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General Safety Summary

Injury Precautions
Use Proper Power Cord

Avoid Electric Overload

Ground the Product

Do Not Operate Without
Covers

Use Proper Fuse

Do Not Operate in
Wet/Damp Conditions

Do Not Operate in
Explosive Atmosphere

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

Only qualified personnel should perform service procedures.

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

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

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

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

To avoid fire hazard, use only the fuse type and rating specified for this product.

To avoid electric shock, do not operate this product in wet or damp conditions.

To avoid injury or fire hazard, do not operate this product in an explosive
atmosphere.

Product Damage Precautions

Use Proper Power Source

Provide Proper Ventilation

AWG2021 User Manual

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

To prevent product overheating, provide proper ventilation.
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General Safety Summary

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

Safety Terms and Symbols

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

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

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

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

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

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

CAUTION indicates a hazard to property includihg product.

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

4 D A\ O

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

Certifications and Compliances

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

This is the User Manual for the AWG2021 250 MHz Arbitrary Waveform
Generator.

Getting Startedtovers the features of the AWG2021, initial inspection, and start
up. In particular, the start up section covers the procedures required prior to
turning on the unit and points that require special care or caution.

Operating Basicdirst describes the components of the AWG2021 and their
functions. Then it describes the operating procedures used to output waveforms
from the AWG2021 by presenting a few simple examples.

Referencexplains the specific functions and execution method details for each
menu.

Appendiceslescribe options and accessories, product specifications, performance
verification instructions, sample waveform library, functional operation, and
other information.

Related Manuals

Other documentation for the instrument includes:

m  The AWG2021 Programmer Manual (Tektronix part number 070-8657-XX)
explains how to control the AWG2021 with a computer through the GPIB or
RS-232-C interface. This manual is a standard accessory.

®  The AWG2021 Service Manual (Tektronix part number 070-9098-XX)
provides information to maintain and service AWG2021, and provides a
complete board-level description of the instrument’s operation. This manual
is an optional accessory.

Conventions

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

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

®m [nstruction steps are numbered. When the number is omitted there is only
one step.
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®  When menu items are displayed in the manual, the menu type, either bottom
menu, side menu, or sub-menu, is distinguished and indicated as shown
below.

Side Menu
or Sub-Menu

Bottom Menu

m  Consecutive button operations are expressed as shown below.
Setting (bottom)— View type...(side)— Timing (sub)
This expression describes the following button operations.
1) Selecting theSetting’ item from the bottom menu
2) Selecting theView type..” item from the side menu.

3) Selecting theTiming” item from the sub-menu.

Trademarks

Epson is a registered trademark of Epson America, Inc.

IBM is a registered trademark of International Business Machines.

PC9800 is a trademark of NEC Corporation.

J3100 is a trademark of Toshiba Corporation.

MS-DOS and Windows are registered trademarks of Microsoft Corporation.
Postscript is a registered trademark of Adobe Systems Incorporated.
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Getting Started






Overview

Product Description

AWG2021 User Manual

This section describes the features of the AWG2021, initial inspection, and start
up.

The AWG2021 is a portable arbitrary waveform generator capable of generating
both arbitrary and standard function waveforms.

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

As an arbitrary waveform generator, this instrument has a clock frequency of
10 Hz to 250 MHz, an independent 256 Kword, 12-bit internal memaory for each
channel (the second output channel is optional), and an output amplitude to

5 Vp.p (into 50€2). It can also generate two one-bit marker outputs which can be
placed anywhere within the 256K location memory, corresponding to each
arbitrary output channel.

There are several options available for the AWG2021, including two-channel
output, ECL or TTL digital data output, and FFT and convolution waveform
editor. These options allow the AWG2021 to handle a wide range of applications.

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

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

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

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

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

An FFT editor and a convolution waveform editor are provided with AWG2021
units that include Option 09. These editors support frequency domain editing and
waveform convolution calculations.

As a function generator, the AWG2021 can generate sine waves, triangle waves,
square waves, ramp waves, and pulse waves. It can set the frequency, amplitude,
offset, polarity, and other factors for each of these waveforms independently, for
each channel.

The AWG2021 has a 3.5-inch floppy disk drive and non-volatile memory for
storing created waveform data and parameter settings. Each of these storage
devices can store the files created with the editors.

You control this instrument by way of its front panel hierarchical menu display
system or its rear panel GPIB or RS-232-C interfaces. (Instruments with
Option 03 or Option 04 don't have the RS-232-C interface installed.)

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

Before unpacking the AWG2021 from its shipping carton, inspect it for signs of
external damage. If the carton is damaged, notify the carrier. The carton contains
the basic instrument and its standard accessories. Refer to the Standard Accesso-
ries list in Appendix A.

This instrument was thoroughly inspected for mechanical and electrical defects
before shipment. It should be free of mars or scratches. To confirm this, inspect
the instrument for physical damage incurred in transit and test instrument
functionality by following the Operating Examples in this manual. You can also
perform a full Performance Verification as listed in the Appendix C. If a
discrepancy is found, contact your local Tektronix Field Office or representative.

NOTE. At installation time, save the shipping carton and packaging materials for
repackaging in case shipment becomes necessary.

AWG2021 User Manual
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Installation
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This section describes the procedures required prior to turning on the AWG2021.

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

Before you use the instrument, ensure that it is properly installed and powered
on. To properly install and power on the instrument, perform the following steps:

1. Check that the operating environment is correct.

The AWG2021 operates correctly in ambient temperatures frorh @16

+40° C and relative humidity from 20% to 80%. If this instrument is stored

at temperatures outside this usage temperature range, do not switch on the
power until the chassis has come within the usage temperature range. For the
information on the other operating environment, see Appendix B: Perfor-
mance Characteristics.

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

2. Before switching on the power, double check that there is nothing blocking

the flow of air at the fan and air intake holes.

This instrument takes in outside air and cools itself by forcibly exhausting

air with the fan on its left side. Leave space at the sides of this instrument so
that the heat generated within the instrument does not build up and harm the
operation. There are holes for air intake on the sides and bottom of this
cabinet. After switching on the power, double check that the fan is turning.
Here are the minimums for the space at the sides of this instrument.

Top and rear: 3 inches

Left and right: 6 inches

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

To remove the fuse, turn it counter-clock-wise with a screwdriver while
pushing it in. There are two types of fuses provided. Here is the fuse type

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

4. Check that you have the proper electrical connections.

The AWG2021 operates at the following power supply voltage.

Line Voltage Range 90V -250V

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

Maximum Power 300 W

normal 115 V power systems. If the AWG2021 is to be used with 230 V power,
the power cord must be replaced with one appropriate for the power source
used. See Table 1-1, “Power Cord Identification”, for the available power cord

types.

é CAUTION. Instruments are shipped with a power cord appropriate for use with

5. Connect the proper power cord from the rear-panel power connector to the
power system.
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Power On

6. Push the®?RINCIPAL POWER SWITCH (shown in Figure 1 -1) on the
rear panel of this instrument. Power is now applied to the standby circuit of
this instrument.

Power Connector

Il

O

> N Q
7 \\
Fuse PRINCIPAL POWER
SWITCH

Figure 1 -1: Rear Panel Controls Used In Start Up
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Table 1-1: Power Cord Identification

Plug Configuration Normal Usage Option Number
North America Standard
125V
Europe Al
230V
United Kingdom A2
230V
Australia A3
230V

‘Q North America Ad
230V
SO
\‘1\‘\‘\?
\ Switzerland A5
@ 230V
North American 1A
115V/15A Plug
NEMA 5-20P
North American 1B
120/208V 3-Phase Plug
NEMA L21-30P

7. Press th®©N/STBY switch (shown in Figure 1 -2) on the lower left side of
the front panel to switch on the power for this instrument.
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Once this instrument is installed, leave BRINCIPAL POWER
SWITCH on and use th@N/STBY switch as the power switch.

NOTE. This instrument needs to be warmed up for at least 20 minutes in order to
operate at its optimum precision.

OO0

N

3 ololololo oo
\

ON/STBY Switch

Figure 1 -2: ON/STBY Switch

Start-up Diagnostics
8. Check the results of the start-up diagnostics.

When the power is applied to this instrument, the start-up diagnostics are
automatically run. These diagnostics check whether the instrument is
performing within its defined operating characteristics.

If all the diagnostic items are completed without efPassis displayed and
the system moves on to tBETUP menu.

If an error is detectedrail and the error code are displayed. You can exit this
state and operate this instrument, but until the error is corrected, the
waveform outputs can not be relied on.Ukical’ error message is

AWG2021 User Manual 1-7
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Power Off

displayed, you should execute the calibrations inRXREITY menu. Still,

when the error message is displayed, contact our nearest representative. To
exit the diagnostics system, press any of the buttons. The system moves on
to theSETUP menu.

NOTE. In order to preserve the precision of the instrument, after the completion
of the warm-up or after temperature changes, calibrate the instrument. For
details on how to calibrate, see the explanation of the Calibration item on the
UTILITY menu in Section 3.

If this instrument is exposed to temperatures outside its usage temperature range
and the chassis temperature is inappropriate, an error will occur during the
diagnostics when the power is switched on. If this happens, wait until the chassis
temperature is appropriate, then switch the power on again.

9. Toggle theON/STBY switch.

AWG2021 User Manual
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This section will discuss the following:
Overview.The names of the parts of the instrument and their functions.

Basic Menu OperatiorOperations commonly performed on the instrument and
how to enter numbers

Operating ExamplesSimple examples showing how to output waveforms.

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

2-1
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Overview

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

Front Panel

Refer to
Figure 2 -2
N
SONY
T o AWG2021 ARBITRARY WAVEFXQRM GENERATOR ]
(—IMENUCY)

OseTup O CURSOR O VALUE QHARDCOPY

O mopE - — (—ITRIGGERL )

Ol OD

f O Eoir

V|2 alaa]s

O LOAD/SAVE
|| aalale

[} < 10vp
O LN ’—”—H—‘ e [ o
O {O p } L - B MoV ENTERJ

/A DO NOT APPLY EXT SIGNAL-
O OCH1 OCH2 CH 1 CH 1
SYNC
— ) o
( \ J— 2?/1—9 MAX OPEN CIRCUIT FROM SOF ) ( OPEN CIRCUIT FROM 50 Q N
N G EED)
STBY

Figure 2 -1: Front Panel Overall View
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(1) Bottom Buttons Use the seven bottom buttons to display corresponding menus.
Pressing any button in the MENU column, or the F.G button,
displays its corresponding menu. These menus are generally
the highest level menus.

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

(3) CH1 SYNC Output The CH1 SYNC output connector provides a CH1 sync signal.
Connector The output level is 1.2 V or greater with a 50 Q termination.

(4) CH1 MARKER1 Output The CH1 MARKERT output connector provides a user-speci-
Connector fied marker. The output level is 2.5 V with a 50 Q termination.
(5) Waveform Output Provides the waveform output path for each channel. A CH2
Connectors waveform output connector is provided only in instruments with

Option 02. The maximum output level is 5 V,, , with a 50 Q
termination. Note however, that output may exceed 5 V., if
AM, Add or Ext AM mode has been selected for CH1
Operation from the SETUP menu.

é CAUTION. Do not apply any external voltage to the output connector of this

instrument. Doing so can harm the instrument.

(6) Channel On/Off Buttons | Press the channel on/off buttons to switch the output for each
and Indicators channel on and off. When set to on, the LED indicator is lit and
a waveform is output. When set to off, the LED indicator is
extinguished and a waveform is not output.

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

page 2 -14).

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

2-4 AWG2021 User Manual
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O HARDCOPY

QTRIGGED

MANUAL
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Figure 2 -2: Front Panel Button Detail
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(9) Menu Buttons and The MENU column comprises the SETUP, MODE, EDIT,
Indicators LOAD/SAVE and UTILITY buttons. To display one of these five
main menus on the screen, press the corresponding button in
the MENU column. The corresponding LED indicators show
which menu has been selected. Each of these menus is
described in detail in Section 3.

SETUP Menu Use the SETUP menu to set the following waveform output
parameters for each channel: clock source and frequency,
waveform/sequence file selection, operation, filter, amplitude
and offset. See Section 3 for more information.
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MODE Menu

Use the MODE menu to set the operation mode. There are two
main types of operation modes: the trigger modes (Cont,
Triggered, Gated and Burst) and the modes in which
waveforms are output in sequence for each trigger (Waveform
Advance and Autostep). This menu also has an item for
setting the timing with which synchronization signals are
generated. See Section 3 for more information.

EDIT Menu

The EDIT menu incorporates four types of editors: the
waveform editor, the equation editor, the sequence editor and
the autostep editor. Editing can be performed for each file type.
Instruments with Option 09 installed have an FFT editor to
permit editing in the freguency domain and a convolution editor
to operate the waveforms convolution in high speed.

The EDIT menu displays a list of files stored in internal
memory. New files can be created or existing files can be
selected from this list and edited. See Section 3 for further
information.

LOAD/SAVE Menu

Press the LOAD/SAVE bottom button to select the appropriate
menu.

See Section 3 for further information.

LOAD Menu. Used when loading files from a floppy disk or
non-volatile internal RAM (NVRam) into the internal memory of
the AWG2021, or from another instrument through the GPIB
interface.

SAVE Menu. Used when saving files from the internal memory
of the AWG2021 to a floppy disk or to the instrument’s
NVRam.

UTILITY Menu

Use the UTILITY menu to work on the files saved to a floppy
disk or the instrument’s NVRam, to set the parameters for the
GPIB or RS-232-C interface, to execute diagnosis or calibration
of the instrument, or to set other instrument parameters. See
Section 3 for further information.

(10) — and - Buttons

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

(11) CURSOR Button and
Indicator

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

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

AWG2021 User Manual
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(12) VALUE Button and
Indicator

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

(13) General Purpose Knob

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

(14) Delete Key Use this key to delete the character just in front of the cursor.
Hold down the key to delete characters in succession.
(15) HARDCOPY Button Use this button to output a hard copy of the data displayed on

the screen. The hard copy can be output to disk or to either the
GPIB or RS-232-C interface.

(16) TRIGGER INPUT
Connector

This connector is used to enter an external trigger or gate
signal. It allows external signals with a maximum input voltage
of 10 V. p into @ 1 MQ input impedance, and a maximum input
voltage of 5 Vryg into a 50 Q input impedance.

(17) TRIGGER MANUAL
Button

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

(18) Unit Keys and ENTER
Key

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

(19) Numeric Keys

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

input.

(20) F.G Button

Press the F.G button to switch from arbitrary waveform
generation mode to functional waveform generation mode. Use
this mode to select one of the standard function waveforms for
each output channel and to set its parameters. The functional
waveforms include sine, triangular, square, ramp and pulse
waveforms. You can set each function’s parameters. See
Section 3 for further information.
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Side Panel

@)
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LED Indicator

Figure 2 -3: Side Panel

Eject Button

(21) Floppy Disk Drive

The floppy disk drive is used for storing various types of files.
Files can be loaded or saved from/to floppy disk using the
LOAD/SAVE menu. When the disk drive is in operation, the

LED indicator is lit. Remove a floppy disk by pressing the eject
button.

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

Refer to Figure 2 -5
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(22) Power Source A power cord is connected to the power source connector.
Connector

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

Figure 2 -4: Rear Panel Overall View

(24) Fuse Holder The power supply fuse is enclosed in the fuse holder. The
same fuse is used for both 115V and 230 V systems. A6 A
fast-blow fuse is used.

Note. When using the AWG2021 in Europe, you should use an IEC-approved fuse. For details,
see page 1 -4.
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(25) CH1 AM IN Connector

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

(26) CH2 SYNC OUT The CH2 SYNC OUT connector provides a CH2 sync signal.
Connector (Option 02) The output level is 1.2 V or greater with a 50 Q termination.
(27) CH2 MARKER 1 OUT The CH2 MARKER 1 OUT connector provides a user-specified
Connector (Option 02) CH2 marker 1. The output level is 2.5 V with a 50 Q

termination.
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Figure 2 -5: Rear Panel Detail
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Option 02+Option 03

(28) RS-232-C Connector

computer via this serial interface.

The RS-232-C connector enables remote control by a

(29) IEEE STD 488
Connector

The IEEE STD 488 connector enables remote control by a
computer via an IEEE STD 488 parallel interface.
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(30) CLOCK ouT
Connector

This connector is used for internal clock output. The output
level is 1 V with a 50 Q termination.

(31) CH1 MARKER 2 OUT
Connector

The CH1 MARKER 2 OUT connector provides a user-specified
CH1 marker 2. The output level is 2.5 V with a 50 Q
termination.

(32) CH2 MARKER 2 OUT
Connector (Option 02)

The CH2 MARKER 2 OUT connector provides a user-specified
CH2 marker 2. The output level is 2.5 V with a 50 Q
termination.

(33) CLOCK IN Connector

This connector is used for external clock input. This connector
allows external clock signals with a maximum input voltage of
+2 Vinto a nominal 50 Q input impedance.

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

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

(35) CH1 DIGITAL DATA
OUT Connector (Option 03)

This connector provides digital data differential ECL output. It
is mounted in the fourth slot from the top. For details, see
Appendix A “Option 03.”
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CRT Display
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Figure 2 -6: CRT Display
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(1) Status Area

The status line always displays the status of the instrument, no
matter what menu is displayed on the screen. Five items are
shown on the status line: the interface status (see the
AWG2000 Series Programmer Manual); the operation mode
and the trigger status (see page 3 -233); and the clock icon
(which indicates that the instrument is busy and cannot accept
input from any other sources)( ().

(2) Date and Time Area

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

(3) Bottom Menu Label
Display

The label for the selected bottom menu item is displayed.

(4) Side Menu

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

(5) Bottom Menu

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

(6) Message Display

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

(7) Button Operation Area

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

(8) Message Area

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

AWG2021 User Manual



./ |
Basic Menu Operation

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

When one of the menu buttons in the center of the front panel is pressed, the
menu corresponding to that button will appear. There are six menu buttons: the
five buttons used in arbitrary waveform generation m&terUprP, MODE,

EDIT, LOAD/SAVE andUTILITY ) and below them the button used in

function waveform generation mode@). See Figure 2 -7.

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

it is operational. See Figure 2 -7.

MENU Buttons
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Side Buttons ——»

Bottom Buttons

OOOOIOD
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@ O|lo|loololol o

N
\

Figure 2 -7: Menu Buttons and Bezel Buttons
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Menu Names

Main Menus

Bottom Menu

Side Menu

Sub-Menus

Numeric Input

2-16

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

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

®  The lower-level menu is presented.

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

®  Numeric values can be input.

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

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

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

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

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

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

Generally, numbers are entered using one of the following methods:
m  Enter the desired value using the numeric keys

m  Turn the general purpose knob to set the desired value
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Using the Front Panel
Numeric Keys
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In the following section, we will explain these numeric input methods in more
detail.

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

1. Press the button for the menu item you want to change.
2. Use the numeric keys to input the desired value.
3. Press one of the unit keys or BN TER key.

Figure 2 -8 shows the menu displayed whemplitude is selected from the

SETUP menu. In this figure, the numeric keys are used to change the amplitude.
Here the asterisk in the numeric input column indicates that the value is being
input. Press the front panENTER key to enter the value and remove the
asterisk.

GPIB Continuous mode [Running
' —15-Jan-94 15:14:19

Amplitude

B | GV i 7o

Through) ERCEETE| 6.000Y

SINE.WEM
100 BMHZ Hormal Period: 16.60us
Points: 1600
Max: ©.5000Y/500
Min: -8.5600Y/500
lock waveform CH1 i itud - |sp|y
Cloc Sequence | Operation Filter  |BXglellidifsld Offset

Figure 2 -8: Numeric Input Using Numeric Keys

Numeric Input Keys. Four types of keys are used to enter numeric values: the
numeric keys (0 — 9), the unit keys (ns, Mitz/kHz/ms/mV and Hz/s/V), the
Delete key and thENTER key. These are shown in Figure 2 -9.
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||| D
el =

J

.
! f

Numeric Keys Unit Keys ~ ENTER Key

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

Numeric Input Examples.
Example 1: Clock frequency numeric inp@dck in SETUP menu)

The value before input mode was 100.0 Hz and is to be changed to 12.3 Hz.
Pressing the1”, “27, “.”, “3", andENTER keys in order changes the input
column this way:

Table 2-1: Numeric Value Input Example 1

Input Key Numeric Value Column Numeric Value Status
100.0 Hz Before Input

1 * 1 During Input

2 * 12
* 12.

3 * 12.3

ENTER 12.30 Hz Entered

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

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

will change; the numeric value that is currently displayed will be unaffected.

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

Example 2: Offset numeric inpuD{fsetin SETUP menu)

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

Table 2-2: Numeric Value Input Example 2

Input Key Numeric Value Column Numeric Value Status
2500V Before Input
- * - During Input
3 * 3
0 * 30
kHz/ms/mV -0.030V Entered
In this case, pressing™, “.”, “0", “3" Hz/sec/Valso enters a value of —0.030 V.

The unit is displayed as “V".

When the knob icon is displayed on the CRT screen, numeric values can be set
using the general purpose knob and th¢left/down) and- (right/up) buttons.

When setting numeric values in this manner, the value in the number column that
is underlined will be increased or decreased. Values will decrease when the
general purpose knob is turned counter-clockwise and increase when the general
purpose knob is turned clockwise. Values cannot be changed outside the
parameter range. Figure 2 -10 shows the general purpose knob and arrow
buttons. Figure 2 -11 shows the knob icon and the figure in the window with the
first decimal place underlined, indicating that this value may be changed.
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O cursor O VALUE
) @

-

DS

Arrow Buttons General Purpose Knob

Figure 2 -10: General Purpose Knob and Arrow Buttons

Knoblcon — o D

Internal
Clock

10, BOMHZ

Underscore

Figure 2 -11: Knob Icon and Underscore

When a numeric value has been changed using the general purpose knob, there is
no need to confirm it by pressing tB&ITER key on the front panel. The

numeric value is entered automatically without pressingetMEER key. To

change a value using the general purpose knob, perform the following steps.

1. Press the button for the menu item you want to change.
2. Press the— and— buttons to specify the digit to be the index for input.

The amount of change obtained by turning the general purpose knob is con-
trolled with the front panel and— keys. Press the- key to move the

underscore to the left and thus raise the amount of change to 10x. Or press the
key to move the underscore to the right and thus reduce the amount of change for
general purpose knob turning th.

3. Turn the general purpose knob to change the value.
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Numeric Specification Example. Turning the general purpose knob one click to the
right increases the value of the underscored digit by 1. Turning it one click to the
left decreases the value by 1. For example, if the value is 173.0 and the cursor is
under the 7, turning the general purpose knaob left or right changes the value as
shown below. If the underscored value is already 1, turning the general purpose
knob left does not decrease the value any further.

173.0 13.0
183.0 16.0
193.0 S
203.0 23.00
213.0 13.00

Turning right  Turning left

When the value has already been increased to the maximum allowable value for
the parameter, turning the general purpose knob further to the right has no effect.
Similarly, when the value has already been decreased to the minimum allowable
value for the parameter, turning the general purpose knob further to the left has
no effect.
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Operating Examples

In this section, we will use simple examples to illustrate the basic procedures for
waveform output on the AWG2021. Six examples will be given; these are listed
below. Buttons and menu items to be used will be shown to the left, and a
description of the corresponding operation will appear on the right.

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

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

Creating a Waveform File

Creating Arbitrary Waveforms Using the Point Draw Function
Creating Waveforms Arithmetically

Creating an Equation File

Creating a Sequence File

Creating Autostep Files

Setting the Output Parameters

Setting Operation Mode and Waveform Output

Example 4: Loading and Saving Files
Example 5: Loading Waveforms From Other Instruments
Example 6: Using the Waveform Function Generator

When a detailed description of a function is needed at the operation stage, see the
section dealing with that particular menu.

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

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

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

GPIB cable (1)

50 Q terminators (2)

Sample waveform library disk (included with the instrument as a standard
accessory)

Signal generator

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

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

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

Be sure to do this when using the instrument for the first time. Once set, there

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

In this example, you will set the date to February 1, 1994 and the time to 15:30,
using the following procedure.

1.
2.

2-24

Press th&TILITY button in theMIENU column.

SelectDate Time from the bottom menu.

The menu shown in Figure 2 -12 will appear.
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GPIB [waveform Advance mode [Stopped

Date Time

Year
1994

/ Month
| 1
31-Jan-94

12:05:20 Day
31

Hour
12

Minute

)

Rs232C [DRCRI]  Misc

i
GPIB

Disk N¥Ram

Diag/Cal

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

3. SelectYear from the side menu.
4. Turn the general purpose knob to set the yeaf8a

5. In the same manner, selddonth, Day, andHour from the side menu and
set the values to February, 1 and 15, respectively. The time is displayed in
24-hour fashion.

6. SelectMinute from the side menu.

7. Use the general purpose knob to set the minute valB@ to

NOTE. When the setting fddour or Minute is changed, the value for seconds
will be reset to O.
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Date/Time Display

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

1. SelectMisc from the bottom menu.
2. SelectDisplay...from the side menu.

3. Presdate Timein the sub-menu and sel€ah. The current date and time
will be displayed in the upper right-hand corner of the screen, as shown in
Figure 2 -13.

GPIB Waveform Advance mode Stopped
' ' 1-Feb-94 15:30:15

/ Misc
Date/Time Display (1]

------

Figure 2 -13: Date/Time Display
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Setting the Display  In this operation, you will set the display brightness of the screen. The display
Brightness  offers three different levels of brightness. Use the following procedure to adjust
the overall display brightness to the proper level:

1. SelectBrightnessfrom the side-menu.

GPIB Continuous mode Running

Misc

vigh-Liht [ |
Catalog
vorma! [ | Order

Name1

Go Back

Date Time

Oon

@

Diag/Cal

R3232C

D

Date Time

BEE

Disk NYRam GPIB

Figure 2 -14: Setting the Display Brightness

2. Turn the general purpose knob to set the brightness to the proper level.

The brightness can be changed between 0% and 100% in 1% increments; the
default setting is 70%.

This completes the Example 1.
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Example 2: Output of a Waveform Using the Sample Waveform Library Disk

2-28

Loading Sample
Waveforms

In Example 2, you will output a waveform using the sample waveform library
disk, a standard accessory included with the instrument.

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

1. Press th& OAD/SAVE button in theMENU column.
2. SelectDevicefrom the bottom menu.

3. SelectDisk from the side menu.

4. SelectLoad from the bottom menu.
5

. Insert the sample waveform library disk that comes with this instrument into
the floppy disk drive.

NOTE. Do not remove the floppy disk while the floppy disk drive is operating.
This can destroy the data and cause errors.

2

Figure 2 -15: Inserting the Floppy Disk

The files will be displayed in the lower box of the LOAD menu. Figure 2 -16
shows how the files on the sample waveform library disk are displayed on the
screen.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1986KB Load
Name Type  Size Date & Time Comment
Load
Load All
Catalog : Disk Free : 1016KB
Name Type Size Date & Time Comment [+
+H#PRBS15  SE() 94-62-01 ; SEQ_WFM PRES#8
*Ah EQU 322 04-02-01 00:01 AMPLITUDE MODULATION
#Ah WM 40102 04-62-01 00:01
*DMP_SIN EQU 822 04-02-01 00:01 DAMPED SINE WAVE
*DMP_SIN  WFM 8102 94-02-01 60:01
*DOPSKI  WFM 65638 04-02-01 00:03 PI1/4DOPSK In phase signa
*DOPSK)  WFM 65638 94-02-01 00:63 PI/4D0PSK Quadrature pha ch
*D_EXP  EQU 744 04-02-01 00:00 DOUBLE EXPONENTIAL PULSE ange
+*D_EXP WEN 20102 94-92-01 60:00 Directory
Device Load Save Auto Load
O Disk Off

Figure 2 -16: Sample Waveform Library Disk Files

6. SelectLoad All from the side menu. The display shown in Figure 2 -17 will
appear.
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GPIB [Continuous mode [Stopped

Catalog : Memory Free : 1574KB Load
Name Type  Size Date & Time Comment

=#PRBS15  SEQ 944 94-02-01 00:25 SE)_WFM PRBS=8

=AM EQU 342 04-62-01 66:81 AMPLITUDE MODULATION Load
=AM WEM 40048 94-02-01 00:01

#*DMP_SIN  EQU 842 94-82-01 00:01 DAMPED SINE WAVE

#*DMP_SIN  WEM 3948 94-02-01 006:01
*DOPSKI  WFM 66484 94-02-01 006:03 PI/4DOPSK In phase sign

sDOPSKQ  WFM 66484 94-02-01 60:03 P|/4DOPSK Quadrature ph Load All

«D_EXP EQU 764 04-02-01 60:00 DOUBLE EXPONENTIAL PULS

«D_EXP  WFM 20948 94-02-01 09:08

Catalog : Disk Free : 865KB

Name Type  Size Date & Time Comment [+

*D EXP EQU 744 04-02-01 00:00 DOUBLE EXPONENTIAL PULSH

«D EXP  WFM 20102 94-92-01 00:00

#F EQU 744 04-02-01 60:01 FREQUENCY MODULATION

*F WFH 4162 94-02-01 96:01

*GAUSS_P  EQU 666 04-02-01 60:00 GAUSSIAN PULSE

*GAUSS_P  WFM 2102  04-02-01 09:08

*LIN_SWP EQU 744 04-02-01 00:01 LINEAR FREQUENCY SWEEP o

«LIN_SWP WFM 32102 94-02-01 00:01 ange
LOAD 608 TIF 94-01-16 13: Directory

Device Load Save Auto Load

™ Disk Off

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

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

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

NOTE. The sample waveform library disk files are locked (and * is displayed next
to their names). You must unlock these files before you can edit them.
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Setting the Output
Parameters

AWG2021 User Manual

These parameters are used for waveform output.

1. Press th&ETUP button in theMENU column. TheSETUP menu is
displayed.

GPIB [Continuous mode [Stopped
waveform
Seqguence
| T S B o CH1
[Through| 1.068Y | 0.668V |
|
100. 0WHz il B
Max: -----
M. =70n
_ Display
waveform CH1 - . il e
‘ Clock PPN operation Filter |Amplitude| Offset

Figure 2 -18: SETUP Menu
2. SelectWaveform Sequencdrom the bottom menu.

3. Turn the general purpose knob to develop the waveform file list. Select the
file GAUSS_P.WFM from this list.
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Select waveform/Sequence

#PRES15.5EQ

AM.WEM
DMP_SIN.WFM
DAPSKI.\WFM
DOPSKO.WFM
D_EXP.WFM
FM.WFM
GAUSS_P.WEM
LIN_SWP.WFM
LOG_SWP.WFM
LORENTZ WFM
MDSK_RD.\WFM
MDSK_WR.WFM

Figure 2 -19: Waveform File List

4. SelectO.K. from the sub-menu. The selected file will be confirmed and the
output conditions will be automatically set. Figure 2 -20 showSHEUP
menu with the filesGAUSS P.WFM selected.

NOTE. The selected file is locked. Therefore, although changes can be made to
the waveform clock, filter, amplitude, offset and other output conditions, these
changes cannot be saved to the file.
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GPIB [Continuous mode [Running
waveform
T - ?ﬁ\/ ’A{j CcHA Sequence
—.:L v Wl oo CH1
Through| 1.000% || 6.000Y
: GAUSS_P. WFM
100, OWiZ Hormal Period: 10.06us
Points: 1000
Max: ©.5000¥/500
Min: -0.5000¥/50
_ Display
waveform CH1 = : ] ot
‘ Clock Operation Filter |Amplitude| Offset

Figure 2 -20: GAUSS_P.WFM File Output Parameters

5. Press théflODE button in theMENU column. TheMiODE menu is
displayed.

The files selected from tH@ETUP menu are displayed in thdéODE menu.
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GPIB Continuous mode Running

CH1

Waveform

GAUSS_P. WEM

GAUSS_P. WEM (]

Sync
Cont Triggered | Gated Burst waveform Autostep Start
Advance thd

Figure 2 -21: MODE Menu

6. SelectCont from the bottom menu. Whe2ont is selected, the waveform is
continuously output.

Waveform Output 1. Connect this instrument and the oscilloscope with 2 %@ble and a 5@
termination as shown in Figure 2 -22. This instrument’s waveform output is
calibrated to a 5@ load.

AWG2021 Oscilloscope
[ O
It s
O () H[:]
7 @ S 1900 @@‘
CH1 SOQTermination%
50 Q Cable

Figure 2 -22: Connections in Example 2

2-34 AWG2021 User Manual



Operating Examples

AWG2021 User Manual

2. Press the front pan€H1 On/Off button to switch on waveform output.
Figure 2 -23 shows the channel On/Off button and indicator.

On/Off Indicators

Y A Y
O cH1 | O cH2

A DO NOT
APPLY EXT SIGNAL

( 25Vp-p MAX OPEN CIRCUIT FROM 50 Q \

On/Off Buttons

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

When the Channel is on, the indicator lights up and the set waveform is output
from theCHL1 output connector.

3. Set the parameters for the connected oscilloscope as shown below and
display the waveform on the oscilloscope screen.

\olt/Div. 200 mV/Div.
Time/Div. 1us/Div.
Trigger Mode Auto

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

This completes the example 2.
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Example 3: Creating Files and Arbitrary Waveform Outputs

When using the instrument for arbitrary waveform output, you should first use
the editors in th&DIT menu to create the waveform to be output. In this
operation, you will create an arbitrary waveform with the editors, and then you
will set the conditions for waveform output (frequency, amplitude, offset, etc.) in
the SETUP menu. Finally, you will set the operation mode inM@DE menu

to output the waveform.

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

Creating a Waveform File

Creating Arbitrary Waveforms Using the Point Draw Function
Creating Waveforms Arithmetically

Creating an Equation File

Creating a Sequence File

Creating Autostep Files

Setting the Output Parameters

Setting Operation Mode and Waveform Output

Creating a Waveform File  Use the waveform editor graphic display to create a waveform file by performing
the following steps:

1. Press th&DIT button in theMENU column. Figure 2 -24 shows the initial
menu displayed.
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GPIB [Continuous mode [Stopped

Catalog : Memory Free : 1986KB
Name Type Size Date & Time Comment [+ i
| :

New
waveform

New
Equation

New
Sequence

More
i 10f3

Rename | Comment Delete All

Copy ‘ Delete

Figure 2 -24: Initial Menu

2. SelectNew Waveformfrom the side menu. Figure 2 -25 shows the
waveform editor graphic menu. The default for the number of points in the
waveform is 1000.
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GPIB [Continuous mode [Stopped
Mosces-Q UL~ A 999 R 999 [ gperation

1000 pts  Yalue 9.0000 m——————— /3 [Uc 0.0000
1.0005|

Cut

Copy
to Buffer

Paste
from Buffer

Draw...
~1.0000)
MARKER1 1
MARKER2 1 More
COREDOR . oy 1ot 1 Df 3
=1 Switch Cursor
com | seting | nao | St cosel

Figure 2 -25: Waveform Editor Graphic Menu

3. Press the front pan€@URSOR button to activate the right side vertical bar
cursor (it becomes a solid line).

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

4. Press the following key sequence: 4, ERTER. This sets the point value
for the right side vertical bar cursor to 499 (see Figure 2 -26).
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GPIB [Continuous mode [Stopped
I — ORI ( operation
1000 pts  Yalue 0.0000 m———— /3 [Uc 0.0000 P
1.0005| ;

' cut

Copy
to Buffer

Paste

from Buffer

Draw...

-1.0000

MARKER1 (0]

MARKER2 0 More
TOREOR . oyt : tora
=1 Switch Cursor

com | seting | nao | St cosel

Figure 2 -26: Setting the Point Value for the Right Side Vertical Bar Cursor
SelectStandard Waveform from the bottom menu.
SelectType from the side menu.

5.
6
7. Turn the general purpose knob to sefgicie
8. SelectCycle from the side menu.

9

Press 2" andENTER in that order to set the number of cycles for the sine
wave to 2.

10. SelectExecutefrom the side menu.

A two-cycle sine waveform is created between the vertical bar cursors (see
Figure 2 -27).
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GPIB Continuous mode [Stopped
G — N T R 409 [ Standard
1000 pts  Yalue 0.0000 m—————— /3 |Uc-0. 0249 waveform
1.0005| : Type
Sine
it Cycle
2.0
Amplitude
2.0000
Offset
_1_9999: 0.0000
wreErpe sl i |
MARKER2 0 i Execute
CURST: Move Cursor
Salact/ - : e El| Close/
Open Qperation| Zoom Setting Undo Wit

Figure 2 -27: Creating a Sine Waveform

11. Press th€ URSOR button to activate the right side vertical bar cursor.

12. Press the following key sequen€e9, 9, ENTER. This sets the point value
to 999

13. Press th€ URSOR button to activate the left side vertical bar cursor.

14. Press the following key sequenée0, 0, ENTER. This sets the point value
to 500,

15. SelectType from the side menu.

16. Turn the general purpose knob to seRamp.

17. SelectAmplitude from the side menu.

18. Press 1" andENTER in that order to set the ramp wave amplitud#.to
19. SelectOffset from the side menu.

20. Press ¥, “5”, andENTER in that order to set the ramp wave offsed &

21. SelecteExecutefrom the side menu. A two-cycle ramp waveform is created
between the vertical bar cursors (see Figure 2 -28).
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GPIB [Continuous mode [Stopped

[Towsseens ([ 500 A 499 RC_—_999 [ Standard
1000 pts  ¥Yalue 0.0005 m————— /2 (U 1.0005| waveform

1.0005| Type
Ramp

Cycle
2.0

Amplitude
1.0000

Offset

0.5002

-1.0000|
MARKER1 0] ; i
MARKER2 0 g i Execute

CEESTR: Move Cursor

Select/ : : Standard [felaf{Fd
Open Operation| Zoom Setting ‘ Undo Write‘

Figure 2 -28: Creating a Ramp Waveform

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

22. SelectClose/Write from the bottom menu.

23. SelectWrite and Closefrom the side menu.
The display used to enter the file name will appear.

24. Input SAMPLE-1 as the file name. Use the general purpose knob to &lect
from the character menu.

Then press th#ALUE button.Sis inserted into the file name input column.
In the same manner, inpit M, P, L, E, —, 1 (see Figure 2 -29).
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GPIB [Continuous mode [Stopped

[Treessrnss L[ 500 A 499 R[_ 999 [ Close/

1000 pts  Value 8. BBBE—VaIue 1.0005) write

T 9095] /’\ /\ 5 /|

ABCDEFGH
KLMNOPOQR
UVWX‘I‘Z i
oA
678

&ﬁ h
2345

G —

89

waveform Name = [SANPLE-T .WFM

ALLE
— : Insert character

e ..y Cancel
-1. 0004 —— /2 Move cursor
MARKER1
MARKERZ 0] O.K.
Select/ : ; Standard |[®[}{:F4
Open Operation| Zoom Setting ‘ Undo Wasaterm

Figure 2 -29: Naming a File

25. When you finish inputting the file name, sel€cK. from the sub menu.
The system returns to the initial menu and displays the waveform file created
(see Figure 2 -30). The extend®/FM " will be displayed after the file
name; this indicates that the file is a waveform file.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1983KB
Name Type Size Date & Time Comment [+ .
SAMPLE-1 WFM 2048 94-02-01 15:36 M Edit
New
Waveform
New
Equation
New
Sequence
More
i 10f3
Lock
Rename | Comment Copy Delete | Delete All On
Figure 2 -30: Initial Menu File List
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Creating Arbitrary  Arbitrary waveforms can be created on the graphic display with the POINT
Waveforms Using the  DRAW function.

Point Draw Function Use the following procedure to make a copy of theS#eMPLE-1.WFM

created in the previous operation.

1. IntheinitialEDIT menu, seledCopy bottom menu. The display used to
enter the name of the copy of the file will appear, as shown in Figure 2 -31.

GPIB Continuous mode Stopped
Catalog : Memory Free : 1983KB
Name Tyne  Size Date & Time Comment
SAMPLE-1 Wi C
ABCDEFGHIJ| @
KLMNOPOQRST
UVWXYZ #%%
g,ﬁ) P @A~
Opi23456789

Copy SAMPLE—-1.WFM to [SAMPLE-1| .\WFM

VALLE
— : Insert character

e .5 Cancel
—— /= Move cursor

O.K.

Rename | Comment Delete All On

Lock

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

In this example, you will name the coBAMPLE-2.
2. Press the Delete key on the front panel to deletelthia ‘the file name.
3. Press2”
4. SelectO.K. from the side menu.
SAMPLE-1 will be copied as a new waveform file nan&MPLE-2.

5. Check to make sure that tB&AMPLE-2 waveform file is displayed
inverted in the file list in the initial menu. If it is not selected, turn the
general purpose knob until the naB®MPLE-2 is displayed inverted.
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6. SelectEdit from the side menu.
The SAMPLE-2 waveform file will appear on the screen.

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

7. Press th€URSOR button on the front panel. This will activate the vertical
cursor bar in the left-hand side of the screen.

8. Press2’,“5", “0", andENTER to set the point value of the left cursor to
250.

9. Press th€URSOR button on the front panel again to activate the vertical
cursor bar in the right-hand side of the screen.

10. Press 77, “5", “0", andENTER to set the point value of the right cursor to
750.

GPIB Continuous mode [Stopped
(TiSaPLE2 L350  A500 ORENNEEY | operation
1600 pts  Yalue 8.0000 m————— /3 e 0.0005 P
1.0605] ;
cut
Copy
to Buffer
Paste

from Buffer

Draw...
MARKER1 :0{ i
MARKERZ 0] i
10f3
TS - switch Cursor
Salect/ i ; Standard |Close/
Open £ham agtiing ‘ Lindo waveform Write

Figure 2 -32: Setting the Edit Range

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

11. SelectOperation from the bottom menu.
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12. SelectDraw... from the side menu.
The first point will be drawn.

13. Press th& ALUE button on the front panel to determine the direction in
which the point cursor will move.

14. Using the general purpose knob, move the point cursor to draw another
point.

15. SelectAdd Draw Point from the sub-menu.
The point will be confirmed and anwill appear at that position.

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

GPIB Continuous mode [Stopped
LB I — N K750 [ operation
1000 pts  Value 0.0000 su— 0 00005 |
1.0005| :
Add
Draw Point
Delete
Draw Point
Smooth
an
Go Back
MARKER1 6| _ :
MARKERZ 0| i i Execute
CIRSOR ; VELUE ™ Syyitch Cursor X A RH ©.3993
Select/ ot : Standard |Close/
Open £ham fgtiing ‘ Lindo waveform Write

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

17. SelectSmoothfrom the sub-menu to turn smoothing on.

When this is done, spline interpolation will be performed and the points that
have been drawn and the curve outside the area marked by the vertical bar
cursors will be connected in a smooth curve.
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If smoothing is turned off, linear interpolation will be performed and the
points that have been drawn and the curve outside the area marked by the
vertical cursors will be connected using straight lines.

18. SelectExecutefrom the sub-menu.

The points between the vertical cursors will be connected in a smooth curve
(using spline interpolation), as shown in Figure 2 -34.

GPIB Continuous mode [Stopped
TISAWPLE-Z L[ 250  AS560 R 70 [ gperation
1000 pts  Yalue 0.0000 m———————— /3 [Uc 00005 P
1. 06053 : ;
5 : Add
Draw Point
Delete
Draw Point
Smooth
Off
Go Back
MARKERT1 0| : : _
MARKERZ 8] : i Execute
CRSOR ; LLE - Suaiich Cursor FH B X8 9.3993
Select/ i : Standard |Close/
Open £ogm Setting ‘ Lo waveform write

Figure 2 -34: Connecting the Points

19. SelectClose/Write from the bottom menu.
20. SelectWrite and Closefrom the side menu.

The data for th&AMPLE-2 waveform file will be updated and the initial
EDIT menu will reappear.
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Creating Waveforms
Arithmetically
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You will now add a noise waveform to the sine waveform.
SelectNew Waveform from the side menu in the initieDIT menu.
SelectStandard Waveform from the bottom menu.
SelectAmplitude from the side menu.

Press 1" andENTER in that order.

a > w DN

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

Type Sine
Cycle 1.0
Offset 0.0000

6. SelectExecutefrom the side menu.

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

GPIB Continuous mode [Stopped
[Treessrnss L[ @ A999 R[__ 999 Standard
1000 pts  Yalue 0.0000 m——————— /3 |Uc-0. 0029 waveform
1.0005| ] Type
Sine
Cycle
1.0

Amplitude
1.0000

Offset
_1_9999: 0.0000
MARKER11]
MARKER2 1 Esdciite

CURSTR: Move Cursor

Select/
Open

Operation| Zoom

MEGEM Close/
waveform Write

Setting ‘ Undo

Figure 2 -35: Creating a Sine Wave

7. SelectType from the side menu.
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8. Using the general purpose knob, selsdt Noise
9. SelectAmplitude from the side menu.

10. Press , “3", andENTER in that order.

11. SelectExecutefrom the side menu.

Noise will be added to the sine wave, as shown in Figure 2 -36.

GPIB [Continuous mode [Stopped
[Tresswesss [ G  A999 RC____ 999 Standard
1600 pts  Walue 6.0396 p————————— /2 [u¢ 0.1597 Waveform
1.0605§: 1
i Type
Add Noise

Amplitude

0.3000

. _ Offset
~1.0000f 0.0000
MARKER1 (1] ]
MARKER2(1 i Execute

SUESTR - Move Cursor
Select/ : : A okIdell Close/

&en Operation| Zoom Setting ‘ Undo writa ‘

Figure 2 -36: Sine Wave With Noise Added

12. SelectClose/Write from the bottom menu.
13. SelectWrite and Close from the side menu.

14. Make SAMPLE-3 the file name. See Step 24 in the waveform file creation
procedure for instructions on how to enter the file name.
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Creating an Equation File  This procedure is used to create a waveform using an equation.
1. SelectNew Equationfrom the side menu.

Figure 2 -37 shows the equation editor menu.

GPIB Continuous mode [Stopped
File Name | ##sssees, FOU g
Line l:l Operation
Cut Line
Copy
to Buffer
Paste
from Buffer
word Table
B cos( [ exp( ] &k pi X t * + ) | ﬁ
log( | In{ |sqri{| x t v = / i )]
max( | min{ |range{( )} |round(| int( [ abs( v )] Insert
rnd( | mavk (| diff(|integ( norm{| ( ) = e | Other

CURSOR VALLE  ENTER Equation
— : Go to Cursor mode — /—: Insert word q

Figure 2 -37: Equation Editor Menu Display

Exit/

Setting e

Compile

Undo ‘

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

SelectSetting from the bottom menu. When this is done, the default setting
(1000 for the number of points will appear. If the clock frequency has been set
to 1 MHz in theSETUP menu, the value will be ds for each point. According-

ly, for 1000 points the waveform period will be 1 ms.

2. SelectOperation from the bottom menu.

3. Set the time from 0 to 500. Press ths, 0, 0, us, “)", and “¢!” (carriage
return), in order, using the numeric keys and unit key or by selecting and
entering these characters from the items in the component menu.
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NOTE. You can use the general purpose knob to select an item from within the
component menu. After selecting an item, press the front Jah&lE button or
ENTER button to enter the selected item into the equation list.

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

4. For the equation, enter 0.5*sin(4*pi*x). Inpit“.”, 5, *, sin(, 4, *, pi, *, X,
) with the numeric keys or from the component menu.

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

range(0,500us)
0.5#5in(4*pi*x)
range (500Us, 1Ns)

iin 19*ﬁi*x)

Figure 2 -38: Equation List Input

6. SelectCompile from the bottom menu.

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

File Name : #xsssxss EQU —
Line : [ 9§ Compile

{,“‘Eggfﬁ overview

range (56
Sin(10+p

sint 1666 Points - Clock Te+66 Hz )|

log( )

max( | o ) Continue
rnd{ |mark(JditT(Jinteqiinorm{] T 7 J [ = [ e [ 4 Operation
Operation Setting ‘ Em\iﬁrite

Figure 2 -39: Display of Compiled Waveform Data

7. SelectContinue Operation from the side menu to return the system to the
previous equation edit menu.

8. SelectExit/Write from the bottom menu.
9. SelectWrite and Exit from the side menu.

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

11. When you are finished inputting the file name, se@&. from the
sub-menu.

The equation fileSAMPLE-4.EQU) and the waveform fileSAM-
PLE-4.WFM) of compiled data with the same name are created and the
system returns to the initial menu. See Figure 2 -40.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1974KB
Name Type  Size Date & Time Comment - .
SAMPLE-T WEM 2048 04-02-01 15:36 T Edit
SAMPLE-2 WFM 2048 94-82-01 15:41
SAMPLE-3 WFM 2048 94-92-81 15:42
SAMPLE-4 EQU 4 N
SAMPLE-4 WFN 2048 04-02-01 15:46 EW
waveform
Maw
Equation
Mew
Sequence
Nore
i 10f3
Lock
Rename | Comment Copy Delete | Delete All on

Figure 2 -40: Initial Menu File List
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Creating a Sequence File
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In this procedure, you will create a sequence file that combines two files: the
waveform file created with the waveform edit8AMPLE-1.WFM) and the
waveform file created with the equation editor and then compHAd¢
PLE-4.WFM).

1. SelectNew Sequencdrom the side menu. Figure 2 -41 shows the sequence
editor menu.

GPIB Continuous mode |Stopped
File Name : sxsssxxx SEQ -
Line : Operation
Destination Repeat [ ] Catalog
—— M= backward BT AT | :
= SAMPLE- 2. WFM cut Line
SAMPLE-3.WFM
SAMPLE-4.WFM
Copy
to Buffer
Insert by
WALLE /ENTER
—f o
Paste

from Buffer

Show
Catalog
Entry
| = forward 1
C%R: Go to Move destination mode
i Show Exit/
Overview Lzl ‘ ‘ Write

Figure 2 -41: Sequence Editor Menu Display

2. Use the general purpose knob to select the waveform file fro@éatadog
to go on the first line of thBestination list. SelecSAMPLE-1.WFM
here.

3. Press th&ALUE button on the front panel.

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

4. Now you will set the repetition count for t8AMPLE-1.WFM file to 2.

Press 2" andENTER in that order. The inverted video cursor will move to
the second line in thBestination list.
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5. Repeat Steps 2 through 4 to erf8&MPLE—4.WFM in the second line of
the Destination list. The repetition count for this file should be set;to
since this is the default value, there is no need to change it.

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

GPIB

File Name

ooEwkssxxs SEQ
Line :

Destination

Repeat

SAMPLE-1.WFM
SAMPLE-4.WFM

p—|

CUREOR

[Continuous mode

&= backward

Inserthy
VALLE XENTER
(s L —

[Stopped

" ] Catalog

Operation

SAMPLE-1.WFM
SAMPLE-2.WFM
SAMPLE-3.WIM

SAMPLE-4.WFM

Cut Line

Copy
to Buffer

Paste
from Buffer

Show
Catalog
Entry
= forward |
— : Go to Move destination mode Humeric: Enter Repeat
Show Exit/
Overview ‘ Lido ‘ ‘ Write

Figure 2 -42: Sequence Example

6. SelectShow Overviewfrom the bottom menu to verify the sequence
waveform.

The sequence waveform is combined as the sequAAPLE-1.WFM
twice andSAMPLE-4.WFM once. See Figure 2 -43.
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GPIB Continuous mode [Stopped
File Name : sssssses. SEQ i
the fL | Overview
[SAM T
ShM [ 1
0.500Y 1
' |

0.000Y-

-0.560Y 3000 Points ; Clock 1e+08 Hz
Continue
I 1] | - Operation
: Show Exit/
Operation ‘ ‘ Write

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

7. Atfter verifying waveform, selec@ontinue Operation from the side menu
to return the system to the previous sequence edit menu.

8. SelectExit/Write from the bottom menu.
9. SelectWrite and Exit from the side menu.

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

11. When you are finished inputting the file name, se@&. from the
sub-menu. The sequen@AMPLE-5.SEQ) file is saved to internal
memory and the system returns to the initial menu.

2 -56 AWG2021 User Manual



Operating Examples

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

1. SelectNew Autostepon the second page of the side menu in the initial
EDIT menu.

NOTE. SelecMore from the side menu to display the next page.

You will set the CHL1 file for Step 1.

2. Using the general purpose knob, move the cursor to the CHL file column.

wEEEERed, AST [Step  1of 1
Clock 100, BNHZ CH1 Operation
CH1 '
Filter
amp |
0ffset

Figure 2 -44: Moving the Cursor

3. Press th&ALUE button on the front panel.

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

'Y SAMPLE-1.WFM I
SAMPLE-2.WFM

SAMPLE-3.WFM
SAMPLE-4.WFM
SAMPLE-3.5EQ

Figure 2 -45: File List

4. Using the general purpose knob, selectSAMPLE-1.WFM file.
5. SelectSetfrom the side menu.

The waveform and output parameters forS#VIPLE-1.WFM file will

appear.
AREEEEEE AS] [Step  1of 1
Clock 1. 000NHZ ' CH1 Operation
~ CHI ' '
Filter Throug
Anp | 1. 006Y
Offset 0. 000V

Figure 2 -46: Setting File

You will now set the CH1 file for Step 2.
6. SelectMore 1 of 2from the side menu.

7. SelectAppend New Stepfrom the side menu.
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The Step 2 display will appear.

8. Using the procedure described in Steps 2 — 5 above, set the CH1 file for Step
2 (SAMPLE-3).

[##xxsxss AST| [Step  Zof 2
Clock 160, BNHZ CH1 Operation
CH1 ' ' CH2
Filter Throug
anp 1.0007
offset 0,000V

Figure 2 -47: Setting the File for Step 2

9. Using the procedure described in Steps 2 — 8 above, set the CH1 file for Step
3 (SAMPLE-4).

FRERRERE AT [Step  3of 3
Clock 1.008NMHZ ' CH1 Operation
~CHI ' '

RN

Filter Throug
anp |
0ffset 0. 000Y

Figure 2 -48: Setting the File for Step 3

10. SelectExit/Write from the bottom menu.

11. SelectWrite and Exit from the side menu.
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Setting the Output
Parameters
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12. EnterSAMPLE—6 as the name for the autostep file. See Step 24 of the
waveform file creation procedure for instructions on how to enter the file
name.

13. When the file name has been entered, s€d€t from the sub-menu.

The autostep file that you have created will be saved in the internal memory
under the nam8AMPLE-6.AST and the initial menu will reappear.

1. Press th6&&ETUP button in theMENU column. Figure 2 -49 shows the
SETUP menu displayed.

GPIB Continuous mode [Stopped
waveform
Sequence
: | N s g CH1
[Through|[ 1.6607 | 6.6607 |
I
1,000z ggmgf T
Max: ---—
Wi so0ss
_ Display
waveform CH1 = : ] ot
‘ Clock Operation Filter |Amplitude| Offset

Figure 2 -49: SETUP Menu

SelectWaveform Sequencdrom the bottom menu.
Turn the general purpose knob to selectSAMPLE-1.WFM file.
Press the front panBINTER button.

SelectClock from the bottom menu.

© g M w N

Selectinternal Clock from the side menu.
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7. Use the numeric and unit keys to induMHz, in order, to set the clock
frequency.

8. Press th&ourcebutton in the side menu to seléaternal .
9. SelectAmplitude from the bottom menu.
10. SelectCH1 from the side menu.

11. Use the numeric and unit keys to inpu¥/, in order, to set the voltage value
for full vertical scale.

Figure 2 -50 shows the menu displayed as a result of these settings.

GPIB [Continuous mode [Running
Clock
= IN /\T\/ CH1 e
L] L v b C Al Internal
Through|| 5.000Y || 0.000Y Clock
1.000MHz
Source
Internal
External
SAMPLE-1.WEM
1. 000MHz Hormal Period: 1.006ns
Points: 1000
Max: 2.5000¥/500
Min: -2.5000¥/505
Clock [ G Filter |Amplitude| Offset
i Sequence |Qperation Text
Figure 2 -50: Setting Output Parameters
This completes the output parameter setting.
2 -61



Operating Examples

Setting Operation Mode = Now use an oscilloscope to see what type of waveform is generated. Connect the
and Waveform Qutput  AWG2021 to a oscilloscope using a @cable and a 5@ termination as shown
in Figure 2 -51. The waveform output for this instrument is calibrated folta 50

load.
AWG2021 Oscilloscope
|
F =

90 [l

i Q© O o = 210000
CH1 CH1 CH1 CH2
MARKER 1 50 Q
L Termination
L 50 Q Cable

Figure 2 -51: Connections for Example 3

Continuous Mode. Set the operation mode @ont.

1. Press thODE button in theMENU column. Figure 2 -52 shows the
MODE menu.
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GPIB Continuous mode Running

CH1

Waveform
SAMPLE-1. WEM

SAMPLE-1. WEM|]

Sync
Cont Triggered | Gated Burst Waveform Autostep Start
Advance tnd

Figure 2 -52: MODE Menu

2. SelectCont from the bottom menu.

This operation mode continuously outputs the set waveform. ARm-*
ning” is displayed in the trigger status area on the upper right section of the
screen to show that the set waveform is being output.

3. Press the front pan€H1 On/Off button to enable waveform output.

When the output is on, the On/Off indicator lights up. This operation outputs
the specified waveform from tleH1 output connector. Set the oscilloscope
appropriately to display the waveform on the oscilloscope screen.

