceclloscope and exablshing
SOMTUNCENon DetWean the NELMEnts.

Idently the model of Tekdmnx caclloscope that you are adding

™ Show only iVesfy compeible oscilloscopes

Ewral Oncocepe Mode m-—.

¥ the sxjemnal cscloscope you are addng does not appear in e It then the logc
anafyzer does not have the files necessary to supoot your model of exdemal
ssciioscope. You con Sawnioad the aest exineal caclieac2ne suepod fies fmm
the Teidrons webate 2 www tekdonax com/LA

1733-232

4. See your Tektronix Logic Analyzer documentation for more information on correlating data between the logic analyzer and the

oscilloscope.
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Appendix A

Cleaning

Use these procedures to clean your instrument. If additional cleaning is required, have your instrument serviced by qualified service
personnel.

Exterior cleaning

Clean the exterior surfaces of the chassis with a dry lint-free cloth or a soft bristle brush. If any dirt remains, use a cloth or swab dipped in
a 75% isopropyl alcohol solution. Use a swab to clean narrow spaces around controls and connectors. Do not use abrasive compounds on
any part of the chassis.

Clean the On/Standby switch using a dampened cleaning towel. Do not spray or wet the switch directly.
CAUTION:

Improper cleaning agents, methods, or excessive force can damage the instrument. Do not use chemical cleaning agents that
might damage the plastics used in this oscilloscope. Use only deionized water when cleaning the front-panel buttons. Use a

A 75% isopropyl alcohol solution as a cleaner and rinse with deionized water. Before using any other type of cleaner, consult your
Tektronix Service Center or representative.

To prevent getting moisture inside the instrument during external cleaning, use only enough liquid to dampen the cloth or
applicator.
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Obtaining the latest oscilloscope application and version releases

The latest version of an optional application that you ordered with your instrument may not be installed on your instrument. The following
download location is a fast and easy way to get the latest software version.

To download the latest version of software, go to the home page of the Tektronix Web site (www.tekironix.com), and locate the Downloads
section on that page. Enter the application name in the ENTER MODEL NUMBER text box, and select Software in the Select Download
Type pull-down menu.

Note: The Release Notes file available on the Web page may contain more recent information than the readme.txt file contained
within the downloadable executable file.

To define the search criteria, use the title of the application in the ENTER MODEL NUMBER text box. For example, use the keyword
DPOJET to search for and download the latest version of DPOJET.

If you purchased the application with your instrument, your Tektronix License Key will enable you to use the application.

If you are upgrading, follow the instructions on How to Install your new Tektronix License Key in the Readme.txt file to enable the
application.

MSO and DPO 70000DX and 5000B User Manual 203


http://www.tektronix.com

Appendix C

Appendix C

TPP0500 and TPP1000 500 MHz and 1 GHz 10X passive probes instructions

071-2809-xx
Copyright ©Tektronix, Inc. All rights reserved.

Operating information

The TPP0500B and TPP1000 10X Passive Probes are compact passive probes with 10X attenuation that are designed for use with
Tektronix MSO/DPO4000B and 5000B Series oscilloscopes.

The probes have no user- or Tektronix-serviceable parts.

Connecting the probe to the oscilloscope

Connect the probe as shown in the illustrations below.

Ground
lead

Input channel Compensation Butput

2809-005

Compensating the probe
MSO/DP05000B. Perform the following steps to compensate the probe:

1. Connect the probe to an oscilloscope channel.
2. Connect the probe to the probe compensation output terminals on the oscilloscope front panel.
3. Select Vertical > Probe Cal.

4. Select the channel tab that the probe is attached to.

5. In the Probe Compensation section of the menu, click the Compensate Probe button.

2 WARNING:
To avoid electric shock, only connect to the Probe Comp signal on the oscilloscope when making this adjustment.

If the probe compensation fails, verify that the signal and ground connections are secure at the Probe Comp connections on the
oscilloscope. Also check that the ground connection is secure at the probe head, the rigid or pogo tip is secured tightly in the probe head,
and the hook tip is securely connected to the tip.
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Standard accessories

The standard accessories included with the probe are shown below.