You can use the marker output from the instrument as the external trigger for
the oscilloscope. The marker signal is set in high state at data point 0. See
Figure 2 -53. The marker signal can be set to any point using the waveform
edit function.
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Towwrrwnss 1[0 A 009 R
1000 pts Value 0.0000y Malue B.BBBBl
1.08605

-1.0000
MARKER1 1j
MARKER2 1—;*|

High at the point 0

Figure 2 -53: Setting the Marker Default

Triggered Mode. In the following steps, set the operation mod&rtggered and
generate the trigger signal with thRIGGER MANUAL button to control the

waveform output.
4. SelectTriggered from the bottom menu.

When you select this item, the side menu lists external trigger parameters
which allow you to set them. Figure 2 -54 shows the menu sétifigered
mode.
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GPIB Triggered mode |waiting for Trigger

Triggered

Slope

CH1 L Negative

Waveform /

SAMPLE-1. WEM Level

1.4¥

Impedance
502

SAMPLE-1. WEM|]

ST0P

Sync
Start
End

Waveform

‘ fant Advance

Figure 2 -54: Menu Displayed When Triggered is Selected

Autostep

Gated ‘ Burst

Figure 2 -55 shows tHdANUAL button and th& RIGGER INPUT connector
for inputting an external trigger signal.

-TRIGGER ‘

MANUAL

< MANUAL Button

TRIGGER INPUT
Connector

1MQ +10Vp-p
50Q +5VRMS

Figure 2 -55: MANUAL Button and TRIGGER INPUT Connector

This procedure does not use an external trigger signal. Rather, it generates the
trigger signal when th®IANUAL button is pressed.
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5. Press théyANUAL button.

Check the oscilloscope to see that each time you preSsAN&AL
button, a set waveform is output once.

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

NOTE. When the operation mode is settostep it is not possible to change
the output parameters in tIBETUP menu.

6. SelectAutostep from the bottom menu.

The menu shown in Figure 2 -56 will appear.

GPIB Autostep mode [Stopped

Autostep file : Step : 1 Autostep
Slope

CH1 L Negative

A
I:I Level

1.4v
Impedance
502
Select

Autostep
File

STOP

waveform

Triggered Adivarca

Sync
‘ Cont ‘

Autostep (i Start

End

Gated ‘ Burst

Figure 2 -56: Menu Displayed When Autostep is Selected

7. ChooseSelect Autostep Filefrom the side menu.

A list of autostep files will appear.
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Select Autostep file

& SAMPLE-6.45T  [f

Figure 2 -57: Autostep File List

8. Using the general purpose knob, selectSAMPLE-6.AST file.

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

9. SelectO.K. from the sub-menu.
10. Press th&€H1 On/Off button on the front panel to turn on waveform output.
11. Press theMANUAL button on the front panel.

Check on the oscilloscope to make sure CH1 waveform output advances one
step each time the button is pressed. The waveform or sequence for the step
is output once, then output stops.

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

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

In Example 4, you will load and save the file created in the previous operation.

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

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

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

1. Press th& OAD/SAVE button in theMENU column.
2. SelectDevicefrom the bottom menu.

3. SelectNVRam from the side menu.

4. SelectSavefrom the bottom menu.

Figure 2 -58 shows th@AVE menu displayed.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1972KB Save
Name  Type Size Date & Time Comment " ]
SAMPLE-1 WEM 94-02-01
SAMPLE-2 WFM 2048 94-02-01 15:41 Save
SANMPLE-3 WFM 2043 94-02-01 15:42
SAMPLE-4 EQU 452 94-02-01 15:47
SANMPLE-4 WFM 2048 94-02-01 15:46
SAMPLE-5 SEQ 960 94-02-01 15:51 I
SAMPLE-6 AST 802 94-02-01 15:57 Save A
Catalog : NV¥Ram Free ; 26KB
MName  Type Size Date & Time Comment
Device Load Save Auto Load
CINYRam Off

Figure 2 -58: SAVE Menu

5. SelectSave Allfrom the side menu.

WhenSave Allis selected, all the files in internal memory (listed in the
upper screen) are saved to the NVRam. See Figure 2 -59.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1972KB Save
Name Type Size Date & Time Comment "
SAMPLE-1 WFM 94-62-01
SAMPLE-2 WM 2048 94-82-01 15:41 Save
SAMPLE-3 WFM 2048 94-02-01 15:42
SAMPLE-4 EQU 452 94-02-01 15:47
SAMPLE-4 WFM 2048 94-02-01 15:46
SAMPLE-S SEQ 960 94-02-81 15:51 I
SAMPLE-6 AST 802 94-02-91 15:57 Save A
Catalog : NV¥Ram Free ; 12KB

MName  Type Size Date & Time Comment

SAMPLE-1 WFM 2948  94-02-01 15:36 I

SAMPLE-2 WFM 2948 94-82-81 15:41

SAMPLE-3 WFM 2948 94-02-81 15:42

SAMPLE-4 EQU 452 94-02-81 15:47

SAMPLE-4 WFM 2948 94-02-81 15:46

SAMPLE-5 SEQ 968 94-02-81 15:51

SAMPLE-6 AST 802 94-02-91 15:57

Device Load Save Auto Load

CINYRam Off

Figure 2 -59: Files Saved in NVRam

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

6. Check to make sure thauto Load in the bottom menu i9ff.

If it is not Off, selectAuto Load from the bottom menu, then sel&xff
from the side menu.

7. Power the instrument off, then on again.
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Loading Files  The following procedure loads files into internal memory.

1. Press th& OAD/SAVE button in theMENU column.

Make sure that there are no files in the internal memory file list in the upper

screen (see Figure 2 -60).

GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1986KB Load
Name Type  Size Date & Time Comment
Load
Load all
Catalog : NVRam Free ; 12KB
Name Type  Size Date & Time Comment
SAMPLE-1 WEM 94-62-01
SAMPLE-2 WFM 2048 94-02-01 15:4
SAMPLE-3 WFM 2048 94-02-01 15:42
SAMPLE-4 EQU 452 04-02-01 15:47
SAMPLE-4 WFM 2048 94-02-01 15:46
SAMPLE-5 SEN 960 94-02-081 15:51
SAMPLE-6 AST 302 94-082-01 15:57
Davice Load Save Auto Load
CiNYRam Off

Figure 2 -60: Internal Memory File List

2. SelectLoad from the bottom menu.

HereNVRam is selected in thBevice bottom menu.

3. SelectLoad All from the side menu.

When this item is selected, all the files in the NVRam (listed in the lower
screen) are loaded into internal memory. See Figure 2 -61.
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GPIB [Continuous mode [Stopped
Catalog : Memaory Free : 1972KB Load
Name Type  Size Date & Time Comment
SAMPLE-1 WFM 2048 94-062-01 15:36 Il
SAMPLE-2 WFM 2048 94-82-01 15:41 Load
SAMPLE-3 WFM 2048 94-02-01 15:42
SAMPLE-4 EQU 452 04-02-01 15:47
SAMPLE-4 WFM 2048 94-62-01 15:46
SAMPLE-5 SEQ 960 94-902-01 15:51 d Al
SAMPLE-6 AST 802 94-02-01 15:57 Load A
Catalog : NVRam Free ; 12KB
Name Type  Size Date & Time Comment [+
SAMPLE-1 WFM 94-02-01
SAMPLE-2 WFM 2048 94-02-01 15:41
SAMPLE-3 WFM 2048 94-62-01 15:42
SAMPLE-4 EQU 452 04-02-01 15:47
SAMPLE-4 WFM 2048 94-062-01 15:46
SAMPLE-5 SE( 960 94-02-01 15:51
SAMPLE-G AST 302 04-902-01 15:57
Device Load Save Auto Load
CONYRam Off

Figure 2 -61: Files Loaded into Internal Memory

When you seledtoad from the side menu, the file displayed in inverted video
in the NVRam list is loaded into internal memory.
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Auto Load
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Using the Auto Load process, it is possible to automatically load files from a
designated device into the instrument’s internal memory when the power to the
instrument is turned on. You can do this with the following procedure:

1. SelectAuto Load from the bottom menu.
2. Selectfrom NVRam from the side menu.
3. Power the instrument off, then on again.

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

This completes the Example 4.

Also, note that files are loaded/saved in the same manner whBe\leis set
to Disk. For a floppy disk, hierarchical file structures can be created using
directories. See tHaTILITY menu Disk item in Section 3, Reference, for
directory creation instructions.

NOTE. You must format new floppy disks. SeedELITY menu Disk item in
Section 3, Reference, for formatting instructions.
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Example 5: Loading Waveforms From Other Instruments

The AWG2021 can transfer waveforms via a GPIB cable from a digital storage
oscilloscope (DSO).

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

1. Connect the AWG2021 and the other instruments as shown in Figure 2 -62.

GPIB Cable

IEEE STD 488
Connector / / GPIB

Connector

AWG2021 DSO

EO

)i

1O
I

[——]

1) S
I i S 0000
CH1
Signal
Generator
ouQ 50 Q Cable

Figure 2 -62: Connections for Example 5

2. Adjust the amplitude of the signals from the signal generator so that the
waveform is displayed on the DSO screen with the amplitude and sweep
speed shown in Figure 2 -63.
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200mV/div 10ps/div

Figure 2 -63: DSO Screen

3. Press thélENU columnLOAD/SAVE button for the AWG2021.
4. SelectDevicefrom the bottom menu.
5. SelectGPIB from the side menu.

At this point, if the remote port is n@&PIB or the GPIB is not configured

for waveform transferring, these settings must be changed. In such cases, the
message shown in Figure 2 -64 will appear; if you change the setting, select
O.K. from the sub-menu.

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

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

Figure 2 -64: Confirmation Message (asking if it is O.K. to change the remote port
and GPIB configuration settings)

To change the settings, sel€K. from the sub-menu.
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6. SelectLoad from the bottom menu.

7. Use the general purpose knob to select the name of the DSO instrument
connected to the instrument and the transferring source froNetne
column in theGPIB Sourcelist. In this example, you should sele@ek
TDS CHL1.” See Figure 2 -65.

Catalog : GPIB Source

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

Figure 2 -65: GPIB Source List

8. Set the DSO GPIB address to 1 and its communication mode to talk/listen.

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

9. SelectSelectSource Addressrom the side menu.

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

11. SelectLoad from the side menu.

When this is done, the waveform data will be transferred from the DSO
instrument to the AWG2021. The transferred waveform data will be loaded
into the internal memory of the AWG2021 under the name shown in the
“Loaded as column of the GPIB Source list. In this example, the waveform
file is named TDSCH1.WFM.” The clock, amplitude, and offset values
obtained from the waveform preamble are loaded into the waveform file as
setup data, together with the waveform data.

NOTE. If the amplitude, offset, or clock is outside the range that can be set for
the AWG2021, it is replaced with the maximum or minimum value that can be
set. If an attempt is made to transfer a waveform that exceeds any of these
ranges, a message to that effect is displayed.
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If Load Without Preamble in the side menu is selected, the waveform preamble
will not be loaded (in other words, only the waveform data will be loaded). In
such cases, all parameters will be set to the default values of the output

parameters.

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

The instrument is equipped with a waveform function generator for generating
simple waveform functions. Pressing #a& button on the front panel will
change the mode to function generaf®)] mode and enable you to set various
waveform parameters.

In Example 6, you will select a sine wave for CH1. Then you will set the
parameters and output the waveform.

1. Press the front pan€lG (Function Generator) button. TR& mode menu
is displayed.
CH1 Waveform Settings  As described below, you will define a 200 kHz, 5 V amplitude, 0 V offset sine
wave on CH1.
1. SelectSinefrom the bottom menu.
Figure 2 -66 shows a sine wave displayed within the CH1 frame on the

screen.

GPIB Continuous mode Running

Frequency
100. 0kHz

CH1 0.5000V Amplitude

1.000¥

Offset

0.000v
—0.5000V -
Polarity

T+ Invert

Period: 10.00us
2 | |

Square Ramp Pulse

N

Triangle

Channel
CH1

Figure 2 -66: Screen When Sine Set for CH1

Set the frequency to 1 MHz.

2-78 AWG2021 User Manual



Operating Examples

AWG2021 User Manual

2. SelectFrequencyfrom the side menu.

3. Pressl and theMHz/ps key in the Unit key to input the frequency with the

numeric keys.

To set the frequency with the general purpose knob, select the index digit for
input with the front panel arrow buttons (- ). Press the- button to move

the underscore to the left or press thédutton to move the underscore to

the right. Turn the general purpose knob with the index digit selected to get a
1.000 MHzfrequency.

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

5. SelectAmplitude from the side menu.

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

SelectOffset from the side menu.

Turn the general purpose knob and check that the 0 V line (broken line) on
the screen moves within a rang@5 V. Then set the offset @000 V You
could also input the offset value with the numeric keys.

Check that when you press tRelarity button in the side menu, the polarity
toggles betweeNormal andinvert and the polarity of the sine wave on the
screen is reversed. Then set the polarityaomal.

Figure 2 -67 shows the screen when the output parameters are set for a sine
wave on CH1.
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GPIB

[Continuous mode [Running
Sine

Frequency
1. 000MHzZ

CH1

2.5000¥ |

—2.5000V -

Amplitude
5.000¥

Offset

0.000¥

Polarity

1+ Invert

Period: 1.000us

Channel
CH1

Nt

Triangle Square Ramp Pulse

Figure 2 -67: CH1 Output Parameter Setting Display

This completes the sine—wave output parameter setting. Now you will check the
actual waveform on the oscilloscope screen.
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Waveform Output  Connect the AWG2021 to an oscilloscope withtb8ables and 5@ termina-
tions as shown in Figure 2 -68. The waveform output for this instrument is
calibrated for a 5@ load.

AWG2021 Oscilloscope

e N T =

[N
6666

N — ) QC@@@‘

[ —]

50 Q Termination CH1

50 Q Cable

Figure 2 -68: Connections for Example 6

1. Press the front pan€H1 On/Off button and switch on. The On/Off
indicator should light up. In this operation, the waveform outputs continu-
ously from theCHZ1 output connector. Set the oscilloscope appropriately to
display the waveform on the oscilloscope screen.

This completes the Example 6.
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Introduction

Section 3 will describe in detail the functions contained in each of the menus.

EDIT Menu
SETUP Menu
MODE Menu
LOAD/SAVE Menu
UTILITY Menu
FG Menu

Each section will describe menu functions in the following order:

Menu Structure. Each menu will be shown in a diagram listing the menu
items from left to right, with the highest menu level on the left and the

lowest menu level on the right. There are three types of menus: the bottom
menu, the side menu and the sub-menus. An ellipsis (...) in a side menu item
indicates that it has a sub-menu. If a menu has many levels, there will be a
“Description” section at the beginning which shows the detailed menu
configurations for that function.

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

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

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

Menu ltems Available With Each Editing Function

More

Go Back

AWG2021 User Manual

When the side menu consists of two or more pages, this item is used to display

the next page. In the example shown at left, the side menu being displayed
consists of three pages and the first page is currently being displayed.

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

3-1



Introduction

Execute

Undo

0.K.

Cancel

Continue

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

Select this button to cancel the most previous operation — for example,
Execute,calculations in thdlath... sub-menu, oMarker settings, oCut,
Paste Insert or other operation. Pressikndo again will cancel the Undo
operation and restore the waveform to the status befiade was pressed.

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

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

This item appears in the side menu when a panel containing an error message
appears on the screen, or when$hew Catalog Entry or Show Overview
command is used to display a waveform in graphic form. Pressing this button
causes the panel to disappear. (You may also usel &R MENU bezel

button for this purpose.)
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General Description

Waveform Editor

Equation Editor

Sequence Editor

Autostep Editor

AWG2021 User Manual

To use the AWG2021 to output arbitrary waveforms, you must first create a file
for the waveform to be output. There are four file types, each created by a
different editor. Files created in this manner will have an extension after the file
name that identifies what type of file they are.

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

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

Pressing th&DIT button in theMENU causes the initial menu to be displayed.
When you want to edit an existing file or create a new file, select the appropriate
editor from this initial menu. In this section, we will briefly describe these

editors.

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

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

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

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



EDIT Menu

Initial Menu

To create or edit waveform files, press Hi2IT button of theMENU column to
display the initial menu. Figure 3 -1 shows the structure of the iBD&r

menu.
MENU Button Bottom Menu Side Menu

Initial Menu Editor
5 Selecting . |
! an Existing [— Edit !
File oo .
: : f Graphic Display
: X . Waveform . !
| New Waveform : WEM.  Editor Timing Display |
: : Table Display
: on — . Equation Editor |
; New Equation . -EQUI____q___________'
New Sequence Sequence Editor

EDIT |— ! SEQ;

New Autostep —W_Autostep_Edlto_r
Convolve + Convolution Waveform Editor
! Waveform ! wrm, (Option09)
é | antusing | Fromony — | PTG
! \WEM File Domain WrM;_ (Opton09)
5 Selecting |
! —| an Existing [— E?rﬁin\?vgﬁo '
! .SEQ File :
Rename
' Comment '
| Selecting Copy |
| anExisting Delete
! File Delete Al 5
: Lock On/Off i

Figure 3 -1: Initial EDIT Menu Structure
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Menu Functions
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The following list shows the functions available for each menu item and the page
on which you can find a description of that function.

Table 3-1: Menu Functions

Menu Function Page

Edit Editing an existing file 3-7

New Waveform Creating a new file (.WFM) 3-7
Waveform editor 3-14
Graphic display 3-23,3-29
Timing display 3-29, 3-96
Table display 3-29,3-129

New Equation Creating a new file (.EQU) 3-7
Equation editor 3-137

New Sequence Creating a new file (.SEQ) 3-7
Sequence editor 3-161

New Autostep Creating a new file (.AST) 3-7
Autostep editor 3-171

Expand SEQ into WFM F_lxpanding a sequence file into a waveform | 3-12
ile

Convolve Waveform Convolution waveform editor (Option 09) 3-189

Edit in Frequency Domain FFT editor (Option 09) 3-195

Rename Renaming a file 3-8

Comment Comment input 3-10

Copy Copying a file 3-10

Delete Deleting a file 3-10

Delete All Deleting a file 3-10

Lock On/Off Locking and unlocking files 3-11
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CRT Display  Figure 3 -2 shows the initial menu of tBBIT. A description for each callout
follows.
GPIB [Continuous mode |Stopped
@75 Catalog : Memory Free : 1574KB
(— MName  Type Size Date & Time Comment "] )
APRBSTS SEQ 9437 04-02-01 00.25 SE(_WFM PRES*S Edit
AN EQU 842 94-02-01 00:01 AMPLITUDE MODULATION
AM WFM 40048 94-02-01 60:01
DMP_SIN EQU 842 04-02-01 00:01 DAMPED SINE WAVE N
DMP_SIN WFM 8048 04-02-01 00:61 . e
DOPSKl  WFM 66484 94-02-01 060:63 PI/4DOPSK In phase signa waveform
DOPSK() WFM 66484 04-02-01 00:03 PI/4DOPSK (Quadrature pha
D_EXP  EQU 764 04-02-01 00:00 DOUBLE EXPONENTIAL PULSE
D_EXP  WFM 20048 04-02-01 00:00 New
<:> ™ | Fu EQU 764 04-02-01 00:01 FREQUENCY MODULATION i
M WFM 4948 94-02-01 00:01 Equation
GAUSS_P  EQU 686 94-02-01 00:00 GAUSSIAN PULSE
o 2048 z
LIN_SWP EQU 764 04-02-01 00:81 LINEAR FREQUENCY SWEEP New
LIN_SWP WFM 32048 04-02-91 00:01 Sequence
LOG_S¥P EQU 842 94-02-91 60:81 LOG FREQUENCY SWEEP
LOG_SWP WFM 44948 94-02-91 00:01
LORENTZ EQU 686 94-02-01 00:00 LORENTZ PULSE More
LORENTZ  WFM 2048 94-02-01 00:00
__ | MDSK_RD WFM 2484 94-02-01 60:19 M_DISK_READ SIGNAL 10f3
Lock
Rename | Comment Copy Delete | Delete All On

Figure 3 -2: Display of the Initial Menu

(1) Catalog:Memory

The display list shows the files in internal memory.

(2) Free Memory

Available internal memory is indicated.

(3) Scroll Indicator

The file area of memory displayed on the screen is indicated by
an inverted display area in the scroll indicator. Up to 20 files
can be displayed on the screen. To display more files, scroll the
screen up or down by turning the general purpose knob.
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(4) File List This list displays the files in the internal memory of the
instrument. The display gives the following information about
the file: Name, Type, Size, Date & Time and Comment.
Select a file by turning the general purpose knob. The selected
file will appear inverted on the display.

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

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

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

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

Comment. Any comment defined for the file is displayed.

Creating or Editing a File  Select one of the items from the side menus in the initial menu to create a new
file (New Waveform, New Equation, New Sequenceor New Autostep or to
edit an existing file Edit).

Creating a New File. When aNew command lew Waveform, New Equation,
New SequenceNew Autostepor New Clock Sweepis selected, a new file will
be created by the appropriate editor.

1. Press th&DIT button in theMENU column to display the initial menu.

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

New Waveform Waveform editor
New Equation Equation editor
New Sequence Sequence editor
New Autostep Autostep editor

To select the autostep editor, seldare from the side menu in the initial
menu and then seleldew Autostepfrom the second page of the side menu.

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

Editing an Existing File. To edit an existing file, sele&dit and perform the
following steps:
1. Press th&DIT button in theMENU column to display the initial menu.

2. Turn the general purpose knob to select a file from the internal memory file
list displayed in the initial menu.
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Using File Editing
Functions

3. SelectEdit from the side menu. The system automatically enters the editor
appropriate for the file-type extension so the selected file can be edited.

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

Rename Renaming a file
Comment Comment input
Copy Copying a file
Delete Deleting a file

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

Renaming a File. The Renameitem is used to change a file name.

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

2. SelectRenamefrom the bottom menu. The menu for changing the file name
is displayed. See Figure 3 -3.
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GPIB [Continuous mode [Stopped

Catalog : Memory Free : 1574KB

MName Twne Size DNate & Time Comment

BBECDEFGHIJ| @

KLMNOPQRST

UVWXYZ #8% !
E()s+-@n_~ X
0123456789 3

Rename GAUSS_P.WFM to [GAUSS_F | . WFM

VALLE
— : Insert character

e ..y Cancel
—— /' Move cursor
LORENTZ WFM 2048 94-02-01 00:00 O.K
MDSK_RD  WFM 2484 94-02-01 00:19 M_DISK_READ SIGNAL o
Lock
Comment Copy Delete | Delete All On

Figure 3 -3: Menu Displayed When Rename is Selected

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

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

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

5. Press the front pan®ALUE button. The selected character is inserted
immediately before the cursor blinking in the file name input column.

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

NOTE. The following cannot be used as file nant@sOCK, CON, AUX,
COM1, COM2, LPT1, LPT2, LPT3, NUL, andPRN. Also, the “ ", “*", and

“+” characters in the character menu can not be used in file names and cannot
be selected.

7. To enter the file name, seldgdtK. To cancel that file name, selécancel
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WhenO.K. is selected, the file is saved into internal memory with the
changed file name and displayed in the file list on the CRT screen. Select
O.K. or Cancelto return to the initial menu.

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

Comment Input. SelectCommentto input a comment. The input method for the
comment is the same as that Renameabove. The comment may be up to 24
characters long. All the characters in the character menu can be used.

Copying a File. SelectCopy to display a menu for inputting the copy destination
file name. The input method for the file name is the same as tHaef@me
above.

Deleting a File. SelectDeleteor Delete All to delete unnecessary fildelete
deletes files in internal memory one at a tildelete All deletes all the files in
internal memory.

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

2. SelectDeletefrom the bottom menu. This instrument asks you if you are
sure you want to delete the selected file. See Figure 3 -4.
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Locking and Unlocking
Files

AWG2021 User Manual

GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1574KB
Name Type Size Date & Time Comment [+
AM WFM 40048 94-02-01 00:01

DMP_SIN EQU 342 94-02-01 00:01 DAMPED SINE WAVE
DMP_SIN WFM 8948 94-02-01 00:01

DOPSKI  WEM 66484 94-02-01 00:063 PI/4DOPSK In phase signa
DOPSK)  WFM 66484 94-02-01 60:03 PI/4DOPSK Quadrature pha

D_EXP EQU 764 04-02-01 00:00 DOUBLE EXPONENTIAL PULSE
D_EXP WEM 20048 94-02-01 00:00

FM EQU 764 94-62-01 60:

FM WFM

GAUSS_P EQU

GAUSS_P  WFM

Hm—gﬁg ﬁEH Are you sure you want to
LUG:SWP EQU delete "LORENTZ.WFM" ?
LOG_SWP  WFM Cancel
LORENTZ EQU
LORENTZ WEM
MDSK_RD  WFM z T e 5
MDSK_WR  WFM 1972 94-62-81 00:19 M_DISK_WRITE PULSE O.K.
NYQUIST EQU 342 94-02-01 80:01 NYQUIST PULSE
Lock
Rename | Comment Copy DG Delete All On

Figure 3 -4: Menu Displayed When Delete is Selected

If you selectO.K. from the side menu, the file is deleted. If you decide not to
delete the file, sele@ancel When eithe©.K. or Cancelis selected, the
system returns to the initial menu.

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

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

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

2. Press th&ock bottom menu button. The selected file is locked@nds
selected for théock label. Locked files have “*” next to their names in the
display. See Figure 3 -5.
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GPIB [Continuous mode [Stopped
Catalog : Memory Free : 1574KB
Name Type Size Date & Time Comment [+ .
HPRBS15  SEN 944 04-02-01 00:25 SE(Q_WFM PRBS#8 Edit
Al EQU 342 04-02-01 00:01 ANPLITUDE MODULATION
#AM WM 40948 04-062-91 00:01
DMP_SIN EQU 342 04-02-01 00:01 DAMPED SINE WAVE N
*DMP_SIN WFM 8948 94-02-01 00:01 iy

DOPSKI  WFM 66484 94-02-081 90:63 PI/4DOPSK In phase signa Waveform
DOPSK)  WRM 66484 04-02-01 00:03 PI1/4DOPSK Quadrature ph

D_EXP EqQU 764 94-02-01 00:00 DOUBLE EXPONENTIAL PULSH

D_EXP WFM 20048 94-02-01 0008 Naw

FM EqQU 764 94-02-01 00:01 FREQUENCY MODULATION :

+FM WEM 4948 94-02-01 99:01 Equation

GAUSS_ P EQU G686 94-02-01 00:00 GAUSSIAN PULSE

] 2948 2

LIN_SWP EQU 764 94-02-01 90:81 LINEAR FREQUENCY SWEEP New

sLIN_SWP WFM 32048 04-62-01 00:01 Sequence

LOG_SWP EQU 842 94-62-01 00:01 LOG FREQUENCY SWEEP

#*LOG_SWP WFM 44948 94-62-01 00:01 —_—

LORENTZ EQU 686 94-062-01 00:00 LORENTZ PULSE Moare

#*LORENTZ WFM 2048 94-02-01 00:00

MDSK_RD WFM 2484 94-02-01 00:19 M_DISK_READ SI1GNAL 10f2
Lock

Rename | Comment | Copy Delete | Delete All ‘

Off

Figure 3 -5: Menu Displayed When Lock is Selected

3. SelectDeletefrom the bottom menu. Check to make sure that the words
“File locked! is displayed in the message area to indicate that it is not
possible to delete the file.

4. If you press thé.ock bottom menu button again, the file is unlocked and
Off in theLock label is displayed inverted. Files on a floppy disk or in
NVRam can be locked/unlocked in the same manner witdThel TY
menu.

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

1. SelectMore from the side menu in the initial menu to display the second
page of the side menu.

2. Using the general purpose knob, select a sequence file (the file name should
end in.SEQ) from the file list in the initial menu. Thé&ekpand SEQ into
WFM” item will appear in the side menu.
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3. SelectExpand SEQ into WFM from the side menu. You will be asked to
provide a name for the resulting waveform file. See Figure 3 -6. If necessary,
change the default name. See “Renaming a File” described above.

GPIB Continuous mode |Stopped
Catalog : Memory Free : 1574KB
Name Tvne Size DNate & Time Comment
#PRBS15 SH
AM E
#AM W BBCDEFGHI J]| @
DHP_SIN  E KLMNOPQRST
*DPSIN ¥ Juvwxvz 482
DOPSKI WH & () “aa g I
DOPSKQ  WH = L
DEXP. E 6123456789 y
D_EXP WH
FM E
#FH WH : ;
GAUSS.P E Expand #PRBS15.SEQ into [HPRBS1S | . WFM
*GAUSS_P  WH VALLE
LIN.SWP E —— : Insert character Eancel
*H,E:gﬁg EF &= 7 S5: Move cursor
*LOG_SWP  WH
LORENTZ E
*LORENTZ WFM 2048 94-92-01 00:00 OK
MDSK_RD  WFM 2484 94-62-01 00:19 M_DISK_READ SIGNAL o
Lock
Rename | Comment Copy Delete | Delete All On

Figure 3 -6: Menu Display When Expand SEQ into WFM is Selected

4. Press0.K. to confirm the file name. Pre€ancelto cancel the operation.

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

Entering the Waveform

3-14

Editor

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

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

1. Pres<EDIT in theMENU column. The initiaEDIT menu will appear.
2. SelectEdit or New Waveformfrom the side menu.

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

New Waveform Use this command to create a new waveform file

As a result of the procedure described above, the waveform editor will
appear on the screen. The waveform editor can be displayed in one of three
formats: graphic, timing or table; the default setting is graphic display.
Figure 3 -7 shows an example in which an existing waveform file has been
selected.
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GPIB Continuous mode [Stopped
(TISINE 0'-._5 A999 R Operation
1000 pts  Yalue 9.0000 m———————'/3 [Uc-0. 0064 P
1.0005|
Cut
Copy
to Buffer
Paste

from Buffer

Draw...
~1.0000)
MARKER1 1
MARKER2 1 More
COREDOR . oy 1ot 1 Df 3
=1 Switch Cursor
com | seting | nao | St cosel

Figure 3 -7: Graphic CRT Display

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

Opening and Selecting  Up to three waveforms can be displayed and edited in the waveform editor at the
Editing Areas  same time. This makes it easy to edit several related waveforms. Figure 3 -8
shows an example in which three waveforms are displayed. In this example, the
box around th&Vaveform2 area shows that this waveform is selected and is

currently being edited.
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GPIB Continuous mode [Stopped
[Tressrrsss 1[G A999 R 999 Select/

1600 pts  Walue ©.0000 m———— /2 [Uc-0. 0127 Open
' ] { | waveforml

suwwgnnn WEM

-1.0000 :
MARKER 1|1 |
MARKEFRE 1 L

2:********0L_:] /909 R 999
1600 pts  Walue 0.0000 m—————— /2 [Uc-0. 0033 |EEERTREE S|

1.0005

Waveforn2

waveforn3

EEEEE ]
-1.0000 WM

MARKER1|1
MARKEFR2| 1

R I R [
1600 pts  Walue 1.0000 pe———— /2 [Uc-1. 0000

1.0005

-1.0000 '
MARKER |1 |
MARKERE| 1 &

CIBSTR: Switch Cursor

Select/ : : Standard |Close/
Operatlon Zoom Settmg‘ Undo whavetort writa

Figure 3 -8: Waveform Editor With Three Editing Areas

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

m  Cursor Link to... will be added to th&etting menu item. See Page 3 -34.
Cursor Link to.. Used to link the cursors in different editing areas.

m  Three additional commandsi(ltiple Copy..., Convolute.., Compare..)
will be added to th®peration menu item. See pages 3 -79, 3 -85 and 3 -88,
respectively.

Multiple Copy... Used to copy a waveform in one editing area that
has been designated with the vertical bar cursors
into another editing area (in the space designated
with the vertical bar cursors in that area), using the
interval specified with Interval.

Convolute... Used to perform convolution calculations for the
waveform in one area (in the space designated with
the vertical bar cursors) with the part of a waveform
in another editing area designated by the vertical bar
cursors in that area.
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Compare... Used to compare the waveform in the area desig-
nated by the vertical bar cursors with the waveform
in another editing area.

In this example, you will select three waveforms in the waveform editor. The
following procedure starts in the initiBDIT menu.

1. SelectNew Waveformfrom the side menu. The new waveform will be
displayed in area 1.

2. PressSelect/Openfrom the bottom menu. In the side menwdveform1”
refers to the waveform file in editing area 1.

3. SelectAnother Waveform from the side menu. A file list will appear,
allowing you to select the waveform file to be displayed in editing area 2.

The top item in the listNew Waveform) is used to create a new waveform
file. The subsequent items are the names of existing waveform files. See

Figure 3 -9.
GPIB Continuous mode [Stopped
[T xxxxrx e L IIGE A 999 R[_ 999 Selact/
1000 pts  Yalue 0.0000 m——————'/2 [Uc 0.0000 Open
1. 0005 Show
Catalog
Select Waveform By,
U1 Hew Waveform i
SAMPLE-1.WFM i
SAMPLE-2.WFM S
SAMPLE-3.WFM i
SAMPLE-4.WFM §
SINE.WFM i
Cancel
-1.0000|
MARKER1 |1 |
MARKER2 1 ] O.K.
—
Select/ - : Standard |Close/
Operation| Zoom Setting ‘ Undo SiGatiria Nerita

Figure 3 -9: Menu Display When Another Waveform is Selected

4. Using the general purpose knob, sedetv Waveform. The new waveform
file created in this step will be assigned to editing area 2.
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5. SelectO.K. from the sub-menu. When this is doWéaveform2 will be
added to the side menu and Waveform2 editing area will appear on the
screen. See Figure 3 -10.

GPIB [Continuous mode [Stopped
[Trwsaswnss L[ @  A999 R 999 Select/
1600 pts  Yalue 8.0000 m—————— /3 e 0.0000 Open

R |
] Waveforml

segaanes WEM

Waveform2

wuwwnsns WEM

SR o
MARKERT (1]

MARKERZ |1} ;
T I A 599 —
1000 pts  Value 0.0000 m——————— /2 U 0.0000

1. 2005] ) ) &

-1, PEEE| Another

MARKERT [1

MARKERZ |1} waveform
EERSOR - Switch Cursor

Select/ : ; Standard |Close/
Operatlon Zoom Settmg‘ Undo WaGetorm Writié

Figure 3 -10: Waveform2 Added

6. SelectAnother Waveform from the side menu.

7. Using the general purpose knob, select a waveform file. In this example, we
will select an existing waveform file.

8. SelectShow Catalog Entryfrom the sub-menu. This allows you to check
the waveform for the selected file on the screen. See Figure 3 -11.
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SINE.WFM

1.6

kel 1066 Points

Figure 3 -11: Menu Display When Show Catalog Entry is Selected

9. SelectContinue from the sub-menu.

10. SelectO.K. from the sub-menwVaveform3 will be added to the side menu
and thewaveforma3 editing area will appear on the screen. See Figure 3 -12.

GPIB [Continuous mode [Stopped
Mosmmsnes [ 9 A999 R 009 [ Selects

1000 pts  Value 0.0000 m— 2 (e 0.0000 Open
- ] | Waveforml

sxdnsksd WEM

-1.0000 -
MARKER 1
MARKERZ

1000 pts  Yalue 0.0000 m——————— /3 (Ue 0.0000 | wxxsnnns WM

1.0005

Waveform2

] Waveform3

SINE. WFM

-1.0000 -
MARKER1| 1 }
MARKEFE 1 [

3:5ie ollE A9 R 999
1000 pts  Yalue 9.0000 m——————/3 |Uc-0. 0064

1.0005

1.

onon
HARKER 1| 1
HMARKERE 1 |

FEEEIR - Switch Cursor

Select/ ; : Standard |Close/
Operation| Zoom Setting ‘ Undo WiGatorm Writi
Figure 3 -12: Waveform3 Added
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Saving Files and Exiting

3-20

the Editor

The three waveform item¥\aveform1, Waveform2 andWaveform3) will be
displayed in the side menu. You will select the waveform to be edited from these
items.

11. SelectWaveform2 from the side menu. A box will appear around the editing
area to indicate that this waveform has been selected.

To close a waveform, once again select YWaveform from the side menu and
then selecClose/Write from the bottom menu. See “Saving Files and Exiting
the Editor” in this section.

When you seledElose/Write from the bottom menu, the newly created or edited
file currently selected in the side menu will be saved to the instrument’s internal
memory and the waveform editor will disappear.

NOTE. The procedure for saving files and exiting the editor is the same for alll
editors. The only difference is that @se/Writeitem in the waveform editor
changes tdexit/Write in the other editor. (The wordClosé€ is used in the
waveform editor because more than one waveform is opened in this editor.)

SelectClose/Write from the bottom menu to display a side menu containing
Write and Close Close without Writing, andWrite menu items. These
functions are explained next.

Write and Close. When a new file is created, if you sel®#¢étite and Close a
menu for naming the file is displayed. Input the file name, then sel&ctfrom
the sub-menu. The file is saved into internal memory with that name and the
system returns to the initial menuQéncelis selected, the input file name is
canceled and the system returns to the editor.

When you exit the editor after editing an existing file and you s@leit¢ and

Close the menu for naming the file is not displayed. Instead, the system
immediately returns to the initial menu and the file created in internal memory is
saved with the existing file name.

Close without Writing. When this item is selected, the system returns to the initial
menu without saving the created or edited file to internal memory. In this case, a
message asking you if it is ok to erase the created data is displayed on the CRT
screen. ReplY.K. or Cancel

Write. WhenWrite is selected, the file name menu is displayed. If you input or
change the file name, then select the sub-n@iu item, the created or edited
waveform data is saved into internal memory with that file name and the system
returns to the editor it has been in. If the file name is changed, the old file is left
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as is and a new file is created with the new file name. If you setewtel the

input file name is canceled and the system returns to the editor without saving
the data into internal memory. Although the created or edited data is not saved at
this time, it is retained for further editing.

Naming a File = When saving a newly created file, a file name must be created. The menu for
creating a file name is the same for all the editors.

1. SelectClose/Write from the bottom menu.

2. SelectWrite and Closefrom the side menu. Figure 3 -13 shows the menu
with the file name.

GPIB Continuous mode [Stopped
R — N R____999) [ Closer
1600 pts  Walue ©.0000 m——————— /2 [Uc-0. 0127 Write
reoosff N\ £ N
ABCDEFGHIJ| @
KLMNOPQRST
UVWXYZ #%%
E()si-0n_~
0123456789

waveform Name = [ | .wFM

YALLE
— : Insert character

.y Cancel
-1.0000 —— /= Move cursor
MARKER1 i
MARKER2]1 g O.K.
Select/ : : Standard |[@faf:{Fd
Open Operation| Zoom Setting ‘ Undo whavetort write

Figure 3 -13: Menu With File Name

NOTE. When no editing has been performed in the editor, selectingriteeand
Closeitem will not cause the menu used to enter the file name to appear; the
initial menu will reappear instead.

Now, input the file name.

3. Use the general purpose knob to select a character.
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4. Press the front pan®ALUE button. The selected character is inserted
immediately before the cursor.

waveform Name = § ].wFM

5. Repeat Steps 3 and 4 until the entire file name has been entered. In this
example, we will enter the narSaAMPLE.

waveform Name = SWFM
Up to 8 characters can be input. To delete a character, press the Delete button

on the front panel. This deletes the character right before the cursor. The
cursor can be moved with the front pasreland— buttons.

NOTE. The following can not be used as file nan@sOCK, CON, AUX,
COM1, COM2, LPT1, LPT2, LPT3, NUL, andPRN. Also, the “” and“*” and

“+” characters in the character menu can not be used in file names and can not
be selected.

6. To enter the file name, selgdtK. To cancel that file name, selécancel
from the side menu.

WhenO.K. is selected, the file will be saved to the internal memory under
the file name that has been entered and the initial menu will reappear. The
new file name will be displayed in the file list in the initial menCéncel

is selected, the name that has been entered will be disregarded and the editor
screen will reappear.

NOTE. If there is already a waveform file in internal memory with the name the
complied waveform file will be given, a message is displayed asking if you are

sure you want to overwrite the old file. Overwriting erases the data in the old
file.
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Graphic Display

AWG2021 User Manual

In graphic display, the waveform is displayed in graphic form in the waveform
editor and it is created or edited in that form. The horizontal axis indicates time or
number of points, while the vertical axis indicates the levels. Waveforms are
displayed at each data point in 12-bit resolution. On the beneath the waveform, the
on/off state of the marker signal is displayed in timing form. All editing operations
are performed between the two vertical bar cursors.

Figure 3 -14 is a diagram showing the menu structure for the waveform editor in
graphic display. This is not a complete list; for a complete list, see the diagram at
the beginning of the section on each menu. An ellipsjséxt to an item in the

side menu indicates that there is a sub-menu below that item listing additional
choices. Commands in the sub-menu are executed wittx@itecommand;
whenGo Backis selected, the sub-menu disappears and the side menu
reappears.
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Bottom Menu Side Menu Sub-Menu
Waveform1
Waveform2 — *1
_ I .
Select/Open 4E Waveform3
. Another Waveform
Waveform Editor
— Cut
— Copy to Buffer
— Paste from Buffer Add Draw Point
raw Poin
— Draw... [ Delete Draw Point
Smooth
— Shift r— Shift
Value
Scale
Factor
— Scale... |: New Size *2
Origin  *2
— Invert... Invert
) li
— Clip... [ (L:el\rl)el
Marker
Set High
L Operation — Marker... |: Set Low
Set Pattern
— Insert Other Waveform ———— Show Catalog Entry
— Single Waveform Math... ——— Type
Add
— Dual Waveform Math... 4E S|\l/1|:|
Show Catalog Entry
— Multiple Copy... ! :srﬁ:rr(\:/;
— Convolute... * Source
. — Source
— Compare... ' Hysteresis
L— Set Result to
— Type
— Region Shit... Shift Scale Value
L— Config...

Figure 3 -14: Waveform Editor Graphic Display Menu Structure
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1

*2

*3

*4

*5

*6

— Zoom

Bottom Menu Side Menu Sub-Menu

Horizontal Zoom in
Horizontal Zoom out ™3
Horizontal Zoom fit ~ *3
Horizontal Pan  *3

Vertical Zoom in
Vertical Zoom out ~ *4
Vertical Zoom fit ~ *4
Vertical Pan *4

Waveform Points

Timing
— Table

View type...

Horiz.Unit

Setting Clock 5

— Waveformx
— Waveformxx
— Link Off

Cursor Link to... ™1

Grid
Undo

Type

Cycle *6
Frequency *6
Amplitude

Offset

Write and Close
Close without Writing
Write

Standard
Waveform

Close/Write 4E

Another Waveform under Select/Open in the bottom menu appears when another editing area has been
edited.

If Horizontal is selected for Scale in the sub-menu, New Size appears; if Vertical is selected, Origin
appears.

The Horizontal Zoom in item under Zoom in the bottom menu item appears when the waveform on the
screen has been zoomed in the horizontal direction.

The Vertical Zoom in item under Zoom in the bottom menu appears when the waveform on the screen
has been zoomed in the vertical direction.

This item appears when Time has been selected for Horiz. Unit in the side menu.

If Point is selected for Horiz. Unit under Setting in the bottom menu, Cycle appears; if Time is selected
for this item, Frequency appears.

Figure 3 -14: Waveform Editor Graphic Display Menu Structure (Cont.)
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Menu Functions  The following list describes the functions for each of the menu items and gives
the number of the page on which you can find a more detailed explanation of that

item.

Table 3-2: Menu Functions

3 -26

Menu Function Page

Select /Open Opening and selecting the editing area 3-15

Operation Editing waveforms in graphic display 3-41
Cut Cutting waveforms 3-43
Copy to Buffer Copying waveforms 3-44
Paste from Buffer Pasting waveforms 3-44
Draw... Draw function 3 -46
Shift... Shift function 3-49
Scale... Scaling function 3-52
Invert... Invert function 3-55
Clip... Clip function 3-56
Marker... Setting a marker 3-57
Insert Other Waveform Inserting other waveforms 3-60
Single Waveform Math... Single waveform calculations 3-63
Dual Waveform Math... Calculations with other waveform data 3-68
Region Shift... Specified region shift 3-7
Multiple Copy... Convolution calculations 3-85
Convolute... Comparing waveforms 3-88
Compare...

Zoom Zooming waveforms 3-92

Setting Settings for the waveform to be edited 3-28
View type... Selecting the waveform data display 3-29
Waveform Points format 3-29
Horiz. Unit Setting waveform point count 331
Clock Setting horizontal axis units 3.3
Gursor Link to... Setting clock frequency 3.34
Grid Linking the vertical bar cursors 3 .35

Displaying a grid in the editing area
Undo Canceling function execution 3-2
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Table 3-2: Menu Functions (Cont.)

Menu Function Page
Standard Waveform Creating a standard function waveform 3-37
Close/Write Saving files and exiting the editor 3-20

Graphic Display Screen  The general graphic display is shown in Figure 3 -15. A description for each
callout follows.

° 00 @
@_\GPIB Contiruous mode Running

1:********°L A 90 R Qperation
Q—_> 1660 pts  VYalue-0.1470r — et Value 6.2262) R
0.5002 ;
( ) / cut
Copy
to Buffer
® -
Paste

from Buffer

M Draw...
-0.5002 5
MARKER1 0 @ “@ |
i C MARKER2|0 Mare

10f3
@__{ FEESOR - Switch Cursor
Select/ ot ; Standard |Close/
Open £ogm Setting lipdp waveform write
Figure 3 -15: Graphic Display Screen
(1) File Name The name of the waveform file being edited. The number

preceding the file name indicates the sequential number of that
editing waveform. In this editor, up to three waveforms can be
displayed and edited at the same time. If the name has not
been set, ¥******is displayed.

(2L Shows the left vertical bar cursor position time or point value
Value (L) and the vertical level (Value). When the cursor value is

displayed inverted, this means the cursor value can be

changed with the general purpose knob or numeric keys.
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Settings for the Waveform

3-28

(3)A

Shows the time or point count between the left and right
vertical bar cursors.

(4) Horizontal Scroll

When the display is magnified horizontally with Zoom, this

Indicator indicator is displayed to show where waveform point positions
are in the CRT display area. The area displayed on the CRT is
shown with inverted display.

(5) R Shows the right vertical bar cursor position time or point value

Value (R) and the vertical level (Value).

(6) No. of Waveform Points

Shows the number of points in the waveform being edited.

(7) Top Waveform Level

Shows the top level for the waveform data displayed on the
CRT.

(8) Vertical Scroll Indicator

When the display is magnified vertically with Zoom, this
indicator is displayed to show where the CRT display area is in
terms of the vertical axis full scale. The area displayed on the
CRT is shown with inverted display.

(9) Bottom Waveform Level

Shows the bottom level for the waveform data displayed on the
CRT.

(10) Marker

Shows the timing for the marker signals 1 and 2. The number
to the right of the word “MARKER” indicates the state value for
the marker at which the active vertical bar cursor (the one
displayed with a solid line) locates.

(11) Left Vertical Bar Cursor

The active cursor is displayed with solid lines and the
non-movable is displayed with broken lines. The left cursor
indicates the left starting point for editing.

(12) Right Vertical Bar
Cursor

Indicates the right end point for editing.

(13) Button Operations

This area shows how the front panel buttons operate in this
menu.

FURSOR : Switch Cursor

Press the CURSOR button to toggle the active vertical bar
cursor between left and right.

FHESER: Move Cursor

The vertical bar cursor can be moved by pressing the
CURSOR button.

Before waveform data is created, you must usé&#tdng item in the side menu

to be Edited  to select the environment for editing. The following settings are available:

View type...
Waveform Points
Horiz. Unit

Clock

Selecting the waveform data display format
Setting waveform point count

Setting horizontal axis units

Setting clock frequency
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Cursor Link to... Linking the vertical bar cursors
Grid Displaying a grid in the editing area

NOTE. These settings are the same in all display formats (graphic, timing and
table).

In the following section, each of these items will be discussed in detail.

Selecting the Waveform Data Display Format. The View type...item allows you to
set the display format for the waveform data. There are three choices: graphic,
timing and table. The following diagram shows the menu configuration.

Graphic
Setting (More 10f2) ~ ——» View type... Timing

Table

Go Back

When you open the waveform edit@raphic display is selected as the default
option. If you want to change the display format, sefstting from the bottom

menu and theNiew type from the side menu, then select the desired format
(Timing or Table) from the sub-menu. Pressing &e Back button cancels the
operation and causes the side menu to reappear. See page 3 -96 for a discussion
of timing display and page 3 -129 for a discussion of table display.

Setting Waveform Point Count. Waveform Points sets the number of points for
waveform data. The following diagram shows the menu configuration.

Setting (More 1 of 2) — Waveform Points

The following formula is used to derive the number of points per period for the
waveform to be created:

Clock frequency

No of points = Frequency of output waveforms

For example, for output of a 20 kHz sine wave, setting the clock frequency to
20 MHz will result in a waveform point value of 20 MHz / 20 kHz = 1000
points.
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When you create a new waveform file, the waveform point size is set to the
default value of 1000. Technically, you can change this size to any value up to
262,144 points and edit the waveform data as desired. However, due to hardware
limitations, the waveform point size on this instrument is limited to 64 — 262,144
points and to the multiple of 8. In the event that you have edited the data to a
waveform point size outside this range, you will be given an opportunity to
change to the nearest allowable size (in other words, 64 — 262,144 points and the
multiple of 8) when you save the file.

®  When the waveform point size is less than 64 points:

For example, if the waveform point size is 10 points, the following message
will appear:

The data size does not fit to this instrument.
size = 10 < 64 (Minimum)
Please select action.

The following items will be displayed in the side menu:

Append 0 “0” (7FF) values will be added after the data until a
size of 64 points is reached.

Expand The data will be interpolated and expanded to make
it 64 points.

Expand with Clock  The data will be interpolated and expanded to make
it 64 points, and the clock will be speeded up to the
same degree.

Cancel The operation will be canceled and the editor screen
will reappear.
Leave as itis The operation will be canceled and the data will be

written as is. The file that has been created cannot be
output on this instrument.

®  When the waveform point size is not the multiple of 8:

For example, if the waveform point size is 500 points which is not a multiple
of 8, the following message will appear:

The data size does not fit to this instrument.
It must be multiple of 8.
Please select action.

The following items will be displayed in the side menu:
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Append 0 “0” (7FF) values will be added after the data until a
size of a multiple of 8 is reached.

Expand The data will be interpolated and expanded to make
it a multiple of 8.

Expand with Clock  The data will be interpolated and expanded to make
it a multiple of 8, and the clock speed will increase

proportionately.

Cancel The operation will be canceled and the editor screen
will reappear.

Leave as itis The operation will be canceled and the data will be

written as is. The file that has been created cannot be
output on this instrument.

Select the appropriate command from the side menu and change the waveform
point size.

If the data point count is set longer than the current waveform data, new points
with a value of zero are added at the right end of the waveform. On the other
hand, if the data point count is set shorter than the current waveform data, points
are deleted from the right end.

To set the waveform point value to 512:

1. SelectSetting from the bottom menu.

2. SelectWaveform Pointsfrom the side menu.

3. Use the numeric keys or the general purpose knob to enter a value of 512.

In the case of the numeric keys, prBss, 2 andENTER in that order.

Setting Horizontal Axis Units. Horiz. Unit sets the units for the horizontal axis for
the displayed waveform in either time or number of points. The following
diagram shows the menu configuration.

Point
Setting (More 10f2)  —— Horiz. Unit {

Time

Each time thédoriz. Unit button in the side menu is pressed, the units toggle
betweenTime andPoint. WhenTime is selected, th€lock item is added to the
side menu and the clock frequency can be set.
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BT —

[ =d
1600 pts  Value 3 0008

1.8685

-1, 960
NARKER1 8

Horiz. Unit

Fuinl
Time

N

Time Sets the horizontal axis unit to time. The cursor
position data at the top of the CRT is displayed in
time and data can be edited in time units.

Point Sets the horizontal axis unit to points. The cursor
position data at the top of the CRT is displayed in
points and data can be edited in points.

In Figure 3 -16, the display on the left shows the horizontal axis unit set to
Point, while the display on the right shows this value sédtitoe.

Horiz. Unit
Point

— Tesseen (250 A500 R___7.50g
¥alusz A.066H | 1688 pts  ‘falue B.06808 Ya lue B.0688

1.0685

-1.6608
MARKER1T 9

MARKERZ @

WARKER2 9

Figure 3 -16: Setting the Unit for the Horizontal Axis
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When the horizontal axis unit is changed, even if you switch to table or timing
display mode, the horizontal axis there is changed too.

Setting Clock Frequency. When the unit of the horizontal axisTisne, the clock
frequency can be set. The following diagram shows the menu configuration.

Setting (More 1 0f2) ~—— Horiz. Unit (Time) ——  Clock

SelectClock from the side menu to set the clock frequency. This parameter
determines the time between the data points (the inverse of the clock frequency).
For example, when the maximum clock frequency on the AWG2021 is set to
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250 MHz, waveform data can be edited at a resolution of 4 ns. Figure 3 -17
shows thesetting menu forClock.

GPIB Continuous mode |[Running
[Tossssnans L[ 5.00u§ A 10.00US R 15. 06US Setting
1060 pts  Yalue 0.0000 m————————— /2 [Uc 0.0000
1.0005] i : waveform
Points
1000
View type...
Graphic
Horiz. Unit
Point
Clock
50. BOMHZ
MARKER1 @ Wi
MARKER2 0 e
10f2
FIRSOR - Move Cursor
Salect/ - g Standard |Close/
Open Operation| Zoom Setting ‘ Undo Gatiit el

Figure 3 -17: Menu Displayed When Clock is Selected

1. SelectSetting from the bottom menu.

2. Press thédoriz. Unit button in the side menu to sel@ame.
3. SelectClock from the side menu.
4

Input the clock frequency with the numeric keys or the general purpose
knob.

The default setting for clock frequency is 100 MHz. The clock frequency set in
this process will be displayed in th@ernal Clock item in theSETUP menu

via the waveform file. When the clock frequency is changed, even if you switch
to table or timing display mode, the clock frequency there is changed too.

Linking the Vertical Bar Cursors. The Cursor Link to... item appears when two or
more waveforms are being edited simultaneously. This item is used to link the
movement of the vertical bar cursors in different editing areas. For example,
when the cursors in editing area 1 are linked to those in editing area 2, moving
the one of the cursors in editing area 1 will cause the corresponding cursor in

AWG2021 User Manual 3-33



EDIT Menu

editing area 2 to move the same distance. The following diagram shows the
menu configuration.

Waveform x

. . Waveform xx
Setting (More 2 of 2) — Cursor Link to ... Link Off

Go Back

Figure 3 -18 shows a display in which two editing areas have been created and
Cursor Link to... in the sub-menu has been selected.

GPIB [Continuous mode [Running
(rssssssss [0  A50 o —  gr—
1000 pts  Value 6.0000 m—————— /7 (L1 0. 0000 ;
AR | : '

Waveforml

wwmaksnn WEM

=1 . @R . : :
MAERERT il ; ;
MARKERZ @] : :
PIETTTTTT TR 50  A5%5 - SRIIIEEE _
1000 pts  Value 0.0000 m———— /2 [Ue 0. 0000 Link Off
1. 0005 ' ' '
Go Back
—1 . Q@06 .
MAEKERT @l
MaRRERZ @l
SR Switch Cursor
Selact/ ; g Standard |Close/
Open Operation| Zoom Setting ‘ Undo wWieforn Write

Figure 3 -18: Sub-Menu Showing Cursor Link to... Selected

The 1+ at the top of editing area 2 indicates that this area has been linked to
editing area 1.

In the following procedure, you will link the vertical bar cursors in editing area 2
(Waveform2) to the ones in editing area\W#veform1) while editing area 1 is
being edited.

1. SelectSelect/Openfrom the bottom menu.
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SelectWaveform?2 from the side menu.
SelectSetting from the bottom menu.

SelectMore 1 of 2from the side menu and then sel€atsor Link to....

o b~ w DN

SelectWaveforml from the sub-menu+ will appear at the top of editing
area 2.

SelectGo Back from the sub-menu. THeetting side menu will reappear.
SelectSelect/Openfrom the bottom menu.

SelectWaveforml from the side menu.

© ©o N o

Press the front pan€URSOR button.

10. Using the general purpose knob, move the active vertical bar cursor in
editing area 1 and check to make sure that the vertical bar cursor in editing
area 2 moves to the same degree.

In the following procedure, you will unlink the editing areas that you linked in
the previous example while the waveform in editing area 1 is being edited.

1. SelectSelect/Openfrom the bottom menu.

2. SelectWaveform?2 from the side menu.

3. SelectSetting from the bottom menu.

4. SelectMore 1 of 2 from the side menu and then sel€atsor Link to....
5

SelectLink Off from the sub-menu. The link will be canceled andltheat
the top of editing area 2 will disappeatr.