2 WARNING:
To avoid electric shock when using the probe or accessories, keep fingers behind the finger guard of probe body and accessories.

Item Description

Hook tip
Press the hook tip onto the probe tip and then clamp the hook onto the circuit
Reorder Tektronix part number 013-0362-XX

Micro Hook tip

Use this tip to access test points in tight spaces. Press the hook tip onto the probe
tip and then clamp the hook onto the circuit

Reorder Tektronix part number 013-0363-XX

Rigid tip
This tip is pre-installed on the probe.
Reorder Tektronix part number 206-0610-XX

Pogo tip
This spring-loaded tip allows compliant testing of circuit boards.
Reorder Tektronix part number 206-0611-XX

Table continued...
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Item

Description

Ground lead, with alligator clip
Secure the lead to the probe head ground and then to your circuit ground.

Reorder Tektronix part number 196-3521-XX

Ground springs

Attach the spring to the ground band on the probe tip to take measurements on
test points that have ground connections nearby (<0.75 in, std; XX in, short).

Reorder Tektronix part numbers:
016-2028-XX (long, 2 ea.)
016-2034-XX (short, 2 ea.)

Optional accessories

The following accessories can be ordered for your probe.

Accessory Tektronix part number
Ground Lead, Clip-on, 6 in 196-3198-xx
Ground Lead, Alligator, 12 in 196-3512-xx
MicroCKT Test Tip 206-0569-xx
Circuit Board Test Point/PCB Adapter 016-2016-xx
Compact Probe Tip Ckt Board Test Point 131-4210-xx
Wire, spool, 32 AWG 020-3045-xx

Replacing the probe tip

Order Tektronix part number 206-0610-xx for rigid tip replacement, or order part number 206-0611-xx for pogo pin replacement.
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Specifications
Table 1: Electrical and mechanical specifications
Characteristic TPP0500/B TPP1000
Bandwidth (-3 dB) 500 MHz 1 GHz
System rise time (typical) <700 ps <350 ps
System input capacitance Rigid tip: 3.9 pF £0.3 pf
Pogo pin tip: 5.1 pf 0.5 pf
System attenuation accuracy 10:1 £2.2%
Probe series resistance @DC 9.75 MQ +0.5%
System input resistance @DC 10 MQ +2%
Propagation delay ~5.67 ns
Maximum input voltage 300 Vgus CAT I
Cable length 1.3m, £3cm

Performance graphs

106 0
1G \\ /4-10 I
100 M \ yamk I
10M —g\\ /30 I
g 1M || \\ [I -40 I
£ 100k \ S 50§
8 10k \ - / €0 2
g 1k 70 g
£ 100 \\ . 80 =

2 — = %

£ 7100 1k 10k 100k 1M 10M 100M 1G
Frequency (Hz) 2803-003
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1000

100 \._‘
£ Maximum voltage is derated - “\
g \
=

10

1

110 100 1k 10k 100k 1M 10M 100M 1G

Frequency (Hz)

2809-004

Refer to the reference lead derating curve above when making floating measurements.

Table 2: Environmental specifications

Characteristics Description

Temperature -15°C to +65 °C (+5 °F to +149 °F)

Operating -62 °C to +85 °C (=80 °F to +185 °F)
Nonoperating

Humidity 5% to 95% relative humidity @ up to 30 °C
Operating 5% to 45% relative humidity @30 °C up to 50 °C
Nonoperating

Altitude 3.0 km (9,842 ft) maximum

Operating 12.2 km (40,000 ft) maximum

Nonoperating

Table 3: Certifications and compliances

Characteristics

Description

EC Declaration of Conformity

Compliance was demonstrated to the following specification as listed in the Official Journal of the
European Communities:

Low Voltage Directive 2006/95/EC:
EN61010-031/A1: 2008

Table continued...
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Characteristics Description
Measurement Category Category Examples of Products in this Category
Descriptions CATII Distribution-level mains, fixed installation
CAT I Local-level mains, appliances, portable equipment
CATI Circuits not directly connected to mains.
Pollution Degree 2 Do not operate in environments where conductive pollutants may be present (as defined in IEC

61010-1). Rated for indoor use only.

Additional Safety Standards UL61010-031. 2010.