Displaying a Grid in the Editing Area. This item is used to display a grid in the
editing area to make it easier to edit the waveform. The following diagram shows
the menu configuration.

off
Setting (More 2 of 2) = Grid [
L On

Figure 3 -19 shows an example of an editing area with the grid set to On.
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GPIB [Continuous mode [Running

(Tosswcisas [ 258 A500 R 758 [ gettin

| 1000 pts  Value 0.0000 ms————————— /2 |Uc 0.0000 4
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Grid
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MARKER1 0| 5 E
MARKER2 0 ' More
COREOR . i : : A0F2
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st [overation| coom |[R ot s

Figure 3 -19: Grid Set to On

1. SelectSetting from the bottom menu.

2. SelectMore 1 of 2from the side menu.

3. Press thé&rid button in the side menu and sel@ct. A grid will appear in
the editing area.

NOTE. Grid On/Off can be set same as timing and table display. However, grid
display is only effect in graphic display.
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Creating a Standard
Function Waveform

AWG2021 User Manual

When you select th8tandard Waveform item, a function waveform is created
in the area between the specified vertical bar cursors, or a waveform is created
through calculation of the original waveform and a function waveform.

When you selecdtandard Waveform from the bottom menu, the following

items are displayed in the side menu. Some of the items will change depending
on the settings. For example, if you préssting in the bottom menu artdoriz.

Unit in the side menu and then selBcint, theCycle item appears in the menu;

if you pressSetting andHoriz. Unit and selecTime, theFrequencyitem

appears in the menu.

Type Select the type of function waveform
Cycle Set the cycle

Frequency Set the frequency

Amplitude Set the amplitude

Offset Set the offset

Execute Execute the process (draw the waveform)

In the following section, each of these items will be discussed in detail.

Selecting Function Waveform Type and Calculation Method. The Type item is used

to select the type of function waveform and the calculation method to be created.
There are six choices for waveform type and three choices for calculation
method, making a total of 18 different ways in which this item can be set.

Type of Function Waveform Calculation Method
Sine wave(Sine) Substitute

Triangle wave(Triangle) Add(Add)

Square wave(Square) Multiply (Mul)

Ramp wave(Ramp)

Noise wave(Noise)

DC(DC)
For example:
Sine The data between the vertical bar cursors is replaced by a
sine wave
Add Sine A sine wave is added to the data between the vertical bar
cursors
Mul Sine The data between the vertical bar cursors is multiplied by a
sine wave
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Setting the Parameters for Function Waveforms. The following parameters can be
set for each type of function waveform designated witiipee command.

Note, however, that onlfkmplitude andOffset can be set for Boise

waveform, while onlyOffset can be set for BC waveform.

Cycle 0.1 to 100,000 (in 0.1 increments)

Frequency 2 Hz to f/ 5 (f =Clock frequency set witlsetting menu
item

Amplitude +2.0005 (if set to a negative number, the wave form will
haveinverse polarity)

Offset —1.0000 to +1.0005

Procedure 1: Creating a Sine Wave. In this example, you will replace the data
between the vertical bar cursors with a sine wave. The procedure begins at the
initial menu level.

1.
2.

3-38

SelectNew Waveform from the side menu in the initial menu.
SelectStandard Waveform from the bottom menu.

Check to make sure that the left and right vertical bar cursors are all the way
to the left and right, respectively, to encompass the entire editing area. If they
are not, use the general purpose knob to set them in this manner.

Press thdype button in the side menu and selSate

SelectCycle from the side menu. Use the numeric keys or the general
purpose knob to set the number of cycles for the sine wave to 2.

SelectAmplitude from the side menu. Use the numeric keys or the general
purpose knob to set theppamplitude for the sine wave to 1.

SelectExecutefrom the side menu.

WhenExecuteis selected, the sine waveform is created between the vertical
bar cursors with the set parameters. See Figure 3 -20.
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GPIB Continuous mode [Stopped

[T esssrses [ A 0999 RC__ 999

1600 pts  Walue ©.0000 m—————— /2 [Uc-0. 0064

1.0005| i ]
-1.0000
MARKER1 (1]
MARKER2 1
CURSTR por 3

==': Move Cursor

Standard
waveform

Type
Sine

Cycle
2.0

Amplitude

1.0000

Offset
0.0000

Execute

Select/ : : Standard
Open Operation| Zoom Settmg‘ Undo

Figure 3 -20: Creating a Sine Wave

Procedure 2: Adding a Waveform to Existing Data. In this example,

Close/
Write

you will add

noise to the sine wave you created in Procedure 1. The procedure starts from

where you left off in Procedure 1.

1. SelectType from the side menu. Turn the general purpose knob or press the

Type button in the side menu and seladd Noise

2. SelectAmplitude from the side menu. Using the numeric keys or the
general purpose knob, set thp pmplitude for the noise to 0.1.
3. SelectExecutefrom the side menu.

When you seledExecute a noise waveform will be added to the sine wave
displayed between the left and right vertical bar cursors. See Figure 3 -21.
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1.0605

~1.0800 |

Figure 3 -21: Adding Noise to the Sine Wave

NOTE. Portions of the waveform that protrude outside the editing area when the
other waveform is added will be clipped.

Procedure 3: Multiplying Waveforms. In this example, you will multiply the sine
wave you created in Procedure 1 by another sine wave with a different frequency.
The procedure starts from where you left off in Procedure 2.

1. SelectUndo from the bottom menu. This will eliminate the noise waveform
added in Step 2.

2. SelectType from the side menu. Turn the general purpose knob or press the
Type button in the side menu and selstil Sine.

3. SelectCycle from the side menu. Using the numeric keys or the general
purpose knob, set the number of cycles for the sine wave to 30.
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4. SelectAmplitude from the side menu. Using the numeric keys or the
general purpose knob, set the p-p amplitude for the sine wave to 1.

5. SelectExecutefrom the side menu.

When you seledExecute the sine wave between the vertical bar cursors
will be multiplied by the different frequency sine wave. See Figure 3 -22.

1,005 1.065

1.0005

-1.9609 |

Figure 3 -22: Multiplying Sine Waves

Editing Waveforms in  WhenOperation is selected with the waveform editor set to graphic display, it is
Graphic Display  possible to edit the waveform data in various ways.

The side menu has three pages. Sé&lkrk to switch the side menu to the next
page. The following is a list of the items in the side menu and their functions.

Cut Cutting waveforms
Copy to Buffer Copying waveforms
Paste from Buffer Pasting waveforms
Draw... Draw function
Shift... Shift function
Scale... Scaling function
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Invert... Invert function

Clip... Clip function

Marker... Setting a marker

Insert Other Waveform Inserting other waveforms

Single Waveform Math...  Single waveform calculations

Dual Waveform Math....  Calculations with other waveform data
Region Shift... Specified region shift

When editing two or more waveforms simultaneously, three more items are
added to the side menu (and the size of the menu increases to four pages).

Multiple Copy... Multiple copy
Convolute... Convolution calculations
Compare... Comparing waveforms

ltems with “..” have further low-level side menus, called sub-menus.

Setting Editing Areas. The editing operations available undgeration are all
performed in the editing area located between the left and right vertical bar
cursors. Before beginning the editing process, you should define the editing area
using the following procedure.

1. SelectOperation from the bottom menu.

2. Press th€URSOR button on the front panel to make the left vertical cursor
active (solid line).

3. Using the numeric keys or the general purpose knob, move the left cursor to
the starting point for the editing operation you wish to perform.

4. Press th€ URSOR button on the front panel again to make the right vertical
cursor active (solid line).

5. Using the numeric keys or the general purpose knob, move the right cursor
to the endpoint for the editing operation you wish to perform.
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GPIB Continuous mode |Stopped
[T:swaswnns Lij A 500 OR QOperation
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; Copy
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Paste
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Figure 3 -23: Defining the Editing Area

Subsequent editing operations will be performed in the area that you have set
between the left and right vertical bar cursors.

The following section will describe each of the items in the side menu in detail.

Cutting Waveforms. Cut is used to remove a portion of the waveform from the
editing area. The following diagram shows the menu configuration.

Operation (More 1 of 3) — Cut

Move the right and left vertical bar cursors to define the area you wish to cut and
then selec€ut from the side menu. There is no sub-menu for this command;
when it is selected, the section of the waveform that you have defined is cut
instantly. Marker signals associated with that waveform data are also cut.
Removing part of a waveform will naturally reduce the number of points in that
waveform.
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Figure 3 -24 shows an example of a waveform before and after a section is cut.
Note that only the section between the two vertical bar cursors is removed
including the bar cursors.

i N 420 ol e I [N
| 1868 pts  Yalue §.06G0 —— 2 |Ue- 0 G777 | 700 pts  Malue 0. 6234 m————————a -0, D234

16685 : [ 1.A805]

=109 -1.0000|
NARKER1 8] HARKER1 8|
NARKER2 0| ; MARKERZ 2|
Before After

Figure 3 -24: Cutting Waveforms

Waveform data that has been cut is stored in the paste buffer. You can paste this
data into another editing area (by selectagte from Buffer), insert it into

another waveform (by selectimigsert Other Waveform) or use it to perform
calculations with another waveform (by selectiigth).

NOTE. If you cut out waveform data by mistake, sdlaalo from the bottom
menu to restore the original waveform data.

Copying/Pasting Waveforms. Use theCopy to Buffer andPaste from Buffer
items to copy the edited waveform area and paste it to another location. The
following diagram shows the menu configuration.

Operation (More 1 of 3) —— Copy to Buffer

Operation (More 1 of 3) —> Paste from Buffer
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There are no sub-menus associated with these commands; when they are
selected, the copy or paste operation is performed instantly. Marker signals
associated with that waveform data are also subjected to the copy and paste
operations. Pasting data into a waveform will naturally increase the number of
points in that waveform.

1. Specify the waveform to be copied with the left and right vertical bar
cursors. Selectopy to Buffer from the displayed side menu.

WhenCopy to Buffer is selected, the waveform data between the vertical
bar cursors (including the left and right vertical bar cursor data) is copied
into the paste buffer. Marker signals associated with that waveform data are
also subjected to the copy operation. This operation does not affect the
display on the CRT.

2. Press the front pan€URSOR button.

3. Use the general purpose knob to specify the position to paste the data with
whichever of the vertical bar cursors is active.

The data is pasted directly before the active vertical bar cursor. However,
when the cursor is at the end of the waveform, the data is inserted directly
after the cursor.

4. SelectPaste from Buffer from the side menu.

Figure 3 -25 shows an example of a waveform before and after additional data is
pasted into that waveform.

BUCELE — Toowmo L[99 AN o <IN
| 160d pts  Yalue B. 0000 me—— /2 | e 0. 0777 | | 1261 pts  Value 0,006 /2 [ue 0. 9500

1.6885

1.06085

-1.0008 -1.9685
MARKERT ¥ | WARKERT 8|
MARKER2 a| MNARKERZ 8
Before After

Figure 3 -25: Pasting Waveforms
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WhenPaste from Bufferis selected, the waveform data copied into the paste
buffer with the copy processing is pasted directly before the active vertical bar
cursor. The left and right vertical bar cursors move to the two ends of the pasted
waveform data.

The paste buffer data can be inserted into a waveform or used for operations with
waveforms by selectinpsert Other Waveform or Math from theOperation
menu.

Draw Function. Draw... is used to draw points between the specified vertical bar
cursors and connect these points to create an arbitrary waveform. The following
diagram shows the menu configuration for Eraw... item.

Add Draw Point
Delete Draw Point 0
Operation (More 1 of 3) —— Draw... Smooth —— O?f

Go Back
Execute

Figure 3 -26 shows an example of the screen witidthey... item selected. This
figure will be discussed in the following section.
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Figure 3 -26: Menu Display When Draw... is Selected
(1) Point Cursor Is used to draw points. When this cursor can be moved, the

direction in which it can be moved is shown by the arrows.

(2) X-Y Coordinate Axis Shows the X and Y coordinates of the point cursor described in
(1) above. When the coordinates for a coordinate axis are
displayed inverted, it indicates that the cursor can be moved in
that direction.

Button ration
(3) Button Operations FURSOR - Switch Cursor

Pressing th€ URSOR button toggles the active vertical bar cursor from left to
right and back again. Pressing #&_UE button toggles the direction in which
the point cursor can be moved from up-down to left-right and back again.

1. Move the left and right vertical bar cursors to define the area within which
the waveform will be drawn and then selBcaw... from the side menu.

The point cursor will appear in the middle of the vertical axis between the
left and right vertical bar cursors.

2. PressvALUE button on the front panel.
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3.

Use the general purpose knob to move the point cursor to the location where
you want to place a point.

Each time the front pan®ALUE button is pressed, the direction of
movement for the point cursor switches between horizontal (X) and vertical
(Y). The X-Y coordinates for the point cursor position are displayed at the
bottom right of the CRT display.

SelectAdd Draw Point from the sub-menu to place the draw point.

Draw points can be placed outside the left and right vertical bar cursors.
However, such points are not drawn wite@cuteis pressed.

NOTE. You cannot set multiple draw points above the same horizontal position.

If you try to do so, the instrument asks you if you want to change the level for the
point already above the horizontal position. To do so, s€d€tTo abort the
operation, selecCancel

9.

Repeat Steps 3 and 4 to place as many points as desired.

To delete a draw point added wild Draw Point, move the point cursor
to the point to be deleted, then selBetete Draw Point This deletes the
point.

If Delete Draw Pointis pressed repeatedly, the added points closest to the
point cursor are deleted in order.

Press th&moothbutton in the sub-menu to switch on smoothing.

Smoothing can be togglé€adn or Off by pressing th&mooth button. When
smoothing iOn, the waveform data is spline interpolated and the curve
outside the left and right vertical bar cursors and the placed points are
connected with a smooth curve. When smoothir@fis the interpolation is

linear and the curve outside the left and right vertical bar cursors and the
placed points are connected with a straight line. When the vertical bar
cursors are at the ends of the waveform being edited, the waveform start and
finish are given the values to be smooth waveform as the repetition
waveforms whether smoothing is on or off.

SelectExecutefrom the sub-menu. The points between the vertical bar
cursors will be connected with smooth curves, as shown in the left screen in
Figure 3 -27. This is called spline interpolation.

To return to the original waveform, seléfhido from the bottom menu.

10. Press th&mooth button in the sub-menu to switch off smoothing.
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11. SelectExecutefrom the sub-menu. The points between the vertical bar
cursors will be connected with straight lines, as shown in the right screen in
Figure 3 -27. This is called linear interpolation.

Smooth smooth
O On
afr
(Bt — - T R 759 (Bl I - Y RL____ 750
166 pts  Value B. 0600 m——— /2 |Lc 8. BOH6O 1666 pts Yalue B. 0800 m——————a |Lc 668068
1.5685] : i ' | 1.6605] ; i '

-1.0668) : i -1.0890)
MARKER1 (8] WARKER1 8]
HARKERZ2 8 : : WARKERZ B]
Spline Interpolated Display Linear Interpolated Display

Figure 3 -27: Smoothing

NOTE. To cancel drawing execution, selettdo from the bottom menu. The
waveform before the drawing is displayed again.

12. SelectGo Back from the current sub-menu. The display moves from the
Draw... sub-menu to the side menu.

This completes the drawing procedure.

Shift Function. UseShift... to shift the waveform data in the area specified with
the vertical bar cursors in the vertical or horizontal direction. The following
diagram shows the menu configuration for 8teft... item.

Go Back
Execute

. — Horizontal
Shift Vertical
Operation (More 20f3) ~ —— Shift... Value
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In the horizontal direction, the shift value is the number of points or time; in the
vertical direction, the shift value is specified with the vertical value.

1.

Move the left and right vertical bar cursors to define the section of the
waveform to be shifted. Then sel&tiift... from the second page of the side
menu More 2 of 3).

Press th&hift button in the sub-menu to seléttrizontal .

The Shift side menu item selects the direction in which the waveform data
between the vertical bar cursors is to be shifted.

Horizontal shift allows you to shift all of the points or time values in the

whole editing area; it can be set to either a positive or a negative value.
When the shift value is positive, the waveform moves to the right; when it is
negative, the waveform moves to the left. Data that protrudes outside the
range defined by the vertical bar cursors as a result of shifting is added to the
end of either the right or left vertical bar cursor, depending on whether the
shift value is positive or negative.

SelectValue from the sub-menu.

Use the general purpose knob or the numeric keys to input the shift point
value. This value will be expressed as either number of points or time,
depending on the horizontal unit setting (the value setiattiz. Unit
underSetting).

SelectExecutefrom the sub-menu. The waveform is shifted horizontally
with the specified conditions.

Figure 3 -28 shows the waveform between the vertical bar cursors shifted
right 100 points.
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Figure 3 -28: Horizontally Shifted Display
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6. Press th&hift button in the sub-menu to sel&@trtical .

7. Selectvalue from the sub-menu. Use the general purpose knob or the
numeric keys to input the shift point value.

The waveform can be shifted between —1.0000 and +1.0005 for the full scale
of the vertical axis. A positive shift moves the waveform up, a negative shift
down. However, any points shifted beyond the vertical full scale are clipped.

8. SelecteExecutefrom the sub-menu. The waveform is shifted vertically with
the specified conditions. Figure 3 -29 shows the waveform between the
vertical bar cursors shifted up 0.3.
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Figure 3 -29: Vertically Shifted Display
9. SelectGo Backfrom the sub-menu.

Scaling Function. UseScale...to change the scale for the waveform data between
the vertical bar cursors. Executing scaling changes the waveform data. The
following diagram shows the menu configuration for Soale...item.

Horizontal — New Size
Seale —{_ \erjcal Origin
Operation (More 2 of 3) —» Scale... Factor
Go Back
Execute

1. Move the left and right vertical bar cursors to define the editing area for
scaling, then seleS&cale...from the second page of the side meviorg 2
of 3).

2. Press thé&calebutton in the sub-menu to selétdrizontal .

The Scalesub-menu item selects the direction in which the data between the
vertical bar cursors is scaled.

3. SelectFactor or New Sizefrom the sub-menu.
The magnification for scaling can be set with eithactor or New Size

®  Factor. The waveform data between the vertical bar cursors is expanded/
reduced by this ratio. This parameter is linked W#w Size Factor can
be set within the rangel00 in steps of 0.01. However, the total number
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of points for the entire waveform can not exceed 262 144, so if x100
scaling would give more total points than that, the maximum setting
factor drops to the one that gives 262 144 points. A negative factor
reverses the waveform between the vertical bar cursors creating a mirror
image.

Scaling with a factor under 1.00 and greater than —+0@9) reduces

the waveform horizontally between the vertical bar cursors and reduces
the number of points for the entire waveform. Scaling with a factor
greater than 1.00 or less than —1.00 expands the waveform horizontally
between the vertical bar cursors and increases the number of points for
the entire waveform.

m  New Size. This parameter expands/reduces the waveform data between
the vertical bar cursors in units of points. This parameter is linked with
Factor. The limit on the range dfew Sizeis that the number of points
between the vertical bar cursors can not be increased to more than x100
their original number and the number of points for the entire waveform
can not exceed 262 144.

4. Use the numeric keys or general purpose knob to input the scaling factor or
the number of points.

5. SelectExecutefrom the sub-menu. The section of the waveform between the
vertical bar cursors will be scaled horizontally in the middle of the left
vertical bar cursor.

Figure 3 -30 shows a waveform expanded to x2 horizontally between the
vertical bar cursors with Bactor.

L — N L 500 B — ) 1]
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Figure 3 -30
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: Display Expanded Horizontally
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MARKERT

10.

Press thé&calebutton in the sub-menu to sel&fertical .

SelectOrigin from the sub-menu. Use the numeric keys or the general
purpose knob to input the numeric value of the origin.

This value is used as a reference when scaling vertically. It may be set to any
value between —1.0000 and +1.0005 for the full scale of the vertical axis.

SelectFactor from the sub-menu.
Use the numeric keys or general purpose knob to input the scaling factor.

Factor can be set within the rang&00 in steps of 0.01. A negative factor
causes the waveform between the vertical bar cursors to produce a mirror
image about the origin value.

Scaling with a factor under 1.00 and greater than —£009) reduces the
waveform vertically between the vertical bar cursors. Scaling with a factor
greater than 1.00 or less than —1.00 expands the waveform vertically between
the vertical bar cursors. Waveform data pushed beyond the full scale of the
vertical axis by scaling is clipped.

SelectExecutefrom the sub-menu. The waveform is scaled with the
specified conditions.

Figure 3 -31 shows an exampleRafctor being used to enlarge the section
of the waveform between the vertical bar cursors. In this example, the
waveform has been enlarged 1.5 times vertically around the reference line.

A 601 R s41 Toarsseass L[ 280  Agal R
EETEe——— Value-8. 8085 1301 pts  Yalue 0. 0600 m————— a [ue-6. ged5
; | 1.0605 : '
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Figure 3 -31: Display Expanded to x1.5 Vertically
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11. SelectGo Back from the sub-menu. The system moves fromSbtale...
sub-menu to the previous side menu.

Invert Function. Uselnvert... to invert the waveform data in the area specified
with the vertical bar cursors either up/down or left/right. The following diagram
shows the menu configuration for thmert... item.

Invert —[— Horizontal

Operation (More 2 of 3) —— Invert... Go Back Vertical
Execute

1. Move the left and right vertical bar cursors to define the editing area for
inversion, then selettvert... from the second page of the side mavorg
2 of 3.

2. Press thénvert button in the sub-menu to selétdrizontal .

Thelnvert selects the direction in which the waveform data between the
vertical bar cursors is inverted.

3. SelecteExecutefrom the sub-menu. The waveform is inverted horizontally
with the specified conditions.

Figure 3 -32 shows an example of the waveform before and after it is
inverted horizontally.

Tieesesser L[ 200 A 80 R &g T awnmunnn Llﬂ A 350 6Rm=
| 1@g@ pts  Yalue 0.0648 . Yalue B.0668| | 1698 pts  Value 8.0DO0 m———c ue 04001

1.6005] 1.6085

~1.0000| ~1.6608

HARKER1 8] MARKER1 8
MARKERZg| : ; MARKER2 @
Before After

Figure 3 -32: Horizontally Inverted Display
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4. Press thénvert button in the sub-menu to sel&rtical .

5. Selectexecutefrom the sub-menu. The waveform is inverted vertically with
the specified conditions. Figure 3 -33 shows an example of the waveform
before and after it is inverted vertically.

lieesesses ([ 200 A 600 | Tiseaseass I 550 A & R T
1608 pts Yalue B.0680 : Yalue B.0060| 1608 pts Yalue-9, 4001 m———— (U 0, 0090
[ : ; ' 1,0665] i

1.6085]

~1. 0000 -1.9000
MARKER1 8] NARKER €
MARKERZ | ; ; MARKERZ 9
Before After

Figure 3 -33: Vertically Inverted Display

6. SelectGo Backfrom the current sub-menu. The system returns from the
Invert... sub-menu to the side menu.

Clip Function. UseClip... to clip (remove) any waveform data between the
vertical bar cursors that is above or below the set level. The following diagram
shows the menu configuration for t8&p... item.

Go Back
Execute

. Upper
Cip — Lower
Operation (More 2 of 3) — Clip... Level

1. Move the left and right vertical bar cursors to define the editing area for
clipping, then selecd€lip... from the second page of the side maviorg 2
of 3). A horizontal (broken) line showing the clip level will appear.

2. Press th€lip button in the sub-menu to seléfper or Lower.
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TheClip sub-menu item selects the area of the waveform data between the
vertical bar cursors to be clipped. Either the area above the clip level
(Upper) or below the clip levell{ower) can be selected.

3. SelectLevel from the sub-menu.
4. Use the numeric keys or the general purpose knob to input the clip level.

5. Selectexecutefrom the sub-menu. The waveform is clipped with the
specified conditions. Figure 3 -34 shows the waveform clipped above 0.3.

[T — L — e (| X T
1m0 pts  Yalue 0. 0000 m—— o U 0. 0600 1468 pts  Yalue B.0600 e — '/ | e 606000
1.0805 : : I 5 ; |

1. 5085

-1.8688 : : -1.0608|
NARKER § | WARKER1 B
NARKER2 & : g WARKERZ2 0
Before After

Figure 3 -34: Display of Waveform Clipped Above Clip Level

6. SelectGo Backfrom the sub-menu. The system returns fromQlhe...
sub-menu to the side menu.

Setting a Marker. The Marker... item is used to set the marker signal (shown at
the bottom of the screen) for the section of the waveform between the vertical
bar cursors. This signal may be set to High, Low or Pattern. The following
diagram shows the menu configuration for kikarker... item.
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— Marker {;
~Import Line Data /
Clear Pattern
. ; — 1Bit
Operation (More 3 of 3) —— Marker... —— Set High — KeyData —
— Set Low Y 4 Bits
— Go Back
- 0
— Initial S,c ——
| SetPattern — fé
 User defined . o
Code Config... Initial Code L
| — High/Low
Out /0] L Invert/Keep
— Cancel
— 0K

NOTE. When a new waveform file is created, the marker signal for the first point
of the waveform data is set to high as a default value.

The output level for the marker signals is 1.2 V with a termination 62.5the
marker signals for CH1 are output from tbel1 MARKER 1 output connector

on the front panel an@dH1 MARKER 2 OUT connector on the rear panel,
respectively. Similarly, when Option 02 is installed, the CH2 marker signals are
output from theCH2 MARKER 1 OUT andCH2 MARKER 2 OUT

connectors, respectively, on the rear panel.

The marker level changes to low after waveform output is complete or when the
STOP button in theMODE menu is pressed.

1. Move the left and right vertical bar cursors to define the area for marker
setting, then seledfarker... from the third page of the side memdofe 3
of 3).

2. Press théMarker button in the side menu to select marker marker2.

3. Press the sub-merget High or Set Low button to set the desired marker
state. Figure 3 -35 shows marker signal set high between the vertical bar
Cursors.

m  Set High. The marker signal for the section of the waveform between the
vertical bar cursors will be set to High.

m  Set Low. The marker signal for the section of the waveform between the
vertical bar cursors will be set to Low
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Tiatswsass L 5O  AG7 R 557 Tosesseaes [ GOB  AGT Y] 55
| 1888 pts Value 6. 0600 m————— | 8.5566 | 160b pts  VYalue B 6BOH Value B.6568
1.0065 = | 1.9095 ' i ]

-1.06089 i i -1.0600 i
—> NARKER & — NARKER1 1) ]
NARKERZ . NARKERZ 8| :

Before Aiter

Figure 3 -35: Marker Signal 1 Set High

4. SelectGo Backfrom the sub-menu. The system returns fromMiaeker...
sub-menu to the side menu.

Example: Setting a Marker Pattern. In this example, you will set a pattern for the
marker and then create a marker signal with that pattern used as the period.
Marker patterns are set with tBet Patternitem.

1. Move the left and right vertical bar cursors to define the area for setting a
marker pattern, then selédarker... from the third page of the side menu
(More 3 of 3.

2. SelectSet Patternfrom the sub-menu. The sub-menu for this item will
appear.

3. Using the numeric keys, enter the data for the marker pattern. Data can be
entered in either 1-bit or 4-bits increments.

m  Key Data. Pressing this button toggles the increment settinglfiin
to 4 Bits and back again.

®  |Import Line Dat&Clear Pattern. Pressing thiport Line Data button
imports the marker data for the designated editor as pattern data. When
this is done, the menu item will changeCiear Pattern. This
command is used to delete all of the pattern data that has been imported
or created. When th€lear Pattern button is pressed to delete the
pattern data, the menu item changes bad¢hpmrt Line Data.

m  User defined Code Configlused to define a custom conversion table
for code conversion.
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For detailed instructions on pattern setting, see “Setting Pattern Data” in the
timing display in this section as well as “Pattern Codes” in Appendix F.

For more detailed information on the method used to set patterns, see “Setting
Pattern Data” in the Timing Display in this section and “Pattern Code” in
Appendix F.

Figure 3 -36 shows an example of pattern data being entered.

Pattern length : ®©
Point/Step : 1
@Cursor Position: 98
el | 1 1 I 1 1 | I 1 |39

0:°0 key
1 : other Numeric key

CUREOR
—— :Togqle Cursor

Enter Pattern and Press O.K.

Figure 3 -36: Entering Pattern Data

4. When you have finished creating the pattern data, 98l&tThe marker
data between the left and right vertical bar cursors will be replaced with the
pattern data that you have created. To cancel the operation Gaheet
Whichever option you sele€@.K. or Cancel the menu that was displayed
beforeSet Patternwas selected will reappear.

5. SelectGo Backfrom the sub-menu. The system returns fromMiaeker...
sub-menu to the side menu.

Inserting Other Waveforms. Uselnsert Other Waveform to insert other
waveforms into any desired location within the waveform being edited. The
following diagram shows the menu configuration.

Show Catalog —— Continue

Entry
. » Insert Other
Operation (More 3 of 3) Waveform Cancel
O.K.

1. Press the front pan€URSOR button.
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2. Use the general purpose knob to move the active vertical bar cursor to the
position where the other waveform is to be inserted.

itevveseri (NENEEE A 666 G —
1000 pts  Value 0.0000 m———— 2 | U0 9944

1.0005
-1.6668
MARKER1 9
MARKER2 9|

Figure 3 -37: Defining the Location for Insertion

The waveform is inserted right before the active vertical bar cursor. However, if
the cursor is at the end of the waveform, the data is inserted directly after the
cursor.

3. After setting the position to insert the other waveform, sétesert Other
Waveform from the side menu. A list of waveform files is displayed.

Data placed into the paste buffer w@lit or Copy is listed at the top of the
file list with the name Paste Buffer” The data in the paste buffer can be
inserted into any desired location by selecting this item.

4. Use the general purpose knob to select the waveform file to be inserted from
the file list.
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3 -62

Select the waveform for inserting.

) Paste Buffer
waveform1
DC1.WFM
DC2.WFM
RAMP.WFM
SHMPLE-1.WFM
SHMPLE-2.WFM
SINE.WFM
SQUARE.WFM
TRIANGLE.WFM

Figure 3 -38: List of Files for Insertion

5. Select theshow Catalog Entryfrom the sub-menu. The waveform for the
selected file is displayed.

SINE.WFM

1.9

-1.0 200 Points

Figure 3 -39: File Waveform Display

6. SelectO.K. from the sub-menu.

The waveform from the selected file is inserted right before the active
vertical bar cursor. Marker signal 1 and 2 belonging to the waveform data are
processed at the same time. Seancelto cancel the waveform insertion.
WhenO.K. or Cancelis selected, the display returns to the menu displayed
beforelnsert Other Waveform was selected.
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IOy 533 A 666 R 1199
1200 pts  Value 0.0000 e ——— jValue-0.0044

1.6005

-1.6060
MARKERT1 0]
MARKER26|

Figure 3 -40: Inserting Waveforms

Single Waveform Calculations. The Single Waveform Math...item allows you to
perform mathematical calculations for the waveform itself. Calculations are
applied to the portion of the waveform between the vertical bar cursors.

Absolute Determines the absolute value for the amplitude.

Square Doubles the absolute value for the amplitude. If the
amplitude is a negative number, the calculated result is also
negative.

Cube Triples the amplitude.

Square Root  Determines the square root for the absolute value of the
amplitude. If the amplitude is a negative number, the
calculated result is also negative.

Normalize Normalizes the amplitude values so that the maximum
absolute value is 1.0 (i.e. a value of +1.0 or —1.0).

Integral Integrates the amplitude and normalizes.
Differential Differentiates the amplitude and normalizes.

The following diagram shows the menu configuration forShgle Waveform
Math... item.
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Absolute
Square
Cube
Type Square Root
. Normalize
Operation (More 30f3) ~ —» Sindle Waveform Integral
Math... Go Back Differential
Execute

To derive theAbsolute value for the amplitude of a sine wave between the
vertical bar cursors:

1. Create the sine wave to be subjecteAlisolute calculation. Figure 3 -41
shows the sine wave before calculations are performed.

e i— X
1606 pts  Value A 666 va lue-0_ 9234

1. 0005

-1.6608
MARKER1 1]
MARKERZ(1

Figure 3 -41: Waveform Example before Calculation

2. Press th€URSOR button on the front panel.

3. Using the general purpose knob, move the left and right vertical bar cursors
to define the area for calculation.

4. SelectSingle Waveform Math...from the third page of the side menu
(More 3 of 3.

5. Press thdype button in the sub-menu and selAbisolute.

6. SelectExecutefrom the sub-menu. The absolute value will be derived for
the section of the waveform located between the vertical bar cursors.
Figure 3 -42 shows the waveform after calculation.
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UL — T — |
| 1eme pts  Yalue §.0BO0 me— o (e O 0000

T 1.0085 3 :

-1, 9680
WARKER1 B]
MARKER2 8|

Figure 3 -42: Absolute Calculation

7. SelectGo Backfrom the sub-menu. The system returns fromSimgle
Waveform Math... sub-menu to the side menu.

Calculation Examples. The following diagrams show examples of a waveform
before and after various calculations are performed.

m  Square. Doubles the absolute value for the amplitude

(BT o — X HT IO — i —
1000 pts  Yalue A.6BAA Value-8. 0234 | 1888 pts  Walue B.0000 m—— L 0. 0050
1.0085 [ ; 1.0645] 3 :

-1.0000

! -1.6000|
MARKER1 1 MARKER1 @]
MARKERZ[1 | WMARKERZ 8|
Before After

Figure 3 -43: Square Calculation
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m  Cube. Triples the amplitude

1igedgeres | § Ao | oo Tiaeassses L W Ad60 R 700 |
1600 pts  VYalue 0. G600 p— 2 (1000234 1850 pts  Value 5. G000 m———0UC 06000

1.0005 I 1.0005

-1 oo0a

_ -1.5660
MARKER1 I1 WARKER1 0
MARKERZ 1 Mmmzia
1 5 |
Before After

Figure 3 -44: Cube Calculation

m  Square Root. Determines the square root for the absolute value of the

amplitude.
Trterseres | g A9m K o5q Titesssrer | od A [ 700
1886 pts Yalue B. 0000 p————— V3 | L0 0234 1606 pts  Value B G00H m——— 2 U a.ama;
; 1.0085 ; i

NARKER1 1] i NARKER1 6]

| |
WARKER2 1 WARKER2 .ﬂ;
L

Before After

Figure 3 -45: Square Root Calculation
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m  Normalize. Normalizes the amplitude

Traeaseres | § Ao oo Tizzzznaze | 20 Adbd R 7640
1000 pts  Yalue B.6000 p— 2 20 0734 | 1688 pts _¥alue B, 6090 me— ' | 9. 6500

1.0005 I 1,9690

MARKER1 i1
MARKER2 1

Before After

Figure 3 -46: Normalize Calculation

®m [ntegral. Integrating the amplitude.

Tiaeassars L B AGEa K 750 Toawamnane | 50 A5 (7| 754
1000 pts  Yalue 6.7500 mee————— 1 (U 0, 7504 1800 pts  Yalue B.0000 meee——— i | 0. 0093
1.6605 ] ! 1.96095 : |

-1.8098 -1.9690
NARKERT NARKER1 0
NARKERZ @ : ; umxmzia
| ; i
Before Aiter

Figure 3 -47: Integral Calculation
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m Differential. Differentiating the amplitude.

fesveses [ 20 AS0 R ; BTl - N —
1008 pts  ValUe-B.7499 . Yalue 07504 | 1808 pts  Value A.6B0R : Vallue A 6008
1.6005 s ; 1 9005 : !
-1.6000 -1.0608
MARKER1 'a| MARKER1 6]
MARKER2 o] : : NARKERZ 6|
Before After

Figure 3 -48: Differential Calculation

Calculations With Other Waveform Data. Use Dual Waveform Math... to perform
math calculations with the waveform currently being edited and other waveform
data. The following calculations can be performed:

Add Adds the waveform data being edited and the other
waveform file data.

Sub Subtracts the other waveform file data from the wave from
data being edited.

Mul Multiplies the waveform file data being edited by the other
waveform file data.

The region pushed out beyond the vertical axis full scale by the calculations is

clipped.
The following diagram shows the menu configuration forRbal Waveform
Math... item.
Add
Sub
Operation (More 3 of 3) — Dual Waveform Math... Mul
Cancel
Show Catalog Entry
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1. Create the waveform to be operated on with the other waveform file data.
Figure 3 -49 shows the example of waveform before the arithmetic opera-
tions.

Toesswnwrx L[ A999 RL___ 999

1000 pts  Walue 0.0000 m———/d [Uc-0. 0064
1.0005 ]

-1.0000
MARKER1 1]
MARKERZ1

Figure 3 -49: Example of Waveform Before Arithmetic Operations

2. Press the front pan€lURSOR button.

3. Using the general purpose knob, move the vertical cursor bars to define the
area for calculation.

4. Selectbual Waveform Math... from the third page of the side memdofe
3 of 3.

5. Alist of files will be displayed on the screen. Using the general purpose
knob, select the file for which the calculations will be performed. Calcula-
tions will be executed for both the section of the waveform data being edited
between the vertical bar cursors and the selected waveform file.
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Select the waveform for math.

(Y Paste Buffer
Waveform1
DC1.WEM
DC2.WFM
MATH.WEM
R&MP.WEM
SAMPLE-1.WFM
SAMPLE-2.WFM
SIHE.WFM
SOUARE.WFM
TRIANGLE. WFM

Figure 3 -50: List of Files for Waveform Calculation

6. SelectShow Catalog Entryfrom the sub-menu. The waveform for the
selected file is displayed. See Figure 3 -51.

MATH.WFM

1.6

-1.8 1600 Points

Figure 3 -51: Selected File Waveform Display

7. Atfter verifying the waveform, sele@ontinue from the sub-menu. The
waveform will disappear and the system returns to pre\Duas \Waveform
Math... sub-menu.

8. Select the desired calculation type from the sub-menu. The moment a
calculation type is selected, the calculation is carried out and the results are
displayed on the CRT screen. The display returns to the menu on display
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beforeDual Waveform Math... was selected. Figure 3 -52 displays the
waveforms addedXdd) between the vertical bar cursors.

L I N —

1880 pts  Yalue 8.0000 m——————— /7 |Ue-0. 0567
1.00065 ]

-1.0000
MARKER1|1]
MARKER2 1

Figure 3 -52: Waveform Addition Display

If you selectCancel the menu returns to the menu on display beforal
Waveform Math... was selected without any calculations being made.

Data placed into the paste buffer w@int or Copy is listed at the top of the file
list with the name Paste Buffer” When this item is selected, an operation is
carried out with the data in the paste buffer.

Specified Region Shift. The Region Shift...item shifts a specified region of a
waveform either right or left, towards the center or away from the center. If the
specified amount of the shift is less than the sampling interval, the original
waveform is resampled using data interpolation to derive the shifted values. The
Region Shift...item has the following menu configuration.

AWG2021 User Manual 3-71



EDIT Menu

Operation ( More 4 of 4)

3-72

——» Region Shift.. ]

Right
— Left
— Type —————
yp E Expand
— Compress
_ . Linear
Shift Scale Value — Interpolation  ——{ " PR
—— Data Value —f Ad
. L Replace
Config... ——
o Point 7[ Exclude
I Cursor Poin Include
—  Go Back
Go Back
Execute —— Smooth +/- Points

Table 3-3 lists the differences between this function an&liifeé function .

Table 3-3: Differences Between the Shift Operations

Item Shift Region Shift
Area Rotates the area delimited by the Shifts the area delimited by the
cursors. cursors to a different area.
Shift amount Data point spacing Amounts less than the data point
spacing
Interpolation at None Interpolation performed

intersection

Data changed by manipulations performed fiRegion Shift...menu can be
restored to a prior state (for one operation only) usindtido item on the

bottom menu. If the result of the operation was not what was intended, use the
Undo function to restore the original data. Iterating parameter modifications and
theUndo function can be a good way of finding optimal settings for the shift

parameters.

m  Shift Type Selection. There are four types of specified region dRifjet or
Left, in which a region is shifted to the right or left, d&pand or
Compress in which the shift moves the data towards the center or away
form the center. Th@&ype item selects the shift type.

Right or Left. Shifts the area bordered by the vertical bar cursors the amount
specified by th&hift Scale Valueitem to right or left. Figure 3 -53 shows
the data shown in the right figure is shifted by 1.
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® Sampling Point ® Sampling Point

01 2345678 91 11 012 3456738 91 11
‘ 02 3 02

Original Data Data Shifted to Right by 1

Figure 3 -53: Data Shifted Using the “Right” ltem

Although the maximum value that can be specified for the shift is the
number of waveform data points, the section of the data that is shifted
beyond the maximum number of data points is lost after the shift.

Expand or Compress The area delimited by the left and right vertical bar
cursors is divided into two sections at the center of the cursors, and those
two regions are shifted towards the center point by shift scale values for
Compressand away from the center fexpand. In Figure 3 -54, when the
shift type isCompress the data shown at the right of figure results when the
data shown at the left is compressed by 1.

¢ Sampling Point ® Sampling Point

—0o—0o o

012 345678 91 11 012 345678 91 11
| 0 2 | 0 2
Original Data Data Compressed by 1

Figure 3 -54: Data Compressed Using the “Compress” ltem

The Shift Values For Selectiriexpand or Compress

Expand. Although the maximum value that can be specified for the shift is
the number of waveform data points, the section of the data that is shifted
beyond the maximum number of data points is lost after the shift.
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Compress In this case the value of the shift must be less than one half the
size of the area surrounded by the left and right vertical bar cursors. The
section that exceeds the position of one half the region is lost after the shift if
theData Value item (described below) is setReplace

m  Shift Scale Value. When shifting waveform data, it is possible to specify a
Shift Scale Valuewith a precision that exceeds that of the sampling points.
In the AWG2021 arbitrary waveform generator, values may be specified with
a resolution as fine d#;ggg point. However, there are cases where it is not
possible to realize a shift of that precision due to the form of the waveform
itself. In particular, changes in the lowest digit of the shift value will not be
reflected in the output unless the amplitude of the original waveform spans
the full scale of the data representation.

NOTE. Since data values between the data points are calculated by interpolation
when shifting by a fractional value, certain characteristics of the original
waveform may be lost. Therefore, a filter must be inserted to prevent aliasing.

If the changes in the waveform are extremely smooth, fractional shift amounts
may not result in the intended effect.

1. Specify the region to be shifted with the left and right vertical bar cursors,
and select thRegion Shift...item on the fourth page of the side menu
(More 4 of 4).

2. Select the shift type by pressing the sub nigme button.
3. SelectShift Scale Valuefrom the sub menu.

4. Enter the shift amount using either the general purpose knob or the numeric
keys. The shift value can also be displayed as a time value.

5. If other settings related to the shift need to be specified, seleCotife...
item from the sub menu. See the “Other Shift Settings” item below for more
information.

6. SelectExecutefrom the sub menu. The waveform in the edit region will be
shifted with the specified conditions.

m  Other Shift Settings. The following parameters can be set fro@ahég...

item.

Interpolation Selecting the interpolation method

Data Value Handling of overlapping regions in the shift result
Cursor Point Interpolation of the data on the cursors

Smooth +/- Points  Setting the smoothing width at the data boundary
positions
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Ys
Y2
Y?

Yi

Interpolation. The data is re-sampled when shifting by fractional amounts.
Data values between data points are acquired by interpolationt€ne
polation item selects the interpolation method used. The following two
options are provided.

Linear interpolation
Quadratic interpolation

Linear interpolation is appropriate if the original waveform consists of
straight lines, such as triangle or square waves. However, the peaks in
waveforms with extremely sharp peaks may be flattened somewhat.

Quadratic interpolation is appropriate for waveforms with curves, such as
sine waves. However, in waveforms with extremely sharp peaks, some peaks
may become wider.

Linear Interpolation. Figure 3 -55 provides an overview of linear interpola-
tion. If the pointX; is shifted to the left by 0.2, the new value is calculated
by interpolating with the next point to the left.
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Figure 3 -55: Linear Interpolation

If the coordinate of the shifted pointXs’, then the value of the poi’ is
given by the following formula.

Y,=02xY,+(1-02)XxY,

Quadratic Interpolation. Figure 3 -56 provides an overview of quadratic
interpolation. If the poink, is shifted to the left by 0.2, the new value is
calculated by interpolating using three points, the shifted point itself and the
preceding and following points.
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Y

X1 Xy X Xs

Figure 3 -56: Quadratic Interpolation

Quadratic interpolation is expressed as follows.

f(xX) = A + Bx + C

The coefficient®, B, andC in the above formula are derived using the three
points including those directly preceding and following the position to be
derived.

y1 = A + Bx, + C
Y, = AX. + Bx, + C

Simplifying by lettingx = -1, » =0, )¢ = 1, gives:

y, = C
Y3 A+B + C

This allows the coefficientd, B, andC to be derived as follows:

+
=y12y3_y2
_Ys— VY

B = 2
C=vy,

Using these values, the valyge at position’ can be derived as follows.

, + —
Vo= 5 -y x (027 + 5T x (- 0.2+,
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Data Value. This item selects the handling of overlapping regions in the
shift.

Add The shifted data and the overlapping data are added.

Replace Replaces the region with the shifted data. Whgye is
Compress the data for points shifted beyond the center is
lost.

Cursor Point. This item selects whether the data boundary points are
interpolated.

Whenthe Cursor Point is Exclude

The points on the left and right vertical bar cursors are not interpolated.
Figure 3 -57 shows the original data at the left and the shifted data at the
right.

Original Data Data Shifted to Right by 0.5

Figure 3 -57: Shift with “Cursor Point” Set to “Exclude”

In this case, the first and last data points remain at their original values,
exactly as though they had not been shifted. However, this error can be made
inconspicuous by the insertion of an appropriate anti-aliasing filter.

Whenthe Cursor Point is Include
The points on the left and right vertical bar cursors are interpolated.

Smooth +/— Points. This item specifies the smoothing width with points at
the data boundary positions. Smoothing is only performed over the points
specified for the area around the boundary positions. No smoothing is
performed if this point is set to zero. Points can be set between 0 through 20.

Smoothing is performed on a specified region without regard for the shift.
The smoothing technique takes the average of the point itself and the two
adjacent points (three points) as the new value.

Figure 3 -58 shows an example, with the original data shown on the left and
the smoothed data shown on the right.
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Before Smoothing After Smoothing

Figure 3 -58: Smoothing

NOTE. Since smoothing is equivalent to low pass filtering, features of the
original waveform can be lost resulting in significant changes to the waveform.
To acquire appropriate output waveforms, experiment with a variety of values
for theSmooth +/— Pointparameter.

m  Side Effects from Shifting. The left side of Figure 3 -59 shows data prior to
shifting and the right side shows the result of shifting the data between the
cursors indicated with solid lines to right by 0.5. Since shifting to right by
0.5 requires determining the data at the 0.5 location to left, the data in Figure
3 -59 is interpolated to derive the data at locations 0.5 to left from the
positions of each data poiitinear interpolation is used in this case.

Original Data Data Shifted to Right by 0.5

Figure 3 -59: Data Shifting

When this data is output through an appropriate filter, the waveform will be
shifted to right by 0.5 point units. When this shift is performed, the data
point at the position of the left cursor is lowered. This is a side effect of the
interpolation process. There are several techniques for preventing this data
lowering phenomenon as follows.

1) Increase the size of the area.
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2) Set theCursor Point setting toExclude.

3) Apply smoothing. However, there are waveforms for which smoothing
may not be effective.

m Increasing the Size of the Area. Data that is identical across the operation can
be acquired by increasing the size of the area. (See Figure 3 -60.) Smooth
data is acquired when this area is shifted, as shown in the right of the figure.

Original Data Data Shifted to Right by 0.5
Figure 3 -60: Increasing the Size of the Area

This is due to the fact that when using linear interpolation to derive data values
between points, the value of the data does not change when interpolating
between points with the same value. The value not changing is equivalent to not
performing a shift. However, this error can be made inconspicuous by the
insertion of an appropriate anti-aliasing filter.

Multiple Copy. The Multiple Copy... item appears in the menu when two or more
waveforms are being edited simultaneously. It is used to copy the section of the
waveform between the two vertical bar cursors in one editing area to the
waveform between the vertical bar cursors in another editing area, at the interval
specified withinterval . The following diagram shows the menu configuration

for theMultiple Copy... item.

Source
Operation (More 4 of 4) — Multiple Copy... AE gz,eg:(l;k

Execute

See Page 3 -15 “Opening and Selecting Editing Areas” for further information on
designating multiple editing areas.

In this example, we will copy the waveform between the vertical bar cursors in
editing area 1 to editing area 2. We will start from the point at which only one
waveform has been designated in the waveform editor.
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To designate a second editing area in the waveform editor:
1. ChooseSelect/Openfrom the bottom menu.
2. SelectAnother Waveform from the side menu.

3. Using the general purpose knob, seMdetw Waveform from the waveform
list and then sele€.K. A second editing area will appear, as shown in

Figure 3 -61.
GPIB Continuous mode [Stopped
B | — N R 99 [ Select/
1600 pts  Yalue 9.0000 m——— /3 Ue-0.0191 Open

R |
] Waveforml

segaanes WEM

Waveform2

-1, 2000 wakmnn, WEM
MARKERT (1]

MARKERZ 1]
ovwxxwxnx 1] 0 A999 (999
1000 pts  Yalue 9.0000 m——— /3 lUe 0.0000

1. 0Oe5:

nhet2e0 ¢ HOPHES
MARKERZ @l waveform
EERSOR - Switch Cursor
Select/ > : Standard |Close/
Qperation| Zoom Setting ‘ Undo SiGatiria Write

Figure 3 -61: Two Waveform Editing Areas Designated

To select the area for waveform copying:

4. SelectWaveforml from the side menu to designate this waveform area as
the source for copying.

5. Press th€URSOR button on the front panel.

6. Using the numeric keys or the general purpose knob, move the vertical bar
cursors to designate the section of the waveform to be copied. In this
example, we will set the left cursor to point 250 and the right cursor to point
749.
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NOTE. Copying will include the point at which the cursor is located. The value
indicated by at the top of the waveform area indicates the number of points
between the two cursors, so the number of points that will be copied will be this
value plus one point (the point at which the cursor is located).

GPIB [Continuous mode [Stopped
Towesmsnes | 256  A499 FlE 749 Select/
1000 pts  Yalue 9.0000 m—————— /2 |Uc-0. 0625 Open
T.o005 W ; i

Waveforni

#xxrsass WM

Waveforn2
=1, BEe o 5 suwwgnnn WEM
MaRERERT @l ;

MARKERZ @] :
P g /999 R 999
1000 pts  VYalue 90000 p—————— /2 (U 0. 0000
1.0005F ) ) i
gl | | Another
MARKERZ @l 1 Waveform
FEESER Switch Cursor
Select/ ; ; Standard |Close/s
Operation| Zoom Setting ‘ Undo Nl xita

Figure 3 -62: Setting the Copy Source

Setting the Destination for Waveform Copying

7. SelectWaveform?2 from the side menu to designate this area as the
destination for copying (the area to which the waveform will be copied).

8. Press th€ URSOR button on the front panel.

9. Using the numeric keys or the general purpose knob, move the vertical bar
cursors to set the area within which the waveform will be copied. In this
example, we will set the left cursor to point 0 and the right cursor to point
999.
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GPIB [Continuous mode [Stopped
[Toewwmeres ([ 250 A 499 R 749 [ Selects
1000 pts  Value 0.0000 m———— /7 [L10-0. 0625 Open
L | g ; [

Waveforml

suwwgnnn WEM

Waveforn2
-1, o000 8 5 5 waganna WEM
MARRERT ol ; ;
MERKERZ |0l : ;
T L_:] A 999 R 999
1000 pts  ¥Yalue 0.0000 p————————— /2 L1 0. 0000
1. Dees] ) )
s Another
MARKERZ |1 waveform
EHERSIE: Switch Cursor
Select/ : : Standard |Close/
QOperation| Zoom Setting ‘ Undo NGt write

Figure 3 -63: Setting the Copy Destination

To copy the waveform:

10. SelectOperation from the bottom menu.

11. SelectMultiple Copy... from the fourth page of the side meiofe 4 of
4).

When three waveform areas have been designated in the waveform editor,
select one of the remaining two editing areas as the source for waveform
copying withSourceitem in the sub-menu.

12. Selectinterval from the sub-menu.

13. Using the numeric keys, set the interval value to 500 points. When copying
the section of a waveform between the bar cursors in one editing area to the
area between the bar cursors in another editing arebatéineal value
determines the interval at which the waveform will be repeated horizontally
(in points).
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14. SelectExecutefrom the sub-menu.

If the number of points in the waveform between the vertical bar cursors in
the copy source is the same as the value séttiEnval , the copied

waveform will be displayed repeating at the interval designated with
Interval . In the example shown in Figure 3 -64, both the waveform point
size and thénterval value are set to 500.

1. 5025

T m— S —
| 1600 pts  Value B. 0000 m———0 (U0, 625

—1 . BEE
MARKER] (AL
MARKERZ [BL

2T HHH HAHEA L . A 039 RI Slgg
1909 pts Ua Lie B B /o | e B D625
1. Bods |

0 500 999

BT

Figure 3 -64: Waveform Copying (number of points in waveform = Interval value)

If the number of points in the waveform between the vertical bar cursors in the
copy source is less than the value setriterval, data at level O (in other words,

a straight line) will be added at the end of the waveform. Figure 3 -65 shows an
example in which the waveform point size has been set to 500 almdethel

has been set to 600. Data at level 0 has been added from point 500 to point 599;
the next waveform begins from point 600.
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1 wrunamns Llj A 9D R

1080 pts  Value B.0oee ; Yalue-8.8625
1. awﬁ‘ : : ] ]
=1 . BBEE
MARFER] Bl
MARFERZ HL :
Zieesezver [ @ A009 R [
1600 pts 'ul'alue 0. 6000 Valle-8. 0562
1. EES

amJ

MPRICEE1 1]
HARKERZ|11

0 500 600 999

Figure 3 -65: Waveform Copying (number of points in waveform < Interval value)

If the number of points in the waveform between the vertical bar cursors in the
copy source is greater than the value selrf@rval , the overlapping portion

will be added to the waveform. Figure 3 -66 shows an example in which the
waveform point size has been set to 500 andinteeval value has been set to

300. The copied waveform will be pasted at intervals of 300, starting from points
0, 300, 600 and 900, and so the waveform will overlap in phase between points

300 — 499, 600 — 799 and 900 — 999. As a result, the amplitude in these areas
will be doubled.

e — Y —
1686 pts  Value B.A66B Walue-B. 0625
T, 0Es : :

— 1., pEp)
MARKERT Bl
MARKERZ Bl : !
FRECITEE [ A998 R wy
1688 pts  Value B.5000 m : : /3 |UE-B. B93E

[EE=E A

0 300 500 600 800 900 999

Figure 3 -66: Waveform Copying (number of points in waveform > Interval value)
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15. SelectGo Back from the current sub-menu. The display moves from the
Multiple Copy... sub-menu to the side menu.

Convolution Calculations. The Convolute...menu item appears when two or more
waveforms are being edited. It is used to convolute the section of the waveform
between the two vertical bar cursors in one editing area with the waveform
between the vertical bar cursors in another editing area. The result is normalized.
The following diagram shows the menu configuration forGbavolute...item.

Source
Operation (More 4 of 4) — Convolute... Go Back
Execute

See Page 3 -15 “Opening and Selecting Editing Areas” for further information on
designating multiple editing areas.

On a discrete system, convolution is called discrete convolution. The convolu-
tion y (n) of waveform x (n) and waveform h (i) can be expressed by the
following formula, where N is the number of data items:

y () = > x (-

The operation expressed by this formula is called convolution.

In this example we will perform convolution with the waveform between the
vertical bar cursors in editing area 1 asSloeirce and the waveform in editing
area 2.

A Gaussian pulse of 256 points is useditaveforml, while a Magnetic Disk
Writing signal of 512 points is used fédfaveform2. The Gaussian pulse
(GAUSS_P.WFM) and Magnetic Disk Writing signaMDSK_WR.WFM ) are
included on the Sample Waveform Library Disk that came with the instrument.
Figure 3 -67 shows the waveforms Waveforml andWaveformz2.

AWG2021 User Manual 3-85



EDIT Menu

1.6

-1.0

GAUSS_P.WFM

MDSK_WR.WFM

1.9

256 Points “i-8 512 Points

Waveform1

Waveform2

Figure 3 -67: Waveforms Used for Waveform1 and Waveform2

3 -86

The procedure after the two waveforms have been set in each editing area is as
follows:

Setting the convolution range

1.

2
3.
4

SelectSelect/Openfrom the bottom menu.
SelectWaveform1 from the side menu.
Press th€ URSOR button on the front panel.

Using the numeric keys or the general purpose knob, set the positions of the
left and right vertical bar cursors to define the section of the waveform for
convolution. In this example, we will set the left cursor to point O and the
right cursor to point 255.

SelectWaveform?2 from the side menu.
SelectSetting from the bottom menu.

SelectWaveform Points from the side menu and, using the numeric keys or
the general purpose knob, set the waveform point size to 768.

512 points is sufficient for the range of operationi@aveform2; in order to
display all of the results of operation, WWaveform2 editing area (where

the results will be displayed) must be enlarged. The area needed is the sum
of the point sizes for the two waveforms.

Press th€ URSOR button on the front panel.
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9. Using the numeric keys or the general purpose knob, set the positions of the
left and right vertical bar cursors to define the section of the waveform for
convolution. In this example, we will set the left cursor to point 0 and the
right cursor to point 767.

Calculating the waveforms

10. SelectOperation from the bottom menu.

11. SelectConvolute...from the fourth page of the side meiofe 4 of 4).

When three waveform areas have been designated in the waveform editor,
select one of the other two editing areas as the source for waveform
convolution withSourceitem in the sub-menu.

12. SelectExecutefrom the sub-menu.

Figure 3 -68 shows the screen before and after convolution.

In this example, the results of operation will be displayed between the left and
right vertical bar cursors in editing area 2 (the one enclosed by a box on the
screen) where editing is being performed. The convolution process will take
approximately 20 seconds.

NOTE. The convolution process will take around 80 seconds for two waveforms
consisting of 1000 points each; the time will vary slightly depending on the type
of waveform. An instrument with Option 09 installed is equipped with the
convolution waveform editor which performs convolution at high speed.

TCAESP [ § A% K

|
56 pts  Yalue 8.9000 m—— 7 | UC O, 0690

T. BT

!

768 pts  Value-0.9672 p—— Y U . 0000
R

1: GALISS_P
56 pts

L

'q'aiue 8, 0600

A9 | —
S e O 0500

THOGK VR L] 0 A76 '

2. MDSK_WR
708 pts

1. 2095

¥alue ©.0680

A 767 oI
3 e G 6060

Before

Figure 3 -68: Convolution
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13. SelectGo Back from the current sub-menu. The display moves from the
Convolute...sub-menu to the side menu.

Comparing Waveforms. The Compare...item appears when two or more

waveforms are being edited simultaneously. It is used to compare the section of
the waveform between the two vertical bar cursors in one editing area to the
waveform between the vertical bar cursors in another editing area. The following
diagram shows the menu configuration for @@mpare...item.

Source

Hysteresis — DATA
Operation (More 4 of 4) — Compare... Set Result to MARKERT1

Go Back MARKER2

Execute

See Page 3 -15 “Opening and Selecting Editing Areas” for more detailed
information regarding how to designate multiple editing areas.

Depending on whether the result of comparison is displayed in the editing area or
in theMARKER area (as determined by tBet Result toitem), the results are
displayed as follows:

DATA selected irBet Result to

Comparison Result (waveform level)
Destination > Source 1.000 (FFE in hexadecimal format)
Destination < Source 0.000 (7FF in hexadecimal format)

MARKER1 or MARKER2 selected irbet Result to

Comparison Result (MARKER)
Destination > Source 1
Destination < Source 0

In this example, we will designate the portion of the waveform between the
vertical bar cursors in editing area 1 as the referedoar¢e and then compare

it with the waveform between the vertical bar cursors in editing area 2. The
procedure begins from the point at which two waveforms have been selected in
the waveform editor.

Designating the Section for Comparison

1. SelectSelect/Openfrom the bottom menu.
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2. SelectWaveforml from the side menu. This waveform will be the reference
for comparison.

3. Press th€URSOR button on the front panel.

4. Using the numeric keys or the general purpose knob, set the positions of the
left and right vertical bar cursors to define the section of the waveform for
comparison. In this example, we will set the left cursor to point 125 and the
right cursor to point 625.

NOTE. The value indicated by shows the difference in points between the left
and right vertical bar cursors. This value includes the point occupied by the
cursor, so the number of points in the waveforr #s1.

5. SelectWaveform?2 from the side menu. This waveform will be compared to
the reference waveform.

6. Press th€ URSOR button on the front panel.

7. Using the numeric keys or the general purpose knob, set the positions of the
left and right vertical bar cursors to define the section of the waveform for
comparison. In this example, we will set the left cursor to point 125 and the
right cursor to point 875.

8. SelectOperation from the bottom menu.

9. SelectCompare...from the fourth page of the side memofe 4 of 4).
Figure 3 -69 shows the menu with tiempare...item selected.

When three waveform areas have been designated in the waveform editor,
select one of the remaining two editing areas as the source for waveform
comparison wittSourceitem in the sub-menu.
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GPIB Continuous mode [Stopped
RECTEETEEE Llj A 580 R Operation
1000 pts  Yalue 9.4601 mes————— /3 [Uc 0. 4007 P
1. 0085 : : Source

; . Hysteresis
-1, 0000l 0.0000
MARKERT (ol : i
MARKERZ (1 _ :
P 15 A 750 R 879 |Set Result to

2 _ —d.
1000 pts  Value 0.7504mmm /2 |ue 0749 | MARKERT

1. 0005
/ Go Back
WABZERS ol i E t
MARKERZ @ ; Xecute
FERSIR - Switch Cursor
Select/ e : Standard |Close/
Open £ogm Setting ‘ Lo waveform write

Figure 3 -69: Compare... ltem Selected

10. Press th&et Result tobutton in the sub-menu to sel®édARKER1 .
This item is used to set where the results of comparison will be displayed.

11. If you would like to apply hysteresis to the reference waveform, select
Hysteresisand enter a value. If hysteresis is not necessary, this item should
be set to O.

Hysteresis comparison uses a higher and lower signal level th8ouhee
signal level; the degree is determined by the value set withytbieresis
item.

12. SelectExecutefrom the sub-menu.

Comparison Without Hysteresis— The left part of Figure 3 -70 shows a
comparison of a triangular wave fdfaveform2 and a square wave for

Waveform1, with the results output to tiaveform2 MARKER display area.

The figure on the right has been provided as an aid to understanding this process.

Comparison is only performed for the sectioWEveform2 between the

vertical bar cursors (in other words, from point 125 to point 875). Data outside
this range is preserved as it was before comparison. The figure on the right
shows the default marker set at point O remains “1.”
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As there is less data in ti®urcewaveform than the destination waveform, data
at level O (in other words, a straight line) has been automatically added from
point 626 to point 875 in th&ourcewaveform.
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Figure 3 -70: Comparison Without Hysteresis
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Comparison With Hysteresis— The left part of Figure 3 -71 shows a
hysteresis comparison between a triangular waW¥aagform2 and a square
wave asNVaveforml, with the results output to tMARKERL1 display area in
theWaveform2 area. The figure on the right has been provided as an aid to
understanding this process.

In hysteresis comparison, the waveform only becomes high level when the
destination waveform exceeds the level aboveSth@cewaveform set for
Hysteresis The waveform only becomes low level when the destination
waveform exceeds the level below eurcewaveform set foHysteresis

Comparison is only performed for the section of the waveform between the
vertical bar cursors (in this example, from point 0 to point 999).
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Figure 3 -71: Comparison With Hysteresis

13. SelectGo Back from the current sub-menu. The display moves from the
Compare...sub-menu to the side menu.

Zooming Waveforms. The Zoom item is used to enlarge or reduce the waveform
being displayed, either horizontally or vertically. This process is for display
purposes only; it does not affect the waveform data. The side menu consists of 2

pages: the first page contains the horizontal zoom items and the second page
contains the vertical zoom items.
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GPIB Continuous mode [Stopped
EE T LT L — N —c R - Soom
1006 pts Yalue 0.0000 m— ,;Ualue—9.8249_
0.5002[ [ . .
E Horizontal vertical
Zoom in Zoom in
Horizontal Yertical
Zoom out Z0oom out
Horizontal Yertical
Zoom fit Zoom fit
: Horizontal Yertical
_0.5002 Pan Pan
MARKERﬁj i i
MARKER? 1] are are
[ | § 10f2 20f2
FESTE: Move Cursor
Select/ : L ; Standard |Close/
Open Operation Setting ‘ Undo Rl Wiita

Figure 3 -72: Zoom Menu

Horizontal Zooming. When the waveform is enlarged horizontally using the
Horizontal Zoom in item, three additional items are displayed in the side menu:

Horizontal Zoom out Used to reduce the waveform

Horizontal Zoom fit Used to return to normal waveform size (x1)

Horizontal Pan Used to scroll through the waveform when it
is enlarged

1. SelectZzoom from the bottom menu.
2. Press th€ URSOR button on the front panel.

3. Using the general purpose knob, move the active vertical bar cursor to the
center of the position at which you want the waveform to be displayed.

Horizontal waveform enlargement will be centered around the active vertical
bar cursor.

4. SelectHorizontal Zoom in from the side menu. The waveform will be
enlarged horizontally.
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Figure 3 -73: Horizontal Zoom
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Before

10.

After

SelectHorizontal Zoom in again from the side menu.

The degree of enlargement will increase each time the button is pressed.
When the maximum enlargement is reachedHiigzontal Zoom in item

will disappear. The displayed inverted portion of the horizontal scroll
indicator above the waveform editing area indicates which section of the
waveform is currently being displayed on the screen.

SelectHorizontal Zoom out from the side menu.

The degree of enlargement will decrease each time the button is pressed.
When normal size (x1) is reached, therizontal Zoom out item will
disappear.

Select theHorizontal Zoom in item once again to enlarge the waveform.
SelectHorizontal Pan from the side menu.

This item enables you to scroll through the entire waveform by turning the
general purpose knob. The displayed inverted portion of the horizontal scroll
indicator above the waveform editing area indicates which section of the
waveform is currently being displayed on the screen.

Turn the general purpose knob and check to make sure the waveform moves
horizontally.

SelectHorizontal Zoom fit from the side menu. The waveform will revert
to normal size (x1).
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Vertical Zooming. When the waveform is enlarged vertically with Westical
Zoom in item, three new items will be added to the side menu:

Vertical Zoom out Used to reduce the waveform.

Vertical Zoom fit Used to return to normal waveform size (x1).

Vertical Pan Used to scroll through the waveform when it is
enlarged.

The process of vertical zooming is the same as that for horizontal zooming.
However, the waveform is enlarged/reduced as the reference for the center of the
vertical axis.

Figure 3 -74 shows an example of a waveform before and after vertical zooming.

8.5002]

-0.5002|
NARKER11 MARKER1 1
NARKERZ1 NARKERZ 1 i

Figure 3 -74: Vertical Zoom
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Timing Display

To show the timing display for the waveform editor using\iesv type....item
in the Setting menu follow this procedure.

1. SelectSetting from the bottom menu.
2. SelectView type...from the side menu.

Three items will be displayed in the sub-me@uaphic, Timing andTable.
3. SelectTiming from the sub-menu.

The timing display of the waveform editor will appear. See Figure 3 -75.

GPIB [Continuous mode [Stopped

Moeeseex« LG | -
1 1000 p_ts_o_LValue 7FF1uvalue 7FF aetiing
DATA 1100 B e—
DATA 161 Graphic
DATA 91 :
DATA 8|1 |
LR 21 Timing
DATA 6|1 |
DATA 51 |
DATA 41 Table
DATA 31 -
DATA 2|1 |
pata 1Tt Go Back
DATA BT j
MARKER1 |1
MARKER2 |1

CURSTR : Switch Cursor

Select/
Open

Close/
Write

Standard

Zoom
waveform

Operation

Setting ‘ Undo

Figure 3 -75: Timing Display

4. SelectGo Backfrom the sub-menu. The system moves to the previous
Setting side menu.

3-96 AWG2021 User Manual



EDIT Menu

Timing Display Menu

Waveform Editor

Structure

Bottom Menu

— Select/Open

— Operation

Figure 3 -76 shows the menu configuration for the timing display.

Side Menu Sub-Menu

Waveform1
*
*

Waveform2
Waveform3
Another Waveform
Cut

Copy to Buffer

Paste from Buffer
Line
I: Set High
Set... ': Set Low
Set Pattern

Line
Shift... [
L Value
Invert... Line
Source
Copy Line... M

L Destination

Source
Exchange Line... 4[

Destination

Source
Logical Function... 4E Destination

Func Type
Data Expand... Factor

Insert Other Waveform

Shift Register — Line

~ Generator... L Register Config...

L User defined

Code Config...

Figure 3 -76: Waveform Editor Timing Display Menu Structure

AWG2021 User Manual

3-97



EDIT Menu

3-98

1

*2

*3

*4

Bottom Menu Side Menu Sub-Menu

— Horizontal Zoom in
| Horizontal Zoom out 2

—Zoom *

I— Horizontal Zoom fit
L Horizontal Pan "2

— Waveform Points Graphic

— View type... [ Timing

Table

I— Horiz.Unit
—Setting

. *3
Clock Waveformx

1

Waveformxx

r
L Link Off

—— Cursor Link to... '

L— Grid
— Undo
— Pattern

| Standard — Step
Waveform — Max 4

L Min*

— Write and Close

L Close/Write ————— Close without Writing
— Write

This item appears when two or more waveforms are being edited simultaneously with Another
Waveform in the side menu (under Select/Open in the bottom menu).

These items appear when the displayed waveform data has been zoomed in the horizontal direction
with Horizontal Zoom in in the side menu (under Zoom in the bottom menu).

This item appears when Time has been selected for Horiz. Unit in the side menu (under Setting in the
bottom menu).

These items appear when Count Up or Count Down has been selected for Pattern in the side menu
(under Standard Waveform in the bottom menu).

Figure 3 -76: Waveform Editor Timing Display Menu Structure (Cont.)
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Menu Functions  The following list shows the functions available for each menu item and the page

on which you can find a description of that function.

Table 3-4: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 3-15
Operation Editing waveforms in timing display 3-104
Cut Cutting waveforms 3-43,3-104
Copy to Buffer Copying waveforms 3-44,3 -104
Paste from Buffer Pasting waveforms 3-44,3-104
Set... Setting waveform data 3-104
Shift... Shifting waveform data 3-117
Invert... Inverting waveform data 3-118
Copy Line... Copying lines 3-119
Exchange Line... Exchanging lines 3-120
Logical Function... Applying logical operations to lines 3-121
Data Expand... Expanding waveform data 3-122
Insert Other Waveform Inserting other waveform data 3-60, 3 -124
Shift Register Generator... | Pseudo-random pulse generator using 3-124
shift register
Zoom Zooming displayed waveforms data 3-92,3-129
Setting Settings for the waveform to be edited 3-28,3-101
Waveform Points... Setting waveform point count 3-29
View type... Selecting the waveform data display 3-29
format
Horiz. Unit Setting horizontal axis units 3-31
Clock Setting clock frequency 3-32
Cursor Link to... Linking the vertical bar cursors 3-34
Grid Displaying a grid in the editing area 3-35
Undo Canceling function execution 3-2
Standard Waveform Creating standard waveform data 3-101
Close/Write Saving files and exiting the editor 3-20

AWG2021 User Manual

3-99



EDIT Menu

Timing Display Screen  Figure 3 -77 shows the timing display screen. This section will describe each
portion of the screen; however, descriptions of areas that are identical to the
graphic display will be omitted. See “Graphic Display Screen” for a description

of the graphic display.
GPIB Continuous mode [Stopped
Morsrrer-QLIIIIEEE A4 R 579 m
1000 pts  Value 212r— i | ¥alue 23F |
DATA 110 :
DATA 108 Cut
DATA 91 |
DATA 89
DT %1 5 | tocf?l.?;er
DATA 60 :
(1 )r—» DATA 50 | .
DATA 41 ! ] Faste
lof S from Buffer
DATA 39
DATA 2;05 | Ij
DATA 171 i HUUUT | Set...
L DATA 00 J m’”’”m””
~ MARKER1 0 T vore
(2)— MARKER2 0/ : pEe
= S : 10f3
@—>C CURSIR . Switch Cursor
Select/ i : Standard |Close/
Open £a0m Setting Liyde Waveform Write
Figure 3 -77: Timing Display Screen
(1) DATA 11 - DATA 0 This area shows the timing for each of the data lines (11 - 0).

Data line 11 is the MSB. The number next to the data lines (11
- 0) indicates the time or point value at the location of the
active vertical bar cursor.

(2) MARKER1 | MARKER2 This area shows the timing for the marker 1 or 2. The number
to the right of the word “MARKER” indicates the state of the
marker for the time or point value at the location of the active
vertical bar cursor.
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(3) Button Operations This area shows how the front panel buttons operate in this
menu.

FURSOR - Switch Cursor

Pressing the CURSOR button toggles the active vertical bar
cursor between left and right.

FUESDR - Mowe Cursor

When the CURSOR button is pressed, the vertical bar cursor
can be moved.

Settings for the Waveform to be Edited. Before waveform data is created, you

must use th&etting item in the side menu to set the environment for editing.
The method used to set values is the same as for the graphic display. See
“Setting for the Waveform to be Edited” for a description of the graphic display.

Creating Standard Waveform Data. Use this item to create waveform data in the
area between the designated vertical bar cursors.

The following diagram shows the menu configuration forStendard
Waveform item.

— Step
CountUp ——— Max
— Min
— Step
— CountDown ——1 — Max
— Min
Gray Code ——  Step

Pattern

Standard Waveform

Execute

Pattern Types. Use this item to select the waveform to be created. You can choose
from the following three pattern options:

m  Count Up. Data is created sequentially, increasing from the initial value
designated wittMin to the maximum value designated witlax. When the
maximum value is exceeded, the waveform will return to the initial value
and begin counting up again. In the example shown in Figure 3 -78, the
waveform point size is 4096tephas been set to 1, and ten andMax
values have been set to 0 and 4095, respectively.
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[T sessnrss L

4096 pts

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

MARKER1/0
MARKERZ |0

11[1E

value

A 4095 @R 4095
000 p—— /3 | e FFF|
|

10/1; ] ]

91}

Figure 3 -78: Count Up Pattern Display

The following parameters can be set:

Step

Max

Min

The number of points for each data item. This value can be
setto 1 - 10.

The maximum value for the data. This value can be set
anywhere betweemMin value + 1) and 4095.

The minimum value for the data. This value can be set
anywhere between 0 anilléx value — 1).

®  Count Down. Data is created sequentially, decreasing from the initial value
designated foMax to the minimum value designated fdm . When the
minimum value is exceeded, the value returns to the maximum value and
countdown begins again. The values$tep, Max andMin can be set in
the same manner as witlount Up.

m  Gray Code. A data pattern is created in which the difference between
adjacent data is only 1 bit. When the 4096 items of 12-bit data end, the data
repeats from the beginning. In the example shown in Figure 3 -79, the
waveform point size has been set to 4096 $teg has been set to 1. Only
the Step parameter is set for tiigray Code pattern option.
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vl — L —
4096 pts  Value 000 me——— /2 [Ue 800
DATA IIJE | 3
DATA 10(6;
DATA 9|
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA 9
MARKER1 |0
MARKER2 &

Figure 3 -79: Gray Code Pattern Display

Example of Waveform Data Creation. In the following operation, you will replace
the data between the vertical bar cursors wiloant Up pattern, with the
waveform point size set to 4096.

1. SelectStandard Waveform from the bottom menu.

2. Press th€ URSOR button on the front panel. Using the general purpose
knob, move the left and right vertical bar cursors all the way to the left and
right, respectively, so the entire editing area is selected.

3. SelectPattern from the side menu, then sel&@munt Up by turning the
general purpose knob or pressing Batern button in the side menu.

4. SelectStepfrom the side menu. Using the numeric keys or the general
purpose knob, set the step to 1.

5. SelectMax from the side menu. Using the numeric keys or the general
purpose knob, set the end point for @&unt Up pattern to 4095.

6. SelectMin from the side menu. Using the numeric keys or the general
purpose knob, set the starting point for @munt Up pattern to 0.

7. SelectExecutefrom the side menu.

The data between the vertical bar cursors will be replaced t&younet Up
pattern that you have designated. Figure 3 -78 showSdhet Up pattern
created with the values used in this example.
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Editing Waveform Data in
Timing Display

UseOperation to edit the waveform data in a variety of ways.

The side menu is made up of 3 pages. To get to the next page of the menu, select
More. The following list shows the names and functions of the items in the side
menu.

Cut Cutting waveforms
Copy to Buffer Copying waveforms
Paste from Buffer Pasting waveforms

Set... Setting the waveform data
Shift... Shifting waveform data
Invert... Inverting waveform data
Copy Line... Copying lines

Exchange Line...

Logical Function...

Data Expand...

Insert Other Waveform
Shift Register Generator...

Exchanging lines
Applying logical operations to lines
Expanding waveform data
Inserting other waveform data
Pseudo-random pulse generator
Using shift register

Cut, Copy, and Paste Processing Function. Use these functions cut, copy to the

buffer, and paste to any other time or point value within the waveform data area
between the vertical bar cursors. The functions for these items are the same as for
the corresponding items in waveform editor graphic display. See Pages 3 -43
through 3-46.

Setting Waveform Data. UseSet...to designate data for each data line and marker
in the editing area between the designated vertical bar cursors. The following
diagram shows the menu configuration for $et...item.

Operation ( More 1 0of 3)

— Set...

~ Import Line Data /
Clear Pattern
Line — 1Bit
Set High — Key Data 4L 4 Bits
Set Low 0
Go Back — Initial Src  ——
L— Set Pattern — [ 1
| User defined iti ] 0
Code Config... Iniial Code [ 1
| — High/Low
Out [I/0] L Invert/Keep
+—— Cancel
L 0K
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Setting Data to High/Low. UseSet High andSet Lowto set the data lines or
marker in the area designated by the right and left vertical bar cursors to either
High or Low.

1. SelectSet...from the side menu displayed.
2. Press th€ URSOR button on the front panel.

3. Using the general purpose knob, move the vertical bar cursors to designate
the area for the High or Low state.

4. SelectLine from the sub-menu. Using the general purpose knob, select the
data line DATA 11 — DATA 0) or the markerNMJARKER ) that you want to
set to High or Low.

5. SelectSet Highor Set Lowto set the state between the vertical bar cursors
for the selected line.

Set High Sets the state to High
Set Low Sets the state to Low

Figure 3 -80 shows an example in which the state dDHEA 5 line
between the vertical bar cursors has been set to Low.

I Lﬂ- /A 300 R

1600 pts Yalue 70F eeeeees— /7 | L€ 7DF|
DATA 110 : ;

DATA 101
DATA 91
DATA 81
DATA 71
DATA 61 ;

— DATA 50 ' i
DATA 41 ] ;
DATA 31
DATA 21
DATA 11
DATA 01
MARKERT 6|
MARKER2 6]

Figure 3 -80: Setting Waveform Data to High/Low

6. SelectGo Backfrom the current sub-menu. The system moves from the
Set...sub-menu to the previous side menu.
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Setting Pattern Data  UseSet Patternto designate pattern data for the part of a data line or marker
between the designated vertical bar cursors. Figure 3 -81 shows the pattern data
menu that appears when you selget Patternfrom the sub-menu.

Pattern Length : 8

Point/Step : 1

@ Cursor Position : 8

el | 1 1 1 1 1 I | 39
p10811118

0:°0 key
1 : other Numeric key

CURZOR
i : Togqgle Cursor

Enter Pattern and Press O.K.

Figure 3 -81: Pattern Data Setting Menu

When the designated pattern is shorter than the area between the vertical bar
cursors, the pattern data is repeated. You can create a variety of bit strings for the
same pattern data by selectidgde in the menu.

Press th€ URSOR button on the front panel to select the items needed for
setting the pattern data. The following items can be selected; use the general
purpose knob to set the desired value.

Cursor Position (sets the position of the cursor)
Point/Step (sets the number of points per step)
Code (used to select the data code)

Entering Pattern Data and Pattern Length. To enter the pattern data, press the
CURSOR button on the front panel and sel€etrsor Position. A knob icon
will appear to the left of th€ursor Position area. The value next t€ursor
Position” in the menu indicates the current position of the cursor.

Pattern Length : 6o [

@ Cursor Position : 22
g 1 1 1 1 1 1 1 11 4
gol1101o001a1a116011110601601101018111100

Now you can use the numeric keys to enter the pattern data. Any value up to
32,768 bits can be entered for pattern data. However, only 40 bits can be
displayed on the screen at one time; use the general purpose knob to scroll
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through the rest of the data. The inverted display area dtiern Length
indicates the portion of the pattern data currently being displayed on the screen.

Pattern Length indicates the length of the pattern data that has been entered.
This value will increase each time more pattern data is entered.

Changing the Data Bits. \When entering pattern data, you can enter data either 1
bit at a time (for each keystroke) or 4 bits at a time, depending on the setting for
Key Data in the side menu.

WhenKey Datais set tol Bit, theO key has a value of 0 and the other numeric
keys have a value of 1, meaning that 1-bit data is inserted each time one of these
keys is pressed. In the figure shown below, numeric key valugs pd andl

have been entered in that order.

@ Cursor Position : 4
el | 1 1 1 [ I 1 1 [ | 39
a1el

0:°0 key

1 : other Numeric key

WhenKey Data is set to4 Bits, a hexadecimal number (4-bit data) is entered
each time one of the numeric keys is pressed. In the figure shown below,
numeric key values d@, 1 and2 have been entered in that order.

@ Cursor Position : 12
4]

000000010010

I 1 1 1 | 39

0000 : "0 key
0001 :°'1 key
0010 : '2 key
1110 : 'E’ key
1111 'F key

Point/Step. Point/Stepis used to set how many points make up each item of
pattern data. The data afteode conversion will be one item of pattern data. For
example, wheNRZ is selected fo€Code andPoint/Stepis set to 2, each pattern
will consist of 2 points.
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3-108

To set the point size for each item of pattern data, preSSURSOR button on
the front panel and then sel&aint/Step. A knob icon will appear to the left of
thePoint/Step area.

" Point/Step : IE

Pattern Code.Codeis used to select the coding system used when the pattern
strings are output. Depending on the designated length of the area between the
vertical bar cursors, the code may be cut off in the middle.

To select the code, use the following procedure:

1. Press th€ URSOR button on the front panel and sel€ade A knob icon
will appear in the upper left-hand corner of @ede area.

2. Using the general purpose knob, select the desired code from the choices
listed. The following 8 code options are available:

NRZ

NRZI

RZ

MFM
BI-PHASE
f/2f

1-7 RLL

2-7 RLL
user defined

The “user defined code allows the user to create a custom conversion table.
See “User defined Code Conversion” later in this section. For a description
of the other codes, see “Pattern Codes” in Appendix F.

Sample Pattern Data Setting. In the following example, pattern data ATA 5;
Point/Step 2, Code NRZI) will be created in the area between the vertical bar
Cursors.

1. SelectSet...from the side menu.

2. Press th€URSOR button on the front panel.
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w

Using the general purpose knob, move the vertical bar cursors to define the
area in which the pattern will be set. In this example, we will set the left
vertical bar cursor to 250 and the right vertical bar cursor to 750.

4. SelectLine from the sub-menu. Turning the general purpose knob, select
DATAS for which you want to set the pattern.

SelectSet Patternfrom the sub-menu.
Press th€ URSOR button on the front panel to sel&rsor Position.

Press th&ey Data button in the sub-menu to seldcBits.

© N o O

Pressl, 2in that order.

@ Cursor Position : 8
e | 1 1 1 1 1 1 1 | 39

00010610

9. Press th€ URSOR button on the front panel to sel@&uint/Step.

10. Using the general purpose knob, Betnt/Stepto 2.

[ ] Point/Step : IE

11. Press th€ URSOR button on the front panel to sel€xbde

12. Using the general purpose knob, seRZI .

13. SelectO.K. from the sub-menu. The pattern that you have set in the
preceding steps will appear between the vertical bar cursors. See Fig-
ure 3 -82.
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(B —| N R 750
1000 pts  Value 7DF e—— '/ 2 | LC 7FF|
DATA 110 : :

DATA 101
DATA 91
pATA 81
pATA 71 : ,
DATA 61

S 11100
DaTA 41 : :
pATA 31
paTA 2]1
pATA 1)1
DATA 61
MARKERT 0|
MARKER2 0|

Figure 3 -82: Setting Pattern Data

User defined Code Config... . Users can define their own conversion tables for

code conversion. This function enables RLL codes, etc. to be freely defined. For
sample codes, see “Pattern Codes” in Appendix F. Conversion tables defined
with this menu item are protected by the backup battery, so they are preserved
even after the power is turned off. To reset this item to the factory default
(NRZ2), selectReset to Factoryin theUTILITY menu.

The following process is used to create a user-defined conversion table.
1. Perform steps 1 through 5 of the sample process for defining pattern data.

2. SelectUser defined Code Config..from the side menu. See Figure 3 -83.
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GPIB Continuous mode Stopped
[ LI A A g Ty I'W A BEQM D'ﬁ .
Source Data Pattern  Converted Code Operation
a Y A
CEEENENENE (NN RN T
........... 0]
...................... 1
LT e P initial Code
______________________ out[1/6] 0
_____________________ 1: High
........... .. 1 + 1 : + 1 + + : EDB: Low n
........... out [1/0]
........... High7Low
LT e P Invert/Keep
LTI T e T T T T Go Back
0. 0 4: Prev Src is 0 0. 0
1: 1 5: Prev Src is 1 1: 1
2: Prev Code is 08 6: Next Src is @ 2: Prev Code
3: Prev Code is 1 7: Next Src is 1 3: Prev Src
@ Move Cursor  Enter:lnsert empty line
Select/ i : Standard |Close/
Open £ogm setting ‘ Lndo waveform write

Figure 3 -83: User defined Code Conversion Menu

3. Define the codes as desired (see “Basic Operations” on the following).
4. SelectGo Backto return to th&et Patternmenu.

5. Define the pattern data, using the same procedure as in steps 6 — 10 of the
sample process for defining pattern data.

6. Press th€ URSOR button to seledCode menu item. A knob icon will
appear in the upper left side of the code selection menu.

7. Turn the general purpose knob to selesgr defined

8. Presd.K. in the sub-menu to execute code conversion. The result will be
inserted between the cursors on the data line defined in Step 1.

Moving the Cursor. To move the cursor, turn the general purpose knob. The cursor
can be moved throughout the area where data has already been defined, plus one
more space. From tt&ource Data Patternitem, the cursor moves to the

Converted Codeitem. When the cursor reaches the last data item, it will return

to the beginning. The cursor can also be moved using the left and right arrow
buttons.
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Source Data Pattern

4]

1

Prev Code is @
Prev Code is 1
Prev Src is 0

Prev Src is 1

Next Src is o

Next Src is 1

b =R | [ SR e
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Inserting a Blank Line. Pressing th&ENTER key causes a blank line to be inserted
above the data item marked by the cursor.

NOTE. Blank lines cannot be inserted if there are more than two consecutive
blank lines or if there are more than 16 lines in all.

Defining Data. Move the cursor to the desired location to enter a value on the
numeric keys. The value at that location will be replaced by the one you have
entered. Enterable values will vary depending on the location of the cursor:

In theSource Data Patternarea, only numeric keys 0 through 7 are
operational.

In theConverted Codearea, only numeric keys 0 through 3 are operational.

Deleting Data. Pressing the delete key will delete the data indicated by the cursor.
When a data item is deleted, all of the subsequent data items will move forward
one space. If there is no data at the cursor position, the cursor will move one
position to the left.

Deleting a Line. When all of the data on the line indicated by the cursor has been
deleted, that line will also be deleted and all subsequent data will move up one
line.

Setting Iltems. The Source Data Patternis used to write the pattern for input
data.

Data at that position is LOW

Data at that position is HIGH

The preceding Converted Code data item is O
The preceding Converted Code data item is 1
The preceding Source Data Pattern data item is 0
The preceding Source Data Pattern data item is 1
The following Source Data Pattern data item is O
The following Source Data Pattern data item is 1

~No oo~ WNEFELO

m 2, 3,4 and5 can only be written at the beginnin§afrce Data Pattern
® 6 and 7 cannot be written at the beginnin&oiirce Data Pattern

m  Only the data for the immediately preceding time can be referenced with 2,
3,4and 5

B 6 and 7 are effective as long as the pattern can be written
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After the first time 6 and 7 appear, 0 will be treated as 6 and 1 will be treated
as’7

® 6 and 7 read the input data and search for the same pattern. When the same
pattern has been detected, the portion of the data that has been read is
returned to its original status and then the next pattern is analyzed.

m 0,1,2,3,4,5, 6 and 7 can be used together

Converted Codewrites the output data pattern

Converted Code 0 Sets the output data to LOW
0: 0 1 Sets the output data to HIGH
101 2 Turns the inverse of the precedi@gnverted Codedata item into
2: Prev Code output data
3: Prev Sre 3 Turns the inverse of the precedfBgurce Data Patterndata item

into output data

Initial Source is the default value for the source pattern. Affects output data
when theSource Data Patternis 4 and 5 and when 3 is used @onverted
Code

Initial Code is the default value for the output pattern. Affects output data
when theSource Data Patternis 2 and 3; when 2 is used ©pnverted
Code and wherDut [1/0] is set tdnvert/Keep.

Out/[1/O] determines the handling of 1/0 for data converted STy
verted Code

High/Low 1: data HIGH O: data LOW
Invert/Keep  1: output is inverted O: data is output as is
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Sample Pattern Conversion. WhenSource Data Patternis unaffected by other

conditions
Initial Src 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
00 00
01 11
10 20
1 30

In the case of the above conversion, the data will be as follows:

Position -3 -2 -1 0 1 2 3 4 5 6 7
Source Data Pattern 0 0 0 1 1 0 1 1 0 1 0
Converted Code 0 0 1 3 0 1 1 2 0 2 0
Result 0 0 1 1 0 1 1 0 0 1 0

NOTE. 3 of 30 in pattern 11 starting from position 0 is the inverse of the 0 in the
Source Data Patterrat position —1.

2 of 20 in pattern 10 starting from position 4 is the inverse of result 1 at position
3.

2 of 20 in pattern 10 starting from position 6 is the inverse of result 0 at position
5.

WhenOut[1/0] is set tdnvert/Keep for the same table, the data will be as

follows:
Source Data Pattern 0 0 0 1 1 0 1 1 0 1 0
Converted Code 0 0 1 3 0 1 1 2 0 2 0
Invert/Keep (Previous) 0 0 1 1 0 1 1 0 0 1 0
Result 0 0 1 0 0 1 0 0 0 1 1
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WhenSource Data Patternis affected by other conditions

If 4 and 5 are used:

Initial Src 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
40 0001
4 010
50 0100
51 1000
Time -1 0 1 3 4 6 8
Input 0 0 1 0 1 1 0 1 0 0
Pattern 40 40 41 50 41 51 50 41 50 40
If 6 and 7 are used (1):
Initial Src 0
Initial Code 0
Out[1/0] High/Low
Source Data Pattern Converted Code
07 0001
17 0010
06 0100
16 1000
In the case of the above conversion, the data will be as follows:
Time -1 0 1 3 4 6 8
Input 0 0 1 0 1 1 0 1 0 0
Pattern 06 07 16 07 17 16 07 16 06
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If 6 and 7 are used (2):

Initial Src 0

Initial Code 0

Out[1/0] High/Low
Source Data Pattern Converted Code
077 00000001
076 00000010
177 00000100
176 00001000
067 00010000
066 00100000
167 01000000
166 10000000

In the case of the above conversion, the data will be as follows:

Time -1 0 1 2 3 4 5 6 7 8
Input 0 0 1 0 1 1 0 1 0 0
Pattern 067 076 167 077 176 167 076 166
Importing Waveform or Marker Data as Pattern Data. Import Line Data is used to
import the selected bit data as pattern data. It can be used to perform code
conversion even for waveform data.
The commands in thenport Line Data menu will change depending on
whether or not there is data in the pattern data area. When there is no data, the
Import Line Data command will appear in the sub-menu. When data has been
entered, this command will changeGtear Pattern.
1. SelectSet...from the side menu.
2. Select the data to be imported and then use the cursors to specify the
required range.
3. SelectSet Patternfrom the sub-menu.
4. |If pattern data exists, pre€sear Pattern button in the sub-menu to clear
the existing data.
5. Selectimport Line Data from the sub-menu. The selected bit data will be
read into the pattern data input area.
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Clear Pattern. When data has been entered in the pattern data input area, the
Import Line Data item in the sub-menu will change @ear Pattern. Pressing
the Clear Pattern button will delete all pattern data.

Shifting Waveform Data  Use the shift function to shift the data between the designated vertical bar cursors
in individual data lines or markers by the specified points or time. The following
diagram shows the menu configuration for 8ft... item.

Line
Operation (More 20f3) ~ ——» Shift. —{ e
Execute

1. Move the vertical bar cursors to define the part of the waveform data to be
shifted, then sele@hift... from the second page of the side meviorg 2
of 3).

2. SelectLine from the sub-menu. Turning the general purpose knob, select the
data line DATA 11 —DATA 0) or marker MARKER1 or MARKERZ2) on
which the data is to be shifted.

3. SelectvValue from the sub-menu. Using the general purpose knob or the
numeric keys, input the shift point value.

Value sets the amount of the shift in points or time. The range for the shift
value ist (designated waveform point size). To shift the data between the
vertical bar cursors to the right, enter a positive value; points that shift out
beyond the right cursor will be shifted in from the left. To shift the data to
the left, enter a negative number; points that shift out beyond the left cursor
will be shifted in from the right.

4. SelectExecutefrom the side menu. The waveform data is shifted with the
specified conditions. Figure 3 -84 shows the screen before and after the data
on lineDATA 5 between the vertical bar cursors is shifted 30 points to the
right.
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ToHbn men L A 0B @F [ Tzwwn wnmin Lm A 60A iﬁm:
1960 pts  Yalue  7FF ——j—"/2 2 7FF| 1000 pts  Value  7DF mem—/2 lue  70F

DATA 1] : DATA 11[g] ;

DATA 181 : DATA 181

DATA @1 DaTA 91

DATA BT DATA B[1]

DaTA 71| DATA 71

DATA 61] ; DATA 61/ :
—0ATh 51 | | ] — DATA 5B | | 1

DATA 41 ; DATA 41 j

DATA 3[1 ; oATA 31 :

DATA 201 DaTA 21

DATA 1)1 DATA 11

DATA ®1 DATA ®1

WARKER1 [8 MARKER1 |

WARKERZ2 8 MARKERZ B|

Before After

Figure 3 -84: Shifting Waveform Data

5. SelectGo Backfrom the current sub-menu. The system returns from the
Shift... sub-menu to the previous side menu.

Inverting Waveform Data  Uselnvert... to invert each data line or marker between the designated vertical

3-118

bar cursors. The following diagram shows the menu configuration for the
Invert... item.

Line
Operation ( More 2 of 3) — Invert... —E Go Back
Execute

1. Move the vertical bar cursors to define the section of the data to be inverted.
Then selecinvert... from the second page of the side mavorg 2 of 3).

2. SelectLine from the sub-menu. Turning the general purpose knob, select the
data line or marker whose state is to be inverted.

3. Selectexecutefrom the sub-menu. The state is inverted with the specified
conditions. Figure 3 -85 shows the screen before and after the data between
the vertical bar cursors on li®ATA 5 is inverted.
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RTTIIL |_ A 6ag @R [ Tieetesses | 100 A GO RC____ 709
1900 pts  Value T ——/ 2 | L1 7FF 1060 pts  Walue 7FF Walue 7FF

DATA 118 : DATA 11[9] : i

DATA 181 DATA 16(1

DaTA o1 DATA afi

DATA Bl DATA &1

DaTA 7)1 ; DATA 7[1 :

DATA 61 DATA 61
—DATA 51| | | —DATA 51 | ]

DATA 41 : DATA 41 :

DATA 3[1 DATA 31

DATA 201 DATA 201

DATA 1]1 DATA 1[1

DATA @1 DATA ®[1

WARKER1 'a'| WARKER1

MARKER2 0] MARKERZ (g

Before After

Figure 3 -85: Inverting Waveform Data State

Copying Llnes

AWG2021 User Manual

4. SelectGo Backfrom the current sub-menu. The system returns from the
Invert... sub-menu to the previous side menu.

UseCopy line...to copy the waveform data between the designated vertical bar
cursors from one data line to another data line. Copy processing replaces the
previous value of the copy destination line with the data of the copy source. The
following diagram shows the menu configuration for @wgpy Line... item.

Source

. . Destination
Operation ( More 2 of 3) —* Copy Line... —E Go Back
Execute

1. Move the vertical bar cursors to define the section of the data to be copied.
Then selecCopy Line... from the second page of the side meviorg 2 of
3).

2. SelectSourcefrom the sub-menu. Turning the general purpose knob, select
the copy source data line or marker.

Source selects the waveform data copy source. DatBAféA 11 — DATA
0 or marker MARKER ) can be selected.

3. SelectDestination from the sub-menu. Turning the general purpose knob,
select the copy destination data line or marker.
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Destination selects the destination to which the waveform data selected with
Sourcewill be copied. Data lin®ATA 11 —DATA 0 or marker MARK-

ER) can be selected as the copy destination. From the copy source to the
copy destination is indicated with an arrow.

4. SelectExecutefrom the sub-menu. The data is copied with the specified
conditions. Figure 3 -86 shows the screen before and after the section of
waveform data between the vertical bar cursors orJ#BA O is copied to
line DATA 11.

I — ] — Towen v L@ A 500 7
| 1e9e pts  ¥alue 7FE —— /< | 7DF | 1008 pts Walue TFE alue F[JF

—+ DATA 110 : ' : ' — DATA 111 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
DATA 181 : ; - DATA 161
DATA 91 DATA @1
DATA &1 DATA 81
pata 71 : 7 DATA 7/1
DATA 61 ; DATA 61 ; :
DatA SB[ | | oaTA SO [ | |
DATA 41 ; ; DATA 41
DATA 31 ; DaTA  3[1]
DATA 21 ; DATA 201
DATA 11 DATA 1)1
—own om0 U UUUUUUUUUUUUUULUUIAI, | —oame mmuuuwuuuuwuuuwuuuuwwuuum
MARKER1 9 g : MARKER] (g
MARKERZ 9 : ; WARKER2(0
Before After

Figure 3 -86: Copying Lines

5. SelectGo Backfrom the current sub-menu. The system returns from the
Copy Line... sub-menu to the previous side menu.

Exchanging LInes  UseExchange Line...to take the data between the designated vertical bar
cursors on one line and interchange it with the data on another line. The
following diagram shows the menu configuration for Bxehange Line...item.

Source
. ; Destination
Operation (More 20f3) — Exchange Line... —E Go Back

Execute

1. Move the vertical bar cursors to define the section of the data to be ex-
changed. Then seleEkchange Line...from the second page of the side
menu More 2 of 3).
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2. SelectSourcefrom the sub-menu. Turning the general purpose knob, select
one of the data lines or marker for data interchange.

3. SelectDestination from the sub-menu. Turning the general purpose knob,
select the other data line or marker for data interchange.

4. SelectExecutefrom the sub-menu. The data will be exchanged as desig-
nated. Figure 3 -87 shows the screen before and after the data DATAe
0 is exchanged with the data on lIDATA 11.

T menmnmen L]ﬂ A G0 R IRTTITII] Llﬂ AS6h
| 1eew pts  WValue  FFF Value  TFE| 1090 pts  Yalue  FFF— Va1 [0 7FE
— DATA 118 | |—| L L1 |—| [ | — DATA 118 ] | |ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ T |
DATA 10]1 DATA 101
DATA 9/1] : ; DATA 81
DATA 81 DATA B[l
DATA 7)1 : DaTA 7)1
DATA 611 i DATA  6[1
DATA 51 DATA 51
DATA 41 : DATA 41
DATA 31 DATA 3]1
DATA 21 ; DaTA 21 : :
DATA 1[1] ' DATA 1)1 : i
— oan ﬁamuuuuuuuuuuuuuwuwuwuuwuwm = o 09 L LU
WARKER1 8 NARKER1 6] :
WARKERZ(8 ; : NARKER2 |
Before After

Figure 3 -87: Exchanging Lines

5. SelectGo Backfrom the current sub-menu. The system returns from the
Exchange Line...sub-menu to the previous side menu.

Applying Logical  UseLogical Function...to apply a logical operation to the data between the
Operations to Lines  vertical bar cursors on one data line with the data on another line and replace the
data on the designated line with the result. The following diagram shows the
menu configuration for thieogical Function... item.
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Source AND
- NAND
. Destination OR
Operation (More 30f3) ——» |ogical Function... Func Type NOR
Go Back EX-OR
Execute EX-NOR

Types of Logical Operation. You can choose from the following six logical
operation options in thEunc Type sub-menu:

AND
NAND
OR

NOR
EX-OR
EX-NOR

See “Logical Operation” in Appendix F for a description of each of these
operations.

1. Move the vertical bar cursors to define the section of the data to which a
logical operation is applied. Then seleogical Function... from the third
page of the side meniore 3 of 3.

2. SelectSourcefrom the sub-menu. Turning the general purpose knob, select
the first data line or marker for logical operation.

3. SelectDestination from the sub-menu. Turning the general purpose knob,
select the other data line or marker for logical operation. The calculated
result will replace the data line or marker designated igstination.

4. SelectExecutefrom the sub-menu. Logical operation will be performed for
the selected lines.

5. SelectGo Backfrom the current sub-menu. The system returns from the
Logical Function... sub-menu to the previous side menu.

Expanding Waveform Data  UseData Expand...to expand the section between the designated vertical bar
cursors for all of the data lines and marker. The following diagram shows the
menu configuration for thBata Expand...item.
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Factor
Operation (More 30f3) —— Data Expand... —E Go Back

Execute

1. Move the vertical bar cursors to define the section of the data to be expand-
ed. Then seledata Expand...from the third page of the side memdofe
3of 3.

2. SelectFactor from the sub-menu.

Factor is used to set the degree of expansion to any value between 2x and
10x.

3. Using the numeric keys or the general purpose knob, set the degree of
expansion.

4. SelectExecutefrom the sub-menu. The section of the waveform between the
vertical bar cursors will be expanded to the designated degree, and the
waveform point size will increase accordingly. Figure 3 -88 shows the screen
before and after the data between the vertical bar cursors is expanded by a

factor of 2.
SRTTTITIT] Llj A5 E BERTTLIIIT] 'Llj' A2137 1
| 4695 pts  Yalue  4FC eesse— i je S | S98 pts  Value  4F0 me— valwe  5FF|
DATA 118 DATA 119 : |_
DATA 1651: I DATa 168[1] |_
DATA 9,0; DATA Qﬂ; _|_
il O 0 O g ol T I T
wre T T T we AT [ T1]
e o T AT T LT e ST I
1 g g B 111
B 111 10 R LA e A T T T (NN
s 0 000 00 | I &
paATA 21 DATE 211
- i
NARKER1 6 P HARKERI:81
NARKER2 6 ! MARKER2 0|
Before After

Figure 3 -88: Expanding Waveform Data

5. SelectGo Backfrom the current sub-menu. The system returns from the
Data Expand...sub-menu to the previous side menu.
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Inserting Other Waveform  Uselnsert Other Waveform to insert data from another waveform at a
Data designated point in the waveform being edited. This item is located on the third
pageMore 3 of 3) of the side menu. The functions of this item are the same as
for thelnsert Other Waveform item for the graphic display of the waveform
editor. See Page 3 -60.

Pseudo-Random Pulse = UseShift Register Generator...to set a pseudo-random pulse pattern using a
Generator  shift register for the data between the designated vertical bar cursors on a data
line or marker. The following diagram shows the menu configuration for the
Shift Register Generator...item.

— Line — Clear All Taps
| Set Maximal
| Register Linear Taps
Config... — Set All Regs
— Cancel
— 0K
. . it 0
Operation ( More 3 of 3) . Shift Register | — Initl Ste { 1
Generator.. User defined 0
| Code Config... | Inital Code —{ 1
High/Low
— Out[i0] [ Invert/Keep
— Go Back
—— Execute

Register Configuration. The pseudo-random pulse generator (with shift register)
consists of 2 to 32 registers together with the register output for each and the tap
of the feedback loop that performs the EX-OR operation. SeleRggister

Config... from the sub-menu enables you to set the pattern for the shift register
generator. Figure 3 -89 shows the menu used to set the shift register.

Register Length :[ 32 (1 1)
Point/Step :| 1|
@ Register Position : i (1 2)

== Toggle Cursor  C— :ToggleTap @:Set@ 1:Set1

Figure 3 -89: Shift Register Configuration Menu
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Use theCURSOR button on the front panel to select the items needed for the
shift register. The following items can be selected; the general purpose knob is
used to set the desired value for each item.

Register Length (sets the length of the register)
Register Position (sets the position of the cursor)
Point/Step (sets the number of points per step)
Code (used to select the data code)

Setting the Register Length. The register length may be set to any value between

2 and 32. The register length is displayed at the top of the shift register configu-
ration menu, as shown below. In this example, the shift register is made up of 32
items.

@ Register Length : JE#

Entering the Register Value and Setting Taps. To enter the register value and set
taps, press theURSOR button on the front panel and selB&gister Position

A knob icon will be displayed to the left of tRegister Positionarea. Turn the
general purpose knob to move the cursor. The current location of the cursor is
shown beside thRegister Positionitem.

@ Register Position : B

rih AR AR AR AR \Wr
A4 A

Taps

Figure 3 -90: Register Values and Taps

The numeric keys can now be used to enter the register value at the position of
the cursor.

Presd) to set the register value to 0
Presdl to set the register value to 1

Pressing th& ALUE button on the front panel toggles the tap between on and
off.

m  Clearing All Taps. Us€lear All Taps in the sub-menu to delete all taps that
have been set.

m  Setting the Maximum Length Code Series for T&et.Maximal Linear
Tapsin the sub-menu allows you to easily create M series (maximum length
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code series) bit strings. M series bit strings are combined with several
different kinds of tap arrangements. The tap arrangement will change each
time theSet Maximal Linear Taps button is pressed.

B Setting Register Values. USet All Regsin the sub-menu to set all register
values to 1.

Sample Settings for Register Values and Taps
Set simply set register and tap values as follows:

Register Length: 3
Register Value: 101
UseSet Maximal Linear Tapsto set taps

Figure 3 -91 shows the output for the above settings. This output will be the
maximum length code series.

Output .
) 0 i =F—1penod —
1011 1 001 0
a
O

Figure 3 -91: Sample Settings for Register Values and Taps

Point/Step. Point/Step is used to set how many points make up each data bit. The
data aftelCode conversion will be one item of bit data. For example, when

NRZI is selected fo€ode andPoint/Stepis set to 2, each data bit will consist

of 4 points.

) Point/step : I

Code. This command selects the code system used when data pattern strings are
output. Theuser definedcode enables you to define a custom conversion table.
For a detailed description of each code, see “Pattern Codes” in Appendix F.

@ Code
NRZ {1:1)
NRZ | 122

RZ (1:2)

User defined Code Config....The following process is used to execute a user-de-
fined code conversion.

AWG2021 User Manual



EDIT Menu

AWG2021 User Manual

1. SelectShift Register Generator...from the side menu.
2. SelectUser defined Code Config..from the sub menu.

3. Define the codes as desired. For the basic operations used when defining
codes, see “User defined Code Config...” on Page 3 -110.

4. SelectGo Backto return to the&hift Register Generator...menu.
5. SelectRegister Config...from the side menu.

6. Set the values fdRegister LengthandPoint/Stepas well as the register
value and tap.

7. Press th€ URSOR button to select Code menu item. A knob icon will
appear in the upper left side of tBede selection menu.

8. Turn the general purpose knob to selesgr defined

9. Presg0.K. in the sub-menu to confirm the settings. Biéft Register
Generator... menu will automatically reappear.

10. Using the general purpose knob, define the data line and area where the
pattern will be inserted.

11. PressExecutein the sub-menu. The result will be inserted between the
cursors on the data line selected in the previous step.

Creating the M Series Pseudo-Random Signal. An M series pseudo-random signal
has a length of 21 assuming the number of levels for the shift register is n. In
this example, we will create an M series pseudo-random sign&?-aftdts (15
levels) with 1 point for each step. This signal is included on the Sample
Waveform Library Disk that came with the AWG2021.

1. SelectSetting from the bottom menu.

2. SelectWaveform Pointsfrom the side menu. Then set the waveform point
size to 32,767 using the numeric keys. The waveform point size needed to
display all the bits of the pseudo-random signal is given by the following
formula:

(Value forPoint/Step) x (2"-1)=1x (215-1)=32,767

3. SelectShift Register Generator...from the third page of the side menu
(More 3 of 3).

4. Press th€ URSOR button on the front panel.

5. Using the general purpose knob, move the vertical bar cursors to designate
the area to which pseudo-random signals are inserted. In this example, we
will set the left cursor to point 0 and the right cursor to point 32,766.
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6. SelectLine from the sub-menu. Turning the general purpose knob, select
DATA11 for which you want to set the pattern.

7. SelectRegister Config...from the sub-menu.
8. Press th€URSOR button on the front panel to selésgister Length
9. Using the general purpose knaob, set the register length to 15.

@ Register Length : iH

10. SelectClear All Taps in the sub-menu to delete all taps.

11. SelectSet All Regsin the sub-menu to set all registers to 1.

12. Press th€ URSOR button on the front panel to sel&xgister Position
13. Using the general purpose knob, setRlegjister Positionto 13.

14. Press th& ALUE button on the front panel to set the tap.

@ Register Position : B
1A ]

15. Press th€€ URSOR button on the front panel to sel&int/Step.

16. Using the general purpose knob, Betnt/Stepto 1.

] Point/Step :

17. Press th€ URSOR button on the front panel to seléxbde

18. Using the general purpose knob, seNRZ.

@ Code
NRZ ('1:1']H

NRZ| 2]
(1:2)

19. SelectO.K. from the sub-menu.

20. SelecteExecutefrom the sub-menu. The timing display shown below will
appear.

—= DATA 1111

21. SelectGo Backfrom the sub-menu.
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Zooming Waveforms. The function for this item is the same as for Zloem item
in waveform editor graphic display. See Page 3 -92.

Table Display

To show the table display for the waveform editor usingv/iber type....item in

the Setting menu:

1. SelectSetting from the bottom menu.

2. SelectView type...from the side menu.

Three items will be displayed in the sub-me@uaphic, Timing andTable.

3. SelectTable from the sub-menu.

The table display of the waveform editor will appear. See Figure 3 -92.

GPIB Continuous mode Stopped
] 1060 ptsou‘u'aIue 0. 0000y £9% L;Ualue 0. 0000 Rgting
[T POINT TNDEX DATA MARKER(1,2) |

g 9111 1111 1111 11 Graphic
1 8111 1111 1111 @ 8
2 8111 1111 1111 8 8
3 81t 11t 111 e e Timing
4 9111 1111 1111 8 8
5 8111 1111 1111 8 8
6 0111 1111 1111 0 9 Table
70111 1111 1111 8 8
g 8111 1111 1111 88
9 o111 1111 1111 88 Go Back
19 6111 1111 1111 B8 9
11 8111 1111 1111 8 9
12 8111 1111 1111 8 9

L Edit value

SEIeg)tp:en Operation Undo ‘ Closs‘:'rite

Figure 3 -92: Table Display

4. SelectGo Backfrom the sub-menu. The system moves to the previous

Setting side menu.
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Table Display Menu  Figure 3 -93 shows the menu configuration for the table display.

Structure
Bottom Menu Side Menu Sub-Menu
— Waveform1
— Waveform2 1
— Select/Open
— Waveform3  *1
— Another Waveform
— Cut
— Operation — Copy to Buffer
—— Paste from Buffer
L— Insert Other Waveform
— Waveform Points
|— Graphic
— View type... Timing
) . . — Point
Waveform Edito — Horiz. Unit
vefor itor L Time
- Setting Clock *2
— Waveformx
| Cursor Link to... 1 Waveformxx
— Link Off
— Binary
— Radix... Hexadecimal
— Real
. — Off
L— Grid
L On
— Undo
Write and Close
— Close/Write 4E Close without Writing
Write

*1  This item appears when two or more waveforms are being edited simultaneously with Another Waveform
in the side menu (under Select/Open in the bottom menu).

*2  This item appears when Time has been selected for Horiz. Unit in the side menu (under Setting in the
bottom menu).

Figure 3 -93: Waveform Editor Table Display Menu Structure
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Menu Functions
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The following list shows the functions available for each menu item and the page
on which you can find a description of that function.

Table 3-5: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 3-15
Operation Editing waveforms in timing display 3-135
Cut Cutting waveforms 3-43,3-136
Copy to Buffer Copying waveforms 3-44,3-136
Paste from Buffer Pasting waveforms 3-44,3-136
Insert Other Waveform Inserting other waveform data 3-60, 3 -136
Setting Settings for the waveform to be edited 3-28,3-133
Waveform Points... Setting waveform point count 3-29
View type... Selecting the waveform data display 3-29
format
Horiz. Unit Setting horizontal axis units 3-31
Clock Setting clock frequency 3-32
Cursor Link to... Linking the vertical bar cursors 3-34
Radix... Setting a cardinal number 3-133
Grid Displaying a grid in the editing area 3-35
Undo Canceling function execution 3-2
Close/Write Saving files and exiting the editor 3-20

3-131



EDIT Menu

Table Display Screen  Figure 3 -94 shows the table display screen. This section will describe each
portion of the screen; however, descriptions of areas that are identical to the
graphic display will be omitted. See “Graphic Display Screen” for a description

of the graphic display.

GPIB Continuous mode Stopped
TSN QUNNEENE] AS U9 [ settin
1000 pts  Value 0.9472y Value 0.9101 ;

[ [ /POTNT INDEX DATA O\ /MARKER,2)
150 || 1111 1001 1010 | 0 © Graphic

151 1111 1661 6616 0 0 B8
152 || 1111 1660 10061 | 0 ©

153 || 1111 1660 6061 6 0 Timing
154 || 1111 6111 1000 |/ 0 @
@ il 155 || 1111 6116 1116/ 6 0
156 || 1111 6110 @101/ 0 @ '—@
157 || 1111 8161 1611|060
158 || 1111 6101 0000 || 0 @
159 || 1111 0100 0110 || 0 a]q— Go Back
160 || 1111 6011 10110 0
161 || 1111 0611 6000 (6 0
L 162 J\ 1111 6010 0101)\8 6
._.{ I Edit value
Select/ ; ; Close/
Open Operation Setting Undo ‘ rita
Figure 3 -94: Table Display Screen
(MHu Shows the data value (Value) indicated by a real number and
Value the time or point count (U) for the current position of the upper

line cursor. The value in the displayed inverted field can be
changed using the numeric keys or the general purpose knob.