CAN/CSA-C22.2 No. 61010-31/A1:2008
IEC61010-031;IEC 61010-31/A1:2008

Equipment Recycling

This product complies with the European Union’s requirements according to Directive 2002/96/EC on waste electrical
and electronic equipment (WEEE). For more information about recycling options, check the Support/Service section of
the Tektronix Web site (www.tektronix.com).
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Appendix D

P6616 General-Purpose Logic Probe instructions
071-2831-00
Copyright ©Tektronix, Inc. All rights reserved.

Product description

The P6616 general-purpose logic probe connects the Tektronix MSO/DPO5000B Series and MSO4000B Series of mixed-signal
oscilloscopes to digital buses and signals on your target system. The probe contains 16 data channels split between two lead sets
(GROUP 1 and GROUP 2).

The first lead in each set is identified by blue insulation, and the remaining seven leads are gray. All leads include a ground connection at
the tip. You can connect the probe leads separately to the target system, or group the leads together using the probe tip holders.

2831001

Connecting the probe to the oscilloscope

Connect the probe as shown in the illustration below.

1. Insert the probe label-side up into the connector on the oscilloscope.
2. To remove the probe, squeeze the buttons on the side and pull out the probe.

)
@ﬁ
S QD

&

S
5
S

Q

&

~

2831-002
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Connecting the probe to your circuit

Attach the probe to the circuit using the connectors and adapters shown on the back of these instructions. Select the best method for your
needs, and then proceed to Setting up the Probe.

Setting up the probe

To set and view the digital channel parameters, do the following:

On MSO/DPO5000B Series instruments, select Vertical > Digital Setup> or push the D15-D0 button.
On MSO/DP0O4000B Series instruments, push the D15-D0 button.

The parameters listed below can be set on each digital channel:

+ Threshold voltage and vertical position (the default threshold setting is 1.4 V
+ Signal height and position (set once for all 16 channels)
+  Channel label

To set and view bus characteristics, do the following:
On MSO/DPO5000B Series instruments, use the controls in the Bus Setup menu.
On MSO/DPO4000B Series instruments, push the B1 to B4 buttons.

The setup screens allow you to set and view bus characteristics such as:

+  Clock type
+  Bus type (Serial or Parallel)
+  Bus width

« Display format (Hex, Binary, or ASCII symbols)

Parallel bus setup information is resident on some oscilloscope models. However, for other buses such as SPI and 12C, you must have the
appropriate option. See your oscilloscope manual or product data sheet for nomenclature and ordering details.

Functional check

Logic activity immediately displays on all connected, active channels. If you do not see an active signal:

1. Push the Trigger button.
2. Select Edge for trigger type.
3. Select the channel that you are setting up as the source.

On MSO/DP0O4000B Series instruments, push the Autoset button.

If you do not see an active signal, try another probe channel (or analog probe) to verify circuit activity at the test point.

Typical application

1. Use the P6616 probe to view digital signals on a system bus.
2. Use an analog probe, such as the TPP0500/B or TPP1000 passive probe to view analog waveform information.
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Appendix D

Accessories
The following standard accessories ship with the probe and are shown in the illustration on the following page.
Item Description Quantity Part number
— Logic probe accessory kit ltem 1-6 020-2662-XX
1 Extension ground tip 1 setof 20 020-2711-XX
2 Probe tip 1 set of 20 131-5638-11
3 IC grabber 1 set of 20 020-2733-XX
4 Probe tip holder 2ea 352-1115-XX
5 8” Ground lead 1 setof 2 020-2713-XX
6 3” Ground lead 1 setof 8 020-2712-XX
Instructions? 1ea 020-2712-XX

These optional accessories can be ordered for your probe:

Description

Part number

P6960 Probe D-MAX Footprint to Square Pin Header Adapter

NEX-P6960PIN

3 Instructions are included with the probe, but not in the accessory kit. The instructions can be downloaded at www.tektronix.com/manuals.
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Appendix D