(2) A Shows the time or point count between the upper and lower
line cursors.
(3) Data This shows the waveform data for the point count or time. The

waveform data can be displayed as binary, hexadecimal, or
decimal data, depending which base has been selected. If
binary numbers have been selected, the left end of the data is
the most significant bit (MSB).

(4) Horizontal Scroll Indicates which portion of the waveform is currently displayed
Indicator on the screen. The displayed inverted portion of the indicator
shows the portion of the waveform currently being displayed.
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(5)L Shows the data value (Value) indicated by a real number and
Value the time or point count (L) for the current position of the lower

line cursor.

(6) Upper Line Cursor The line that is brightly highlighted by the upper line cursor is
active.

(7) MARKER (1,2) Binary display of the state of Marker 1 or 2 for the waveform
point or time.

(8) Lower Line Cursor The line cursor enclosed in a frame ([ ]) is inactive.

(9) Point Index or Time Shows the waveform point or time. The units are set with the
Setting item in the bottom menu.

(10) Button Operations This area shows how the front panel buttons operate in this
menu.

2LE - Edit value

When the VALUE button is pressed, a block cursor appears
within the inverted display cursor and the numeric keys can be
used to input the data. Pressing an arrow button (+/—)
moves the block cursor left/right.

ELRSOR: Move Line Cursor

When the CURSOR button is pressed, the line cursor can be
moved.

Settings for the Waveform  Before waveform data is created, you must usé&éteing item in the side menu
to be Edited  to set the environment for editing. Apart from the cardinal number settings, the
procedure for setting values is the same as for the graphic display. See “Setting
for the Waveform to be Edited” for a description of the graphic display.

Setting a Cardinal Number. UseRadix... to set a cardinal number to display
waveform data in a table format. Waveform data can be displayed in numeric
form asBinary, Hexadecimalor Real numbers.

WhenRadix... is selected, the following items appear in the sub-menu:

Binary
Hexadecimal
Real

Go Back

The description of these cardinal numbers is given below.

Binary 12-bit waveform data is created using €her 1 numeric
keys.
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POINT INDEX
150
151
152
153
154
155
156
157
158
159
160
161
[ 162

Binary

Data
1111 1007 1916
1111 1081 6o1e
1111 1686 1081
1111 1664 ool
1111 8111 1009
1111 8118 1114
1111 o119 o101
1111 8181 1811
1111 8181 eooa
1111 9109 o114
1111 8811 1011
1111 6811 oo
1111 es1g o101

Hexadecimal Waveform data is created using th&® andA—-F numeric
keys. When the cardinal numbers are changétei@deci-
mal, numeric keys and unit keys are allocated t&-

Real The data is input, as with regular number input, by pressing
numeric keys, then pressing tBBITER key to enter the
number. Any real numbeRgal), up to the vertical axis full
scale, can be entered in the graphic display.

The markers are displayed in binary notation even when the cardinal numbers are
set toHexadecimalor Real.

1. SelectSetting from the bottom menu.

2. SelectRadix... from the second page of the side meviorg 2 of 2).

3. Select the desired cardinal numbBim@ry, Hexadecimalor Real) from the
sub-menu. Figure 3 -95 shows how the same waveform data is displayed in
each of the cardinal numbers.

Hexadecimal Real

MARKER(1,2)  POINT INDEX DATA MARKER(1,2) POINT INDEX  DATA  MARKER(I,2)
Do 5

g0 151 F92 99 151 0.0472 00
an 152 F80 00 152 0.9428 00
N 153 F31 00 153 09K 09
99 154 F75 09 154 0.9245 00
o 15 F6E 00 15 0,927 00
00 156 F65 00 156 00X A0
o0 157 F56 90 157 0.0204 00
88 158 F50 00 158 9.9150 00
80 159 F46 00 199 9.9101 008
0 160 F35 00 160 0.9047 00
ae 161 F20 @0 161 0.89%94 00
00] [ 162 F25 0 9] [ 162  9.35940 0 8]

Figure 3 -95: Numeric Displays for Waveform Data
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4. SelectGo Backfrom the current sub-menu. The system returns from the

Binary... sub-menu to the previous side menu.
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Editing Waveform Data  Waveform data can be edited at the waveform point, regardless of what item is
selected in the bottom menu.

Move the line cursor to the data point to be edited.
1. Press th€ URSOR button on the front panel to move the line cursor.

2. When theCURSOR button is pressed, the active line cursor is toggled
betweerlJpper andLower.

3. Use the general purpose knob to move the active line cursor to the time or
point value to be edited.

Enter the waveform data

4. Press th& ALUE button on the front panel to input the waveform data with
the set cardinal number.

Within the inverted display active line cursor is a block cursor. The data in
the block cursor can be changed.

5. Use the~ and— buttons on the front panel to move the block cursor to the
data to be changed.

When the block cursor is at the left end of E&TA , pressing the— button
moves the block cursor MARKER for the previous waveform point or
time value. When the block cursor is at MARKER , pressing the+
button moves the block cursor to the left and oAGA for the subse-
quent waveform point or time value.

6. Data can be input with the numeric keys. Pressing numeric or character keys
unrelated to the cardinal number you have designated will have no effect on
the data.

When a number or character is input, the block cursor moves to the next
character to the right.

Editing Waveform Datain  UseOperation to edit waveform data for the area between the upper and lower
Table Display  line cursors.

The following list shows the names and functions of the items in the side menu.

Cut Cutting waveforms

Copy to Buffer Copying waveforms

Paste from Buffer Pasting waveforms

Insert Other Waveform Inserting other waveform data
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Menu

3 -136

Cut, Copy, and Paste
Processing Function

Use these functions cut, copy to the buffer, and paste to any other time or point
value within the waveform data area between the upper and lower line cursors.
The functions for these items are the same as for the corresponding items in
waveform editor graphic display. See Page 3 -43 through 3—46.

Inserting Other Waveform Data. Uselnsert Other Waveform to insert data from
another waveform at a designated point in the waveform being edited. The
functions of this item are the same as forltieert Other Waveform item for
the graphic display of the waveform editor. See Page 3 -60.
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Equation Editor

Use the equation editor to edit files with the extensiofEQU. Equation file

data takes the form of mathematical equations. An equation program file can
have up to 100 lines. An equation file is compiled to create a waveform file and
to output the waveform.

Figure 3 -96 shows an example of a waveform obtained by compiling the data
from an equation file and its equation.

Equation File
range(0,5ms)
sin(4*pi*x)
Overview
+1.0
-1.0 oz
1606 Points ; Clock 2e+05 Hz

Figure 3 -96: Example of Equation File Data and Resulting Waveform

Entering the Equation 1. Press th&DIT button in theMENU column. The initiaEDIT menu will

Editor appear.
2. SelectEdit or New Equationfrom the side menu.
Edit Used to select and edit an existing equation file
(.EQU)
New Equation Used to create a new equation file

The equation editor screen will appear.
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Saving Files and Exiting

the Editor

Equation Editor Menu

Structure

Equation Editor

UseEXxit/Write in the bottom menu to save the file to the internal memory of the
AWG2021 and exit from the editor depending on the selected side menu item.

The same procedure is used to save the file and exit from the equation editor as
for the waveform editor. See “Saving Files and Exiting the Editor” in the section
on the waveform editor.

When you compile the equation then exit the equation editor, the waveform file
and the equation file are saved in internal memory with the same name but
different extension.

NOTE. If there is already a waveform file in internal memory with the name the
compiled waveform file will be given, a message is displayed asking if you are
sure you want to overwrite the old file. Answer eitBancelor O.K.

The Equation Editor menu has the structure shown in Figure 3 -97.

3-138

Bottom Menu Side Menu
— Cut Line
—— Copy to Buffer
—— Operaton —— 1 Paste from Buffer
—— Word Table
— Insert Other Equation
Setting Waveform Points
— Compile
— Undo i
Write and Exit
L— Exit/Write Exit without Writing
Write

*1  This item appears when Operation in the bottom menu has been selected.

Figure 3 -97: Equation Editor Menu Structure
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Menu Functions  The following list shows the functions available for each menu item and the page
on which you can find a description of that function.

Table 3-6: Menu Functions

Menu Function Page
Operation Editing functions 3-156
Cut Cutting a line 3-156
Copy to Buffer Copying a line 3-156
Paste from Buffer Pasting a line 3-156
Word Table Changing the component menu 3-144
Insert Other Waveform Inserting other equation file 3-157
Setting Settings for the waveform to be edited 3-149
Waveform Points Setting waveform point count 3-157
Compile Compiling equations into waveform data 3-159
Undo Canceling function execution 3-2
Exit/Write Saving files and exiting the editor 3-20,3-138
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Equation Editor Menu  Figure 3 -98 shows the general equation editor display. A description for each
Display  callout follows.

<> GPIB Autostep mode |Stopped
: File Name : F_SOUARE.EQU

e | Operation
(— [range{®,160us) . . ’ |
SiN(2#pi#x)+1/3#5IN(3#2#p i%x)+1/5%5 IN{5#24p i #x) Cut Line

V+H1/75SINCT# 24P P %) +1/945iN (9425 i xx)+1/11#5IN(11#25p i x)

v+1/13%8 in(13*2*ﬁi*x)+1/15*sin(15*2*ﬁ %)
Copy
C to Buffer

Paste
from Buffer

word Table
0 cos( [exp(] k [ pi | x t * - ) ﬂ
log( | In{ |sqrt(| x t ] 5 / A )
C max( | min{ |range(| ) round{| int{ | abs( v ) Insert
rnd( | mavk (| diff{|integ( norn(| ( )] = e o Other

p—
CURSOR VALLE  ENTER Equation
@—>C — : Go to Scroll mode —— /—: Goto Insert mode @ Move cursor q

Setting Compile Undo EXit\pfvrite
Figure 3 -98: Equation Editor CRT Display
(1) File Name This is the name of the file being edited. If the file has not been
named yet, the display is ******* EQU.
(2) Line This is the line number of the equation or range displayed
inverted within the equation list.
(3) Equation List An equation list contains two components: equations and a

range for which the equations apply. The equation is input from
the component menu, with the numeric keys or unit keys.

(4) Component Menu The component menu contains the elements used to create an
equation. The menu consists of two pages. The first page
contains functions, operators, constants, variables and syntax
items. The second page contains characters and symbols.
These items are selected with the general purpose knob. Use
Word Table under Operation to move between pages.
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(5) Button Operation

This area shows how the front panel buttons operate in this
menu.

51 6o to Cursor mode
When you press the CURSOR button, the line cursor within the
inverted cursor in the equation list can be moved with the
general purpose knob.

VALLE  EMTER
—— £ Go to Insert mode

When the VALUE or ENTER button is pressed, the system
goes into a mode in which you can insert an item into the
equation list from the component menu. Pressing the VALUE
or ENTER button again inserts the item inverted in the
component menu.

&5 25 nsert word
Pressing the VALUE or ENTER key inserts the item selected
from the component menu into the equation list.

CURZ0R
— : Go to Scroll mode

When you press the CURSOR button, the inverted cursor in
the equation list can be moved with the general purpose knob.

& Move cursor

Turning the general purpose knob moves the cursor (1) in the
equation list.
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Creating and Editing

3-142

Equation Files

SelectOperation in the bottom menu to create or edit an equation file. When

this item is selected, the time range can be designated with the component menu
and the equation can be created. Figure 3 -99 shows a merDpeitition in

the bottom menu selected.

GPIB Autostep mode [Stopped

File Name : szssssss FOU

Line - Operation
range(9,| M

Cut Line

Copy
to Buffer

Paste
from Buffer

word Table

= 1 of 2
m cos{ | expl| k pi % t % ("]
20f2

log{ | In{ |sqri(| x t v N /
max( | min{ |range( Y |round{] int{ | abs( Insert
rnd{ | mark( |diff(|integ{ norm({| ( ) = Other

CURSOR: VALUE _ ENTER Equation
— :Goto Cursor mode —— /C—:Insertword i

Figure 3 -99: Menu With Operation Selected

(= | >+

A | [ [

Exit/

Setting Narli

Compile

Undo ‘

Specifying the Time Domain. The equation must specify the time domain. If the
time domain is not defined, this is an error. The time domain is specified with
range().

When making a new equation filgnge(0, is input in the first line of equation.
Next, the time is specified. This setting is valid until the merge(item is
specified. With the firstange() specification, any number of lines of equation
can be input. Text written after th@nge() on the same line is invalid. Here is
the format for theange(item.

range( Equation starting time, Equation ending time )
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Specification of subsequent time ranges use the componentramga( item.
The clock frequency is obtained from the total time (period) setratithe() and
the waveform point count set wigetting, thus:

Waveform point count
Equation period

Clock frequency=

In this example, you will create a sine wave with a period of 1ms, using the
following equation:

range(0,1ms) Time range
sin(2*pi*x) Equation

1. SelectOperation from the bottom menu.

2. Atter range(0,in the equation list use the numeric keys and the unit keys to
enterl, ms. The expression now readsge(0,1ms

3. Using the general purpose knob, se)decom the component menu.

4. PressVALUE or ENTER on the front panel. Thethat you selected in the
component menu will be inserted in front of the position of the cursor (1) , in
the inverted line cursor in the equation list. The expression now reads
range(0,1ms)

5. Press the+ key. The inverted line cursor will move to the next line.
6. Using the general purpose knob, setégf from the component menu.

7. PressVALUE or ENTER on the front panel. The expressgin( will
appear on the screen.

8. Using the numeric keys, ent2rThe expression now reasis (2.

9. Repeat steps 6 and 7 to entepi, *, x, and). The expression now reads
sin(2*pi*x) .

Using the Front Panel Buttons in Editing. The functions of th€ URSOR,
VALUE , andENTER button affect the operation of the general purpose knob
and the cursor. Here are details on these functions.

B CURSOR. When you press tHeURSOR button, you can move the
inverted line cursor and the cursor (1) with the general purpose knob. Each
time you press thEURSOR button, the cursor that can be moved with the
general purpose knob toggles between the inverted line cursor and the cursor.
While the inverted line cursor can be moved with the general purpose knob,
you can also move the inverted line cursor directly to the desired line by
using the numeric keys to enter the desired line number.
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®m VALUE/ENTER buttons. After th&€ URSOR button has been pressed,
pressing th&/ALUE or ENTER button makes it possible to select an item
from the component menu. In this state, pressinyfi¢JE or ENTER
button again inserts the items selected from the component menu into the
equation list. At this time, input with the numeric keys is also possible.

The cursor (1) can also be moved using4hend— keys on the front panel.

Decimal Point. When Option 09 is installed, all internal calculations use 32-bit
floating point precision (IEEE 754 compatible). If Option 09 is not installed,
32-bit fixed precision is used when precision is not required (minimum unit
15 ms or greater). When precision is required, 32-bit floating point precision
(IEEE 754 compatible) is used.

For fast and highly precise calculations, we recommend that Option 09 be
installed.

Component Menu. The component menu contains the items used to set the time
range as well as functions, operators, variables, constants, syntax items and
characters. You can use these items to create equations and enter comments.

To display the other page of the menu, pi'ssd Table in the side menu under
Operation. Figure 3 -100 shows the two pages of the components menu.

Word Tahle
2of 2
m cos( | exp( k pi X t # + )]
log{ | In{ |sqrt{| x t v - / A )]
max{ | min{ [range( ) |[round( int({ | abs( v )
rnd{ [mark(|diff{|integ{ norm{ { )] = e d
word Table
10f2
Bl : [ v [ c [ d] e[ ][ g]h i
j k | n n 0 P q r 5
t u v W X y z % $ &
@ M ~ £ + - / = _

Figure 3 -100: Component Menu

®  Syntax Items. These are parenthesg¢and) — for specifying the order of
operations. Each opening (left) parenthesis must be paired with a closing

3-144 AWG2021 User Manual



EDIT Menu

(right) parenthesis. When there are two arguments — for exaraptg,
max, min — they are separated with(aomma).

m  Variables. Here are the variables that can be used in an equation.

t . Time from the head of that range() statement.

X Variable taking on a value from 0.0 to 1.0 within that range ()
statement.

v:  Variable showing the current value of the waveform data at that
position.

m  QOperators
+l ™ *l /

These add, subtract, multiply, or divide the components. The priorities are
the same as usual for these four operatdrard/ have priority over and

] N

Expresses exponents. Only integers can be raised to a higher power.
" has the same priority &sand/. Therefore, parentheses are required to give
priority to multiplication.

Example: pi * (273) * x where 23 = two raised to the third power.

m  Comment. Comments are preceded by a number#&jgipen a number
sign is entered, all characters after that until the end of the line are treated as
a comment. All of the items in the component menu can be used in a
comment.

m  Characters. The characters available in the component menu are the letters of
the alphabeta—2) and several symbol84q, $, & @, Aand_). These are
used in comments.

m  Other items
pi, e, k, =0

pi
The circumferential ratio.

e
Exponent (for an implied 10)

The range for numbers expressed in this scientific notation is from |5.9e—39|
to [3.4e38|.

Examples: 1e6-1,000,0001e—-3-0.001
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3 -146

k

Thek0-k9 can be specified; these are constants that may be used in
equations. Specifying a new value for the s&meeplaces the old value
with the new one. If no constant is definedKothis value will be automati-
cally set to O.

Equals sign= is used withk constants.
Example: kO=2*pi

0
Ends the line for the range or equation; inserting a reft)rm(the middle of
the line partitions it.

Functions. Here are the functions that make up the equation.

sin(, cos(
The arguments for these trigonometric functions are in radians.
Example: range(0,10@s)
cos(2*pi*x)
+1.0
-1.0 T
1000 Points ; Clock 1e+07 Hz

Figure 3 -101: Trigonometric Function Waveform Expressed With Variable x
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Example: range(0,100s)
sin(2*pi*le4*t)

+1.0

"% 1000 Points ; Clock 1e+67 Hz

Figure 3 -102: Trigonometric Function Waveform Expressed With Variable t

exp(, log(, In(
Exponential function, common log function, natural log function. [6ge
andln arguments must be positive.

Example: range(0,50s)
1-exp(-5*x)
range(5Qus,100us)
exp(-5*x)

+1.0

i 1000 Points ; Clock 1e+07 Hz

Figure 3 -103: Equation Using exp(
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Example: range(0,100s)
log(10*(x+0.1))

-0 1609 Points ; Clock 1e+87 Hz

Figure 3 -104: Equation Using log(

Example: range(0,100s)
In(2*(x+0.2))

.0]

£ 1000 Points ; Clock 1e+07 Hz

Figure 3 -105: Equation Using In(
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sqrt(
The square root; the argument must be a positive value.
Example: range(0,10@s)
sqrt(sin(pi*x))
+1.0)
-1.0 i
1060 Points ; Clock 1e+87 Hz

Figure 3 -106: Equation Using sqrt(

abs(

The absolute value.

Example: range(0,10@s)
abs(sin(2*pi*x))

+1.0

8 1000 Points : Clock 1e+07 Hz

Figure 3 -107: Equation Using abs(
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int(

Truncates the fraction to obtain the integer.

Example: range(0,100s)
int(5*sin(2*pi*x))/5

+1.0

~18 1000 Points ; Clock 1e+07 Hz

Figure 3 -108: Equation Using int(

round(

Rounds off the fraction to obtain the integer.

Example: range(0,100s)
round(5*sin(2*pi*x))/5

+1.84

e 1000 Points ; Clock 1e+67 Hz

Figure 3 -109: Equation Using round(
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norm(

Normalizes the range specified witnge() and scales the amplitude values
so that the maximum absolute value is 1.0 (i.e. a value of +1.0 or —1.0). The
norm() statement comprises an entire line.

Example: range(0,100s)
sin(2*pi*x)+rnd()/10
norm()

+1.01

1.8 1000 Points ; Clock 1e+07 Hz

Figure 3 -110: Equation Using norm(
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max(

Takes the larger of two values.

min(

Takes the smaller of two values.

Example: range(0,10@s)
sin(2*pi*x)
range(0,5(s)
min(v,0.5)
range(5Qus,100us)
max(v,—0.5)

+1.8

g 1000 Points ; Clock 1e+07 Hz

Figure 3 -111: Equation Using max( and min(
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rnd (integer from 1 to 16,777,215)
When an argument is specified, generates a random number
sequence using that argument as the initial value. If the argument is omitted,

1 is used.
Example: range(0,100s)
rnd(2)/3
+1.8
-1.8 anama
1008 Points ; Clock 1e+07 Hz

Figure 3 -112: Equation Using rnd(

See "“Random (rnd) Function” in Appendix F for a discussion of the
algorithms forrnd functions.

diff(
Differentiates the function over the range specified watige().
Specified withdiff() . Thediff() comprises an entire line.

Example: range(0,33s)
-0.5
range(33us,66us)
0.5
range(66us,100us)
-0.5
range(0,10Qus)
diff()

Differentiating the waveform in Figure 3 -113 gives the waveform shown in
Figure 3 -114.
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-1.6

1000 Points ; Clock 1e+07 Hz

Figure 3 -113: Waveform Before Calculation

-1.0

1006 Points ; Clock 1e+07 Hz

Figure 3 -114: Waveform After Differentiation Using diff(

See “Differentiation” in Appendix F for a discussion of the algorithms for

diff functions.
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integ(

Integrates the function over the range specified veaitiye().
Specified withinteg(). Theinteg() comprises an entire line. After
integ(), specify normalizationnorm()) as necessary.

Example: range(0,33s)
-0.5
range(33us,66us)
0.5
range(66us,100us)
-0.5
range(0,10@s)
integ()
norm()

Figure 3 -113 shows the waveform before integration. Figure 3 -115 shows
the waveform after integration.

1.8 1000 Points ; Clock 1e+67 Hz

Figure 3 -115: Waveform After Integration Using integ(

See “Integration” in Appendix F for a discussion of the algorithmsteg
functions.

mark (markerl or marker2)

Sets the marker for the range set withge(). After compiling, there is no
marker display, but the set marker can be verified with the waveform editor.
Themark() statement comprises an entire line. For example, wiagk(1)

is input, nothing else can be input on that line.
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Editing Functions  When you seledDperation in the bottom menu, the following items appear in
the side menu:

Cut Line

Copy to Buffer

Paste from Buffer
Word Table

Insert Other Equation

Cutting a Line. UseCut Line to cut out a line in the equation list.
1. SelectOperation from the bottom menu.

2. Pressing the front pan€lURSOR button twice puts the system into scroll
mode. Pressing tfteURSOR button toggles the unit between cursor mode
and scroll mode.

m  Cursor mode. Cursor moves between items in the equation list, item by
item.

m  Scroll mode. A inverted line cursor moves through the lines in the
equation list, line by line.

3. Use the general purpose knob to move the displayed inverted line cursor to
the line to be deleted from the created equation list.

4. SelectCut Line from the side menu.

WhenCut Line is selected, the line displayed inverted in the equation list is
deleted. The deleted line is placed in the paste buffer. To restore this line to
its original state, selettndo from the bottom menu d?aste from Buffer

from the side menu.

Copying and Pasting a Line. Use theCopy to Buffer andPaste from Buffer
items to copy a line in the equation list and paste it to another line.

1. Use the same procedure as described in Cutting a Line to line up the inverted
display cursor with the line to be copied.

2. SelectCopy to Buffer from the side menu.

WhenCopy to Buffer is selected, the line displayed inverted in the equation
list is placed in the paste buffer. This item has no effect on the CRT display.

3. Use the general purpose knob to specify the position to paste the copied line
with the inverted display cursor. The position for pasting is directly before
the inverted display cursor in the equation list.

4. SelectPaste from Buffer from the side menu.
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Setting Waveform Point
Count

AWG2021 User Manual

Insert Other Equation File. Uselnsert Other Equation to select an equation file

from internal memory (see Figure 3 -116). An equation file is inserted from this
list into the equation list.

GPIB Autostep mode [Stopped
File Name ; ssssssss FOU ;
range (8, 166us)
expi-pix((2%(2+x-1))2))
Select Equation for inserting.
(" ] AM.EQU
DMP_SIH.EQU
D_EXP.EQU
FM.EQU
F_SQUARE.EQU
GAUSS_P.EQU
LIN_SWP.EQl
LOG_SWP.EQU
LORENTZ.EQU
: NYQUIST.EQU = Cancel
sin{ | cos( | exp(| k SINC.EQU
log( | In{ |sqrt{| =x SQU_SIN.EQU
max{ | min{ |range( g
rndi | mark(| diff(|integ O.K.
oy : : Exit/
Setting Compile Undo ‘ wWrite

Figure 3 -116: Menu Displayed When Insert Other Equation is Selected

1. Use the same procedure as described in Cutting a Line to line up the inverted
display cursor with the line where the other equation file is to be inserted.

2. Selectinsert Other Equation from the side menu.
3. Use the general purpose knob to select the equation file to be inserted.

4. After selecting the file, press ti@K. side menu button to insert the selected
file directly before the inverted cursor within the equation list. Press the

Cancelside menu button to cancel the selection and return the system to the
equation editor.

WhenSetting is selected from the bottom menu, the number of waveform points
for equation file compilation and waveform file creation can be set. Figure
3 -117 shows the menu for wh8etting is selected.
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GPIB Autostep mode [Stopped

File Name  ##ssssss FOU

range(@, 166us) waveform

exp(-pi*((2+(2+x-1))12)) Pninltls
1000

sin{ | cos( | exp(| k pi X t * + )-

log{ | In{ |sqri(| x t v N #

max( | min{ |range( Y |round(| int( | abs( v )

rnd{ | mark( | diff(|inteq{ norm{ { ) = e d

Operation ‘m Compile ‘ Exn\i’rite

Figure 3 -117: Setting Waveform Point Count

1. SelectSetting from the bottom menu.

2. Use the numeric keys or the general purpose knob to set the number of
waveform points.

The default value for the number of waveform points is 1000. The waveform
point size can be set to any value between 1 and 32,768. However, due to
limitations in outputting the waveforms from this instrument, the waveform

point is limited to 64 — 32,768 points and to a multiple of 8. When the set value
causes the calculated clock frequency to become greater than 20 MHz, the clock
frequency will be limited to the maximum value of 250 MHz and the following
message will appear, asking you to confirm that this is all right. If it is, select
O.K. from the side menu. In such cases, the waveform period will change.

The clock calculated (xxxxx Hz)

is not supported by this instrument.
The waveform will be output

with the maximum clock of 2.5e+08Hz.
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Compiling Equations into
Waveform Data

AWG2021 User Manual

Use Compile to convert the assembled equation into waveform data and to
create a waveform file. This waveform file is given the same name as the
equation file it was compiled from.

Here is the procedure for compiling the equation to make a waveform file.

1.

SelectCompile from the bottom menu. The equation is compiled.

The busy icon is displayed on the status line of the CRT display to show that
the compilation is being processé&hncelis displayed in the side menu.
Selecting this item cancels the compilation.

The equation is converted into waveform data and the waveform is dis-
played. Along with the waveform, the set number of waveform points and
clock frequency are displayed. Figure 3 -118 is an example of the display of
a compiled waveform.

GPIB Autostep mode Stopped
File Name : sxsss:xs EQU —
Line : [ 3 Compile
range (9, = .
exp(-pis Overview
+1.8
i e 1600 Points ; Clock 16+07 Hz |g
log( -
e ) Continue
rnd{ | mark([diff([integnorm{] ( | J | = | e | 4 Operation
Operation Setting ‘ EXIt\i’rite

Figure 3 -118: Example of Compiled Waveform Display

3. Verify the waveform, then sele€ontinue Operation from the side menu.

The system returns to the equation editor.

If an error is detected, an error message is displayed at the top of the screen
at high intensity and the inverted display cursor is moved to the equation or
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3-160

time domain with the syntactical error. Correct the error as instructed by the
message, and then compile again.

The compiled waveform file contains the settings for the number of waveform
points (set with Setting) and the clock frequency (obtained from the total time set
with the range item.) Other output parameters are set to the default values.

The compiled waveform also has a vertical axis on which —1.0 is data value O
and +1.0 is data value 4094. There is no relation between these values and the
actual output voltage.
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Sequence Editor

Use the sequence editor to edit files with the extensioBEQ. Sequence files
assemble a number of waveforms or sequence files in order. The file data
contains waveform file names in sequence, their repetition counts, and the
sequence waveform output parameters. Sequences may be up to approximately
4000 lines long.

Figure 3 -119 shows an example of the data in a sequence file and the waveform
display for that data.

Table 3-7: Sequence File

File Name Number of Repetitions Waveform
WAVE-1.WFM 2

WAVE-2.WFM 1

WAVE-3.WFM 2

T\
I—J
N

Figure 3 -119: Sequence File Data and Sample Waveform Display

AWG2021 User Manual 3-161



EDIT Menu

Entering the Sequence
Editor

Saving Files and Exiting
the Editor

Sequence Editor Menu
Structure

1. Press th&DIT button in theVIENU column. The initiaEDIT menu will
appear.

2. SelectEdit or New Sequencdrom the side menu.

Edit Used to select and edit an existing sequence file
(:SEQ
New Sequence Used to create a new sequence file

The sequence editor screen will appear.

UseExit/Write in the bottom menu to save the file to the internal memory of the
AWG2021 and exit from the editor depending on the selected side menu item.

The same procedure is used to save the file and exit from the equation editor as
for the waveform editor. See “Saving Files and Exiting the Editor” in the section
on the waveform editor.

The Sequence Editor menu has the structure shown in Figure 3 -120.

Bottom Menu Side Menu
— Cut Line
—— Copy to Buffer
—— Operaton ———— Paste from Buffer
—— Show Catalog Entry
*

L— Insert Contents of Sequence

Sequence Editor

3-162

Show Overview

—— Undo 2

Write and Exit

—— Exit/Write Exit without Writing

Write

*1  This item appears in the side menu when a sequence file (XXX.SEQ) has been selected with Catalog in the

menu.

*2  This item appears when Operation in the bottom menu has been selected.

Figure 3 -120: Sequence Editor Menu Structure
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Menu Functions  The following list shows the functions available for each menu item and the page
on which you can find a description of that function.

Table 3-8: Menu Functions

Menu Function Page

Operation Editing functions 3-167
Cut Cutting a line 3-167
Copy to Buffer Copying a line 3-167
Paste from Buffer Pasting a line 3-167
Show Catalog Entry Changing the waveform display 3-168
Insert Contents of Inserting a sequence file 3-168
Sequence

Show Overview Sequence the display 3-169

Undo Canceling function execution 3-2

Exit/Write S;\t/(i)r:g files and exiting the sequence 3-20,3-162
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Sequence Editor Menu

Display callout follows.

< ) GPIB
File Name

Autostep mode Stopped
skwnnn, SEQ
: E Operatlon

Figure 3 -121 shows the general sequence editor display. A description for each

@—> Line
( Destination \/Repeat Catalog
[RAMP.WFM || B e I]MP _SIN.WFM
SINE.WFM — DOPSKLWFM Cut Line
SQUARE.WFM DOPSKO.WFM
TRIANGLE.WFM D_EXP.WFM
FM.WFM
GAUSS_P.WFM Copy
— LIN_SWP.WFM to Buffer
UﬁTUSEe;ENT‘éR LOG_SWP.WEM
LORENTZ.WFM
st —|
@—, MDSK_RD.WFM Paste
MDSK_WR.WFM
NYQUIST.WFM T BUTRE
PRES15.WFM
PWM.WFM Show
RAMP.WFM
SINC.WFM Cé":?lrog
SINE.WFM ¥
SOUARE.WFM
i SaU_SIN.WFM
— forward
CUREOR
—— : Go 1o Move destination mode Humeric: Enter Repeat
ot Show Exit/
Overview Undo ‘ ‘ Write

Figure 3 -121: Sequence Editor CRT Display

(1) File Name

The name of the sequence file being edited; if the name has
not been set yet, ¥+ SEQ is displayed.

(2) Line

The line number displayed inverted in the Destination list or
Repeat column.

(3) Destination

List of the waveform or sequence files included in the
sequence file being edited.

(4) Repeat

The repetition count for the file in (3), above. The waveform or
sequence file is repeated the specified number of times. This
number can be set from 1 to 65535.
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(5) Catalog List of the waveform or sequence files in internal memory; a
sequence file is created by selecting files from this list.

(6) Button Operations This area shows how the front panel buttons operate in this
menu.

C%R: Go to Move destination mode

When you press the CURSOR button, you can scroll through
the files in the Destination list or Repeat column with the
general purpose knob.

Humeric: Enter Repeat

The repetition count is set with the numeric keys. Pressing the
VALUE or ENTER button enters the input value into the
Repeat column.

UALUE | ENTER:
— /i Go to Insert mode

Pressing the VALUE or ENTER button puts the system into
insert mode. In this mode, files can be selected from the

Catalog and the selected files can be inserted into the
Destination list.

Insert by
WALLIE /ENTER
— =

Pressing the VALUE or ENTER button inserts the file that is
displayed inverted within the Catalog directly before the
inverted display cursor in the Destination list.

&= backward

Pressing the +— button moves the inverted cursor left or up one
step in the Destination list or Repeat column.

— forward

Pressing the — button moves the inverted cursor right or down
one step in the Destination list or Repeat column.
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Creating and Editing  SelectOperation in the bottom menu to create or edit a sequence file. After you
Sequence Files  have done this, you can select a waveform or sequence fileCfataog and
then put together a sequence and set the number of repetitions for that file to
create the sequence file.

Creating a Sequence File. In this example you will create a new sequence file.
1. SelectOperation from the bottom menu.

2. Use the general purpose knob to select the file fronC#ialog to insert
into theDestination list.

3. Press the front pan®ALUE button orENTER button. The file selected
from theCatalog is inserted into thB®estination list. The file being inserted
is placed directly before the inverted display cursor. When the file is
inserted, the inverted cursor will moveRepeaton the same line.

4. Use the numeric keys to input the repetition count, then pre&SNRER
button to enter the value. The inverted cursor will movgdstination on
the next line.

The default value for repetition counts is 1. If there is no need to change this
value, press ther button. The inverted cursor will move Bestination on
the next line.

5. Repeat Steps from 2 to 4 to create the desired sequence. As long as there is
enough memory, the sequence may be up to approximately 8192 lines long.

Button Functions. To select files within th®estination list, press th€ URSOR
button, then select with the general purpose knob or numeric keys. When the
numeric keys are used, input the specified line number ihitigeinput column

at the top left of the CRT screen. PressingleUE or ENTER button enters
this line number and moves the inverted display cursor to the specified line
number.

When theCURSOR button has been pressed, and ifWA& UE button or

ENTER button is pressed, the system goes into Insert mode. Pressing either of
these buttons again inserts the file selected fronC#talog into theDestina-

tion list.

Pressing the+ button causes the inverted cursor to move to the right or
downward. Pressing the button causes the inverted cursor to move to the left
or upward.
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Editing Functions  When you seledDperation in the bottom menu, the following items appear in
the side menu:

Cut Line

Copy to Buffer

Paste from Buffer

Show Catalog Entry

Insert Contents of Sequence

(Appears when a sequence file has been selectedai#tog)

Cutting a Line. UseCut Line from the side menu to cut out a line in the
Destination list.

1. SelectOperation from the bottom menu.
2. Press the front pan€URSOR button.

3. Use the general purpose knob to select the line to be cut froDestima-
tion list.

4. SelectCut Line from the side menu.

WhenCut Line is selected, the line displayed inverted inBrestination

list is deleted. This deleted line is put into the paste buffer. To return the
Destination list to its original state, seléfrido from the bottom menu or
Paste from Buffer from the side menu.

Copying and Pasting a Line. UseCopy to Buffer andPaste from Bufferto copy
a line in theDestination list and paste it to another line.

1. SelectOperation from the bottom menu.

2. Press the front pan€lURSOR button. Use the general purpose knaob to
select the line to copy from thiXestination list.

3. SelectCopy to Buffer from the side menu. Whetopy to Buffer is
selected, the line displayed inverted in Bestination list is copied into the
paste buffer. This operation does not affect the display on the CRT.

4. Use the general purpose knob to specify the position to paste the copied line
with the inverted display cursor. The position for pasting is directly before
the inverted display cursor in tibestination list.

5. SelectPaste from Buffer from the side menu.

Each timePaste from Bufferis selected, the line copied into the paste buffer
with the copy processing are pasted into whatever line you want.
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Catalog File Waveform Display. Use this item to observe the waveforms of the
files being assembled into the sequence.

1. SelectOperation from the bottom menu.

2. Use the general purpose knob to select the file you want to observe from the
Catalog.

3. SelectShow Catalog Entryfrom the side menu.

The waveform is displayed and the file name, the vertical axis voltage, the
number of waveform points, and the clock frequency data are shown.
Figure 3 -122 is an example of waveform display for wkaw Catalog

Entry is selected.

GPIB Autostep mode Stopped
File Name | ##ssxrxx SEQ :
Line :[__4 Operation
A LORENTZ.WFM
SINE [
saly 9.500Y
TRIA
0.000Y-
nlae0 1000 Points ; Clock 1e+08 Hz
| ! Continue
OFWAFrd | TRIANGLE.WEN :
i I = Operation
— : Go to Move destination mode Humeric: Enter Repeat
i Show Exit/
Overview o ‘ Write

Figure 3 -122: Example of Waveform Display When Show Catalog Entry is Selected

4. After observing the waveform, selgcontinue Operation from the sub
menu to return to the sequence editor.

Inserting a Sequence File. Select a sequence file in tiatalog to display the

Insert Contents of Sequenc&em in the side menu. When this item is selected,
the contents of the sequence file are developed and inserted iDtedtiiveation

list.
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Sequence File Display
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NOTE. When creating a sequence file you cannot use source—sequence files that
contain other sequence files. If you try to do this, a message will be displayed. In
this case, you can use thesert Contents of Sequendeem to develop the

sequence and insert it.

1.
2.
3.

SelectOperation from the bottom menu.
Press the front pan@URSOR button.

Use the general purpose knob to select the line where the sequence file is to
be inserted from thBestination list. The file is inserted directly before the
inverted display cursor in tHeestination list.

Press the front pangALUE button.

Use the general purpose knob to select the sequence file fradattleg.
Thelnsert Contents of Sequencdtem will appear in the side menu.

Selectinsert Contents of Sequencéom the side menu. The contents of the
selected sequence file are inserted directly before the inverted display cursor
in theDestination list.

UseShow Overviewfrom the bottom menu to display the waveform for the
created or edited sequence file.

1.

SelectShow Overviewfrom the bottom menu.

The waveform will be displayed, together with such information as the
voltage indicated by the vertical axis, the waveform point size and the clock
frequency. Figure 3 -123 shows an example of a waveform display with the
Show Overviewitem selected.
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GPIB |Autostep mode [Stopped
File Name : s#sssssx SEQ Show
Line : [ 4 Overview
[RaM
SINE [
Saly 9.500Y —
TRIA
0.000Y-—
=008 7000 Points : Clock 1e+08 Hz
Continue
I ] [__TRIANGLE.WEN Operation
: Show Exit/

Figure 3 -123: Example of CRT Display When Show Overview is Selected

2. After observing the waveform, selggbntinue Operation from the side
menu to return to the sequence editor.
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Autostep Editor
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Use the autostep editor to edit files with the extensioaAST. Autostep files

are created by programming waveforms or sequence files. Each time a trigger
signal is received, the waveform changes to the waveform for the next step, in
accordance with the program. Each waveform or sequence file contains the
output conditions that have been set for that file, so the output conditions can be
changed for each waveform.

Files created with the autostep editor are started up Asitggtep in the

MODE menu. At this point of time, it is not possible to change the output
parameters in thEETUP menu. Figure 3 -124 shows an example of the data and
output waveform for an autostep file.

Table 3-9: Autostep File — CH1

Step File Name Output Conditions Waveform
1 SIN-1.WFM Amplitude 2V

Offset 0V v
2 SQUARE.WFM Amplitude 3V

Offset 0V =
3 RAMP.WFM Amplitude 1V

Offset 0.5V 1
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Entering the Autostep

Editor

Saving Files and Exiting

3-172

the Editor

CH1

1V
Step:1 O /\/
-1V

SIN-1.WFM

1.5V

Step: 2 %

-1.5V
SOUAE.WFM

vl ]
ov

Step:3

RAMP.WEM

Figure 3 -124: Autostep File Data and Output Waveforms

1. Press th&DIT button in theMENU column. The initiaEDIT menu will
appear.

2. SelectMore from the side menu to display the second page of the side
menu:More 2 of 2

3. SelectEdit or New Autostepfrom the side menu.

Edit Used to select and edit an existing autostep file
(.LAST)
New Autostep Used to create a new autostep file

The autostep editor screen will appear.

SelectExit/Write from the bottom menu in the autostep editor to save the file
(which you have either created or edited, depending on the side menu) to the
internal memory of the AWG2021 and exit from the editor.

The same procedure is used to save the file and exit from the autostep editor as
for the waveform editor. See “Saving Files and Exiting the Editor” in the section
on the waveform editor.
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Autostep Editor Menu  The Autostep Editor menu has the structure shown in Figure 3 -125.
Structure

Bottom Menu Side Menu
— Cut Step

—— Copy Step
| Paste Step

— Operation Insert New Step
L Append New Step
—— Insert Current SETUP

L— Swap Channel Contents...

Autostep Editor — Step No.
—— Jump To First Step
— To Last Step

—— Undo

r Write and Exit
— Exit/Write Exit without Writing

\— Write
Internal Clock
— Clock [ ] 4E External Clock
Default Value

Normal

Add
— CH1 oOperation[ |

AM

Ext AM

—— Show Catalog Entry

— Clear
— Set Without Parameter
*

— Set

— Through

*1) Select Operation
from the bottom menu. — 50 MHz

2) g:rlsg:]the icon on the — Filter[ | ———— 20 MHz

3) Press the VALUE button. — 5MHz
— 1MHz

Amplitude
ampl [ ] 4[ Default Value
Offset
L— 0ffset {
1] Default Value

Figure 3 -125: Autostep Editor Menu Structure
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Menu Functions  The following list shows the functions available for each menu item and the page
on which you can find a description of that function.

Table 3-10: Menu Functions

Menu Function Page
Operation Editing functions 3-186
Cut Step Cutting a step 3-186
Copy Step Copying a step 3-186
Paste Step Pasting a step 3-186
Insert New Step Adding a step 3-187
Append New Step Adding a step 3-187
Insert Current SETUP Inserting SETUP menu waveforms and 3-187
output parameters
Swap Channel Contents... Swapping steps between channels 3-187
Jump Jumping to a step 3-188
Undo Canceling function execution 3-2
Exit/Write Saving files and exiting the editor 3-20,3-172
Items selected on the screen
Clock Clock settings 3-181
CH1 Operation CH1 operation settings 3-182
Waveform/Sequence Setting files 3-177
Filter Filter settings 3-183
Amplitude Amplitude settings 3-184
Offset Offset settings 3-185
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Autostep Editor Menu  Figure 3 -126 shows the general autostep editor display. A description for each

Display  callout follows.

©

GPIB Autostep mode Stopped
: A EECCEEEEN S| step 10 1 Operation
(s—( Clock [_100.0MAz | CHT Operation il

CHI

Cut

N ' ' Step

mm]ﬂﬂm ' - Copy
Filter Throug Filtet ugh Step

anpl T.0007
0ffset 0. 000y, Paste
Step
Insert
J L ) New Step

&

é More

@—’C @ : Move Cursor S :Previous Step =2 :HextStep 2LE :Change Value 1of2

Exit/
Write

Undo ‘

Figure 3 -126: Autostep Editor CRT Display

(1) File Name

The name of the autostep file being edited; if the name has not
been set yet, ******* AST is displayed.

(2) Step No.

Indicates the step number in the program.

(3) CH2 File Setting Area
(Option 02)

This setting area is only effective when Option 02, with CH2, is
installed. Indicates the file set for CH2 in the step indicated by
(2). The waveform and output parameters for that file are
shown in this area. These output parameters may be changed.

(4) CH1 File Setting Area

Indicates the file set for CH1 in the step indicated by (2). The
waveform and output parameters for that file are shown in this
area. These output parameters may be changed.

AWG2021 User Manual
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(5) Clock Frequency and Indicates the clock frequency and CH1 operation mode that

CH1 Operation have been saved to the CH1 file. These output parameters
may be changed.

(6) Button Operation This area shows how the front panel buttons operate in this
menu.

Q@ : Move Cursor

Output parameters can be selected by turning the general
purpose knob.

&=, : Previous Step

Pressing this key at a programmed step moves to the previous
step.

—=,* Next Step
Pressing this key at a programmed step moves to the next
step.

(LU - Change Value
Pressing the VALUE button makes it possible to set the

selected output parameter. Use the general purpose knob to
select the output parameter to be set.
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Creating and Editing
Autostep Programs
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SelectOperation from the bottom menu to create or edit autostep programs. Up

to 100 steps can be programmed. If blank steps exist in the autostep program that
has been created, these steps will be deleted when you quit the editor. If blank
steps exist in CH1 in an autostep file created on an instrument with Option 02
(2-channel output) installed, the instrument will stop at a blank step when the file
is started up.

Setting Files. The following procedure is used to set a new file at each step.
1. SelectOperation from the bottom menu.
To set a file for Step 1 of the autostep program:

2. Using the general purpose knob, select the item for which a file will be set
on CH1.

wxxdiies AST [Step  Tof 1
Clock 108, BNHZ CH1 Operation
CH1 7
Filter
anp |
offset

Figure 3 -127: Selecting the Item for File Setting
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3. Press th&ALUE button on the front panel. A list of files that can be set will
appear.

Select the wWaveform/Sequence

(" ] #PRES15.5EQ
AM.WEM

DAPSKLWEM
DOPSKO.WFM
D_EXP.WFM
FM.WFM
F_SOUARE.WFM
GAUSS_P.WEM
LIN_SWP.WFM
LOG_SWP.WFM
LORENTZ. WFM
MDSK_RD.WFM

Figure 3 -128: File Selection List

4. Using the general purpose knob, select the desired file.

5. If you want to check the waveform of the selected file, s&élaotv Catalog
Entry from the side menu.

LORENTZ.WFM
0.500¢
0.000Y -

-0.5001 1600 Points ; Clock Te+08 Hz

Figure 3 -129: Sample File Waveform Display
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The waveform for that file will appear along with the waveform point size,
the clock frequency and the voltage value.

SelectContinue from the sub-menu.
The menu shown before you selecBtbw Catalog Entrywill reappear.
SelectSetfrom the side menu.

The selected file will be inserted and the output parameters for that
waveform will be set.

FRERREAE AST [Step  Tof 1
Clock 160, BiiHZ CH1 Operation
CH1 H2

Filter TErougH

Anpl 7,000V
offset 0.0007

Figure 3 -130: Setting a File

SelectingCancelwill cancel the setting operation and the previous menu
will appear.

UseSet Without Parameterinstead ofSetwhen you want to designate the
waveform without changing the parameters. The default parameters will be
set when the editor is opened ushhgw Autostepor when a waveform is
designated for a new step added vintbert New Stepor Append New

Step The default values for the output parameters are shown below.

Clock 100.0MHz
CH1 Operation Normal
Filter Through
Ampl 1.000V
Offset 0.000V

Among themClock andCH1 Operation depend on the CHL1 file.

UseClear from the side menu to delete the file setting for the channel
indicated by the cursor.
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To add a step:

8. SelectMore 1 of 2from the side menu and then seléppend New Step
The instrument will proceed to Step 2. See “Adding a Step” in this section.

Repeat this procedure to create the program.

Changing Parameters. It is possible to change the output parameters for a file that
has been set. Changing the output parameter values does not change the
parameters in the original file.

1. Use the— and— buttons on the front panel or themp item in the bottom
menu to move to the step whose parameters you want to change.

2. SelectOperation from the bottom menu.
3. Turn the general purpose knob to select the parameter to be changed.

4. Press th&/ ALUE button on the front panel. The menu for that parameter
will appear.

5. Set the parameters as desired. See the descriptions of the individual
parameters on the following pages.

6. SelectO.K. from the side menu. The parameters will be updated to the
selected items or set values. Selec@agncelwill cancel the setting
operation and the previous menu will reappear.
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m  Clock Settings. Seleatlock [ ] using the general purpose knob.
Then press theALUE button on the front panel. The menu shown in Figure
3 -131 will appear.

GPIB Autostep mode [Stopped
[xsxzss AST | [Step  Tof 1 Operation
Clock 100, BMHZ CH1 Operation
CHI 2 Internal
' 1 Clock
_JL 109. OMHz
LORENTZ . WEM E>(<:tlernkal
Filter Through oc
anp | 1.006V
0ffset 0. 006Y Default
Value
Cancel
O.K.
. Exit/

Figure 3 -131: Clock Setting Menu

Set the clock source and the clock frequency by selecting the appropriate items
in the side menu. The settings for clock source and clock frequency are used for
both channel 1 and channel 2.

Internal Clock

External Clock

Default Value

Selects the internal clock. Use the numeric keys or
the general purpose knob to set the internal clock
frequency.

Selects the external clock. The external clock signal
is input through th€ LOCK IN connector on the
rear panel of the instrument.

Sets the internal clock frequency to the default value
of 100.0 MHz.

After setting the clock source and clock frequency,
selectO.K. from the side menu. The values for
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clock source and clock frequency will be updated to
the values you have set.

m  CH1 Operation Settings. Seledtl operation[ | using the general
purpose knob. Then press &L UE button on the front panel. The menu

shown in Figure 3 -132 will appear.

GPIB Autostep mode [Stopped
whkrins AST [Step  Tof 1 Operation
Clock 108, BNHZ CH1 operation |ERIEEIN [ —
CH1 |

A Select Operation
LORENTZ . WFM
Filter Thro 9 -Wn |
1 .ai|
0.0

amp |
0ffset

Cancel
O.K.

Figure 3 -132: CH1 Operation Setting Menu

Using the general purpose knob, select the type of operation to be performed
with the CH1 waveform. You can only selecting Add or AM in instruments that
have Option 02 installed. See “CH1 Waveform OperationsSETUP Menu.”
After selecting the type of operation, selécK. from the side menu. The
operation type will be updated to what you have set.
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m  Filter Settings. Using the general purpose knob, seledtither |
for the channel that you want to change and then preS&\tHeE button on
the front panel. The menu shown in Figure 3 -133 will appear.

GPIB |Autostep mode [Stopped
wrnknnes AST [Step  Tof 1 Operation
Clock 1006, BhiHZ | CH1 Operation A
= | e

—JL Select Filter

| LORENTZ.WFN | Qo Through 1

Filter IIHE 56 Mz
Anp| .a;l 20 MH2
0ffset 8.0 3 MHz

1 MHz

Cancel
a.K.

Figure 3 -133: Filter Setting Menu

Using the general purpose knob, select the type of filter. After selecting the filter
type, selecO.K. from the side menu. The filter type will be updated to what you

have set.
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®  Amplitude Settings. Using the general purpose knob, select the
ampl [ ] for the channel that you want to change and then press the
VALUE button on the front panel. The menu shown in Figure 3 -134 will

appear.

GPIB

wegmaneg AST

Autostep mode

[Stopped

[Step  Tof

1

CH1

Clock 100, OMHZ

N

LORENTZ. WEM

CH1 Operation

Operation

Amp | i tude
1.000%

Filter
Amp |
0ffset Default
Yalue
Cancel
O.K.
iy Exit/

Figure 3 -134: Amplitude Setting Menu

Select the appropriate item in the side menu and set the amplitude.

Amplitude

Default Value

Select this item and use the numeric keys or the
general purpose knob to set the desired amplitude

This item sets the amplitude to the default value of

After setting the amplitude, sele®dtK. from the
side menu. The value for amplitude will be updated
to the value you have set.
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m  Offset Settings. Using the general purpose knob, seleoftie [ |
for the channel that you want to change and then preS&\tHeE button on
the front panel. The menu shown in Figure 3 -135 will appear.

GPIB |Autostep mode [Stopped
[#xwwesss. AST | [Step Tof 1 Operation
Clock ' CH1 Operation
CH1 ' H2 0ffset
_JL 0. 000%
LORENTZ. WFH
Filter Through
Anp | 1.0007 T I
0ffset 0TTset L 9. 000y Default
Yalue
Cancel
O.K.
atio Exit/
Figure 3 -135: Offset Setting Menu
Select the appropriate item in the side menu and set the offset.
Offset Select this item and use the numeric keys or the
general purpose knob to set the desired offset value.
Default Value This item sets the offset to the default value of
0.000 V.

After setting the offset, sele€LK. from the side
menu. The value for offset will be updated to the
value you have set.
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Editing Functions  When you seledDperation in the bottom menu, the following items appear in
the side menu:

Cut Step

Copy Step

Paste Step

Insert New Step

Append New Step

Insert Current Setup
Swap Channel Contents...

Cutting a Step. UseCut Stepif you wish to delete a step in the autostep file that
you have programmed.

1. SelectOperation from the bottom menu.

2. Using the~ and— buttons on the front panel, move to the step to be
deleted.

3. SelectCut Stepfrom the side menu.

WhenCut Stepis selected, the current step is deleted. All of the steps after
the one that you have deleted will move up one step. To restore this step to
its original state, selettndo from the bottom menu d?aste from Buffer

from the side menu.

Copying and Pasting a Step. Use theCopy StepandPaste Steftems to copy a
step in the program and paste it to another step.

1. Move to the step to be copied, using the same procedure as in “Cutting a
Step” above.

2. SelectCopy Stepfrom the side menu.

WhenCopy Stepis selected, the current step is placed in the paste buffer.
This item has no effect on the CRT display.

3. Use the— and— buttons on the front panel or themp item in the bottom
menu to move to the step to which the step in the paste buffer is to be pasted.

4. SelectPaste Stegfrom the side menu.

All of the steps after the one that has been pasted will move down one step.
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Adding a Step. Uselnsert New StepandAppend New Stepfrom the side menu
when you wish to add a step to an autostep file being created.

Insert New Step Used to insert a step at the current step number.

For example, suppose the current step number is
Step 2 of 3 Selectingnsert New Stepat this point
will add a blank step at Step 2 and the step display
will read Step 2 of 4

Append New Step  Used to add a step after the current step number.

For example, suppose the current step number is
Step 2 of 3 SelectingAppend New Stepat this
point will add a blank step at Step 3 and the step
display will readStep 3 of 4

Inserting the SETUP Menu Waveforms and Output Parameters. Uselnsert
Current SETUP from the side menu to insert the waveforms and output
parameters for all channels that are currently set iSHEJP menu at the
current step.

Swapping Steps Between Channels. Use Swap Channel Contents..from the

side menu to interchange the contents of steps between channel 1 and channel 2.
This item is effective to edit the autostep file created on instrument with Option

02 installed. The following diagram shows the menu configuration.

Channel CH1-CH2
Current Step
Range
Operation (More 20f2) ~ ——» Swap Channel { Al Steps
Contents...
Go Back
Execute

1. SelectOperation from the bottom menu.

2. Using the+~ and— buttons on the front panel, move to the step whose
contents are to be swapped with another channel.

3. SelectMore 1 of 2from the side menu and then selatap Channel
Contents...

4. SelectChannel from the sub-menu.

5. Using the general purpose knob, select the channel with which the step
contents are to be swapped.
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Jumping to a Step

6. PressRangein the sub-menu and sel€tirrent Stepor All Steps.
Current step Swaps only the contents of the current step.
All Steps Swaps the contents of all steps.

7. SelectExecutein the sub-menu.

Data will be exchanged between the designated steps in the designated
channels.

UseJump in the bottom menu to go quickly to a certain step in the autostep
program. Using the items in the side menu, you can jump to the first step, the
last step or to any step in between.

Step No. Used to move to a step other than the first or last
step.

Use the numeric keys or the general purpose knob to
enter the number of the desired step.

To First Step Used to move to the first step.

To Last Step Used to move to the last step.
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Convolution Waveform Editor (Option 09)

Entering the Convolution
Waveform Editor
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On instruments with Option 09 installed, high-speed convolution and correlation
can be performed for up to 32,000 words of waveform data in existing waveform
files (those bearing the extend&/FM).

The number of points in the waveform after calculation will be the sum of the
point sizes of the two selected waveform files. The calculated amplitude will be
normalized.

NOTE. The calculated result of waveforms consisting of P number of points and
N number of points will be P+N-1. For the sake of convenience, however, on
this instrument a final value of 0.0 is added , so the result is P+N.

On discrete systems, the convolution y(n) of waveform x(n) and waveform h(i) is
expressed by the following formula. Here N is the number of data items. The
operation expressed by this formula is called convolution.

YO = > i)

Alternately, the correlation y(n) of waveform x(n) and waveform h(i) is
expressed by the following formula. Here N is the number of data items. The
only difference between this equation and the one expressing convolution above
is the minus sign in the parentheses, so with left-right symmetrical waveforms
the results will be identical.

YO = > xhtn + )

In this editor, you select an existing waveform file and perform either convolu-
tion or correlation and then create a new file. Use the following procedure to
open the editor:

1. Press th&DIT button in theVIENU column. The initiaEDIT menu will
appear.

2. SelectMore from the side menu to display the third page of the side menu:
More 3 of 3.

3. SelectConvolve Waveformfrom the side menu.

The convolution waveform editor screen will appear.
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Saving Files and Exiting
the Editor

Convolution Waveform
Editor Menu Structure

Convolution

When you seledExit/Write from the bottom menu, depending on what you have
selected in the side menu, a file name will be assigned to the calculated result and
the file will be saved to internal memory, after which the editor will close. When
you quit the editor, the initidDIT menu will reappear.

The same procedure is used to save the file and exit from the convolution
waveform editor as for the waveform editor. See “Saving Files and Exiting the
Editor” in the section on the waveform editor.

The Convolution Waveform Editor menu has the structure shown in Fig-
ure 3 -136.

Bottom Menu Side Menu
— Waveform 1

— Waveform
L— Waveform 2

Convolution
— Func type —‘ .
Correlation

Waveform Editor

Menu Functions

3-190

. None
Operaton —— — Math type —[ ) .
Differential

L— Execute

L—  Exit/ Write

Figure 3 -136: Convolution Waveform Editor Menu Structure

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

Table 3-11: Menu Functions

Menu Function Page
Waveform Selecting a waveform file 3-192
Operation Executing convolution/correlation 3-193
Exit/Write Saving files and exiting the editor 3-20,3-190
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Convolution Waveform

Figure 3 -137 shows the general convolution waveform editor display.

Editor Menu Display
GPIB Continuous mode Stopped
Source Destination Operation
 waveform 1 Func type
/\ Correlation
C Math type
[ GAUSSWFM |
256 Points Differential
Clock 2e+67 Hz Conveolve : -
Waveform 2
' 768 Points
. Clock 2e+07 Hz
N )
[ MDSKWR.WEM |
512 Points
Clock 2e+07 Hz
Execute
Y Exit/

Figure 3 -137: Convolution Waveform Editor CRT Display

(1) Source Waveform1
Display Area

When the waveform file for operation is selected from internal
memory, the waveform for that file will be displayed in this area
along with the file name, clock frequency and number of points
making up the waveform.

(2) Source Waveform2
Display Area

When the other waveform file for operation is selected from
internal memory, the waveform for that file will be displayed in
this area along with the file name, clock frequency and number
of points making up the waveform.

(3) Destination Waveform
Display Area

The result of operations for Waveform1 and Waveform2 will
be displayed in this area as a waveform. The waveform point
size will be the sum of the point sizes for Waveform1 and
Waveform2. When the data is saved, the clock frequency for
Waveform1 will be saved to that file.
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Selecting a Waveform File  In this example, you will select a waveform file for operation.
1. SelectWaveform from the bottom menu.
2. SelectWaveforml from the side menu.

3. Using the general purpose knob, select the waveform file for operation from
the Select Waveformlist and then sele@.K. The waveform you have
selected will be displayed in thWg¢aveforml display area unde&ource

4. SelectWaveform?2 from the side menu.

5. Using the general purpose knaob, select the other waveform file for operation
from theSelect Waveformlist and then sele@.K. The waveform you have
selected will be displayed in thWgaveform2 display area unde&ource

GPIB Continuous mode [Stopped
Source Destination waveform
quef_orm 1
/\ - Select waveform
[ GAUSS.WFM | _ @[ AM_MOD.WFM
256 Poinis fi_RLC.WFM
Clock 2e+07 Hz CHIRP_S.WFM
D_EXP_P.WFM
waveform 2 1 Eﬁ%gﬁm
o LORENT_P.WFM
MDSKRD.WFM
MODISK.WFM Cancel
P_MOD_S.WFM
SQU_SIN.WFM
STHIR_W.WFM
O.K.
_ : Exit/
; .

Figure 3 -138: Selecting a Waveform File
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Executing  When you seledDperation in the bottom menu, convolution or correlation will
Convolution/Correlation  be performed. IDifferential has been selected for thth type item, the
calculated result will be differentiated.

1. SelectOperation from the bottom menu.

2. Presd~unc typein the side menu and select eit@@mvolution or
Correlation.

3. If you would like to differentiate the calculated result, seltferential for
theMath type item. Differentiation will be used when reading waveforms
from magnetic disks.

4. SelectExecutefrom the side menu to execute the operation.

The point size of the waveform data after operation will be the sum of the
point sizes of the two waveform files you have selected.

Figure 3 -139 shows an example of convolution for which differentiation has
been performed. Figure 3 -140 shows an example of correlation.

GPIB Continuous mode Stopped
Source Destination Operation
waveform 1 Func type
-
/\ ; Correlation
Math type
[ GAUSS.WFM | None
256 Points | Differential
Clock 2e+07 Hz Convolve : T : —
Waveform 2
' 768 Points
: Clock 2e+07 Hz
[ MDSKWR.WFM |
512 Points
Clock 2e+07 Hz
Execute
i Exit/

Figure 3 -139: Sample Convolution
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GPIB [Continuous mode [Stopped
Source Destination Operation
waveform1 Ehne tyne
([ Convolution
s N
SAMPLE-1.WFM
1060 Poinis /\ Differential
Clock 1e+07 Hz Correlate H \/ \/ \/—\ o TS
Clock 1e+07 Hz
SAMPLE-2.WIM
1000 Points
Clock 1e+87 Hz
Execute
i Exit/

Figure 3 -140: Sample Correlation
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FFT Editor (Option 09)

Entering the FFT Editor

AWG2021 User Manual

On instruments with Option 09 installed, existing waveform files up to 16,000
waveform points with the extensioW/FM can be edited in the frequency

domain. When the editor is started, Fast Fourier transformation occurs automati-
cally and the data is transformed into the frequency domain. When you leave the
editor, inverse fast Fourier transformation is carried out to convert the frequency
domain data into time domain data.

The window function for fast Fourier transform is selected when the editor is
started. Within the editor, filtering (high pass, low pass, band pass, band cut) and
clipping are possible.

This editor is not used to make new files. Rather, it edits existing waveform files
in the frequency domain. Here is the procedure for editing the FFT editor.

1. Press th&DIT button in theVIENU column. The initiaEDIT menu will
appear.

2. SelectMore from the side menu to display the third page of the side menu:
More 3 of 3.

3. Using the general purpose knob, select the waveformWie&N ) from the
file list.

TheEdit in Frequency Domainitem is added to the side menu.

4. SelectEdit in Frequency Domainfrom the side menu. The menu for
selecting the window function is displayed. See Figure 3 -141.
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GPIB

Continuous mode Stopped

Select
window

@ FFT Window Type

Hanning
Hamming
Blackman—Harris
Blackman
Triangle

Select the "FFT Window Type" by using rotary—knob,

and press "0.K." side button. Gehieel

O.K.

Select
window

Figure 3 -141: FFT Window Selection Menu

5.

Using the general purpose knob, select the window function.

When you enter the FFT editor, you must select the window function. This
instrument has the following six FFT windows.

Rectangle
Hanning
Hamming
Blackman-Harris
Blackman
Triangle

For repetitive waveforms in which the waveform data starting point and
ending point match, the rectangle window is usually used. For details on the
window functions, see the FFT (Fast Fourier Transforms) description in
Appendix F.

Next, selecOD.K. from the side menu to enter the FFT editor. The time
domain data is transformed into the frequency domain.

To cancel the FFT operation, sel€zncel This returns the system to the
initial EDIT menu.
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Saving Files and Exiting  SelectExit/Write from the bottom menu. Then select from the side menu to
the Editor  save the edited file to the internal memory of the AWG2021 and exit from the
editor. When this is done, the frequency domain data is converted into time
domain data and saved as a waveform file.

The same procedure is used to save the file and exit from the FFT editor as for
the waveform editor. See “Saving Files and Exiting the Editor” in the section on
the waveform editor.

FFT Editor Menu Structure = The FFT Editor menu has the structure shown in Figure 3 -142.

Bottom Menu Bottom Menu Side Menu
Right peak
— Operation { Left peak
Draw...
— Zoom
Low-Pass
High-Pass
— Rectangle — — Filter Band-Pass
— Hanning Band-Elim
| Hamming 0K —| Apply filter
) Select
FFT Editor —— Window —1 Blackman- Cut under
I~ Harris
Cancel . Delete Even
— Blackman [ Limiter Delete Odd
— Triangle — Shift Mag
— Undo
Write and Exit
— Exit/Write ~E Exit without Writing
Write

Figure 3 -142: FFT Editor Menu Structure
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Menu Functions

The following list shows the functions available for each menu item and the page

on which you can find a description of that function.

Table 3-12: Menu Functions

Menu Function Page
Select Window Selecting a window 3-195
Operation Editing in the frequency domain 3-200
Right peak, Left peak Searching for peaks 3-201
Draw... Drawing magnitude and phase 3-201
Zoom Magnifying a signal 3-204
Filter Selecting a filter 3-205
Limiter Selecting a limiter 3-207
Cut under Cutting extraneous frequency components | 3 -208
Delete Even, Delete Odd Deleting even or odd components 3-208
Shift Mag Shifting magnitudes 3-209
Undo Canceling function execution 3-2
Exit/Write Saving files and exiting the editor 3-20,3-197
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FFT Editor Menu Display
callout follows.

Figure 3 -143 shows the general FFT editor display. A description for each

@ @

() GPIB Continuous mode Stopped
File Name : EXP.WFM :
ST 70.0000kHZ Freq2 : [ 210.000kAZ Operation
Magnitude :[ -33.8991dE] | Magnitude :[ -52.7300d8
Phase :[ -168.00deq Phase :[_178.85deg f=
0.0mHz (2 310.0kHz .
e : Right peak
il K
-20 i ‘_® T
: Left peak
-a0
C -40
-50
60
z H H Draw...
— 198,3] :
[iE ; _
O—sl umuﬂumumuﬂumum ﬂuﬂ A A
L, EREREE
&5 switch v Bar cursor &S 5. Change Magnitude
Operation |l Filter Limiter Undo ERlty .
write

Figure 3 -143: FFT Editor CRT Display

(1) File Name

This is the name of the waveform file being edited.

(2) Freqt:
Magnitude:
Phase:

This section shows the frequency, magnitude and phase for the
position of the left vertical bar cursor. Use the CURSOR button
to toggle between the left and right vertical bar cursors. Use
the VALUE button to toggle between magnitude and phase. A
knob icon indicates that an item is active. Magnitude values
are expressed in dB and phase values are expressed in deg.

(3) Freq2:
Magnitude:
Phase:

This section shows the frequency, magnitude and phase for the
position of the right vertical bar cursor.

(4) Scroll Indicator

This item shows the position of the display area within the
overall waveform. The area displayed on the screen is
displayed inverted.

(5) Magnitude Display Area

This area displays the magnitudes for the frequency
components.

(6) Phase Display Area

This area displays the phases for the frequency components.

AWG2021 User Manual

3-199



EDIT Menu

(7) Left vertical bar cursor The left cursor indicates the left starting point for editing. The
active cursor will be brightly highlighted with dot lines.

(8) Right vertical bar cursor | Indicates the right end point for editing.

(9) Button Operations This area shows how the front panel buttons operate in this
menu.

CE5°: switch ¥ Bar cursor
Pressing the CURSOR button toggles the active vertical bar
cursor.

&5 85, Change Magnitude

Pressing the VALUE or ENTER button puts the system into a
mode in which the magnitude at the frequency of the active
vertical bar cursor can be changed.

&8 25 Change Phase
Pressing the VALUE or ENTER button puts the system into a
mode in which the phase at the frequency of the active vertical
bar cursor can be changed.

CI%SDJRZ Move V¥ Bar cursor
When Draw... has been selected, pressing the CURSOR
button moves the active vertical bar cursor.

% f’%: Move poim Cursor
When Draw... has been selected, pressing the VALUE or
ENTER button moves the point cursor.

WALLE EMTEF . . .
— /= Switch point cursor dir

When Draw... has been selected, pressing VALUE or ENTER
toggles the direction in which the point cursor moves from
vertical to horizontal or vice-versa.

Editing in the Frequency  SelectOperation from the bottom menu to change the signal magnitude and
Domain  phase in the frequency domain. The following items will appear in the side
menu:

Right peak
Left peak
Draw...

Editing Magnitude. Here is the procedure for editing the magnitudes.
1. SelectOperation from the bottom menu.

2. Press th€URSOR button on the front panel to select the left/right vertical
bar cursor. Using the numeric keys or the general purpose knob, move the
active vertical bar cursor to the frequency to be edited.
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Press th&ALUE button on the front panel and seldtagnitude. The knob
icon is displayed on thiglagnitude side.

Using the general purpose knob or the numeric keys, change the magnitude.

To change the magnitude for another frequency, pre<BURSOR button
on the front panel, and use the general purpose knob to move the active
vertical bar cursor to the frequency to be edited. Next, repeat Steps 3 and 4.

Editing Phase. Here is the procedure for editing the phase.

1.
2.

SelectOperation from the bottom menu.

Press th€ URSOR button on the front panel to select the left/right vertical
bar cursor. Using the numeric keys or the general purpose knob, move the
active vertical bar cursor to the frequency to be edited.

Press th&ALUE button on the front panel and selBttase The knob icon
is displayed on thBhaseside.

Using the general purpose knob or the numeric keys, change the phase.

To change the phase for another frequency, presSURSOR button on
the front panel, and use the general purpose knob to move the active vertical
bar cursor to the frequency to be edited. Next, repeat Steps 3 and 4.

Searching for Peaks. SelectOperation from the bottom menu to display the
Right peak andLeft peak items on the side menu. These items detect the signal

peaks.

Right peak The active vertical bar cursor is moved to the peak
in the signal to the right of the active vertical bar
cursor. Each time this item is selected, the peak
value moves to the right.

Left peak The active vertical bar cursor is moved to the peak

in the signal to the left of the active vertical bar
cursor. Each time this item is selected, the peak
value moves to the left.

Drawing Magnitude and Phase. UseDraw... from the side menu to draw points
between the left and right vertical bar cursors and then connect the points to
create an arbitrary magnitude and phase. Immediately after you select the
Draw... item, a point cursor will appear midway between the vertical bar cursors,
in the center of the vertical axis. The following diagram shows the menu
configuration for thédraw... item.
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Add Draw Point

Delete Draw Point Mag
Operation — Draw... Draw Area Phase

Go Back

Execute

Figure 3 -144 shows an example of the screen witbthe... item selected.

GPIB Continuous mode Stopped
File Name : EXP.WFN 0 i
Freq1 :[ 70.0000KkNZ] Freq2:[ 210.000KkNZ] pELacion
Magnitude ;[ -33.8091d8] Magnitude ;[ -52.7300d8) @ X: [EEERREEH [
Phase ;[ -168.90deg Phase :[ 178.85deq ¥: [ -40.0000dR Add
0.0mHz [ | ] 310.0kHz Draw Point
[4E ]
-ID_
: Delete
& m Draw Point
-30 = : —
Draw Area
40 o Mag
0 Phase

f innnng ==

A Tt R
L] LI u U U I_I U Uu I_I Execute

ET
UEURSDR YALUE  EMTER

—— : Move ¥ Bar cursor —— /) Switch point cursor dir
Operation [T Filter Limiter Undo Exit/
Write

Figure 3 -144: Menu Displayed When Draw... is Selected

When you seleddraw... from the side menu, the following items will appear in
the sub-menuAdd Draw Point, Delete Draw Point Draw Area, Go Backand
Execute.Each of these items will be explained belovdétail.

1. SelectOperation from the bottom menu, and then selecaw... from the
side menu.

2. Press th€URSOR button on the front panel. Using the general purpose
knob, move the left and right vertical bar cursors to define the frequency
domain for drawing the magnitude or phase. Us€ClHRSOR button to
toggle between the left and right vertical bar cursors.
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3. Presdraw Area in the sub-menu and selédag (magnitude) oPhase
(phase).

4. Press th&ALUE button on the front panel. Using the general purpose knob,
move the point cursor to the location of the new point. PressingAihgdE
button will toggle the direction of movement from horizon¥) (o vertical
(Y) and vice-versa. The location of the point cursor is displayed in the upper
right-hand corner of the screenXn(frequency) an® (magnitude or phase)
coordinates.

5. When you have placed the point cursor at the desired location, Adtect
Draw Point from the sub-menu to add a point at that location.

It is possible to add points outside the area defined by the vertical bar
cursors. However, such points will be ignored wk&ercuteis pressed.

NOTE. It is not possible to draw more than one point at the same location on the
horizontal axis. If you attempt to do this, a message will appear asking you to
confirm that you want to change the level of the existing point. Présor

Cancelin response to this message.

6. Repeat Steps 4 and 5 to add several new points.

7. To delete a point that you have added witid Draw Point, move the point
cursor to that point and seldaelete Draw Point The point will be deleted.

If you presDelete Draw Pointseveral times in succession, the points that
you have added will be deleted in sequence starting with that nearest to the
point cursor.

8. SelectExecutefrom the sub-menu. The points that you have added will be
connected to the magnitude or phase on the left and right vertical bar cursors.

Figure 3 -145 shows an example of a magnitude drawn between the vertical
bar cursors.
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Magnifying a Signal

3 -204

GPIB [Continuous mode [Stopped
File Name : EXP.WEM ;
Freq1 :[ 70.0000KkHZ Freq2 :[210.000KkHZ Operation
Magnitude :[ -33.8091dE  Magnitude ;[ -52.7308dEB X[ 900000kH2 ————
Phase :[ -168.96deq Phase :[ 178.85deq @ Y: JEESICLELELN] Add
_B.BmHZ || - ] 3]99k“2 DOraw Point
[4E :
-10f -]
: " Delete
0 H MR Draw Point
=30 ] : E + o
Draw Area
=0 Mag
Phase

-a0

-0

TR e

0 é

i : e e -

mo'um e e A A

gl B u I_I U u u U Uu u Execute
=57 Move ¥ Bar cursor &5 25 switch point cursor dir

Figure 3 -145: Drawing a Magnitude

Exit/

Limiter Undo Writa

Z00m Filter

9. To cancel the execution of a draw operation, sélacto from the bottom
menu. The screen will revert to the waveform befexecutewas selected.

NOTE. When you quit and once again enter the waveform editor, the points you
have drawn will disappear.

10. SelectGo Backfrom the sub-menu. The system returns fronCiteaw...
sub-menu to the previous side menu.

This concludes the draw process.

SelectZzoom from the bottom menu to display menu items that magnify the
signal tox1, x4, x8, x16 orx64 along the frequency axis. Figure 3 -146 shows
the magnified signal display wh&woom is selected from the bottom menu with
x16is selected.
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Selecting a Filter
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GPIB Continuous mode Stopped
File Name : EXP.WFM
Freql :[70.0000kiZ@  Freq2 : WPALCEEAE £00m
Magnitude ;[ -33.8091dB]  Magnitude ;[ -52.7300dB —
Phase :[ -168.90deq Phase :[_178.85deq| |:|
0.01mHz gl | 310.0kHz
BEl X1
-10 :
. _ il
x4
=30 [
-40
-a0

-B0

Hili

NN B AR

O

”c ;
55 switch v Bar cursor &S 85, Change Magnitude
Operation || Filter Limiter Undo Bty .
write

Figure 3 -146: Magnified Signal Display

In the scroll indicator at the top of the screen, the section of the signal being
displayed on the screen is displayed inverted. You can scroll through the
frequency domain outside the screen by turning the general purpose knob.

WhenFilter is selected from the bottom menu, the following four frequency
filters can be selected from the side menu.

m  Low Frequency Pass Filtec@qw-Pasg — This filter eliminates frequencies
greater than the specified frequency.

m  High Frequency Pass Filtafigh-Pas9 — This filter eliminates frequencies
lower than the specified frequency.

m  Band Pass FilteBand-Pas3 — This filter eliminates frequencies outside
the specified band.

®  Band Cut Filter Band-Elim) — This filter eliminates frequencies in the
specified band.
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[45]

-6.0000dE| /oct

[Hz]

" 2.55500MH2

Figure 3 -147: Low Pass Filter

-6.0000dE FL T

[Hz]

2.55500MH?2

Figure 3 -148: High Pass Filter

[4E]

o

" 3-200.0000d BFLTaI

[1.01625M2] [3.19375MHZ

Figure 3 -149: Band Pass Filter
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[45:]

[ 3-200.0000dB FLTel

[1.01625MA2] [3.19375MNZ]

Figure 3 -150: Band Cut Filter

The procedure below applies the filters to the signal.
1. SelectFilter from the bottom menu.

2. SelectLow-Pass High-Pass Band-Pass or Band-Elim from the side
menu.

3. Press th&ALUE button on the front panel and select the filter frequency
field.

4. Using the general purpose knob or the numeric keys, set the filter frequency.
5. Press th&ALUE button on the front panel to select the filter slope field.

6. Using the general purpose knob or the numeric keys, set the filter slope.
Here octavedct) indicates double the frequency.

For a band filter, set the frequency and slope for both ends of the band.

7. After setting the filter frequency and slope, selsgply filter from the side
menu. The specified filter is applied to the signal.

Selecting a Limiter ~ UseLimiter from the bottom menu to cut the frequency component below the
limit level, to cut the even or odd components on the discrete frequency axis, or
to shift the magnitude to the limit level. Wheimiter is selected from the
bottom menu, the following items will appear in the side menu.

Cut under
Delete Even
Delete Odd
Shift Mag
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Cutting Extraneous Frequency Components. Here is the procedure for using the
Cut under item to remove the extraneous frequency component.

1.
2.

SelectLimiter from the bottom menu.

Press th€ URSOR button on the front panel to select the left/right vertical
bar cursor. Using the numeric keys or the general purpose knob, set the
domain to remove the extraneous frequency component.

Press th&ALUE button on the front panel. Using the general purpose knob
or the numeric keys, set the limit level for the magnitude. The limit level is
displayed at the top the screen.

SelectCut under from the side menu. The frequency component under the
limit level is cut.

Deleting Even or Odd Components. Here is the procedure for using tbelete
Even or Delete Odditem to delete the even component or odd component in the
discrete frequency domain.

1.
2.

SelectLimiter from the bottom menu.

Press th€ URSOR button on the front panel to select the left/right vertical
bar cursor. Using the numeric keys or the general purpose knob, set the
domain to delete the even component or odd component.

SelectDelete Even(even) oDelete Odd(odd) from the side menu. The
even or odd component within the left and right vertical bar cursors is cut.

Figure 3 -151 shows the fundamental, even, and odd component.
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6.0mHz 70.00kHz

[4E

-20

-30

40

-e0

60

-Pa

DC  Even Component 0Odd Component

Figure 3 -151: Fundamental, Odd, and Even Components

Shifting Magnitudes. Here is the procedure for using tBkift Mag item to shift
the magnitude to the limit level.

1. SelectLimiter from the bottom menu.

2. Press th€ URSOR button on the front panel to select the left/right vertical
bar cursor. Using the numeric keys or the general purpose knob, set the
domain to be used when shifting the magnitude.

3. Press th&ALUE button on the front panel. Using the general purpose knob
or the numeric keys, set the limit level for the magnitude. The limit level is
displayed at the top the screen.

4. SelectShift Mag from the side menu. The entire area within the left and
right vertical bar cursors will shift so the signal with the maximum magni-
tude between the cursors becomes the limit level.
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SETUP Menu

General Description

TheSETUP menu is used to set a variety of output parameters during actual
output of the waveforms and sequence waveforms that have been created with
the editors. The menu can display output parameter values and selected items in
both text form and as a graphic (in other words, with items connected in the form
of a circuit).

When the power to the instrument is turned on B&UP menu appears
automatically. Also when the power is switched on, if you have deteotDisk

or from NVRam in theAuto Load item of theLOAD/SAVE menu, all the files

on the disk or in the NVRam, whichever is selected, are loaded automatically
into internal memory. If the waveform or sequence file selected witSET&JP

menu was in internal memory the last time you switched off the power, then that
file is selected.

The bottom menu consists of seven items: the six output parameters that you can
set Clock, Waveform SequenceCH1 Operation, Filter, Amplitude and

Offset) and theDisplay item which allows you to set the format for menu

displays. To set these items, press the corresponding button in the bottom menu
and use the general purpose knob or the numeric keys to set the desired value.

A waveform or sequence file that is created with the editor has the default output
parameters set in it. When the output parameters are changed VBB THE
menu, the new settings are saved together with the waveform data in the file.

When the operating modeAaitostep, the output parameters cannot be changed

at all. If the file is locked and the operating mode is any other mode, the output
parameters can be changed, but the changes are not written to the waveform file.
For further information on locking files, see “Locking and Unlocking Files” item

in the section on editors.

This section will discuss the menus found on the AWG2021 Option 02 with the
CH2 output. Instruments without the Option 02 have no channel switching and
parameters are only set for CH1.
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SETUP Menu Structure
Figure 3 -152 shows the configuration of SEETUP menu.
MENU Button Bottom Menu Side Menu Select/Set ltem
CH1 Clock
Internal Clock Frequency Setting
Internal
— Clock Source 4|:
L External
Divider CH2 Clock
Frequency Setting
2
— \éVaveform Channel Selection ~ ————— File Setting
equence
Normal
Av 1
—— CH1 Operaton —— 1
Add
External AM
Through
" 50 MHz
SETUP Filter Channel Selection 20 MHz
5 MHz
1 MHz
*2
— Channel Selection ~ ———— Amplitude Setting
—— Amplitude — off
L Track 1—|:
CH1
2
—— Channel Selection =~ —— Offset Setting
— Offset
* Off
ek [
CH1
. — Graphics
Display L Text

*1  Available when Option 02 has been installed.

*2  For instruments with Option 02 installed (CH2), these items switch between CH1 and CH2.

Figure 3 -152: SETUP Menu Structure
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Menu Functions

The following table shows the function of each menu item and the page to refer
to for a more detailed explanation.

Table 3-13: Menu Functions

Menu Function Page

Clock Setting clock source and frequency 3-219
Waveform Sequence Selecting a waveform or sequence file 3-217
CH1 Operation CH1 waveform operation 3-221
Filter Setting filter 3-225
Amplitude Setting amplitude 3-226
Offset Setting offset 3-226
Display Selecting the display format for the 3-216

SETUP menu
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SETUP Menu Display
Figure 3 -153 shows the graphic mode3&TUP menu display. A description
for each callout follows.
GPIB _Continuous mode l lRunning
“ N —~avetar—
i CH1 aveform
I\ | A |2 | seence
@—> / Throughl| 1.060V || 0.000V CHI
Period: 10.00us GAUSS_P.WFM
Points: 1600
GAUSS_P.WFM Max: 0.5000v/50C2 @ @
Min: -8.5000Y/50C CH2
@ ﬂ_ﬂ : 3 é DMP_SIN. WFM
100. 0Nz 100.0MHz_| [Hormal C
. : — T | CH2
.| [Through| T.666v | 6.680v
4’ Period: 40.00us
. Points: 40600
Max: 0.5000V/50
R Min: -0.5000v/50
k 2 i
. Display
Waveform CH1 : : 2l ol
Clock sequence [l TG Filter |Amplitude| Offset
Figure 3 -153: SETUP Menu (Graphic Mode)
(1) Display Area for CH1 Shows the waveform or sequence file waveform indicated in
Waveform/Sequence the CH1 file input column. If the file is locked, an L is shown in
Waveform the upper right corner of this area.
(2) CH1 Clock Setting Shows the clock source and the frequency for the internal
clock.
(3) CH2 Clock Setting For instruments with Option 02 installed (CH2), shows the

internal clock frequency for CH2 and the value for frequency
division of the CH1 clock.

(4) CH1 Operation Setting Shows the operation setting for the CH1 waveform.

(5) CH1 Output Parameter Shows the filter applied to output, the amplitude of the output
Settings waveform and the offset setting.

(6) CH1 Output On/Off Shows whether CH1 output is on or off. To turn CH1 output on
or off, use the CH1 On/Off button on the front panel.
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(7) CH1 Output Parameter
Status

The output status of the waveform or sequence waveform is
shown as follows:

Period : Period

Points :  Number of data points

Max:  Upper voltage for full scale vertical axis when
terminated with 50 Q

Min : Lower voltage for full scale vertical axis when
terminated with 50 Q

The period is the number of data points in the waveform or
sequence, multiplied by the clock frequency.

(8) CH2 Output Parameters

For instruments with Option 02 installed (CH2), shows the CH2
output parameters as well as CH1 output parameters.
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Selecting the Display Format for the SETUP Menu
The SETUP menu can be displayed in either text or graphic form.

Graphics This is the mode normally used. This format displays the
output parameters connected in the form of a circuit.
Selected parameters are indicated by a inverted display
around them; these values may be changed. See Fig-
ure 3 -153.

Text This mode shows the output parameters in text form for each
channel. It is convenient for printing a hard copy of the
settings. See Figure 3 -154.

GPIB [Continuous mode [Running
Clock Divider waveform
[ 100.0MHz || 1 | _ Sequence
-CH1 operation [Hormal Period: 10.00us CHI
Wavelorm/Sequence Filter Through Points: 16000
[ GAUSS_P.WFM |  tmplitude[ 1.000V Max: 0.5000¥/502 | GAUSS_P.WFM
Ofiset| 6000V Min: -0.50064/500
output: Off Y
CH2
‘CH2 Period: 40.00us DMP_SIN.WEM
wWaveform/sequence Filter [Through Points: 4000 =
-ﬂﬂ]ﬂﬂﬂﬂ- tmplitude| 1.600Y Max: ©.5600%/50C
Offset| 0.000V Min: -0.560004/5002
Output: Off
. Display
Clock Waveform CH1. Filter |Amplitude| Offset Graphics
L LT Operation

Figure 3 -154: SETUP Menu (Text Mode)
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Selecting Output Parameter Fields

Numeric Input

There are three ways to select a parameter.

1. Press the bottom button for the item to be set. Then select the channel in the

side menu and select the field.

2. Press the bottom button for the item. Then press the bottom button again;
each time the button is pressed, the CURSOR will move to a different
channel. When you reach the desired setting field, set the appropriate value.

3. Press th€ URSOR key on the front panel and select the field. When the
CURSOR key is pressed again, the cursor moves to the next setting field for
that channel.

Use the numeric keys or the general purpose knob to input a numeric into the
Clock, Amplitude, andOffset item fields.

1. Press the bottom button for the item to be set.

2. Use the numeric keys or general purpose knob to input the number for the
parameter.

When using the numeric keys, press the front peNGIER key, VALUE
key, or the appropriate unit key to enter the number. When this is done, the
value will be confirmed and will appear in the icon on the screen.

Each time the general purpose knob is turned, the numeric value is entered.
The value in the icon will change accordingly.

Selecting a Waveform or Sequence File

AWG2021 User Manual

The first step in setting the waveform output parameters is to select the
waveform or sequence file.

Each waveform or sequence file has output parameter settings attached. When a

file is selected, the output parameters are also automatically changed to the

settings for that file. A waveform or sequence file that has just been created with

the editor has the default output parameters set.

Clock 100.0 MHz (can also be set using the editor)
Operation NORMAL

Filter Through

Amplitude 1V

Offset oV
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To select a waveform or sequence file:

1. SelectWaveform Sequencdrom the bottom menu. The waveform display
area will be highlighted on the screen.

2. Select the channel for setting in the side menu.

3. Turn the general purpose knob to open the file list. Use the general purpose
knob to select the desired waveform or sequence file from the list.

Select waveform/sSequence

" CHIRP _5.WEM
D_ERP_P.WFM
EEP_P.WFM
GAUSS_P.WFM
LORENT_P.WFM

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

SAMPLE-5.5EQ
SINK_X_P.WEM

4. After the file has been selected, sel@d. in the sub-menu. The selected
file will be confirmed and the waveform and file name will appear in the

icon, as shown in the figure below.

When the file is confirmed, the output parameters for that file will be set
automatically.
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When a sequence waveform is output, the output parameters for that sequence
file are used.

NOTE. When a sequence file is selected, and if the waveform or sequence file
making up the sequence is not in internal memory, the waveform display area is
blank and the output switch is off. In this case, you must load the waveform or
sequence file making up the sequence into internal memory.

Setting Clock Source and Frequency

AWG2021 User Manual

The Clock menu item is used to set the clock source and the clock frequency.
The clock source can be set to either internal or external. If the clock source is
set toExternal, there is no need to set the frequency.

The clock period is the time between the data points for the waveform created.
Therefore, the product of that clock period and the number of waveform points is
the period for that waveform or sequence waveform. For example, suppose the
clock frequency is 1 MHz (for a period olu$ec). If the waveform has 100

points, the period for the entire waveform is li@ec.

100 usec

e

1 usec
Figure 3 -155: Clock and Waveform Points

To setClock, perform these steps:
To set the Source to Internal and then set the CH1 clock frequency:

1. SelectClock from the bottom menu.
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3-220

2. Press th&ourcebutton in the side menu and set itriternal . The clock

icon shown below will be displayed on the screen.

20. 06MHZ

Since the clock frequency for CH2 depends on the clock frequency for CH1,
set the clock frequency for CHL1 first.

Use the numeric keys or general purpose knob to set the internal clock
frequency with thenternal Clock item.

The clock frequency can be set in four digits between 10.00 Hz and
250.0 MHz.

To set the CH2 clock frequency:

4. SelectDivider from the side menu. The divider icon shown below will be

displayed on the screen.

1

8 |
125. 0kiz

5. Turn the general purpose knob to set the frequency divider.

The clock frequency for CH2 is determined by setting the value for
frequency division of the CH1 clock. This frequency division setting can be
selected from the multiples of 2 from P20 16,777,216 (*). The CH2

clock frequency, after frequency division, is expressed with the four digits
under the frequency division value. Depending on the value of the CH1
clock frequency, it may not be possible to set a large frequency division
ratio. For example, if the CH1 clock frequency is 10 Hz, then the only
frequency division ratio that can be set is 1.

When the CH2 waveform is changed by pres¥ifayeform Sequencethe
frequency division value is always reset to 1 to give CH2 the same clock
frequency as CHL1. If you change the clock frequency for CH1, the frequency
division ratio stays the same and the clock frequency for CH2 changes.
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To set the Source to External:

6. Press th&ourcebutton in the side menu and selEgternal. The clock
icon shown below will be displayed on the screen.

@—
Ext Clk in

The CH1 and CH2 clocks are controlled with the external clock input from the
CLOCK IN connector on the rear panel. The external clock frequency that can
be input to the connector is up to 250 MHz.

CH1 Waveform Operations

AWG2021 User Manual

CH1 Operation is used to operate the CH1 waveform and the waveform from
CH2, or the CH1 waveform and a waveform input from an external source. It
then outputs the result from the CH1 output connector. Two types of operation
— addition Add) or multiplication AM) — can be performed for the CH1
waveform and CH2 waveform or external signal.

To set the desired operation process for the CH1 waveform:
1. SelectCH1 Operation from the bottom menu.

2. Select the desired process from the side menu. The following choices are

available:
Standard Type Option 02
Normal Normal
External AM AM
Add
External AM

The following is a more detailed description of each process:
Normal Waveforms are output separately from each channel.

AM CH1 output is the CH1 waveform with the amplitude
modulated (multiplied) by the waveform output from CH2.
See Figure 3 -156.
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CH1 Waveform CH1 Output Waveform
o CH1 Output
Multiplier Parameter Settings 25V
Amplitude 5V
Offset 0V ov
-2.5V

CH2 Output
Parameter Settings
Amplitude 5V
CH2 Waveform Offset 25V
5V
S |
-5V

Figure 3 -156: Multiplying CH1 Waveform by CH2 Waveform

This multiplier has a bandwidth of 30 MHz for the carrier (signal) and a
bandwidth of 4 MHz for the modulation signal. The waveform output from CH1
is the result of the following calculation.

CH1out = CHL1 setting value (CH2 setting value + CH2 offset)

A CH2 signal of 5 V (full scale) gives 100% modulation. When the CH2 signal
is minus, the CH1 signal is inverted.

The multiplied value of CH2 is expressed as a % and is displayed at the bottom
right of the CRT screen (see next example).

NOTE. When multiplication results in an output that exceeds 5 Vp-p, the signal
may be distorted.

Add The CH1 waveform is added to the waveform output from
CH2. See Figure 3 -157.
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CH1 Waveform

CH1 Output Waveform

o Offset0V ~ [—»
ov ov
i

Adder CH1 Offset Setting v

-1V
CH1 Amplitude Setting

Amplitude 2V

CH2 Waveform
1.25V
ov
-1.25V

CH2 Output

Parameter Settings

Amplitude 2.5V
Offset ov

Figure 3 -157: Adding CH1 Waveform and CH2 Waveform
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The adder has a 30 MHz bandwidth.

The actual value iS4 the CH2 setting) + the CH1 setting. The added value of
CH2 is¥the setting and is displayed at the bottom right of the CRT screen (see
example below).

NOTE. When addition results in an output that exceeds 5 Vp-p, the signal may be
distorted.

External AM  The CH1 waveform output is amplitude modulated by the
external signal input from the rear pa@@il AM IN
connector. See Figure 3 -158.
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CH1 Waveform CH1 Output Waveform
CH1 Output
Multiplier Parameter Settings 25V
Amplitude 5V
Offset 0V ov
-2.5V

External Waveform

1V

ov Extin

-1V

Figure 3 -158: Multiplying CH1 Waveform by an External Waveform

Table 3-14 shows the amplitudes for the output signals relative to the external
modulation signals.

Table 3-14: Output Signal Amplitude Relative to External Modulation Signal

External Modulation Signal Output Signal
ov 50% of set value
1V 100% of set value
-1V 0%

100% amplitude modulation is possible with V input.

NOTE. When the external modulation signal is overmodulated 1 V or more, the
output will exceed 5 Vp-p and the signal may be distorted.

The maximum signal that can be input to @1 AM IN connector ig5 V: the
input impedance is 10ck
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Setting Filter
The filters selections aré0, 20, 5, 1 MHz andThrough (no filter).
To setFilter, perform these steps:

1. SelectFilter from the bottom menu. The filter icon will be highlighted on
the screen.

2. Select the channel from the side menu.

3. Turn the general purpose knob to select the desired filter.

Setting Amplitude and Offset

UseAmplitude andOffset to set the output amplitude and offset for the vertical
axis 12-bit full scale voltage. These values are terminated wigh 50

Figure 3 -159 shows the display when the amplitude is set to 5 V and the offset
issetto1V.

3.500¢

1.000%

-1.500Y
Min

Figure 3 -159: Setting Amplitude and Offset
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Setting the amplitude and offset determiiesx andMin values shown to the
left of the waveform. In the example shown in Figure 3 -159vifve andMin
values are as follows:

Setting Amplitude 1. SelectAmplitude from the bottom menu. The amplitude icon will be
highlighted on the screen.

1.6006Y

2. Select the channel from the side menu.

3. Use the numeric keys or the general purpose knob to set the amplitude. The
output amplitude can be set to any value between 0.05 V and 5V in
minimum increments of 1 mV.

NOTE. The amplitude set gives the top and bottom voltage values for the
waveform editor full-scale, not the peak-to-peak value of the waveform.

Setting Offset 1. SelectOffset from the bottom menu. The offset icon will be highlighted on
the screen.

0.000Y

2. Select the channel from the side menu.

3. Use the numeric keys or the general purpose knob to set the desired offset.
The offset may be set to any value between —2.5 V and +2.5 V in minimum
increments of 5 mV.

Linking the CH1 Waveform  When Option 02 is installed, it is possible to link the amplitude and offset of
and Amplitude or Offset  CH1 with the corresponding values for CH2. When such linkages are set,
changes to CH1 values will also be applied to the CH2.

Use the following procedure to link CH2 amplitude to CH1 amplitude. In such
cases, CH1 and CH2 have their own files one for each.
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SelectAmplitude from the bottom menu.
SelectCH2 from the side menu.

Press th8rack key in the side menu and sel@til. The linkage setting
will appear below the CH2 amplitude icon.

1.000Y
SCCHL

SelectCH1 from the side menu.

Turn the general purpose knob to change the CH1 amplitude. Check to make
sure that the CH2 amplitude has changed accordingly.

The same procedure can be used to link the offset values for other channels
to the CH1 waveform. In such cases, the linkage setting will be displayed
below the CH2 offset icon.

T
/\3\/
p.006Y

4=CH1
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MODE Menu

General Description

AWG2021 User Manual

Press theMODE button in theMENU column to display th#1ODE menu. The
MODE menu is used to set the operating mode of the waveform output with the
conditions set in th8 ETUP menu.

This menu enables you to perform the following functions:
m  Setting waveform or sequence waveform output trigger mode

®  Waveform Advance and Autostep functions that display the waveform
sequence with the trigger

m  Determine the timing with which the sync signals are generated

The trigger or gate signal can be generated with external signals from the
TRIGGER INPUT connector or by pressing the front pal@NUAL button.

When the instrument receives the trigger or gate signal\Wadihg for

Trigger” display in the status area of the CRT display changeRuariing”

and the waveform or sequence is output. When output stops, the status area
display returns to the originaWWaiting for Trigger ".

The screen displays a contents list for each channel. This list shows the
waveform/sequence file selected with 8FBTUP menu and the contents of the
file. The display is almost the same for all operating modes.

The explanations that follow are for an instrument with the Option 02, CH2
output. An instrument without the Option 02 has only the CH1 display.
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MODE Menu Structure
Figure 3 -160 shows the configuration of M®DE menu.
MENU Button Bottom Menu Side Menu Select Item
—— Cont

§ E Positive
ope Negative
— Level

— Triggered ———— ] 50 Q
— Impedance { 1MQ

—— STOP

) Positive
— Polarity 4‘ Negative
— Level

— Gated ——————— ] 50 Q
— Impedance { MO
—— STOP
s E Positive
ope Negative
— Level
50 Q

MODE Burst Impedance { 1 MO

—— Burst Count
L STOP

oy Positive
ope E Negative

L Level

L Waveform

E— 50 Q
Advance —— Impedance { 1MQ
— STOP

Positive
— Slope —E Negative
—— Level

50 Q
— Autostep Impedance { N

| Select Autostep
File

— STOP

Start
End

—
—— Sync L

Figure 3 -160: MODE Menu Structure
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Menu Functions

The following table describes the function of each of the menu items and gives
the number of the page on which you can find a more detailed explanation of that
item.

Table 3-15: Menu Functions

Menu Function Page
Cont Setting the operatiang mode 3-233
Triggered 3-233
Gated 3-234
Burst 3-235
Waveform Advance 3-236
Autostep 3-238
Slope Setting trigger parameters for an external | 3 -241
Polarity trigger (gate) 3 -241
Level 3-241
Impedance 3-241
Select Autostep File Selecting autostep files 3-239
STOP Stopping waveform output 3-233
Sync Setting sync signal 3-242
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MODE Menu Display
Figure 3 -161 shows the general display forNi@DE menu.
f ) ( )
GPIB Triggered mode Waiting for Trigger
Triggered
Slope
@—’C CHI CH2 "\ Negative
Sequence Sequence A
SAMPLE-G. SEQ) WAVEFORM. SEQ Level
1.4v
SAMPLE-1. WM SINE. WFM P
SAMPLE-4. WFM SOUARE . WFK Impedance
RaMP. WFM 502

©

S0P
: waveform Sync
Cont Triggered [IEEEEILT Burst Autostep Start
Advance End
Figure 3 -161: MODE Menu CRT Display
(1) Channel Display Shows the channel for the waveform/sequence file names and
lists.
(2) Waveform/Sequence The name of the waveform or sequence file being output is

shown for each channel. This waveform or sequence file is
selected with the SETUP menu Waveform Sequence item.
For Autostep mode, the name of the waveform or sequence file
for the current output step of the steps programmed with the
autostep editor is shown for each channel.

(3) List The contents of the waveform or sequence files described in
(2), above, are displayed for each channel. In Waveform
Advance mode, the name of the file being output is displayed
in the list inverted.
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(4) Operating Mode Status The operating mode set with the MODE menu is displayed.

There are five operating modes: Cont, Triggered, Gated,
Burst, Waveform Advance and Autostep.

(5) Trigger Status One of the following three trigger statuses is displayed in this
column.

Stopped Displayed when no waveform or sequence file has been
defined with the SETUP menu.

Waiting for Trigger Displayed when the waveform or sequence file has been
defined with the SETUP menu and the system is waiting for
the trigger or gate signal.

Running Displayed when the trigger or gate signal is generated and the
waveform is output.

Setting the Operating Mode

Cont Mode

Triggered Mode

AWG2021 User Manual

Select the operating (output) mode — eitl@ont, Triggered, Gated andBurst
trigger modeWaveform Advancemode, orAutostep mode — by pressing the
corresponding button in the bottom menu.

NOTE. The operating mode set with thEODE menu has no effect on the
function waveform generatiofr G) operating mode.

In the operating mode excludi@pnt, if the side men&TOP item is selected
during waveform output, the output is stopped and the system returns to the start
of the waveform or sequence.

Here is how each operating mode works.

As soon a£ont mode is selected, continuous output of the specified waveform
or sequence waveform begins. No side menu is displayed @dileis selected.

In Triggered mode, the specified waveform or sequence waveform is output
once for each trigger received. The trigger signal depends on the trigger source.
It can be generated from the external trigger signal applied TRHeGER

INPUT connector or by pressing the front pa&NUAL button. During
waveform output, if th&/ANUAL button is pressed or another external trigger
signal is generated, such a trigger has no effect.

WhenTriggered is selected, the following items will be displayed in the side
menu:

Slope
Level
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Impedance
STOP

The Slope Level andimpedanceitems are used to set the trigger conditions for
the external trigger signal.

Figure 3 -162 shows the output waveform for an external trigger signal.

External Trigger Signal

Output Signal

Figure 3 -162: Output Waveform for External Trigger Signal in Triggered Mode

Gated Mode  UseGated mode to control waveform or sequence output with a gate signal. The
gate signal depends on the gate source. It can be generated from the external gate
signal applied to th€RIGGER INPUT connector or while the front panel
MANUAL button is pressed.

While the front paneMANUAL button is pressed, the specified waveform or
sequence is output. When you let MANUAL button go, the waveform output
stops. When you press tMANUAL button again, the waveform or sequence
output resumes from the level where it left off. While you are pressing the
MANUAL button, if you press any other button, the instrument goes back to the
mode before thIANUAL button was pressed.

The specified waveform or sequence waveform is output while a valid external
gate signal is being received through TRIGGER INPUT connector. After

output stops, at the next external gate signal, the waveform or sequence resumes
from the waveform level where it left off.

WhenGated is selected, the following items will be displayed in the side menu:

Polarity
Level

3-234 AWG2021 User Manual



MODE Menu

Burst Mode
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Impedance
STOP

ThePolarity, Level andimpedanceitems are used to set the gate conditions for
the external gate signal.

Figure 3 -163 shows the output waveform for an external gate signal.

External Gate Signal ——

Output Signal

Figure 3 -163: Output Waveform for External Gate Signal in Gated Mode

UseBurst mode to output the specified waveform or sequence for the burst
count when a trigger is generated, then stop output. The trigger signal depends
on the trigger source. It can be generated from the external trigger signal applied
to theTRIGGER INPUT connector or by pressing the front paéiNUAL

button.

During waveform output, if thMMANUAL button is pressed or another external
trigger signal is generated, this trigger has no effect.

WhenBurst is selected, the following items will be displayed in the side menu:

Polarity
Level
Impedance
Burst Count
STOP

The Slope Level andimpedanceitems are used to set the trigger conditions for
the external trigger signal.

Figure 3 -164 shows the output waveform for an external trigger signal.
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External Trigger Signal

<——— Burst Quantity ——»

Output Signal W ,,,,,,, M

Figure 3 -164: Output Waveform for External Trigger Signal in Burst Mode

Setting Burst Count. Burst Count sets the number of repetitions of the waveform
or sequence that are output with the trigger signal. This count can be from 1 to
65 535.

Waveform Advance Mode  UseWaveform Advancemode to output a series of specified waveforms, in
order, with a new trigger initiating the advance to output the next waveform.
Thus, in this mode, the repetition count defined for each waveform in the
sequence file (defined with the sequence editor) is ignored. Each waveform is
output continuously until the next trigger is received. When the last waveform
defined is reached, this mode returns to the first waveform again.

NOTE. Waveforms are output in line with the output parameters designated in the
SETUP menu for that sequence file.

WhenWaveform Advanceis selected, the following items will be displayed in
the side menu:

Slope
Level
Impedance
STOP

The Slope Level andimpedanceitems are used to set the trigger conditions for
the external trigger signal.

When this instrument goes inddaveform Advancemode, it waits for a trigger
to be generated. This trigger can be generated from the external trigger signal

3-236 AWG2021 User Manual



MODE Menu

applied to theflRIGGER INPUT connector or by pressing the front panel
MANUAL button.

In this mode, the first waveform is output over and over again for each channel
when a trigger signal is received. When the next trigger signal is received, output
of the first waveform stops after the end point of that waveform and then the
second waveform is output in the same manner. The next waveform is not started
at the moment a trigger is received, but rather at the completion of the previous
waveform.

In this way, waveforms are output for each channel one by one in sequence each
time a trigger signal is received. When a trigger signal is received while output

of the last waveform is in progress, the output stops at the end point of that
waveform and then the process begins again from output of the first waveform.
Each channel operates independently according to the number of waveform
points.

Table 3-15 and Figure 3 -165 show the output waveform for an external trigger
signal.

Table 3-16: Sequence File

File Name No. of Repetitions Output Conditions | Waveform
WAVE1.WFM 2 Amplitude 2 V

Offset O V /\_/
—
|

WAVE2.WFM 2

External Trigger H H

Signal

1V mEnEnEE

Output Signal

| WAVELWFM | WAVEZWFM | WAVE1WFM

Figure 3 -165: Output Waveform for External Trigger Signal in Waveform Advance
Mode
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Autostep Mode

In Waveform Advancemode not only sequence files, but also waveform files
can be used. In this case when the trigger is received, the file’s waveform is
output continuously.

When the sub sequences in a sequence file are output, they are expanded
individually in the waveform memory. Waveform Advancemode, they may

not operate as intended. To avoid this, the functixpénd SEQ into WFM

item on the initiaEDIT menu) is used to expand the sequence file into a
waveform file. See page 3 -12. Expanding a sub sequence into a waveform file
and registering it into the sequence file mak&weform Advancemode easier

to use.

UseAutostep mode to start an Autostep file created with BT menu
Autostep editor. An Autostep file stores a program that specifies a waveform or
sequence file (including output parameters) for each channel for each step.

Autostep mode resembled/aveform Advancemode in that each time a trigger

is received, the display advances one waveform. However, in this mode the
output parameters for each waveform change as well. The operating mode for
each step is triggered. The waveform or sequence for the step is output once,
then output stops. Just as in other operating modeAutiostep mode trigger

signal can be generated from the external trigger signal or by pressing the front
paneIMANUAL button.

NOTE. During Autostepmode, changes to the output parameters with the
SETUP menu have no effect.

WhenAutostep is selected, the following items will be displayed in the side
menu:

Slop

Level

Impedance

Select Autostep File
STOP

The Slope Level andimpedanceitems are used to set the trigger conditions for
the external trigger signal.

During waveform output, iSTOP is selected from the side menu, the waveform
output is stopped immediately and the system returns to the startSiefhé
waveform or sequence.

When a trigger signal is received, tBeep:1waveform for each channel is
output once; when the next trigger signal is receivedStap:2 waveform is
output (once). When the next trigger signal is received while waveform output is
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in progress, output stops after the end point of that waveform and then the
waveform for the next step is output.

Figure 3 -166 shows the output waveform for an external trigger signal.

Table 3-17: Autostep File

Step File Name Output Conditions | Waveform
Step:1 WAVE1.WFM Amplitude 2 V
Offset 0 V /\/
Step:2 WAVE2.WFM Amplitude 3V
’_
Offset0 V
Step:3 WAVE1.WFM Amplitude 4 V
Offset0 V /\_/
External Trigger
Signal
2V
Output Signal 4%
2V
‘ Step:1 ‘ Step:2 ‘ Step:3

Figure 3 -166: Output Waveform for External Trigger Signal in Autostep Mode

Starting an Autostep Program.
1. SelectAutostep from the bottom menu.

2. ChooseSelect Autostep Filefrom the side menu. When this item is
selected, the list of autostep files created with the autostep editor is
displayed. See Figure 3 -167.

AWG2021 User Manual 3-239



MODE Menu

Select Autostep file

L SAMPLE-1.AST [

SAMPLE-2.A5T
SAMPLE-3.45T

Figure 3 -167: Autostep File List

3. Use the general purpose knob to select the file to start from the displayed list
of autostep files.

4. After selecting the file, to enter the selection, selz#. from the sub-
menu. To cancel the file selection, sel@ancelfrom the sub-menu. When
you selec.K., the autostep program starts.
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Setting Trigger Parameters for an External Trigger (Gate)
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The external trigger (gate) signal is input from TRIGGER INPUT connector
on the front panel. The maximum input voltagel® V into a 1 M2 input
impedance, and the maximum input voltage issy¥into a 50Q2 input
impedance.

Use theSlopeor Polarity, andLevel items in the side menu of théODE menu
to set trigger (gate) parameters for an external trigger (gate) signal.

m  Slope. This menu item sets the slope for the external trigger signal. Press the
Slopebutton in the side menu and select eitPesitive or Negative When
Positiveis selected, the output is triggered at the rising edge of the external
trigger signal; wheiNegativeis selected, the output is triggered at the
falling edge of the external trigger signal.

m  Polarity (Gated mode). This menu item sets the polarity for the gate that
outputs the waveform or sequence with an external gate signal. Press the
Polarity button in the side menu and select eitPesitive or Negative
WhenPositiveis selected, the waveform or sequence is output while the
level of the gate signal is higher than the gate level set with the side menu
Level item. WherNegativeis selected, the waveform or sequence is output
while the level of the gate signal is lower than the set gate level.

m |evel. This item sets the trigger (gate) level for an external trigger (gate)
signal. Press thieevel button in the side menu, then set the level with the
numeric keys or the general purpose knob. The trigger (gate) level can be set
in the range -5.0 V to 5.0 V in steps of 0.1 V.

Figure 3 -168 shows the slope (polarity) and level controls.

Positive-Going Edge Negative-Going Edge

Trigger
Level
Can be
Adjusted
Vertically

Trigger Slope Can be Positive or Negative

Figure 3 -168: Slope and Level Controls
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Setting Sync Signal

3 -242

® |Impedance. This menu item sets the external trigger (gate) source input
impedance to eithd&g0 Q or 1 MQ. Press thémpedancebutton in the side
menu to select this item.

Use theSyncmenu item to select the timing with which the sync signal is
generated to either ti&tart or End of the waveform or sequence. Each time the
Synchutton is pressed, the selection toggles betv@arn andEnd. This

setting is the same for CH1 and CH2.

The sync signals have a pulse width of 100 ns and a level of 1.2 V witka 50
terminator. These signals are output from the front pakidl SYNC output
connector and the rear pai@t2 SYNC OUT connector (Option 02).

m  Start. In each operating mode, the sync signal is generated when the trigger
or gate signal is generated. HoweverClmt mode, the sync signal can not
be set tdtart.

m  End. In each operating mode, the sync signal is generated at the end of the
waveform or sequence waveform.Barst mode, the sync signal is
generated at the end of the burst count.

NOTE. When theSyncsetting is switched fro@tartto End, the sync output is
generated.
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LOAD/SAVE Menu

General Description
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Press th& OAD/SAVE button in theMENU column to display theOAD or
SAVE menu. Press theoad or Savebutton in the bottom menu to display the
desired menu.

Use theLOAD menu to load files into internal (random access) memory from
the instrument’s internal non-volatile RAM memoNMRam), from a floppy
disk [Disk), or from another instrument through Ge1B interface.

NOTE. In this section, the internal nerolatile memory and the floppy disks are
referred to as mass memory.

The SAVE menu saves files from internal memory of the instrument to mass
memory.

NOTE. When a sequence file is loaded or saved with @&D/SAVE menu, the
waveforms and sequence files used in that sequence file are also loaded or
saved.
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Memory Capacity

When you exit from th&DIT menu, the files you created with the editors are
saved into the AWG2021 internal memory (RAM). Up to 400 files (depending
on size) can be saved in the internal memory.

NOTE. The data in this instrument’s internal memory is lost when the power is
switched off. Therefore, you must save any necessary data to mass memory.

Like internal memory, the AWG2021 internal non-volatile memory (NVRam)
can hold up to 400 files. The NVRam has 512 Kbytes, almost all of which is
used for saving files. The contents of this memory are retained even when the
power is switched off.

The capacity of a floppy disk depends on its format. Disks can use directory
hierarchies and files can be stored in each of the directories. The extension for a
directory is .DIR. For further information on creating directories, see the
explanation in “Using the Disk Menu” in Section 4BEJTILITY Menu.”

Figure 3 -169 shows the relationship between loading and saving, and the
different types of memory.

AWG2021

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

Internal Memory

Load

Save Save

Mass Memory

=)
@
=
=
<
el
&
3
——
o) po
ol
—o

l ! o

Lol Digital Storage Oscilloscope

Figure 3 -169: Relationship Between Memory and Execution of Load/Save
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LOAD/SAVE Menu Structure

Figure 3 -170 shows the configuration of tH@AD/SAVE menu.