Specifications

Table 4: Electrical and mechanical specifications

Characteristic Description

Input channels 16 digital

Input resistance 100 kQ £1.0%

Input capacitance 3.0 pF

Input signal swing 400 mV p-p

Minimurm 30 V p-p, <200 MHz (centered around the DC threshold voltage) at the probe tip
Maximum 10 V p-p, =200 MHz (centered around the DC threshold voltage) at the probe tip
Maximum nondest- ructive input signal 42V

User defined threshold range 40V

Minimum detectable pulse width 1ns

Digital channel-to digital channel skew 200 ps

Probe length 1.0 m (3.28 ft)

Table 5: Environmental specifications

Characteristics Description

Temperature 0 °C to +50 °C (+32 °F to +122 °F)
Operating 55 °C to +75 °C (-67 °F to +167 °F)
Nonoperating

Humidity 5% to 95% relative humidity
Operating 10% to 95% relative humidity
Nonoperating

Altitude 4.6 km (15,092 ft) maximum
Operating 15 km (50,000 ft) maximum
Nonoperating

Equipment Recycling

This product complies with the European Union’s requirements according to Directive
2002/96/EC on waste electrical and electronic equipment (WEEE). For more information
about recycling options, check the Support/Service section of the Tektronix Web site
(www.tektronix.com).
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Appendix D

Connecting the probe to the circuit

(2)Probe Tip

. Install leads Individually through grouper

Align leads (plug them into a
square-pin header to make this easier)

Retention tangs

¢ 9 /7 'y \

/

;

% i
RE
@3" Ground Lead I ‘
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Acquisition modes
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changing 50
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setup 100
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Application examples 191
Application software 189
ARM status light 86
Automatic trigger mode 81
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Average acquisition mode 50
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B-Event Scan 89
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configring 64
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Buses 196
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Play-pause 122

Set/ Clear Mark 123
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CAN 196
CAN trigger
defined 85
Choosing a Trigger Type 82
Cleaning 202
Color palettes 113
Communication
measurements 136
trigger, defined 85
Control panel 30
Control panel map 35
Copying 185

Coupling

trigger 81
Cross Hair graticule style 111
Cursor measurements 141

D

Date and time 113
Default setup 45
Delayed trigger 82, 86
Diagnostics 40
Digital channels
analog characteristics 72
setting up 62
signal input 67
Digital waveforms
saving 177
Display
colors 114
objects 112
persistence 106
style 106
Display map 33
Display Remote 25
Documentation 17
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displaying waveform record points as 106
DSP Bandwidth enhancement 56

Dual monitor 25

E

E-mail on event setup 102
E-mail on trigger 102
Edge trigger defined 84
Enhanced bandwidth 56

Enhanced effective number of bits 50

ENOB 50

Envelope acquisition mode 50
Error detector 151

ESD preventing 22

Examples 191

Export See Saving Extended desktop 25, 195

Exterior cleaning 202

F

Fast Acquisition 55, 191
FastAcq/WfmDB palette 113
FastFrame 74

Force trigger 81

Frame finder 77

Frame graticule style 111
Full graticule style 111



G

Gate width and resolution bandwidth 150
Gating 137
Glitch trigger defined 84
Glitches
capturing 50, 55, 191
triggering on 81
Graticule styles 111
Grid graticule style 111

H

H Bars cursor 141
Hard copy 187
Help 37
Hi Res acquisition mode 50
Histogram
saving 183
Histogram measurements 135
Histogram setup 142
Horizontal delay 104
Horizontal marker 117
Horizontal mode selection 52
Horizontal position
and math waveforms 147
defined 45
Horizontal scale
and math waveforms 147
How to
manage long record length waveforms 120
search through and add marks to waveforms 123
use MagniVu 71
use Wave Inspector 120

12C 197
Incoming inspection 40
Infinite persistence 107
Installation 19
Instrument setup
recalling 180
saving 178
Intensified samples
displaying waveforms as 106
Interface map 33
Interpolation 49, 109
iView 200

K

Knob
pan 122
zoom 121

L

Lable
bus 64
digital channel 62
Screen Text 110
Limit testing 163
Linear interpolation 110
Lock zoomed waveforms 118, 119
Lock, standard laptop 25
Logic analyzer correlating data 200
Long record length management 120