MENU Button Bottom Menu Side Menu

— Disk

Device

— NVRam {

LOAD/SAVE

Bottom Menu Side Menu

Load 4E

Save 4E

ot —— [
Save 4(:

Load
Load All

Change Directory
Save

Save All

Change Directory

Saveas ASCIl ™1

Load
Load All
Save

Save All

Load
Load Without

— GPIB

L Auto Load 4E

from Disk
from NVRam
Off

Load
Preamble

_

Select Source
Address

*1  This item is displayed when an equation file (.EQU) has been selected in the list of files contained in the

instrument’s internal memory.

Figure 3 -170: LOAD/SAVE Menu Structure
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Menu Functions

The following table describes the function of each menu item and gives the page
number where you can find a more detailed explanation of that item.

Table 3-18: Menu Functions

Menu Function Page

Device Selecting the device 3-249

Load Loading files from mass memory into 3-251
internal memory

Save Saving files form internal memory to mass | 3 -253
memory

GPIB Transferring waveform data directly 3-255

Auto Load Auto loading 3-258
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LOAD Menu Display

Figure 3 -171 shows the general display forli@&AD menu. A description for

each callout follows.

GPIB |Autostep mode

Catalog : Memory Free : 1556KB

Name Type Size Date & Time Comment
DMP_SIN WFM 8048 94-62-01 060:11
DOPSKl  WFM 66484 94-62-061 00:14 PIl/4DOPSK In phase sign
DOPSKO  WFM 66484 94-062-061 00:15 Pl /4DOPSK Quadrature ph I
D_EXP EQU 764 94-62-01 00:05 DOUBLE EXPONENTIAL PULS
@7> D_EXP WFM 20048 94-062-01 00:05
FHl EQU 764 94-62-061 00:186 FREQUENCY MODULATION
FH WFM 4948 94-62-061 00:18
GAUSS_P  EQU 686 94-02-01 00:061 GAUSSIAN PULSE
GAUSS_P  WFM 1460  94-02-01 06:01
Catalog : NV¥Ram Free : 12KB
Name  Type Size Date & Time Comment ]
SAMPLE-1 WFM 2048 94-82-01 15:36 I
SAMPLE-2 WFM 2048 94-062-01 15:41
SAMPLE-3 WFM 2048 94-02-01 15:42
@ iy SAMPLE-4 EQU 452
SAMPLE-4 WFM 2048 94-02-01 15:46
SAMPLE-5 SEQ 960 94-62-01 15:51
SAMPLE-6 AST 802 94-82-01 15:57

|Stopped

Load

Load

Load All

Device
CiNYRam

GPIB

|Autostep mode

[Stopped

Catalog : Memory Free : 1556KB

Name  Type Size Date & Time Comment

DMP_SIN WFM 8048 94-02-01 60:11

DOPSKI WFNM 66484 94-02-01 00:14 P1/4DOPSK In phase sign

DOPSKO)  WFM 66484 94-02-01 00:15 PI/4DOPSK Quadrature ph I

D_EXP EQU 764 94-02-01 060:05 DOUBLE EXPONENTIAL PULS

D_EXP WFM 20048 94-02-01 00:05

Fi EQU 764 94-02-01 60:10 FREQUENCY MODULATION

FM WFM 4048 94-02-01 00:10

GAUSS_P EQU 686 94-02-01 00:01 GAUSSIAN PULSE

GAUSS_P  WFM 1460 94-92-01 096:81

Catalog : GPIB Source

Name Loaded as " ]

Tek TDS CH2 TDSCH2  WRM

Tek TDS CH3 TDSCH3  WFM
@7, Tek TDS CH4 TDSCH4  WFM

Tek TDS REF1 TDSREF1  WFM

Tek TDS REF2 TDSREF2  WFN

Tek TDS REF3 TDSREF3  WFM

Tek TDS REF4 TDSREF4  WFM

Tek 2400 CH1 2400CHT  WFM

The source GPIB addressis 1.

Auto Load
Off

Load

Load

Load
without
Preamble

Select
Source
Address

Device
GPIB

Figure 3 -171: LOAD Menu CRT Screen Display
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Auto Load

off
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(1) Internal memory file list | This is a list of the files currently loaded into internal memory.
The list shows the file names, the file types, file sizes (in
bytes), the date and time the file was created, and a comment.
The space remaining in internal memory, into which files can
be loaded, is displayed in the upper right-hand corner of the
list.

For the LOAD menu, when a file is loaded into internal
memory from mass memory or from another instrument
through the GPIB interface, that file is added to this list.

For the SAVE menu, you can select files to save from this list
to mass memory.

(2) Mass memory file list This list is displayed when mass memory has been selected for
Device. It contains all files that have been saved to mass
memory. The file data is the same as in (1), above.

For the LOAD menu, you can select files to load from this list
to the AWG2021 internal memory.

For the SAVE menu, when a file is saved from internal memory
of the instrument to mass memory, the saved file is added to
this list.

(3) GPIB file list This list is displayed when GPIB has been selected for Device.
It shows all other instruments connected to this instrument
through the GPIB interface. Waveform data can be sent to the
internal memory of this instrument from the instruments shown
in this list. When waveform files are loaded in this manner, a
name appears in the “Loaded as” column.
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Selecting the Device

SelectDeviceto select the source from which files are loaded into the AWG2021
internal memory and the destination to which files are saved from internal
memory. You may seleflisk, NVRam or GPIB.

1. SelectDevicefrom the bottom menu.
2. SelectDisk, NVRam or GPIB from the side menu.
The following items are listed in the side menu:

Disk A floppy disk. Files are saved to or loaded from a floppy
disk inserted into the floppy disk drive on the right side of
the instrument.

NVRam The instrument’s internal non-volatile RAM.

GPIB The GPIB interface. Used to transfer waveform data directly
from another instrument to this instrument through a GPIB
cable.

To transfer waveform data through @®@I1B interface, the remote port must be
set toGPIB and the GPIB operating mode must be s8Vaweform Transfer.

If this is not done, the following message will appear when you seleGRH2
item:

The GPIB configuration is not “Waveform Transfer”
and the Remote Port is not “GPIB”.

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

SelectingO.K. in the sub-menu at this point will cause these items to be set to
the above items automatically.

Table 3-19 shows a list of instruments for which direct transfer of waveform data
to this instrument is supported.
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Table 3-19: Supported Instruments

Manufacturer Model

Tektronix TDS Series Digital Storage Oscilloscope
TDS300 Series, TDS400 Series, TDS500 [A] Series, TDS600 [A]
Series

2400 Series Digital Storage Oscilloscope
2430 [A], 2432, 2440
2200 Series Digital Storage Oscilloscope
2212, 2221A, 2224, 2232
11K Series Digital Storage Oscilloscope
11201 [A], 11401, 11402 [A], 11403 [A]
DSA Series Digitizing Analyzer
DSA601 [A], DSA602 [A]
RTD720 Waveform Digitizer
9500 Series First Data Cache
9503, 9504 (Use together with RTD710 [A])
Sony Tektronix RTD710 Series Waveform Digitizer
RTD710[A]
AWG2000 Series Arbitrary Waveform Generator
AWG2005, AWG2020, AWG2021, AWG2040
AFG2020 Function Waveform Generator

Hewlett Packard 54600 Series Digital Storage Oscilloscope
HP54501A, HP54502A, HP54503A, HP54504A, HP54510A
54500 Series Digital Storage Oscilloscope
HP54600A, HP54601A, HP54602A
LeCroy 94x0 Series Digital Storage Oscilloscope
9410, 9414, 9420, 9424, 9430, 9450
Yokogawa Electric DL1000 Series Digital Storage Oscilloscope
DL1100, DL1200 [E]
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Loading Files from Mass Memory into Internal Memory

AWG2021 User Manual

If Disk or NVRam has been selected Device theLOAD menu appears when
theLoad item in the bottom menu is selected. See Figure 3 -172. The internal
memory file list is displayed on the upper screen and the list of files saved onto
mass memory is displayed on the lower screen.

GPIB |Autostep mode [Stopped

Catalog : Memory Free : 1556KB Load
Mame  Type Size Date & Time Comment

GAUSS_P WFH 1460 04-02-01 00:01
LIN_SWP EQU 764 04-02-01 00:07 LINEAR FREQUENCY SWEEP Load
LIN.SWP WFM 32048 94-02-01 0007

LOG_SWP EQU 842 04-02-01 00:08 LOG FREQUENCY SWEEP

LOG_SWP WFM 44948 04-02-01 00:08 I

LORENTZ EQU 636 904-02-01 00:02 LORENTZ PULSE

LORENTZ WFM 1460 04-02-01 00: 02 Load All
MDSK_RD WFM 2484 94-02-01 00:16 M_DISK_READ SIGNAL

MDSK_WR WM 1972 94-62-81 06:17 M_DISK_WRITE PULSE

Catalog : Disk \ Free : 1410KB

Name Type  Size Date & Time Comment o

SAMPLE-1 WFM 2102 94-82-01 15:36 [l

SAMPLE-2 WFM 2102 94-82-961 15:41

SAMPLE-3 WFM 2102 94-82-01 15:42

SAMPLE-4 EQU 432 94-02-01 15:47

SAMPLE-4 WFEM 2102 94-82-081 15:46

SAMPLE-S SE0) 1386 94-02-081 15:51

SAMPLE-6 AST 782 94-02-01 15:57 Change

Directory

Device Load Save Auto Load
[ Disk Off

Figure 3 -172: LOAD Menu

To load files into internal memory from mass memory, perform these steps:
1. SelectDevicefrom the bottom menu.
2. SelectDisk or NVRam from the side menu.

When theDeviceis Disk, theChange Directoryitem is displayed on the

side menu. When this item is selected, the current directory can be changed.
This item is the same as t@kange Directoryitem on theJTILITY menu.

See the explanation in “Using the Disk Menu” in Section 4E, “UTILITY
Menu.”

There is no directory hierarchy for th&vRam.

3. SelectLoad from the bottom menu.
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4. Use the general purpose knob to select files to load into internal memory
from the mass memory file list.

5. SelectLoad from the side menu. The selected file is loaded into internal
memory.

WhenLoad All is selected from the side menu, all the files in the specified
mass memory (for a disk, the current directory) are loaded into internal
memory.

NOTE. WhenlLoad or Load All is executed, and there is already a file in internal
memory with the same name as a file to be loaded, the system displays a
message asking you whether or not to overwrite the file now in internal memory
with the one being loaded. Answ@iK. or Cancel
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Saving Files from Internal Memory to Mass Memory

If Disk or NVram has been selected fDevice theSAVE menu appears when
the Saveitem is selected from the bottom menu. See Figure 3 -173. As for the
LOAD menu, the internal memory file list is displayed on the upper screen.
From this list you select the file to be saved to mass memory.

AWG2021 User Manual

GPIB |Autostep mode [Stopped
Catalog : Memory Free : 1556KB Save
Mame  Type Size Date & Time Comment =
D_EXP WFM 20048 04-82-01 00:05
FM EQU 764 94-02-01 00:10 FREQUENCY MODULATION Save
FH WFM 4048 94-02-01 00:18
GAUSS_P  EOU 686 94-02-01 00:01 GAUSSIAN PULSE I
LIN_SWP EQU 764 94-02-01 BBB? LINEAR FREQUENCY SWEEP i
LIN.SWP WFM 32048 94-02-01 00:07 Save A
LOG_SWP EQU 842 94-02-01 00:08 LOG FREQUENCY SWEEP
LOG_SWP  WFM 44948 94-62-01 00:08
Catalog : N¥Ram Free : 12KB
Mame  Type  Size Date & Time Comment
SAMPLE-1 WFM 2043 94-02-01 15:36 Il
SAMPLE-2 WFM 2048 94-02-01 15:41
SAMPLE-3 WFM 2048 94-02-81 15:42
SANMPLE-4 EQU 452 94-02-01 15:47
SAMPLE-4 WFM 2048 94-02-01 15:46
SANMPLE-5 SEQ 960 94-62-01 15:51
SAMPLE-6 AST 802 94-02-01 15:57
Device Load Save Auto Load
CINYRam off

Figure 3 -173: SAVE Menu

To save files into mass memory from internal memory, perform these steps:

1.
2.

SelectDevicefrom the bottom menu.
SelectDisk or NVRam from the side menu.

When theDeviceis Disk, Change Directoryis displayed on the side menu
and the current directory can be changed.

SelectSavefrom the bottom menu.

Use the general purpose knob to select the file to be saved to mass memory
from the internal memory file list.

SelectSavefrom the side menu. The selected file is saved to the specified
mass memory (for a disk, the current directory).
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WhenSave Allis selected from the side menu, all the files in the internal
memory are saved to the specified mass memory.

NOTE. WhenSaveor Save Allis executed, and there is already a file in the mass
memory with the same name as a file to be saved, the system asks you if you

want to replace the file now in mass memory with the one to be saved. Answer
eitherO.K. or Cancel

Saving Datain Text  TheSave as ASCllitem appears in the side menu when an equationE@U)
Format has been selected from the list of files in internal memonyDasidhas been
selected foDevice Use this item to save the (binary format) data in the equation
file in MS-DOS text format. Files saved in this manner are denoted by the
extensionEQA after the file name. See page 3 -259 for further information on
.EQA files.

The following items are written to the data of files saved in text format:

File Data Description
# COMMENT: <comment> The comment written to the selected equation file
(.EQU), if any
# WAVEFORM POINTS = The setting for number of waveform points (Waveform
<point count> Points)
Calculation formula

When comments and waveform point sizes are writteBQA files as noted
above, these are reflected in the equation filEQU) created when th&QA
files are loaded into this instrument.
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Transferring Waveform Data Directly

WhenGPIB has been selected fDevice waveform data can be transferred
directly to the instrument from supported digital storage oscilloscopes, etc.
through the GPIB interface. See Table 3-19 for a list of supported instruments.

Loading Waveform Data

AWG2021 User Manual

To load a waveform file directly from one of the instruments for which direct
transfer of waveform data is supported:

1. Using a GPIB cable, connect this instrument to the instrument from which
waveform data is to be transferred, as shown in Figure 3 -174.
s GPIB Cable
IEEE STD 488
Connector / / GPIB
Connector
AWG2021 Digital Storage
Oscilloscope
I ﬁ& EO
: @ o [e] o
3 4 8 [olim
e S 090006

Figure 3 -174: Connecting Instruments

Create the waveform to be transferred on the source instrument.
SelectDevicefrom the bottom menu.
SelectGPIB from the side menu.

A message will be displayed whemote Port[UTILITY (MENU) —

Misc (bottom menu)}~+ Config... (side menu)}+ Remote Port(sub-menu)]

is set toRS232Cor whenGPIB is set to anything other thadaveform

Transfer. Pressing).K. in response to this message will cause these settings
to be automatically changed ®&P1B andWaveform Transfer, respectively,

and the instrument will be ready for direct waveform transfer through the
GPIB interface.

SelectLoad from the bottom menu.

Using the general purpose knob, select the channel and the name of the
instrument from which the data will be loaded from tNeuhe’ column in

the GPIB Sourcelist at the bottom of the screen. When waveform data is
loaded into the internal memory of the AWG2021, a waveform file will be
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Selecting Instruments

3 -256

Made by Other
Manufacturers

created with the name shown in theéaded as column. Figure 3 -175

shows the GPIB Source list.

Catalog : GPIB Source

Name Loaded as " ]
Tek TDS CH1 TDSCHT  WFM
Tek TDS CH2 TDSCH2  WRM
Tek TDS CH3 TDSCH3  WRM

WEM

Tek TDS REF1
Tek TDS REF2
Tek TDS REF3
Tek TDS REF4
Tek 2460 CH1

TDSREF1  WFM
TDSREF2  WFM
TDSREF3 WM
TDSREF4  WFM
2400CH1  WFN

Figure 3 -175: GPIB Source List

7. ChooseSelect Source Addresfrom the side menu and, using the general
purpose knob, select the GPIB address for the instrument from which data is

to be loaded.

8. SelectLoad from the side menu.

Data transfer will begin and the transferred file will be added to the list of
files stored in internal memory at the top of the screen, under the name

shown in the ELoaded as column.

Data transfers can include not only waveform data but output settings such
as clock frequency and amplitude as well. When the clock frequency and
amplitude exceed the allowable setting range iIrSlBEUP menu, these

values will be replaced with the nearest allowable value (in other words, the

maximum or minimum value).

WhenLoad Without Preamble from the side menu is selected, waveform
data is loaded by itself, i.e. without output settings. In such cases, the output

parameters are set to their default values.

The following procedure is used to select digital storage oscilloscopes made by
other manufacturers. The procedure up to Step 5 is the same as that for “Loading

waveform data”, above.

1. Using the general purpose knob, sef@ttiers... from theGPIB Sourcelist.

2. Press thdé.oad button in the side menu. A list of models will appear.
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Catalog : GPIB Source
Name Loaded as " ]

54660 CH1 54600CH1 WEM
54660 CH2 54600CH2 WFM
54660 CH3 54600CH3 WEM
54660 CH4 54600CH4 WFM

545600 CH1 54500CH1 WEM
54500 CH2 54500CH2 WFM
54500 MEM1 54500M1  WEM
54500 MEM2 54500M2  WEM

vLicI a

Figure 3 -176: List of Supported Models Made by Other Manufacturers

NOTE. Contact a Tektronix sales office in the event that waveform transfer is not
possible from an instrument made by another manufacturer, due to an upgrade
or other change.

3. Using the general purpose knob, select the instrument in the list from which
data will be loaded.

4. ChooseSelect Source Addresfrom the side menu and then use the general
purpose knob to select the GPIB address for the instrument from which files
will be loaded.

5. SelectLoad from the side menu. Data transfer will be performed and the
waveform file will be added to the list of files stored in internal memory at
the top of the screen, under the name shown inlitbaded as column.
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Auto Loading

Use the side menu of tiAauto Load to automatically load files from the mass
memory into the internal memory when the instrument is switched on.

1. SelectAuto Load from the bottom menu.
2. Select an item from the side menu.

From Disk When the instrument is switched on, files are loaded
automatically from the floppy disk to the internal
memory. In this case, all the files in tAR&/G2021
directory are loaded. If there is AWVG2021
directory, no auto load is carried out. This directory
can be created with Disk on tbEILITY menu.

For details, see the explanation in “Using the Disk
Menu” in Section 4EUTILITY Menu.”

From NVRam When the instrument is switched on, all the files in
the non-volatile memory are loaded automatically
into the internal memory.

Off Switches off auto loading.

Whenfrom Disk orfrom NVRam is selected from the side menu, go to the
next procedure.

3. Switch the AWG2021 power off, then on again. Double check that files are
automatically loaded from mass memory to internal memory the way you
selected from the side menu.
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Supported Floppy Disk Files

Table 3-20 shows a list of file name extensions denoting the type of disk files

that can be loaded to the internal memory of the AWG2021.

Table 3-20: Supported Floppy Disk Files

Extension

Description

Result of Load Operation

ISF

Waveform data files saved in ISF
format (Instrument Specific Format)
using the waveform save function in
the S34TDS1 Data Manager soft-
ware.

WVN

Waveform data files saved using the
waveform save function in the
S37UTO01 Utility software.

WFB

Waveform data files saved in binary
format on a DSA600A series instru-
ment.

WFM

Waveform data files created in a
TDS series instrument

WAV

Waveform data files created in the
LeCroy EASYWAVE software.

WDT

Waveform element files created in a
Yokogawa Electric AG series arbi-
trary waveform generator.

JSF, .WVN, .WFB ,.WFM ,.WAV and
.WDT files are automatically con-
verted into .WFM files in the
AWG2021 instrument’s internal
format and then stored in internal
memory. When this is done, except
for the .WFM file, the name of the
file is retained as is, only the exten-
sion changed to .WFM. In the .WFM
file, file name and extension are as it
is.

.EQA

Equation files in MS-DOS text format
created in a PC editor, etc.

.EQA files are automatically con-
verted into .EQU files in the
AWG2021 instrument’s internal
format and then stored in internal
memory. When this is done, the
name of the file is retained as is,
only the extension changed to .EQU.
When the following items are written
to the .EQA file, these items are
reflected in the .EQU file.

# COMMENT: <comment>

# WAVEFORM POINTS =
<point count>

All of these files are displayed in the Catalog menu screemighkrin the
UTILITY menu andevice Diskin theLOAD/SAVE menu, the same as files
with other extensions. The extension for each file is shown iyt column.

AWG2021 User Manual
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NOTE. As with other files on the instrument, Rename Delete Delete All
Lock and other operations can be performed for these files, and they are also
subject to thé.oad All andAuto Loadoperations in th& OAD menu.

If unexpected file formats or file contents are encountered when lod8kg
WVN, .WFB, .WFM, WAV, WDT or.EQA files, an error usually results and
“Invalid file format ” or a similar message is displayed.

AWG2021 User Manual



UTILITY Menu

General Description

Press theM ENU columnUTILITY button to display th& TILITY menu. The
bottom menu contains thgisk, NVRam, GPIB, RS232C Date Time, Misc,
andDiag/Cal items. Use these items to do the following:

Disk

NVRam

GPIB

RS232C

Date Time

Misc

Diag/Cal

AWG2021 User Manual

Floppy disk format
Operating files saved onto disks
Disk directory creation and current directory change

Operating files saved onto internal non-volatile memory
(NVRam)

Setting GPIB Configuration. See Programmer manual for
details.

Setting RS-232-C parameters. See Programmer manual for
details.

Setting the Date and Time

Setting the Display Brightness

Setting the Order of Files

Date/Time Display

Factory Setting

Deleting Data From Memory

Remote Port Settings

Settings for Hard Copy Output

System and GPIB/RS-232-C Status

I/0 Event Reporting. See Programmer Manual for details.

Diagnostics and Calibration
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UTILITY Menu Structure

MENU Button

UTILITY

Figure 3 -177 shows the configuration of tHEILITY menu.

Bottom Menu Side Menu Sub-Menu

Rename

Delete

Delete All

Lock

Change Directory
Make Directory
Format...

— Disk

Rename
Delete
Delete All
Lock

— NVRam

Lol

Talk/Listen Address

Waveform Transfer
Talk Only
Off Bus

— GPIB

|

Baudrate
Data Bits
Parity

Stop Bits

Flagging

— RS232C

3 -262

Year
Month
Day
Hour
Minute

— Date Time

.

— Brightness
— Display... Catalog Order
— Date Time

— Reset to Factory
— Config... Secure Erase Memory
— Remote Port

— Misc
— Format

— Hardcopy... L port

| — System
Status... L 110

— Diagnostics

_— Diag/Cal  ———— Calibrations
— Interactive Test

Figure 3 -177: UTILITY Menu Structure
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Menu Functions

The following table describes the function of each of the menu items and gives
the number of the page on which you can find a more detailed explanation of that

AWG2021 User Manual

item.

Table 3-21: Menu Functions

Menu Function Page
Disk Using the disk menu 3-264
Rename Renaming a file 3-8,3-272
Delete Deleting a file 3-10,3-272
Delete All Deleting all files 3-10,3-272
Lock Locking and unlocking a file 3-11,3-272
Change Directory Changing directories 3 -268
Make Directory Creating directories 3-268
Format... Floppy disk format 3-265
NVRam Internal non-volatile memory 3-273
GPIB GPIB 3-274
Talk/Listen Address Setting the GPIB configuration 3-275
Waveform Transfer
Talk Only
Off Bus
RS232C RS-232-C 3-276
Baudrate Setting the baud rate 3-277
Data Bits Setting the number of data bits
Parity Setting the parity
Stop Bits Setting the number of stop bits
Flagging Setting flags
Date Time Setting the date and time 3-278
Misc Other settings and displays 3-279
Display... Setting the display 3-279
Brightness Setting the display brightness 3-280
Catalog Order Setting the order of files 3-280
Date Time Date/Time display 3-283
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Table 3-21: Menu Functions (Cont.)

Menu Function Page
Config... Configuration 3 -284
Reset to Factory Factory settings 3-284
Secure Erase Memory Deleting data from memory 3-285
Remote Port Remote port settings 3-285
Hardcopy... Settings for hard copy output 3 -286
Format Selecting the format 3 -286
Port Selecting the port 3 -287
Status... Status display 3-288
System System and GPIB/RS-232-C status 3-288
I/0 /0 event reporting 3-289
Diag/Cal Diagnostics and calibrations 3-290
Diagnostics Diagnostics 3-290
Calibrations Calibrations 3-292
Interactive Test Pattern display (For instrument 3-293

adjustment)

Disk and Nonvolatile Memory

Using the Disk Menu

3 -264

Save the files this instrument creates onto internal non-volatile memory and/or
3.5-inch floppy disks.

This item can format disks, make directories on disks, change the current
directory, edit files saved to disk, etc.

Insert the 3.5-inch floppy disk into this instrument’s floppy disk drive, then
selectDisk from the bottom menu. The files saved in the root directory and
AWG2021 directory are read out and displayed on the CRT screen. Dieis
selected in the bottom menu, the following items will appear in the side menu:

Rename

Delete

Delete All

Lock

Change Directory
Make Directory
Format...
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VAN

The side menu is made up of 2 pages. Sélece to display the second page of
the side menu.

Floppy Disk Format. This instrument can format 2DD (double density) and 2HD
(high density) disks in three different MS-DOS formats: IBM-PC format, NEC
PC9800 series format, and Toshiba J3100 series format. Formatted disks are
automatically labeledAWG2021".

New floppy disks must be formatted before they can be used. Figure 3 -178
shows the sub-menu displayed after formatting the disk.

GPIB Triggered mode Stopped
Type : IBM—PC 2HD Disk
Catalog : Disk Free : 1423KB

Name Type  Size Date & Time Comment bt Type
IBM—PC 2HD

Go Back

Execute

] o | = | 9
Disk NWRam GPIB RS5232C |Date Time Misc Diag/Cal

Figure 3 -178: Format... Sub-Menu Display

Formatting disks. To format floppy disks, perform these steps:
1. SelectDisk from the bottom menu.

2. Insert the 3.5-inch floppy disk to be formatted into the disk drive on the right
side panel of this instrument.

CAUTION. Formatting a disk destroys any data on that disk! Before formatting a
disk, make sure it contains no data you might ever need.

AWG2021 User Manual
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3. SelectFormat... from the second page of the side méeviorg 2 of 2).

4. The currently selected format will appear in Tiype item in the sub-menu.
Select the correct format with the general purpose knob. The following
formats can be selected foype:

IBM-PC 2HD
PC9800 2HD
J3100 2HD

IBM-PC 2DD
PC9800 2DD

When floppy disks written by this instrument are used in a personal computer,
select the correct format type as indicated by Table 3-22.

Table 3-22: MS-DOS Formats for 3.5-inch Disks

Format Type IBM-PC PC9800 J3100
1.44 Mbytes/18 sectors (2HD) 1 3 2
1.2 Mbytes/8 sectors (2HD) 3 1 2
1.2 Mbytes/15 sectors (2HD) 3 2 1
720 Kbytes/9 sectors (2DD) 1 2 1
640 Kbytes/8 sectors (2 DD) 2 1 2

1 : Format normally used on personal computer (format selected with AWG2021).
2 : Not regular format, but can be read and written.

3 : Can not be read or written.

NOTE. The IBMPC and J3100 2DD formats are the same. Thus, use the
IBM-PC 2DDformat for J3100 2DD disks.

5. After selecting the format, seleEkecutefrom the sub-menu. This starts the
disk formatting. During formatting, a message to that efféayrhatting
disk...” is displayed on the screen.

NOTE. A disk with its write prevent tab in the wrjpeotected position cannot be
formatted. Slide the tab to the wriégmable position, then try again. See the
discussion below of write prevention.

When formatting is complete, the message on the screen will disappear and
an empty file list will appear with the format type and available disk space
shown in the upper right-hand corner.
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6. SelectGo Backfrom the sub-menu. The system returns fromRenat...
current sub-menu to the previous side menu.

7. Pressing the eject button on the right side of the disk drive ejects the floppy
disk.

Handling Floppy Disks. 3.5” floppy disks are easy to store and use. However, to
prevent them from being damaged and to ensure the integrity of the data stored
on them, you should be careful of the following:

® Do not place disks near a strong magnetic field or near a ferromagnetic
substance that may cause them to be magnetized, as this will corrupt the data
stored on the disk and result in errors.

® Do not expose disks to direct sunlight or high temperatures for long periods
of time. Also, avoid storing them in places subject to extreme cold or high
humidity. When bringing disks into a room from outside, do not use them
immediately; let them become acclimated to the environment before use.

® Do not touch the recording medium on the surface of the disk. Fingerprints
on the surface of the disk may cause the heads to skip, resulting in errors.

®  When storing disks for long periods of time, be sure to place them in their
protective cases.

B Be sure to place labels in the proper location on the disks.

® Do not press the eject button on the disk drive to eject the floppy disk while
the indicator light is lit. This may cause the data stored on the disk to
become corrupted, resulting in errors.

Protecting Disks From Accidental Erasure. There is a write protect tab on the
underside of the floppy disk. To lock the disk, press this tab down toward the
edge of the disk to expose the little hole underneath, as shown in Figure 3 -179.
Locking the disk will prevent it from being written to or erased. To unlock the

disk and enable it to be written to or erased, move the tab back toward the center
of the disk so it covers the hole.
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Write enable

|l il

Figure 3 -179: Write Protect Tab on a Floppy Disk

Write protect

Creating and Changing Directories. When there are many files, it becomes
difficult to manage them. Placing all files of the same type into separate
directories makes it easier to manage the files.

In addition to files, directories can also contain sub-directories. With directories,
hierarchical structures can be constructed with successive directories. Directories
are distinguished by their names. The original directory that contains all the files
and directories is called the root directory and the directories within it are called
sub-directories.

This instrument can make directories to manage files the same as with MS-DOS.
Directories are created with tidake Directory side menu item. The suffix
“.DIR” is attached to created directories.

To operate on a certain file within a given sub-directory, it is necessary to move
to that sub-directory. Thus, use fibange Directory side menu item to move

to the desired sub-directory. The next directory is now the object of any future
operations and is called the current directory. I®AD/SAVE menu can be

used to change directories too.

The setting of th€ OAD/SAVE menu andduto Load determine the directory at
power on. When thAuto Load item is set tdisk, theAWG2021 sub-directory
is selected automatically . (In this case, 8M¢G2021 sub-directory must exist.)
If Auto Load is Off, the current directory is the root directory.
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NOTE. A file hierarchy with multiple layers can be created on the disk using up
to 54 characters including the \ character. The shorter the directory name, the
deeper the levels that you can create. When the directory display becomes too
large for the display area window, the initial section is omitted.

Example: Creating a Directory. For example, to create a sub-directory called
AWG2021, such as root directory: AWG2021 (DIR) — perform the following
steps.

Root directory ——  AWG2021 (DIR)

If the AWG2021 sub-directory has been created ahead of time, the files under the
AWG2021 directory are automatically loaded into internal memory by the
LOAD/SAVE menuAuto Load setting, when power is switched on.

The following procedure assumes that the current directory is the root directory.
If the current directory is not the root directory, @®ange Directoryto change

the current directory to the root directory. (See the Step 5 and the following
steps.)

1. SelectDisk from the bottom menu.

A list of the files and directories in the root directory of the inserted floppy
disk is displayed on the screen. See Figure 3 -C8&talog:Disk \ on the
CRT screen shows that the current directory is the root directory.
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GPIB | Triggered mode [Stopped
Type : IBM—PC 2HD Disk
Catalog : Disk Free : 1255KB
Name Type  Size Date & Time Comment -
A WEM 40102 94-02-01 00:09 | Rename
ATS DIR ---  94-02-01 16:21
DMP_SIN  WFM 3102 94-062-01 60:11
D_EXP WFM 20102 94-02-01 00:05
EQUATION DIR -—-  94-02-01 16:22 Delete
FM WFM 4192 94-62-01 60:10
FUNCTION DIR --— 04-62-01 16:23
GAUSS_P  WFM 614 04-02-01 60:01
LIN_SWP WFM 32102 94-02-01 00:07
LOG_SWP  WFM 44102 94-02-01 00:08 Delete All
LORENTZ  WFM 614 94-02-01 00:02
MDSK_RD  WFM 1638 94-02-01 00:16 M_DISK_READ SIGNAL
MDSK_WR  WFM 1126 94-02-01 00:17 M_DISK_WRITE PULSE Lock
NYOQUIST  WFM 2102 94-62-01 00:06
SINC WFM 8162 94-62-01 60:03 On
SQU_SIN  WFM 2162 94-62-01 60:04
More
i 10f2
Bl o | & [ 9
Disk NYRam GPIB RS5232C |Date Time Misc Diag/Cal

Figure 3 -180: File and Directory Display in the Root Directory

2. SelectMore 1 of 2 thenMake Directory from the side menu. The menu for
naming the directory is displayed.

3. Use the general purpose knob to input a directory narA@/@2021. See
Figure 3 -181. The method for inputting the directory name is the same as
the method for inputting a file name in the waveform editor. See “Naming a
File” in the discussion of the waveform editor.
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ABCDEF[EHIJ| @
KLMNOPORST
UYWXYZ #8%
&() @A~
0123456789

Create |AWG2621 | .DIR
YALLE

— :Insert character
— A —
— /o Move cursor

Figure 3 -181: Directory Name Input

4. After you have input the directory name, sel@d. from the sub-menu.
The AWG2021 directory is created in the floppy disk.

Example: Changing a Directory.

5. SelectChange Directory from the side menu.

6. Use the general purpose knob to selecive2021 sub-directory you just
created from the directory list. See Figure 3 -182.

Select Directory.

o [1H [
AWG2021

EQUATION

FUHCTION

Figure 3 -182: Directory Displayed When Change Directory is Selected
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7. SelectO.K. from the sub-menu. The current directory changes to the

AWG2021 directory you just made and the directory display becomes
Catalog:Disk\AWG2021\ At this time, theAWG2021 directory is empty.
See Figure 3 -183.

GPIB Triggered mode Stopped
Type : IBM—PC 2HD Disk
Catalog : Disk \AWG2021\ Free : 1346KB
Name Type Size Date & Time Comment L Change
I T | Directory
Make
Directory
Format...
More
20f2
b ] S el ¢
Disk Ni¥Ram GPIB R§232C |Date Time Misc Diag/Cal

Figure 3 -183: File List for a Newly Created Directory

This completes the move of the current directory toAN& 2021 sub-direc-
tory. Files and new directories can be created in this directory. Next, here is
how to return the current directory to the root directory.

Again, selecChange Directory from the side menu. Only.* is displayed
in the directory list. Sele@®.K. from the sub-menu.

Selecting *.” from the directory list moves the current directory to the
directory above it. In this case, it is the root directory, so the system is back
where it started.

Operating Files Saved to Disk. The side menu ha®ename Delete andDelete

All for to use on files. These items are the same as BDHE menu. See Page

3 -8 to 3 -10. These functions can rename and delete files. Directories can also be
deleted by selecting tHgeleteitem. However, this is only possible when there

are no files and directories at levels below the directory to be deleted.
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Locking and Unlocking a File. This menu item locks a file. When a file is locked,
the file can neither be changed nor erased. It locks and unlocks a file the same as
theLock item in theEDIT menu. See Page 3 -11.

Internal Non-volatile
Memory

Files saved to the internal non-volatile memory can be manipulated with this
bottom menu. WheNVRam is selected from the bottom menu, Bename

Delete Delete All, andLock side menu items are displayed. These functions can
rename, delete, and lock files, the same as those EDNE menu. See Page

3-8to 3-11.

Figure 3 -184 shows the menu displayed wik®iRam is selected from the

bottom menu.

GPIB Triggered mode |Stopped
NvRam
Catalog : NvRam Free : 12KB
Name Type  Size Date & Time Comment "
SAMPLE-1 WEM 2048 94-082-81 15:36 M| Rename
SAMPLE-2 WFM 2048 94-92-081 15:41
SAMPLE-3 WFM 2048 94-62-01 15:42
SAMPLE-4 EQU 452 04-02-01 15:47
SAMPLE-4 WFM 2048 94-02-01 15:46 Delete
SAMPLE-S SEQ 960 94-02-01 15:51
SAMPLE-6 AST 302 94-02-01 15:57
Delete All
Lock
an
=] I @ el @
Disk NYRam GPIB R5232C |Date Time Misc Diag/Cal
Figure 3 -184: Menu Displayed When NVRam is Selected
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Remote Interface
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GPIB

The instrument’s rear panel has two remote control interface HolEE: STD

488 (GPIB)andRS-232-C (Note: There is no RS-232-C port when Option 04
has been installed.) A computer can be used to control the instrument remotely
through these interfaces.

The port is selected using the Remote Port itdilLITY menu— Misc
(bottom menu)}—+ Config... (side menu}+ Remote Port

These are simple descriptions of the GPIB connection and GPIB configuration
setting. For further details, see the Programmer Manual.

GPIB Connection. The cable from the GPIB controller (computer) is connected to
thelEEE STD 488 connector on this instrument’s rear panel.

Setting GPIB Configuration. Devices on the GPIB bus must be configured
compatibly to communicate.

SelectGPIB from the bottom menu to set the GPIB configuration. See
Figure 3 -185. Use the side menu items to set the GPIB configuration and the
address of this instrument.
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GPIB Triggered mode Stopped

IEEE Std. 488.2-1987 CF:91.1CT GPIB
The Function Subseis: SH1, AH1, TS, L4, SR1, RL1, PP®, DC1, DT1, €8, E2

U Xl Talk/Listen
Address

1

wWaveform
Transfer

GPIR Talk/Listen B
= = | Takonly
AWG2021 O
o Off Bus
RS5232C
To change the Remote Port, use the Misc/Config menu.
C] O | ® | 9

Disk NYRam RS5232C |Date Time Misc

‘ [

Diag/Cal

Figure 3 -185: Menu Displayed When GPIB is Selected

The instrument can be set to one of four operating modes: talk/listen, waveform
transfer, talk only, or off-bus. However, you should be aware that talk only and
waveform transfer modes are not compliant with IEEE 488.2-1987.

Talk/Listen Select talk/listen mode from the side menu to
communicate with the controller via the GPIB.
When theTalk/Listen Address item is selected, the
operating mode for this instrument and other devices
is set to talk/listen or the general purpose knob and
the numeric keys set the GPIB address for this
instrument. The GPIB address setting range-39.
Other devices on the bus cannot use the address
number allocated to this instrument.

Waveform Transfer  SelectWaveform Transfer mode from the side
menu to download waveform data. In this mode,
waveform data does not go through the controller; it
is downloaded directly to the internal memory of the
instrument from a digital storage oscilloscope or
other instrument. See Table 3-19 in Section 4D
LOAD/SAVE menu for a list of supported instru-
ments.
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RS-232-C

Actual waveform transfer is performed using the
LOAD/SAVE menu. See Page 3 -255.

Talk Only SelectTalk Only from the side menu to output a
hard copy of the waveform data. When the Port
setting isGPIB [UTILITY menu— Misc (bottom
menu)— Hardcopy... (side menu)}~ Port
(sub-menu)], pressing tiARDCOPY button on
the front panel causes a hard copy of the waveform
to be output.

Off Bus SelectOff Bus from the side menu to disconnect the
AWG2021 from the GPIB bus.

Use the RS-232-C interface on the rear panel to allow remote control by a host
computer. These are simple descriptions of the RS-232-C connection and
RS-232-C parameter setting. For further details, see the AWG2000 series
Programmer Manual.

RS-232-C Connection. To select the RS-232-C port, sel&3$232Cfor Remote
Port [UTILITY menu— Misc (bottom menu)~+ Config... (side menu)}—+
Remote Port(sub-menu)].

A cable is connected between the computer and this instrument's RS-232-C
connector. The AWG2021 must be configured as the data communications
equipment (DCE) and the host computer must be configured as the data terminal
equipment (DTE).

Setting the RS-232-C Parameters. The RS-232-C parameters for both devices
must match to allow communication between this instrument and the host
computer.

Before communicating with the connected computer, the RS-232-C parameters
are set with the menu in Figure 3 -186. Press the side button for the desired
parameter and set it with the general purpose knob.
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R§232C Triggered mode |Stopped
Raudrate Data Bits Parity Stop Bits Flagqging R5232C
300 7 Hone 1 Hone ]
600 Even S0 Baudrate
1200 0dd Hard
2460 =800
4300
Data Bits
3
Parity
GPIR Talk/Listen
N
- =] one
[=—]
AWG2021 O Stop Bits
— 1
RS§232C —
Flagging
; : None
To change the Remote Port, use the Misc/Config menu.
] ) 3 @ el @
Disk MY Ram GPIB TepRP{el Date Time Misc Diag/Cal
Figure 3 -186: Menu Displayed When RS$232C is Selected
Baudrate Sets the transmission rate. The transmission rate of

300, 600, 120Q 240Q 480Q 960Q and19200can be
selected with the general purpose knob. Set this
parameter to the same value as set on the computer.

Parity Sets the error detection method. The general purpose
knob is used to select parity Nbne Odd, or
Even. Set this parameter to match the connected
computer’s parity.

Data Bits Selects’ or 8 data bits. Set this parameter to match
the connected computer’s data bits.

Stop Bits Selectsl or 2 stop bits. Set this parameter to match
the connected computer’s stop bits.

Flagging SelectdNone Soft, orHard. This item is used to
announce that the input buffer is full. Until the
transmission allowed instruction is issued, the other
device stops the data transfer.
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Date and Time

Setting the Date and Time

3-278

WhenDate Timeis selected from the bottom menu, a clock will appear on the
screen, allowing you to set the date and time. The side menu will display items
for Year, Month, Day, Hour andMinute. Pressing one of these items in the

side menu will make it possible to set that clock parameter using the general
purpose knob.

The set date and time are recorded as the time stamp when a file is created.
Figure 3 -187 shows the menu displayed whate Timeis selected.

GPIB Triggered mode Stopped

Date Time

Year
1994

Month
2
@ 1-Feb-04
16:11:24 Day
1

Hour
16

° Minute
11

¥

Diag/Cal

il

Misc

GPIB

@

Disk NYRam RS232C [DECRIL

| |

Figure 3 -187: Menu Displayed When Date Time is Selected

1. SelectDate Timefrom the bottom menu.

2. SelectYear from the side menu. Use the general purpose knob or the
numeric keys to set the year.

3. In the same way, select tMonth, Day, andHour and set the month, day,
and hour.

4. SelectMinute from the side menu. Each time the minute is set with the
general purpose knob, the second is reset to 00. When the time is set, the
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minute is set at the same time the second is reset to 0. (The second is also
reset to 00 when the hour is set whthur.)

The date and time can be permanently displayed on the screen if desired. See
“Date/Time Display” on Page 3 -283.

Other Settings and Displays

UseMisc from the bottom menu to set or display the following:

= Display...
Brightness Setting the Display Brightness
Catalog Order Setting the Order of Files
Date Time Date/Time Display
®  Config...
Reset to Factory Factory Settings
Secure Erase Memory Deleting Data From Memory
Remote Port Remote Port Settings
®m  Hardcopy...
Format Selecting the Hard Copy Output Format
Port Selecting the Hard Copy Output Port
m  Status...
System System and GPIB/RS-232-C Status
I/0 I/O Event Reporting

Setting the Display  The following diagram shows the menu configurationd@play....

— Brightness
— Name1

— Name2
— Timel
Misc — Display.. ——— Catalog Order ——— Time2
— Typel
— Type2
— Type3
— Typed
Off

“— Date Time —[ on

We will discuss th@rightness, Catalog Order andDate Timeitems in the
sub-menu.
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Setting the Display Brightness. The AWG2021 screen has three levels of
brightness. These levels are set withBhightnessmenu item.

To set the screen brightness:

1. SelectMisc from the bottom menu.

2. SelectDisplay...from the side menu.
3. SelectBrightnessfrom the sub-menu.
4

Use the numeric keys or general purpose knob to input the appropriate
display brightness. The display brightness can be adjusted in steps of 1% in
the range 0 — 100%. The default display brightness is 70%.

GPIB Triggered mode Stopped
Misc
wigh-vi [
Catalog
vormal [ | Order
Name1
Go Back
Date Time
an
had ] D ¢
Disk NiYRam GPIB R5232C |Date Time Diag/Cal

Figure 3 -188: Setting the Display Brightness

Setting the Order of Files. Use this item to set the order in which files are

displayed in the catalog. You can display files sorted by file name, date and time
or file type (extension). Figure 3 -189 shows the screen Whasaiog Order

has been chosen from the sub-menu.
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GPIB [Triggered mode [Stopped

Brightness
_ 70%
Catalog Display Order Catalog
NameZ : Name-Reverse Order
Timel : Time Namel
Time2 : Time-Reverse —
Typel © Type

Type2 : Type Name-Reverse
Type3 : Type Time
Tvped : Tvpe Time-Reverse

Go Back

Date Time

On

Y

Diag/Cal

GPIB

RS232C

D

Date Time

e

Disk N¥Ram

Figure 3 -189: Menu Displayed when Catalog Order is Selected

The files in the catalog are displayed in the inEBBRIT menu,LOAD/SAVE
andUTILITY menus. Changing the file order in a catalog will change the order

in all menus. Figure 3 -190 shows the list of files as shown in the BDAT
menu.
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Catalog : Memory Free : 1784KB
MName  Type Size Date & Time Comment
] EQU %42 94-02-01 00:09 AMPLITUDE MODULATION
Ahl WFM 40948 904-82-01 00:09
DMP_SIN  EQU 842 94-062-01 00:11 DAMPED SINE WAVE
DMP_SIN WFM 8048 94-02-01 ao:11
D_EXP EQU 764 94-02-01 00:05 DOUBLE EXPONENTIAL PULSE
D_EXP WFM 20948 04-92-01 00:05
FM EQU 764 94-02-01 00:10 FREQUENCY MODULATION
FH WFM 4048 94-02-061 00:10
GAUSS_P  EOU 686 94-02-01 00:01 GAUSSIAN PULSE
GAUSS_P  WFM 1460 94-062-01 00:01
LIN_SWP EQU 764 94-02-01 00:07 LINEAR FREQUENCY SWEEP
LIN_SWP 32948 ;

LOG_SWP EQU 842 94-02-01 00:08 LOG FREQUENCY SWEEP
LOG_SWP WM 44948 04-062-01 00:08
LORENTZ EQU 686 94-02-01 00:02 LORENTZ PULSE

LORENTZ  WFM 1460 94-02-01 00:02

MDSK_RD WFM 2484 94-02-01 006:16 M_DISK_READ SIGNAL
MDSK_WR  WFM 1972 94-02-01 00:17 M_DISK_WRITE PULSE
NYQUIST  EQU 842 94-02-01 00:06 NYOQUIST PULSE
NYQUIST  WEM 2948 94-02-01 00:06

Figure 3 -190: Catalog Files

Files in a catalog can be displayed by the following sorting conditions:

®  Namel: Name
Files are displayed by file namidme) in ASCII code order.

®  Name2: Name-Reverse
Files are displayed by file namigme) in reverse ASCII code order.

m  Timel: Time
Files are displayed by creation dabmfe & Time), from newest to oldest.

m  Time2: Time-Reverse
Files are displayed by creation dabafe & Time), from oldest to newest.

m  Typel: Type
Files are displayed by extensidrype) in alphabetical order.

B Type2: Type Name-Reverse
Files are displayed by extensidrype) in alphabetical order and, within
each file type, by namééme) in reverse ASCII code order.

m  Type3: Type Time
Files are displayed by extensidrype) in alphabetical order and, within
each file type, by creation datedte & Time) from newest to oldest.

m  Type4d: Type Time-Reverse
Files are displayed by extensidrype) in alphabetical order and, within
each file type, by creation datedte & Time) from oldest to newest.
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To change the order in which files are displayedyjoe4:

1.

2
3
4.
5

SelectMisc from the bottom menu.
SelectDisplay... from the side menu.
SelectCatalog Order from the sub-menu.
Use the general purpose knob to selgpe4.

Press th&DIT button in theMENU column. Check to make sure that the
files are sorted in the order you have selected.

Figure 3 -191 shows the files displayediype4 format, with files sorted by
extension Type) in alphabetical order and within each file type by creation
date Date & Time), from oldest to newest.

Catalog : Memaory Free : 1784KB

Mame  Type Size Date & Time Comment " ]

GAUSS_P  EOQ 94-02-01 00: GAUSSIAN PULSE

LORENTZ  EQU 686 94-02-01 00:02 LORENTZ PULSE

SINC EQU 686 94-02-01 00:03 SINC PULSE

SOU_SIN EQU 920 94-02-01 606:04 SOUARED SINE PULSE
D_EXP EQU 764 04-02-01 00:05 DOUBLE EXPONENTIAL PULSE
NYQUIST EQU 842 94-02-01 00:06 NYOUIST PULSE

LIN_SWP EQU 764 94-02-01 00:67 LINEAR FREQUENCY SWEEP
LOG_SWP EQU 842 94-02-01 60:08 LOG FREQUENCY SWEEP

Al EQU 842 94-02-01 00:09 AMPLITUDE MODULATION
FM EQU 764 94-02-01 00:10 FREQUENCY MODULATION
DMP_SIN EQU 842 94-02-01 00:11 DAMPED SINE WAVE
GAUSS_P  WFM 1460 94-02-01 00:01

LORENTZ  WFM 1460 94-02-01 00:02

SINC WFM 8948 94-02-01 00:03

SOU_SIN  WFM 2948 94-02-01 060:04

D_EXP WFK 20048 94-02-01 060:05

NYQUIST  WEM 2948 94-02-01 00:06

LIN_SWP WFM 32048 904-02-01 60:07

LOG_SWP WFM 44948 94-02-01 00:08

AM WFM 40948  94-02-01 60:09

Figure 3 -191: Catalog With Files Displayed in Type4 Format

Date/Time Display. Use this item to display the date and time.

1.
2.

SelectMisc from the bottom menu.
SelectDisplay... from the side menu.

Presdate Timein the sub-menu and sel€ah. The current date and time
will be displayed in the upper right-hand corner of the screen, as shown in
Figure 3 -192.
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Triggered mode Stopped

1-Feb-94 21:42:28
Date/Time Display /

Figure 3 -192: Date/Time Display

Configuration  The following diagram shows the menu configuration forGbefig... item.

Reset to Factory

Misc ——— Config... Secure Erase Memory

GPIB
Remote Port 4[ RS232C

In this section, we will discuss tiieset to Factory Secure Erase Memory
andRemote Portitems in the sub-menu.

Factory Settings. SelectReset to Factoryto reset this instrument’s settings to the
factory values.

1. SelectMisc from the bottom menu.

2. SelectConfig... from the side menu.

3. SelectReset to Factoryfrom the sub-menu.
4

The next message is displayed asking if it is OK to reset this instrument.

Reset to factory default.

AnswerCancelor O.K. When you seledD.K., the instrument is reset to its
factory settings and tfeETUP menu is displayed. Resetting the instrument to
factory default settings will not affect the data stored in the internal memory and
the non-volatile RAM VRam). The factory settings are listed in Appendix F.

Deleting Data From Memory. Use this item to delete the data stored in the internal
memory and the non-volatile RANN{/Ram). This will also cause all values
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with the exception obate Time (date and time) to be restored to their default
settings. Default settings consist of the factory settings and the following items:

Remote Port GPIB
GPIB Operating Mode Talk/Listen
GPIB Address 1
RS-232-C Parameters

Baudrate 9600

Data Bits 8

Parity None

Stop Bits 1

Flagging None

C CAUTION. Once deleted, data cannot be restored.

SelectMisc from the bottom menu.
SelectConfig... from the side menu.

SelectSecure Erase Memoryfrom the sub-menu.

P WD

The following message will appear, asking you to confirm that you really
want to delete the data from memory:

Initializes both catalog memory and NVRam
then puts all setups in the factory defaults.

AnswerCancelor O.K. If you seleciO.K., all data will be deleted from
memory and settings will be restored to factory defaults, and th&SEfRgP
menu will appear.

Remote Port Settings. The instrument’s rear panel has two remote control
interface portstEEE STD 488 (GPIB) andRS-232-C (Note: There is no
RS-232-Cport when Option 03 or Option 04 has been installed.) Select the
desired port, depending on which interface you will be using.

1. SelectMisc from the bottom menu.
2. SelectConfig... from the side menu.

3. Press th&emote Portbutton in the sub-menu and select eitG&1B or
RS232C The remote interface port that you have selected will be displayed
on the left side of the status line at the top of the screen.
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Settings for Hard Copy = When you output a hard copy, you can choose to either save the data displayed
Output  on the screen on a floppy disk as a file, or output the data throutftERe
STD 488(GPIB) orRS-232-Cinterface.

When you seledtlardcopy... from the side menu, you can select the format for
the hard copy and the output port. The following diagram shows the menu
configuration for thedardcopy... menu item.

— BMP

— Epson
| EPS Mono
— Thinkjet

Format

Misc —— Hardcopy... — TIFF
— Disk
Pot ——|— GPIB
L— RS232C

Selecting the Format. Use this item to select the output format for the hard copy.
You may select any one of five formaMP, Epson EPSMono, Thinkjet or

TIFF.

Format
BHP > Windows image file format ]
Epson : ESC/P 9 & 24 pin dot matrix printer

EPS Mono : Encapsulated Postscript mono image
Thinkjet : Ink jet printer

Figure 3 -193: Format Selection Menu

Table 3-23 shows the extension for each format and gives a brief description of
that format.

Table 3-23: Format Extensions

Format Extension Explanation

BMP BPM A format for a Windows black & white image file

Epson ESC A format for output to a 9-pin or 24-pin dot matrix printer
in ESC/P graphic mode.

EPS Mono EPS ﬁncapsulated Postscript format for black & white image
iles.
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Table 3-23: Format Extensions (Cont.)

Format Extension Explanation

Thinkjet T A format used for output to HP (Hewlett Packard) inkjet
printers.

TIFF TIF TIFF format

Selecting the Port. Use this item to select the port from which the hard copy will
be output. Three choices are availabBlesk, GPIB andRS232C

Port
Disk

RS232C
Figure 3 -194: Port Selection Menu

In this example, you will print a hard copy of tBETUP menu inTIFF format
from theDisk port.

1. SelectMisc from the bottom menu.
SelectHardcopy... from the side menu.
SelectFormat from the sub-menu.

Use the general purpose knob to seldEF format.
SelectPort from the sub-menu.

Use the general purpose knob to selzst.
SelectGo Backfrom the sub-menu.

Insert a formatted disk into the disk drive of the instrument.

© ® N o o~ W N

Display theSETUP menu on the screen.

=
o

. Press th¢dARDCOPY button on the front panel. A hard copy of the screen
will be printed. The following message will appear in the message area:

Hardcopy in progress.

If you want to stop printing the hard copy in mid-process, press the
HARDCOPY button again.

When the hard copy has been printed, the following message will appear:

Saved in SETUPOOO.TIF.
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This means that the hard copy has been saved to the floppy disk in TIFF
format under the file nam@ETUPO00Q

File names and extensions will be assigned automatically based on the menu and
the format of the hard copy.

File Name Extension
\ || \
SETUP 000 TIF
\ | | |
Name of screen Numbering

menu being printed

The file name is given the name of the screen menu being printed, as shown

below.

Menu File Name
SETUP SETUP
MODE MODE_
EDIT EDIT
LOAD/SAVE LOAD_
UTILITY UTIL_

F.G FG__

Numbers will range from 0 to 999 for each menu.

Status Display = The following diagram shows the menu configuration forSteus...item.

System

Misc —  Status... —(: 10

System and GPIB/RS-232-C Status. SelectSystemto display system and
GPIB/RS-232-C status window. The system status comprises the instrument
name, firmware version number, and installation data for each board.

The GPIB status is the address, and configuration. Status items other than the
address and configuration are set by the remote controller.
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The GPIB/RS-232-C status display consists of the following it®/8€,
Header, Verbose Data andDebug

In addition, the cumulative power-on timég Time) is displayed.

1. SelectMisc from the bottom menu.

2. SelectStatus...from the side menu.

3. SelectSystemfrom the sub-menu. System and GPIB/RS-232-C status data
will be displayed, as shown in Figure 3 -195.

Model AWG2021
version Fv:1.00
CPU Board SRAM 512K Bytes, DRAM 4M Bytes
FPP Board Mot installed
Clock Board Installed [Synthesizer]
CH1 Installed [Analog Output]
CH2 Not installed
GPIB/RS232C
Address 1
Configuration Talk/Listen
PSC 1
Header 1
Yerbose 1
Data Source "CH1"
Destination "GPIB. WFM™
Encdg Rpbinary
width 2
Debug Shoop 0, Delay 025
Up Time 5.779 hours

Figure 3 -195: Menu Displayed When System is Selected

I/O Event Reporting. Use this item to display event reporting for the GPIB or
RS-232-C interface. See the programmer manual for more information on event

reporting.

1. SelectMisc from the bottom menu.
2. SelectStatus...from the side menu.

3. Selectl/O from the sub-menu. Event reporting will be displayed, as shown
in Figure 3 -196.

AWG2021 User Manual 3-289



UTILITY Menu

3-290

Diagnostics and
Calibrations

{ Event)
DESER ‘U’ [255]

CPoN | URQ | CME| EXE | DDE | QYE | ROC | OPC |
|

SESR [128]
IEZTN UvRra | cME | EXE | DDE | avE | Rac [ opC

ESER U [ 9]

PON | URG | CME | EXE | DDE | a¥E [ RaC [ oPC

] { Output Queue )
SBR roie l [ [ o]
~ Isg BB [MAY] - | - | - | -
SRER . U [ o]
- | - |ESBIMAY[ - | - | - | -
T

Figure 3 -196: /0 Event Reporting

Event dueue

avail

Pend

401

Use this item to run the diagnostics function or to calibrate the instrument.