M

MagniVu 71
Main trigger 82, 86
Mak
passifail testing 161
Mark 123, 124
Mask
autofit 160
autoset 160, 162
margin tolerance 161
saving 182
Mask testing 158
Math
arbitrary filters 146
colors 115
editor 145
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Measurements
accuracy 47
annotation 139
cursors 141
customizing 137
defined 134
reference levels 140
saving 180
snapshot 138
statistics 138
Menus 38
MIPI CSI-2 196
MIPI DSI-1 196
Monochrome gray color palette 113
Monochrome green color palette 113
More measurements 135
Multiple zoom areas 116
MultiView zoom 115
MyScope
editing 171
new control window 166
using 170

N

Network connection 25
Normal color palette 113
Normal trigger mode 81
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Online help 37
OpenChoice

examples 195
Operating specifications 20
Operating system restore 28
Overlay frames 76

P

P6616 210
Parallel 196
Pattern lock trigger 85
Pattern trigger defined 85
Pause 122
Peak Detect acquisition mode 50
Pinpoint Triggers 81
Play 122
Play-pause button 122
Play-pause mode 122
Posttrigger 81
Power
removing 24
Power off 24
Power on 23
Power supply 23
Predefined math expressions 145

Predefined spectral math expressions 148

Pretrigger 81
Preventing ESD 22
Print 187
Probe
calibration 47
compensation 47
deskew 47

R

Random noise 50
Readout

trigger 86
READY status light 86
Rear panel map 31
Recall

setup 180

waveforms 176
Record view palette 113
Reference colors 114
Reference levels 140
Related documentation 17
Remote Display 25
Removing power 24
Right-click menu 39
Roll mode 60
Roll mode interactions 60
Runt trigger defined 84

S
Sample acquisition mode 50
Sampling
equivalent-time 48
interpolated real-time 48
real-time 48
Sampling process
defined 48
Saving
histogram data 183
masks 182

measurements 180
screen captures 173
setup 178
timestamps 184
waveforms 175
Saving digital waveforms 177
Screen cursor 141
Screen shots
saving 173
Screen text 110
Scroll zoomed waveforms 118, 119
Search 123, 124
Security lock 25
Segmented memory 74
Sequential triggering 86
Serial 197
Serial error detector 151
Serial mask testing 158
Serial trigger
defined 84
Set / Clear Mark button 123
Setup/Hold trigger
defined 85
Shortcut menu 39
Side panel map 31
Signal input 42
Sin(x)/x interpolation 109
Single sequence 57
Snapshot 138
Software
latest release 203
optional 189
version 203
Spectral analysis 148
Spectral grading color palette 113
Spectral math expression
advanced 149
SPI 197
Start an acquisition 57
State trigger
defined 85
Statistics 138
Stop an acquisition 57

T

Temperature grading color palette 113



Termination voltge 59, 135
Time Stamps
defined 74
Timeout trigger
defined 84
Timestamp
saving 184
TPP0500 204
TPP1000 204
Transition trigger
defined 84
TRIG'D status light 85
Trigger
B-Event scan 89
concepts 81
coupling 81
E-mail on trigger 102
forcing 81
holdoff 81
level 82
modes 81
parallel bus 93, 196
posttrigger 81
pretrigger 81
readout 86
selections 84
serial bus 96, 197

slope 82

status 85

type 84

visual trigger 98
Trigger event

defined 81
Trigger level markers 112
Trigger Position 89
U
Undo Last Autoset 47

User defined color palette 113
User marks 123
User preferences 47

v

V Bars cursor 141
Variable persistence 107
Vectors

displaying waveforms as 106

Vertical position 43
Vertical position and autoset 47
Video
Lines 199
Video trigger
defined 85
Video triggering 198
Visual Trigger 98

W

Wave Inspector 120
Waveform
analyzing 132
cursors 141
display style 106
pan 120, 122
pause 122
play 122
play pause 122
recalling 176
saving 175
search and mark 123
user marks 123
zoom 121
Waveform database acquisition
mode 50
Waveform record
defined 49
Width trigger
defined 84
Window trigger
defined 84

X

X-Y display format 108
X-Y-Z display format 108
Y

Y-T display format 108

4

Zoom
graticule size 122
knob 121

Zoom graticule size 116
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