Diagnostics. This instrument is equipped with diagnostics functions to compre-
hensively test itself. This makes it possible to check whether the instrument is
operating correctly. A series of tests are automatically carried out when the
instrument is started. These same diagnostics tests can also be initiated by

selecting thdiagnosticsitem. These diagnostics are helpful when repairing this

instrument. When thBiagnosticsitem is selected, the list of diagnostics items

shown in Figure 3 -197 will appear.
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[ Diaghostics [ Result | Code
5/Cpu | Pass
#/Clock | Pass
xDisplay [ Pass
[FPP ——
s FrontPanel [ Pass
= Trigger [ Pass
*Setup CH1 | Pass
|Setup CH2 [ —
#Waveform Memory CH1 Pass

|waveform Memory CH2 | —

Figure 3 -197: Diagnostics List

At the top of the diagnostics menu are three columns giving the status of the
diagnostic tests. The meaning of these three columns is as follows.

Diagnostics  This column gives the name of the diagnostic test item. The
diagnostics items are executed individually or all together.

FPPis valid if Option 09 is installedsetup CH2and
Waveform Memory CH2 are valid if Option 02 is installed.

Result This column gives the results of each test item. If no error is
found in a test itenRassis displayed. If an error is found,
Fail is displayed. If Option 02 or Option 09 is not installed,
the corresponding diagnostic items are not displayed and
only “—" is displayed in their place.

NOTE. The waveform outputs obtained with an instrument that has not passed all
its tests are not reliable.

Code This column indicates an error code for the item where the
error was detected.

NOTE. If an error occurs, contact our representative closest to you.

1. SelectDiag/Cal from the bottom menu.
2. SelectDiagnosticsfrom the side menu.

3. Turn the general purpose knob to select the desired diagnostic item. To
execute all the tests one after another, sélkct
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4. SelectExecutefrom the side menu. The selected diagnostics items are
executed.

If the test finishes without a problefassis displayed on thResult
column. If an error occur§aill is displayed. If the instrument fails a test, an
error code is displayed in tl@de column.

Calibrations. This instrument is equipped with the system to calibrate itself. This
enables the AWG2021 to operate with greater precision. A series of calibrations
is carried out by selecting ti@alibrations item.

NOTE. The AWG2021 must complete its warm up (about 20 minutes) and
stabilize in a 20 C to 3¢ C environment before calibration. When the

instrument is powered off while the calibrations is executed, the calibration data
in the memory may be loss.

When theCalibrations item is selected, the list of calibration items shown in
Figure 3 -198 will appear.

Calibrations Result Code
#(Trigger Pass
#Sefup CH1 Pass
Setup CH2 =
#|Clock Pass

Figure 3 -198: Calibration List

The calibration menu is divided into three colun@alibrations, Result, and
Code

The calibration items are executed individually or all together.

Setup CH2is valid when Option 02 is installed. TResultandCode columns
are the same as for the diagnostics menu.

1. SelectDiag/Cal from the bottom menu.
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2. SelectCalibrations from the side menu.

3. Turn the general purpose knob to select the desired calibration. To execute
all the calibrations one after another, sekdtt

4. SelectExecutefrom the side menu. The selected calibration item is carried
out.

If the calibration finishes without a proble®assis displayed on thResult
column. If an error occur§ail is displayed. If the instrument fails a
calibration, an error code is displayed in @mde column.

NOTE. If an error occurs, contact our representative closest to you.

Pattern Display (For Instrument Adjustment). This item is used when adjusting the
instrument. As it is not used for operation, a description is omitted here.
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Function Waveform Generator Mode

General Description
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Press the front pan€lG button to switch from arbitrary waveform generation
mode into function waveform generatidfi@) mode. Select the desired

waveform with the bottom button. Then set the output parameters with the side
button. Hereafter, function waveform generator mode will be referredRG as
mode.

NOTE. FG mode is an independent of t&NU column arbitrary waveform
generation mode menus. Therefore, the output parameters set wth Thi°
menu and the operation mode set withM@DE menu have no effect kG
mode.

The following waveforms may be selected from the bottom menu:

Sine wave
Triangle wave
Square wave
Ramp wave
Pulse wave

The following output parameters for these waveforms may be set from the side
menu:

Frequency

Amplitude

Offset

Polarity

Duty (pulse wave only)

When a sine wave is selected, a 20 MHz cut-off filter is inserted. Table 3-24
shows the relationship between the frequency, the data point count, and the
marker signal width.

Table 3-24: Number of Data Points for Frequencies and Marker Signal
Width

Frequency Data Points Marker Signal Width
10.00 Hz ~ 25.00 kHz 10000 200(points)

25.01 kHz ~ 250.0 kHz 1000 20

250.1 kHz ~ 2.500 MHz 100 2
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The descriptions in this section are for an instrument with Option 02, CH2
output installed. Instruments without Option 02 have only the CH1 display.

Function Generator Menu Structure

Figure 3 -199 shows the configuration of the mends3mmode:

MENU Button Bottom Menu Side Menu Select Item

— CH1
—— Channel } ¢ *
—— CH2

— Frequency
—— Amplitude
—— Sine Offset

, Normal
I ——
Invert

— Frequency
- Amplitude

—— Triangle ——— +— Offset
. Normal
L Polarity —E
Invert

—— Frequency

FG

—— Amplitude
—  Square ——————— Offset

L Polarity —E lNorr:taI
nve

—— Frequency
—— Amplitude

—— Ramp Offset

L Polarity —E lNornrlaI
nve

—— Frequency
—— Amplitude
- Offset

, Normal
—— Polarity ——
Invert

— Pulse

— Duty

*1  Available when Option 02 has been installed.

Figure 3 -199: FG Mode Menu Structure
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Function Generator Menu Display

Figure 3 -200 shows the general display forRfEemode menu. A description
for each callout follows.

GPIB Continuous mode Running
. Sine
CH1  0.5000v
° Frequency
200. 0kHz
Amplitude
—-0.5000% 1.000v
O—
Offset
CH2 0.5000v 4. 455
Polarity
""""""""""""""""""""""""""""""""""""""""""" I Normal
1= Invert
— -0.5000v
@ »period: 5.000us
Channel o /\/ /‘
CH1 Triangle Square Ramp Pulse
Figure 3 -200: FG Mode Menu Display
(1) Channel waveform Displays the waveform set for that channel. When the channel
display area is enclosed by a box, it is possible to change the output

parameters for that waveform. The peak voltage for the
waveform is shown on the vertical axis to the left of the
waveform; this value is determined by the amplitude or the
offset setting. The horizontal axis (the dotted line in the center
of the waveform) indicates the zero line; changing the offset
will cause the zero line to move up or down.

(2) Waveform period Shows the period for the waveforms. This value is applied to all
waveforms.

AWG2021 User Manual 3-297



Function Waveform Generator Mode

Setting the Output Waveform

The following procedure is used to set the output waveform for a channel.

Selecting the Channel 1. Press theChannel’ button in the bottom menu and select the channel.

The “Channel’ item is used to select the channel for which the waveform

and its output parameters will be set. The waveform for the selected channel
is displayed enclosed in a frame. If the instrument does not have the Option
02, only CH1 is displayed.

Selecting the Waveform 2. Press the bottom button corresponding to the desired type of waveform
(Sine Triangle, Square, Ramp or Pulse.

Setting the Output 3. Select the output parameter item from the side menu and enter a value. For
Parameters details, see “Setting the Output Parameters for the Waveform” on the next

page.

Waveform Output 4. Press the On/Off button for the channel to which the waveform is to be
output. The selected waveform will be continuously output to that channel.

NOTE. In FG mode, the operation mode is alw&@ent, meaning that waveforms
are output continuously.

Setting the Output Parameters for the Waveform

The output parameter items are the same for each waveform. HoRelsehas
one extra side menu itef@uty.

NOTE. Frequencyitem is common for all channekmplitude, Offsetand
Polarity items are set separately for each channel.

The following sections will focus on each of the items in the side menu for each
waveform type.

Setting the Frequency  The frequency is set with a 4-digit number from 10.00 Hz to 2.500 MHz using
the numeric keys or the general purpose knob. Waveform pdrienisq) are
displayed at the bottom of the screen.
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Setting the Amplitude

Setting the Offset

Setting the Polarity

AWG2021 User Manual

The amplitude can be set in steps of 1 mV within the range 0.050 V — 5.000 V
(P-P value). using the numeric keys or the general purpose knob. Figure 3 -201
shows a sine waveform whose amplitude has been set to 5V.

CH1  2.5000V

—2.5000¥

Figure 3 -201: Setting the Amplitude

The offset for each waveform can be set in steps of 5 mV within the range

+2.5 V using the numeric keys or the general purpose knob. Figure 3 -202 shows
the waveform used in Figure 3 -201 after an offset of 1 V has been applied. The
dotted line in the figure indicates the zero line.

CH1 3.5000V

-1.5000v

Figure 3 -202: Setting the Offset

This menu item sets the output waveform polarity. Each timBdkeity button

in the side menu is pressed, the polarity toggles betiNeanal andinvert and

the polarity of the displayed waveform is reversed. See Figure 3 -203. The figure
below at left shows a sine wave whose polarity has been ggbtmal,” the

figure on the right shows a sine wave whose polarity has been $etéot.”
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Polarity Polarity
I Normal
= Invert

CH1  0.5000% CH1  0.5000¥%

—0.5000¥ —0.5000%

Figure 3 -203: Waveform Polarity

Setting the Duty  Duty is added for th®ulseside menu. It allows you to set the duty cycle for
pulse waveforms. The duty is set to 0—100% in steps oDL#. is set using
the numeric keys or the general purpose knob. When the duty is set to 0% or
100%, the wave will be DC. Figure 3 -204 shows a pulse waveform whose duty
value has been set to 30%.

CH1 0.5000¥

—0.5000V

Figure 3 -204: Setting the Duty Value for a Pulse Wave

External Output

The external output signals for FG mode are sync signals and marker signals.

Sync Signal  The sync signal is generated at the end point for the waveform data. In the
frequency slower than 250 kHz, the sync signal is generated for every one cycle
waveform. In the frequency faster than 250 kHz, the sync signal is generated for
every two cycle waveforms. This is because the sync signal is generated for
every 200 data points, and 100 data points for the one cycle waveform is not a
multiple of 8 as explained at the Data Length in Section 3.
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Marker Signal
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The sync signal is a 1.5 V signal into @0with a pulse width of 100 ns. These
signals are output from the front pa@#il SYNC connector and the rear panel
CH2 SYNC OUT connector (for Option 02).

The marker signal is generated at the start point for the waveform data. It is a
2.5 V signal into 52, whose pulse width varies with the frequency of the
output signal (see Table 3-24, earlier in this section). These signals are output
from the front paneCH1 MARKERZ1 output connector and the rear paGeil
MARKER2 OUT connector. When Option 02, the CH2 option, is installed, the
marker signals are output from the rear p&td2 MARKER1 OUT andCH2
MARKER2 OUT connectors.
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Appendix A: Options and Accessories

Options

Option 02 (2-Channel
Output)

Option 03 (ECL Digital
Data Output)

AWG2021 User Manual

This chapter describes the options, and standard and optional accessories
available for the AWG2021.

The following options are available.

Option 02 (2-Channel Output)

Option 03 (ECL Digital Data Output)

Option 04 (TTL Digital Data Output)

Option 09 (FPP Board + FFT Editor/Convolution)
Option 1R (Rack Mount)

Option 1S (With WaveWriter S3FT400)

Option 95 (Certificate With Calibration Data)
Option B1 (With Service Manual)

Each of these options will be discussed in detail on the following pages.

This option adds second channel. This results in a 2-channel dispi TaiR,
MODE andFG menus. Also, two additional connectors are added on the rear
panel CH2 MARKER1 OUT andCH2 MARKER2 OUT). See “Rear Panel”

in Section 2 “Overview.”

Option 03 provides the following signals at the rear—panel output connector.

NOTE. An AWG2021 cannot be equipped with Option 03, Option 04 and Option
09 together. Select either Option 03, Option 04 or Option 09.

Data Output. The data (D0O-D11) fed to theAWG2021 internal D/A converter is
buffered and delivered to the output connector. At the same time that the analog
waveform is output, the digital output can be obtained. The output is differential
ECL output.
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Clock Output. The same clock that is fed to the AWG2021 internal D/A converter
is buffered like the data and delivered to the output connector. The clock output
is differential ECL output.

Figure A-1 is a block diagram of the digital data output option.

12 Bit
Data
Waveform 12 DA S
Memory
Clock
--r---"-"--"-"-"7171-"-"-~"-~"-"-"-"-="-"-"-"-"-"-"-"--~-"-~"-"=-"-~-"=-"=-~"-~"-~"-~"-~"-~-" - - -" - - - - ===~ |
: Buffer :
__________ |
| | |
| | : |
| | |
| | : |
: 12 T | Data 24 :
| Lateh : ' D0-Df1 |
I I : DO - D11 |
| | | |
I
| : ! |
| | |
| | : |
I ! , Clock 2 I
| T | |
| ! . Clock |
! L - Clock L] !
: Output :
, Connector ,
! Option 03 !
| |

Figure A-1: Block Diagram
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Output Connector Configuration. Figure A-2 shows the shape and pin number
location of the output connector, and Table A-1 shows the output signal for each

pin.

35 68
000000000 0000000000000000000000000

noooododododoooooododoiodododogofgn
1 34

Figure A-2: Output Connector

Table A-1: Output Signal

Pin Number Signal Pin Number Signal

6 “CLOCK 39 CLOCK
14 “Data Bit 0 47 Data Bit 0
12 “Data Bit 1 45 Data Bit 1
10 “Data Bit 2 43 Data Bit 2
8 “Data Bit 3 41 Data Bit 3
16 “Data Bit 4 49 Data Bit 4
20 “Data Bit5 53 Data Bit 5
22 “Data Bit6 55 Data Bit 6
18 “Data Bit 7 51 Data Bit 7
30 “Data Bit 8 63 Data Bit 8
28 “DataBit9 61 Data Bit 9
26 “Data Bit 10 59 Data Bit 10
24 “Data Bit 11 57 Data Bit 11

Pins 4, 33, 34, 37, 67, and 68 are not connected.
Pins that are not mentioned are connected to chassis ground.

~ = active low signal

Operation. Operation is the same as for the basic instrument. When a waveform
is not being output, the waveform’s initial data may be output to the connector.
At this time, no clock is generated.

When starting the waveform output, the clock is generated and the data is
updated.
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NOTE. When loading a new waveform into waveform memaory, resetting the
waveform memory, or during the hold off, excess output can be generated in the
data clock (see Figure A-3).

Load, reset, hold-off period :
Excess output can occur in
these periods.

-

Trigger
Signal

Waveform

Figure A-3: Generation of Excess Output
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Output Circuit and Output Waveform. The ECL buffer (10E116) output is

connected directly to the output connector. When used, these signals must be
terminated to —2 V with a 5Q resistor at the receiving side (user side). If this
termination resistor is missing, the signals do not appear at the output connector.
The same is true for the clock output (see Figure A-4).

Connector Cable i

Do E:; :/ \ fl\ /\l\
] /‘> p-14 I_:< @—r
DO p-13 | L]
]
|

D1 p-45

o
p-46 | ;
—/ﬁ> - p12 < 5747
D1 p-11 T
e
e \_/ 777

-2V A -2V

Figure A-4: Output Circuit

The data output signal skew is held to 1 ns max. The rise and fall time depend on
the buffer ICs, but neither is greater than 1 ns (see Figure A-5). Neither of these
specifications includes cables; it is specified at the output connector.
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Raise Time

Fall Time

i ' !
— - — -
i ! !

Clock

Data

—EH—

Skew : Measure at 50% level of the waveform;
must be < than 1ns.

Figure A-5: Output Waveform

Rise Time / Fall Time :
measure the time for the
waveform to go from 10%
to 90% of its peak value ;
must be < than 1ns.

--------- Level High : -0.735V ~ -1.02V

-~~~ Level Low: -1.6V ~ -1.95V

If a cable is used, these waveforms have transmission distortion. It is necessary
to latch the data with a clock before using the waveform in actual circuits at the
cable receiving side (user side) and to reproduce the waveform. Delay the clock
with the delay line in order to reproduce the data reliably (see Figure A-6).

latch [—F—

Data 12 12
Buffer
Delay Line
A
Clock
Buffer
/;7 4ns

Figure A-6: Data Latching
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Cable Application Example. The cable connecting the AWG2021 and the user
circuit is extremely critical for reliable operation at the maximum clock
frequency.

NOTE. Use a coaxial cable with a characteristic impedance a236r all DATA
and CLOCK lines.

Keep cables as short as possible.Lengths under 1 meter are desirable.

To minimize signal reflection, carefully process the ends of the cables. Make the
section stripped of its outer covering as short as possible and connect the
external covering of the cable to the ground for the signals corresponding to
each connector. Figure A-7 is the strip length of the coaxial cable.

The strip length has no
50 Q impedance.

— Strip Length ~— =——

Figure A-7: Coaxial Cable End Processing

A 1-meter long digital data cable (part number 012—1408-00) is supplied with
this option as a standard accessory. Figure A-8 shows an example of an optional
accessory cable and a receiving connector.

Connector : Male Connector : Male Receiving Connector :
Female
=% = =
Coaxial Cable ]

— S —
- = | m o

Figure A-8: Cable Examples
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Digital Data Latch Example. Figure A-9 shows an example of an external circuit
for latching the digital data.

10E151
RESISTOR: 50 ohm - DELZ\T]SLINE =
CLOCK CAPACITOR: 0.1 uF 0E116
| @ DBO-DB11
*CLOCK L T 77 1 DB11_
? T @ AN
f a AN
-2V ar
—— D2 e
DO 10E116 T =K
Q3
*D0 - A
T 3 @ b
| _ Q4 —
| j f D4 Q4 AN
} | DS a5 —
05
| } -2V Q5
} } f 10E151
| T — MR
|
} . o
‘ IR
: ; o |
| - Qo
| o X
: \ R
| | 77 o AN
| } - D2 Q2
l \ 20
[ | ol
—— D3 o
| } T Q-
‘ L/
Q4
\ [ -
| | T D4 o b
D11 | 10E116 el
t D5 g
Q5 P
*D11
<} } N ? ‘ oV
2V

Figure A-9: Waveform Reproduction Circuit Example
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NOTE. Tektronix cannot be responsible for the infringement of any third-party
industrial proprietary rights, copyrights, or other rights arising from the use of
these circuits.

NOTE. The ECB is a multi-layer board. One layer is used as ground, the other as
the power supply. The printed circuit pattern use€25icro—strip lines and the
data lines are wired to the same length so that their delay times will be the same.

Except for the connectors, the parts are all SMD (surface—mounted device) to
connect at the minimum distance.

In laying out the runs, the fact that the signals are high frequency was taken into
account when leading lines around, etc. For example, the latch IC is right next
to the connector to shorten the run from the connector to the IC inpf&. 50
termination resistors are connected to the IC pins. Th® B6sistor return is
connected through capacitance to the ground for the connector pin input signals.

Option 04 (Digital Data  The AWG2021 arbitrary waveform generator with Option 04 installed can
Output)  provide the following signals at the rear panel output connector. For the layout of
DIGITAL DATA OUT connectors on the rear panel, see “Rear Panel” in
Section 2 “Overview.”

NOTE. An AWG2021 cannot be equipped with Option 03, Option 04 and Option
09 together. Select either Option 03, Option 04 or Option 09.

Data Output. The data (DO-D11) fed to the internal D/A converter is buffered and
connected to the output connector. At the same time that the analog waveform is
output, the digital output can be obtained. Output will be at the TTL level.

Clock Output. The same clock that is fed to the internal D/A converter is buffered
in the same way as the data and connected to the connector. As in the case of
data output, clock output will be at the TTL level.

Figure A-10 is a block diagram of the digital data output Option 04.
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12 Bits
Waveform 12
Memor e f D/A
y 7 - =
Clock
r-——---""-"""-"1"-""-"="-""="-""-""=-""=-""-""=-""=-"-""=-""=-""=-"\=-"=-"-"=-"=-"-"-“~"-"=-"=-"=-"=-"=-"=-"=-"=-"=-"=-"°=-"=-"°-°- - - == = °7 1
| Buffer |
1 r- - - - - - = =7 1 1
I ] ] I
1 | | 1
| ! ! |
! :1 2 Latch ,1 2 | Data 1,2 !
! ! T ' DO~D1 -
| ! ! |
| | | |
I I I I
I I I I
| | | |
1 | | 1
1 | | 1
' . . Clock '
| : : CLOCK |
| L= - : Output |
! Option 04 Connector K

Figure A-10: Block Diagram

Output Connector Configuration. Figure A-11 is the shape and pin number
location of the output connector, and Table A-2 is the output signal for each pin.

20 0 0 0 0O 0O O O O O O O O 026 20 0 0O 0O O O O O O O O O O 024
o o o o o 0o o o o o o 0o O 025 ifo o 0o 0o 0o 0o 0o 0o 0o 0o 0 O o0 025
CH1 DIGITAL DATA OUT CH2 DIGITAL DATA OUT

Figure A-11: The Shape of the Output Connector

Table A-2: Connector Pin Assignments

Pin Number Signal Pin Number Signal
1 DO (LSB) 15 D7

3 D1 17 D8

5 D2 19 D9

7 D3 21 D10
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AWG2021 User Manual

Table A-2: Connector Pin Assignments (Cont.)

Pin Number Signal Pin Number Signal

9 D4 23 D11 (MSB)
1 D5 25 Clock

13 D6

Pins other than those mentioned are connected to ground. The pin assighments
are identical for both CH1 and CH2.

m  Operation. Operation is the same as for the basic instrument. When a
waveform is not being output, the waveform’s initial data may be output to
the connector. At this time, no clock is generated.

When starting the waveform output, the clock is generated and the data is
updated.

NOTE. When loading a new waveform into waveform memory, resetting the
waveform memory, or during the hold off, excess output can be generated in the
data clock (see Figure A-12).

Load, reset, hold-off period:
Excess output can occur in

these periods.
Trigger
Signal

Waveform

Figure A-12: Generation of Excess Output
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m  QOutput Circuit and Output Waveform. Figure A-13 shows a diagram of the
output circuit. After passing through an output resistance 6%, 30e buffer
output proceeds to the output connectors. The AWG2021 can be used
without terminating the receiving (user) side with a resistance & boit
when waveform distortion is great the @termination is required.

50 Q
Buffer O )
(50 Q)
/77 /77 /
| |
| |
| |
50 Q
Buffer O )
(50Q)
/7 /

Figure A-13: Output Circuit

The skew of the data output is heldt®dns between same channel, and is
held tot+4 ns between CH1 and CH2. See Figure A-14. This figure shows
the specifications for the waveform at the output connector when a cable is
not being used.
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50% level

Clock of the Clock

- Skew:
within +4 ns

_ Level High:2 V or greater
(into a 50 Q termination)

Middle point
Data of the Data

Level Low:0.8 V or less
(into a 50 Q termination)

Figure A-14: Output Waveform

If a cable is used, these waveforms have transmission distortion. It is
necessary to latch the data with a clock before using the waveform in actual
circuits at the cable receiving side (user side) and to reproduce the waveform.
Delay the clock with the delay line in order to reproduce the data reliably

(see Figure A-15).

Data ﬁL Buffer Latch ﬁ;»

Delay Line

A

T

Clock

Buffer
0~10ns

Figure A-15: Data Latching
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Connector : Female

Cable Application Example. The cable connecting the AWG2021 and the user
circuit is extremely critical for reliable operation at the maximum clock
frequency.

NOTE. Use a coaxial cable with a characteristic impedance a236r all DATA
and CLOCK lines.

Keep cables as short as possible.Lengths under 1-meter are desirable.

The AWG2021 for Option 04 comes with two digital data out cables as a
standard accessory. The cable is 1-meter long and is illustrated in Figure A-16.
The part number for the cable is 174-3192-00.

Connector : Female

O AN 0
| |
O \ \ O >
Flat Cable

Figure A-16: Digital Data Out Cable

A-14
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Waveform Regeneration. In some cases, even a cable that has been carefully made
will create transmission distortion. Figure A-17 shows a concrete example of a
circuit used to regenerate the waveform.

Delay Line
A
Clock —mm > N {
DO
50 Q 0~10ns D1
GND ——mm>
o { D7
50 Q |
GND —> .
' >
D8
D11 _— = D11
50 Q
GND —>
v

Figure A-17: Waveform Reproduction Circuit Example

NOTE. Tektronix cannot be responsible for the infringement of any-gart/
industrial proprietary rights, copyrights, or other rights arising from the use of
these circuits.

NOTE. The ECB is a muHayer board. One layer is used as ground and the
other as the power supply. The data lines are wired to the same length so that
their delay times will be the same.
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Option 09 (FFT Editor and
Convolution Process)

Option 1R (Rack Mount)

Option 1S (WaveWriter
S3FT400)

Option 95 (Certificate With
Calibration Data)

Option B1

Power Cord Options

A-16

This option provides increased internal calculation speed and two additional
editors: an FFT editor and a convolution editor. See Section 3 for more informa-
tion on the FFT and convolution waveform editors.

The AWG2021 is shipped mounted in a 19-inch wide rack. In this configuration,
the floppy disk drive is accessed from the front panel. To change an AWG2021
into a rackmounted version, contact Tektronix for information.

For further information regarding the rack—mount adapter, see the instruction
sheet that comes with the rack—mount kit.

WaveWriter is an application program used to create waveforms for advanced
signal generating and processing instruments. Many Tektronix instruments, such
as arbitrary waveform generators and oscilloscopes with the “save-on-delta”
feature, are enhanced by this program. WaveWriter helps users configure
waveforms with a minimum of effort.

With the WaveWriter package, you can create new waveforms or edit waveforms
acquired from various instrument sources. WaveWriter gives you interactive
control of the waveform generating process.WaveWriter operates within the
Microsoft WindowsM environment.

A test result report will be provided with the AWG2005 when this option is
specified.

(service manual)

The following power cords are available with this instrument.

Table A-3: Power Cord Options

Option Description Part Number
Al Europe, 220V/6A 161-0104-06
A2 United Kingdom, 240V/6A 161-0104-07
A3 Australia, 240V/6A 161-0104-05
A4 North America, 240V/6A 161-0104-08
A5 Switzerland, 220V/6A 161-0167-00
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Accessories

Standard Accessories

Optional Accessories

AWG2021 User Manual

The AWG2021 includes the following standard accessories:

Standard Accessory Part Number
Manuals
User Manual 070-9097-XX
Programmer Manual 070-8657-XX
Floppy disk
Sample Waveform Library Disk, 3.5-inch 063-2169-XX
Sample program, 3.5-inch 063-1708-XX
Performance Check / Adjustment Disk, 3.5-inch 063-2171-XX
Power cord 125V/6A 161-0230-01
Certificate of Calibration
ECL Digital Data Out Cable (Option 03) 012-1408-XX
TTL Digital Data Out Cable (Option 04) 174-3192-XX

The following optional accessories are recommended for use with the instru-

ment.

Optional Accessory Part Number
Service Manual 070-9098-XX
Front Cover 200-3232-XX
Accessory Pouch 016-1159-XX
Fuse 6A Fast (UL198G/3AG) 159-0239-XX

Fuse cap 200-2264-XX
Fuse 5A (T) (IEC127) 159-0210-XX

Fuse cap 200-2265-XX
GPIB Cable 012-0991-XX
ECL Digital Data Out Cable 012-1408-XX
50 Q BNC Cable 012-1342-XX
50 Q BNC Cable, double shielded 012-1256-XX
SMA (Ma) - BNC (Fe) Adapter 015-0554-XX
50 Q BNC Terminator 011-0049-XX
Terminal Board (Option 03) 671-2957-XX
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Appendix B: Performance Characteristics

Nominal Traits

Table B-1: Electrical Characteristics

The performance characteristics on the AWG2021 can be divided into three

categories:

Nominal Traits. General characteristics are described not by equipment
performance and limits but by such things as memory capacity.

Warranted Characteristics. Warranted characteristics are described in terms of
quantifiable performance limits which are guaranteed.

Typical Characteristics. Typical characteristics are described in terms of
typical or average performance for the AWG2021. The characteristics
described herein are not absolutely guaranteed.

ltems marked with ** are tested in the Performance Verification (Appendix C)

This section will describe general characteristics of the AWG2021. These can be

divided into two main categories: electrical characteristics and mechanical
characteristics.

Characteristics Description

Operating Modes

Continuous Generates the waveform continuously.

Triggered Output quiescent until triggered by an external, GPIB or manual trigger; then
generates a waveform or sequence only one time.

Gated Same as triggered mode except periods are output for the duration of the gated
signal.

Burst Output quiescent until triggered by an external, GPIB or manual trigger; then

generates a waveform or sequence predefined count.

Waveform Advance

Continuously generates the waveform in the predefined (edited) sequence and
the next trigger advances the waveform.

Autostep

Outputs the first waveform in the predefined Autostep File once. The next
trigger advances to output the next waveform once and so on, for each
successive trigger.

AWG2021 User Manual
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Table B-1: Electrical Characteristics (Cont.)

Characteristics

Description

Arbitrary Waveforms

Waveform Memory

Memory Length
Waveform 256K x 12 bits
Marker1 256K x 1 bit
Marker2 256K x 1 bit
Waveform 64 to 256K in multiple of 8 data points

Sequence Memory

8K, 32 bits/word

Scan Counter

110 64 K (16 bits)

Burst Counter

110 64 K (16 bits)

Clock Generator

Frequency Range 10 Hz to 250 MHz
Display 4 digits
Resolution 0.1% ~ 0.01%

Reference Oscillator

Type TCXO
Nominal Frequency 12.8 MHz
Filter
Characteristics Bessel
Main Output
Amplitude Except multiply(AM) and add(Add) operation
Range 0.05t05 V. into 50 Q
The amplitude range expands about 2 times (10 V) into open circuit. Its
actual value is two times the displayed value.
+10 V = (The absolute peak Amplitude + Offset)
Resolution 1mV
Offset
Range 2.5 Vinto 50 Q
The offset range expands about 2 times (-5 V ~ +5 V) into open circuit. Its
actual value is two times the displayed value.
410 V = (The absolute peak Amplitude + Offset)
-100 mA ~ +100 mA into 50 Q (current source output)
Resolution 5mV
Impedance 50 Q
B-2 AWG2021 User Manual
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Table B-1: Electrical Characteristics (Cont.)

Characteristics

Description

Auxiliary Output

SYNC When in F.G mode and the frequency is above 250 kHz, the Sync pulse occurs
one time per two waveforms.
Amplitude >1.2 Vinto 50 Q, >2.4 V into open circuit
Impedance 50 Q
MARKER1
Amplitude 2.5V (+5%, -10%) into 50 Q, 5V (+5%, -10%) into open circuit
Impedance 50 Q
Period Jitter Refer to Table B-1-1 (measured by TDS694C-1MHD with TDSJIT1)
Cycle to Cycle Jitter Refer to Table B-1-2 (measured by TDS694C-1MHD with TDSJIT1)
MARKER2
Amplitude 2.5V (+5%, -10%) into 50 Q, 5 V (+5%, -10%) into open circuit
Impedance 50 Q
CLOCK
Amplitude 1Vinto 50 Q
Impedance 50 Q
Period Jitter Refer to Table B-1-3 (measured by TDS694C-1MHD with TDSJIT1)
Cycle to Cycle Jitter Refer to Table B-1-4 (measured by TDS694C-1MHD with TDSJIT1)
ECL DIGITAL DATA OUT (Option 03)
Level ECL compatible
Output Signals Same wires to DAC
Data (DO ~ D11)
Clock
TTL DIGITAL DATA OUT (Option 04)
Output Signals
CH1 Data (D0 ~ D11), Clock
CH2 (Option 02) Data (D0 ~ D11), Clock
Amplitude >2 Vinto 50 Q
Impedance 50 Q
Connector 26-pin header

Auxiliary Input

Trigger
Threshold Level -5Vto 5V
Resolution 01V
Impedance 1 MQ with 30 pF (max) or 50 Q

AWG2021 User Manual
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Table B-1: Electrical Characteristics (Cont.)

Characteristics Description
AM
Range 2 Vpp (-1V ~ 1V) for 100% modulation
Impedance 10 kQ
Clock
Impedance 50 Q
Function Generator
Waveform Shape Sine, Triangle, Square, Ramp, Pulse
Output Parameter All of these values with the exception of frequency can be set independently for
each channel. Frequency settings apply to each channel.
Frequency 1.000 Hz to 2.500 MHz
Amplitude Can be set between 50 mV and 5 V in 1 mV increments
Offset Can be set between +2.5 Vin 5 mV increments
Polarity Normal, Invert
Duty 0% to 100% Pulse only. Can be set in 1% increments
Operating Mode Continuous mode

Auxiliary Output

Marker Signal 2.5 Vinto 50 Q, generated at the starting point of the waveform. The pulse
width will vary depending on the frequency.
Display
CRT
Display Area 5.2 inches horizontally by 3.9 inches vertically
Resolution 640 (H) £ 480 (V) pixels
AC Power Source
AC Line Power
Fuse Rating 6A fast blow, 250 V, UL198G(3AG) or 5 A (T), 250 V, IEC127
Battery
Type Li3 V, 650 mAH

Table B-1-1 : Period Jitter (CH1 Marker 1 Out)

Clock=250MS/s Clock=100MS/s
StdDev Pk-Pk StdDev Pk-Pk
11.0 ps 60.0 ps 10.5 ps 50.0 ps
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Table B-1-2 : Cycle to Cycle Jitter (CH1 Marker 1 Out)

Clock=250MS/s

Clock=100MS/s

StdDev Pk-Pk StdDev Pk-Pk
20.0 ps 110.0 ps 20.0 ps 90.0 ps
Table B-1-3 : Period Jitter (Clock Out)
Clock=250MS/s Clock=100MS/s
StdDev Pk-Pk StdDev Pk-Pk
11.0 ps 60.0 ps 10.5 ps 50.0 ps
Table B-1-4 : Cycle to Cycle Jitter (Clock Out)
Clock=250MS/s Clock=100MS/s
StdDev Pk-Pk StdDev Pk-Pk
20.0 ps 110.0 ps 20.0 ps 90.0 ps
Table B-2: Mechanical Characteristics
Characteristics Description
Net Weight
Standard 9.7kg
Size
Height 6.4 inches with feet
Width 14.3 inches with handle
Length 19.25 inches with front cover

22.2 inches with handle extended
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Warranted Characteristics

Performance Conditions

This section will describe the warranted characteristics of the AWG2021. These
can be divided into two main categories: electrical characteristics and environ-
mental characteristics.

The electrical characteristics are valid under the following conditions:

1. The instrument must have been calibrated at an ambient temperature between
+20° C to +30 C.

2. The instrument must be in an environment whose limits are described in
Environmental Characteristics.

3. All tolerance limits apply after a 20 minute warm up and an execution of the
self calibration.

4. The instrument is operating at an ambient temperature betweérCHb0
+40° C, unless otherwise noted.

Items marked with ** are tested in the Performance Verification (Appendix C)

Table B-3: Electrical Characteristics

Characteristics Description
Clock Generator
** Accuracy
**1+15° Cto +30° C 0.005%
+10° Cto +40° C 0.01%

Skew between CH1 and CH2

When Option 02 (second channel) installed within 4 ns

Filter

Cutoff frequency -3 dB point
1 MHz within 20%
5 MHz within 20%
20 MHz within 20%
50 MHz within 20%
Main Output
** Amplitude
DC Accuracy
0.05V~05V +(0.5% of Amplitude + 5 mV)
No Offset, at 1 MHz clock
**0.501V~5V +(1% of Amplitude + 25 mV)
No Offset, at 1 MHz clock
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Table B-3: Electrical Characteristics (Cont.)

Characteristics Description
* Offset Waveform is 0 VDC and Amplitude range is 0.05 V
** Accuracy 1(1% of Offset + 5 mV)

Cross talk between Channels

Option 02, Sine (512 points), 250 MHz Clock, Amplitude 5 V, No Offset, No
Filter

<-70dBc

Noise Floor Waveform is 0 VDC (7FF), Norm, No Filter, No Offset, at 250 MHz Clock
0.1V <-140 dBm/Hz (at 10 MHz)
1.0V <-130 dBm/Hz (at 10 MHz)
50V <-120 dBm/Hz (at 10 MHz)
** Pulse Response
15°C ~30° C
Flatness within <3% (After 20 ns from rise/fall edges)
Aberration £(7% of amplitude + 10 mV)
10° C ~40°C
** Rise/Fall Time <4.2 ns
** Flatness within <5% (After 20 ns from rise/fall edges)
** Aberration +(9% of amplitude + 10 mV)

Sine Wave Characteristics

F.G mode, 100 kHz to 2.5 MHz, No Offset

Flatness within 4%
Amplitude 1V, 100 kHz reference
T.H.D. Including up to 4th Harmonics
1V <-50 dBc
05V <-66 dBc
Spurious Excluding Clock frequency
1V <-66 dBc
05V <-66 dBc
Auxiliary Output
**SYNC
** Amplitude >1.2 Vinto 50 Q, >2.4 V into open circuit
Duration 100 ns + 20%
Sync to Signal delay within 15 ns

AWG2021 User Manual
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Table B-3: Electrical Characteristics (Cont.)

Characteristics Description
** MARKERH1
** Amplitude 2.5V (+5%, -10%) into 50 Q, 5 V (+5%, -10%) into open circuit
Rise/Fall time <8ns
Marker to Signal delay within 15 ns
** MARKER2
** Amplitude 2.5V (+5%, -10%) into 50 Q, 5 V (+5%, -10%) into open circuit
Rise/Fall time <8ns
Marker to Signal delay within 15 ns
** CLOCK
** Amplitude 1V +0.3Vinto 50 Q
ECL DIGITAL DATA OUT (Option 03)
Skew between Data within 1 ns
Clock to Data delay within 2 ns
**TTL DIGITAL DATA OUT (Option 04)
** Amplitude >2 Vinto 50 Q
Output Data rate 100 MB/s minimum
Clock to Data delay (see Figure B-1) within +4 ns
Middle point of the Data
Data
- Within 4 ns
Clock
Figure B-1: Timing for the Data and Clock Signals
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Table B-3: Electrical Characteristics (Cont.)

Characteristics

Description

Auxiliary Input

**TRIGGER
** Accuracy +(5% of Level + 0.1V)
Pulse Width 15 ns minimum
Input Swing 0.2 Vp.p minimum

Maximum Input Volts

10 Vp.p when 1 MQ selected
5 VRrms when 50 Q selected

Trigger to Signal delay
Internal Clock

100 ns maximum

External Clock

100 ns maximum + 0.5 Clock + 1 Clock maximum

Trigger Holdoff 1 s maximum (Excluding Autostep mode)
AM

Amplitude Accuracy within 5%

Maximum Input Volts 5V
** CLOCK

** Threshold Level 05V

Input Swing 0.8 Vpp minimum

Pulse Width 2 ns minimum

Maximum Input Volts 2V

Frequency Range

250 MHz maximum

AM and ADD
AM (Multiply) When Option 02 (second channel) installed
Output within 5%
CH2 Signal 5V 100%
ov 0%
-5V -100%
Frequency Response DC to 30 MHz (-3 dB)
** External AM
** Sensitivity 2 Vpp (+5%) signal causes 100% modulation.
Ext Signal 1V 100% modulation
ov 50% modulation
-1V 0% modulation
Frequency Response
CH1 DC to 30 MHz (-3 dB)

External Signal

DC to 4 MHz (-3 dB)

AWG2021 User Manual

B-9



Appendix B: Performance Characteristics

Table B-3: Electrical Characteristics (Cont.)

Characteristics Description
** Add When Option 02 (second channel) installed
** Qutput within 5%
CH1 + CH2 (value indicated at the lower right box in SETUP menu)
Output can not exceed 5 V..
Frequency Response DC to 30 MHz (-3 dB)
Voltage

AC Power Source

Rating Voltage

100 VAC to 240VAC
Continuous range, CAT Il

Range
90 VAC to 250 VAC 48 Hz to 63 Hz
90 VAC to 127 VAC 48 Hz to 440 Hz
Maximum Power Consumption 300 W
Maximum Current 4A

Grounding Impedance

The impedance for the chassis ground and power plug ground pins is 0.1 Q at
30A.

Primary Circuit Dielectric Voltage withstand Test

1500 VRus, 50 Hz for 15 seconds, without breakdown.

Table B-4: Environmental Characteristics

Characteristics Description
Temperature
Operating +10° Cto +40° C
Non operating -20° Cto +60° C
Relative Humidity
Operating 20% to 80% (No condensation)
Maximum wet-bulb temperature 29.4° C
Non operating 5% to 90% (No condensation)
Maximum wet-bulb temperature 40.0° C
Altitude
Operating To 4.5 km (15000 ft).
Maximum operating temperature decreases 1° C each 300 m above 1.5 km.
Non operating To 15 km (50000 ft).
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Table B-4: Environmental Characteristics (Cont.)

Characteristics Description
Dynamics
Vibration
Operation 0.33 mmy,_,, 10 to 55 Hz, 15 minutes
Shock
Non operating 294 m/s? (30 G), half-sine, 11 ms duration.
Installation Requirements
Power Consumption (Fully Loaded) 300 watts max. Maximum line current is 4 Agys at 50 Hz, 90 V line.
Surge Current 30 A peak for < 5 line cycles, after product has been off for at least 30 s.
Cooling Clearance
Top Clearance 3inches
Side Clearance 6 inches
Rear Clearance 3inches
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Typical Characteristics

This section will describe the typical characteristics for the AWG2021. These
values represent typical or average performance and are not absolutely guaran-
teed.

Table B-5: Electrical Characteristics

Characteristics Description
Delay
1 MHz 390 ns
5 MHz 78 ns
20 MHz 18 ns
50 MHz 11 ns
Auxiliary Output
TTL DIGITAL DATA OUT Option 04
Skew between Data Connect a digital data output cable (P/N 174-3192-00) between DIGITAL DATA
OUT connector and DUT’s header pins with 50 Q termination.
Same Channel 2ns
Between CH1 and CH2 4 ns (When Option 02 installed)
Power Supply
Battery
Back Up Time 4 years
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Table B-6: Certifications and compliances

Category Standards or description
EC Declaration of Conformity - Meets intent of Directive 89/336/EEC for Electromagnetic Compatibility. Compliance was
EMC demonstrated to the following specifications as listed in the Official Journal of the European
Communities:
EMC Directive 89/336/EEC:
EN 55011 Class A Radiated and Conducted Emissions
EN 50081-1  Emissions:
EN60555-2 AC Power Line Harmonic Emissions
EN 50082-1  Immunity:
IEC801-2 Electrostatic Discharge Immunity
IEC801-3 RF Electromagnetic Field Immunity
IEC801-4 Electrical Fast Transient/Burst Immunity
Australian/New Zealand Complies with EMC provision of Radio-communications Act per the following standard:
declaration of Conformity - EMC
AS/NZS 2064.1/2 Industrial, Scientific, and Medical Equipment: 1992
EC Declaration of Conformity - Compliance was demonstrated to the following specification as listed in the Official Journal of the
Low Voltage European Communities:
Low Voltage Directive 73/23/EEC, amended by 93/68/EEC
EN 61010-1/A1:1992 Safety requirements for electrical equipment for
measurement, control and laboratory use.
Approvals Complies with the following safety standards:
UL3111-1, First Edition Standard for electrical measuring and test equipment.

CAN/CSA C22.2 No.1010.1-92  Safety requirements for electrical equipment for
measurement, control and laboratory use.

Installation Category Description | Terminals on this product may have different installation (over-voltage) category designations. The
installation categories are:

Category Examples of products in this category
CAT Il Distribution-level mains (usually permanently connected). Equipment at this
level is typically in a fixed industrial location.
CATII Local-level mains (wall sockets). Equipment at this level includes appliances,
portable tools, and similar products. Equipment is usually cord-connected.
CATI Secondary (signal level) or battery operated circuits of electronic equipment.
Pollution Degree A measure of the contaminates that could occur in the environment around and within a product.

Typically the internal environment inside a product is considered to be the same as the external.
Products should be used only in the environment for which they are rated.

Pollution Degree 2 Normally only dry, nonconductive pollution occurs. Occasionally a
temporary conductivity that is caused by condensation must be
expected. This location is a typical office/home environment.
Temporary condensation occurs only when the product is out of
service.
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Table B-6: Certifications and compliances (cont.)

Category

Standards or description

Conditions of Approval

Safety Certifications/Compliances are made for the following conditions:

Altitude (maximum operation): 2000 meters

IEC Characteristics Equipment type:
Test and Measuring
Installation Category Il (as defined in IEC 61010-1, Annex J)
Pollution Degree 2 (as defined in IEC 61010-1)
Safety Class | (as defined in IEC 61010-1, Annex H)
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Before Verification

Preparation

Conventions

AWG2021 User Manual

This section describes the verification procedures, tells you when to use the
procedures, and gives conventions used in their structure. The procedures are:

m  Self Tests

m  Performance Tests

These procedures verify the AWG2021 Arbitrary Waveform Generator function-
ality. Which procedure to perform depends on your goal:

B To quickly confirm that the AWG2021 functions correctly and was adjusted
properly, do the procedures un@slf Testswhich begin on page C-2.

Advantages: These procedures are short, require no external equipment, and
perform extensive functional and accuracy testing. Use them to quickly
determine if the AWG2021 is suitable for use, like when it is first received.

m  For a more extensive confirmation of performance, dd*t#réormance
Tests beginning on page C-5 after doing Belf Tests

Advantages: These procedures involve direct checking of warranted
specifications. They require more time and suitable test equipment. (See
Equipment Requiredn page C-6.

Before starting any of these procedures, read Section 2 of this manual. These
instructions describe the AWG2021 front-panel controls and menu system.

Throughout the procedures in this section, the following conventions apply:
m  Each test procedure uses the following general format:

m  Title of Test

®  Equipment Required

®  Prerequisites

®m  Procedure

®  Each procedure consists of as many steps, substeps, and subparts as required
to do the test. Steps, substeps, and subparts are sequenced as follows:

1. First Step

C-1
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Self Tests

C-2

Diagnostics

a. First Substep
®  First Subpart
m  Second Subpart
b. Second Substep
2. Second Step

m [nstructions for menu selection follow this formBRONT PANEL
BUTTON —Main Menu Button—Side Menu Button For example, “Press
UTILITY —Misc—Config...—+Reset to Factory+O.K.”

m  Where instructed to use a front-panel button, key, or knob, or select from the
MENU column, or from a bottom or side menu, the name of the item
appears in boldface type: “puMODE,” or “selectBurst in the bottom
menu.”

This section describes how to use AWG2021 internal self-test routines. No
equipment is required to do these procedures. The self tests include these
internal routines:

m  Diagnostics

This self-test procedure uses internal routines to verify that the AWG2021
functions, and passes the internal circuit tests.

m  Calibration

The second procedure checks the AWG2021 internal calibration constants
and changes them if needed.

The internal diagnostic routines check AWG2021 characteristics such as
amplitude, offset, trigger level, clock, filters, X5 output amplifier, and attenua-
tion.

The AWG2021 automatically performs the internal diagnostics at power-on; you
can also run the internal diagnostics using the menu selections described in this
procedure. The difference between these two methods of initiating the diagnos-
tics is that the menu method does more detailed memory checking than the
power-on method.

AWG2021 User Manual



Appendix C: Performance Verification

Equipment None

Required

Prerequisites Power on the AWG2021 and allow a 20 minute warmup period before
doing this procedure.

1. Verify that internal diagnostics pasBo the following substeps to verify
passing internal diagnostics.

a. Display the diagnostics menu and select all td3tsh
UTILITY —Diag/Cal—Diagnostics xxxx—+All.

The list on the left shows the tests available for diagnostics. In addition
to selecting all of the tests shown for diagnostics, you can select only the
test you want to run using the general purpose knob. In Figure C-1, the
symbol (*) to the left of Diagnostics column indicates the tests selected.

. Diagnhostics [ Result | Code
[#[Cpu | Pass
[#|[Clock [ Pass
|x|Display [ Pass
| |[FPP e
[#[FrontPanel [ Pass
[#[Trigger [ Pass
\*[Setup CH1 | Pass
| [Setup CH2 ——
= Waveform Memory CH1 Pass

| Iwaveform Memory CH2 e

Figure C-1: Diagnostics Menu

b. Run the diagnosticSelectExecutefrom the side menu. This executes
all the AWG2021 diagnostics automatically.

c. Wait The internal diagnostics do an extensive verification of AWG2021
functions. While it progresses, the screen displays the busy icon. When
finished, the resulting status appears on the screen.

d. Confirm that no failures are founderify that no failures are found and
reported on-screen. If the diagnostics displays Fail as the result of any
test, contact your nearest representative.

2. Return to regular servicd’ush a button (other than UTILITY) in the MENU
column to exit the diagnostic menu.
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Calibration = The AWG2021 includes internal calibration routines that check electrical
characteristics such as amplitude, offset, trigger level, clock, filters, X5 output
amplifier and attenuation, and adjust internal calibration constants as necessary.

Equipment Required None

Prerequisites Power on the AWG2021 and allow a 20 minute warmup period
before doing this procedure.

1. Verify that internal adjustments pad3o the following substeps to verify
passing of internal adjustments.

a. Display the calibrations menu and select all teBigsh
UTILITY —Diag/Cal—Calibrations xxxx—All. See the menu in

Figure C-2.
_ Calibrations Result Code
|=[Trigger Pass
\*[Sefup CH1 Pass
| [Setup CH2 —
[#[Clock Pass

Figure C-2: Calibrations Menu

b. Run the calibrations routine&SelectExecutefrom the side menu. This
executes the AWG2021 calibrations routine automatically.

c. Wait The internal calibration does an exhaustive verification of proper
AWG2021 function. While it progresses, the busy icon appears on
screen. When finished, the resulting status will appear on the screen.

d. Confirm that no failures are founderify that no failures are found and
reported on-screen. If the calibration displays Fail as the result, contact
our nearest representative.

2. Return to regular servicd’ush any button (other than UTILITY) in the
MENU column to exit the diagnostic menu.
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Performance Tests

Prerequisites

AWG2021 User Manual

NOTE. The interactive tests on the Diag/Cal menu are for manufacturing use at
the factory.

This section contains a series of procedures for checking that the AWG2021
Arbitrary Waveform Generator performs as warranted.

The procedures are arranged in ten logical groupings, presented in the following
order:

®  Operating Mode Checks

m  Arithmetic Operation Checks

m  Clock Frequency and Amplitude Checks

B Gain and Offset Accuracy Checks

m  Pulse Response Check

®  SYNC Out and MARKER Out Amplitude Checks
m  External Trigger Level Accuracy Check

m  External CLOCK IN Check

m  ECL Digital Data Out Check (Option 03)

m  TTL Digital Data Out Check (Option 04)

These procedures extend the confidence level provided by the internal diagnostic
and calibration routines described on page C-2.

These tests comprise an extensive, valid confirmation of performance and
functionality when the following requirements are met:

B You must have performed and passed the calibration procedure described in
Self Teststhe previous subsection.

NOTE. For operation to specified accuracy, allow the AWG2021 to warm up at
least 20 minutes before doing the performance tests.

m |oad all the files from the Performance Check/Adjustment disk
(063-2171-XX) that comes with this manual into AWG2021 internal

C-5
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Related Information

Equipment Required

Table C-1: Test Equipment

memory. For instructions on loading files, $@ading Sample Waveforms
on page 2 -28 in section 2.

ReadPreparationandConvention®n page C-1. Also, if you are not familiar

with operating the AWG2021, read in section 2 before doing any of these

procedures.

The following equipment is required to check the performance of the AWG2021.

ltem

Minimum Requirements

Example

Purpose

Precision termination

Impedance: 50 Q, 0.1%
Connectors: BNC

Tektronix Part 011-0129-XX

Signal termination.

Adapter Connectors: BNC female-to-dual Tektronix Part 103-0090-XX | Signal interconnection.
banana
Adapter Connectors: SMA male-to-BNC Tektronix Part 015-0554-XX | Signal interconnection.

female

BNC dual input (TEE) adapter

Connectors: BNC

Tektronix Part 103-0030-XX

Signal interconnection.

BNC cable (4 required)

Impedance 50 Q
Connectors: BNC
Length: 43 inches

Tektronix Part 012-0057-XX

Signal interconnection.

Termination board (Option 03) | Must use example equipment Tektronix Part 671-2957-XX | Used to check ECL digital
data output.
ECL Digital Data Out Cable Must use example equipment Tektronix Part 012-1408-XX Used to check ECL digital
(Option 03) (Standard accessory for data output.
Option 03)
Test leads (Option 03) Must use example equipment Tektronix Part 012-1381-XX Used to check ECL digital
data output.
TTL Digital Data Out Cable Must use example equipment Tektronix Part 174-3192-XX Used to check TTL digital
(Option 04) (Standard accessory for data output.
Option 04)
2 x 13 header (Option 04) Must use example equipment Tektronix Part 131-3847-XX Used to check TTL digital
data output.
Probe, 10X (Option 04) 10X probe Tektronix Part P6139A Used to check TTL digital
data output.
Test oscilloscope Bandwidth: >250 MHz Tektronix TDS500 Series Checks output signals. Used

Digitizing Oscilloscope or

2400 Series Digitizing Oscillo-

in many procedures.

scope
Frequency counter Frequency range: 10 Hz to 250 MHz | Tektronix DC 5010 Program- | Used to check clock frequen-
mable Universal Counter/Tim- | cy.
er'
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Table C-1: Test Equipment (Cont.)

ltem Minimum Requirements Example Purpose
Digital multimeter DC volts range: 0.05 Vio 5V Fluke 8842A Used throughout the checks
Accuracy: +0.1% to measure voltage.

Function generator Output voltage: -5Vio 5V Tektronix FG 5010 Program- | Used to input the trigger
mable Function Generator | signal.

Power supply (Option 03) Output voltage: -2 V Tektronix PS 5010 Program- | Used to check ECL digital
mable Power Supply” data output.

Performance Check/Adjust- Must use example listed Tektronix Part 063-2171-XX Used throughout the checks

ment disk to provide waveform files.

*  Requires a TM 5000 Series Power Module Mainframe.

Performance Check/ Table C-2 lists the waveform files on the Performance Check/Adjustment disk
Adjustment Files  (063-2171-XX) that are used in these performance tests, the AWG2021
front-panel settings that each file sets up, and the performance test that uses each
file.

NOTE. The files on the Performance Check/Adjustment disk are locked (the files
names are displayed with *), so the data in these files cannot be changed unless
the lock is opened. The file data includes not only waveform data, but also
output parameters.

When you select a file with the Waveform Sequence item, the AWG2021 output
parameters change to those specified in the file, and the waveform output
reflects waveform data in the file. After selecting a file, do not change an output
parameter with the SETUP menu unless a procedure instructs you to do so.
During the procedures, if you are unsure that the AWG2021 settings still match
the file’s settings, select the waveform again using the Waveform Sequence item
on the SETUP menu.

HF_LFWFM file on the Performance Check/Adjustment disk is used to adjust
the AWG2021 externally. On adjustment, see the AWG2021 Service Manual.
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Table C-2: File List for Performance Check/Adjustment Disk

EDIT Menu SETUP Menu
Wfm Wfm
No. | File Name Shape Point Clock Operation | Filter Amp Offset | Usage
1 MODE.WFM 1000 1 MHz Normal Through |1V ov Cont, Trig-
gered, Burst ,
Gated Mode
2 MODE_ADV.SEQ 1200 100 MHz | Normal Through |1V ov Waveform
ADV-1.WFM 1000 Advance Mode
ADV-2.WFM 200
3 MODE_ASTAST / 1000 250 kHz | Normal Through |3V ov Autostep Mode
Step: 1 AST-1.WFM \ /
Step: 2 AST-2.WFM /\ 200 150 kHz | Normal Through |15V ov
/
Step: 3 AST-3.WFM 200 25 kHz Normal Through |05V ov
4 OPE.AST ——| | 1000 1 MHz external AM | Through |5V ov External AM
Step: 1 Operation
EXT_AM.WFM (CH1)
Step: 2 —| | 1000 1 MHz AM Through |5V ov Internal AM
AM-1.WFM  (CH1) Operation
AM-2WFM  (CH2) | [—] | 1000 1 MHz — Through |5V 25V
Step: 3 —1 | 1000 1 MHz AM Through |5V ov
AM-1.WFM  (CH1)
AM-3.WFM  (CH2) 1000 1 MHz — Through |5V -25V
Step: 4 —| | 1000 1 MHz add Through |5V ov Internal Add
ADD.WFM (CH1) Operation
ADDWFM  (CH2) | [ | 1000 1 MHz — Through |5V ov
5 CLK_FREQ.WFM 1000 250 MHz | Normal Through |1V ov Clock
Frequency
Accuracy
6 CLK_AMPL.WFM 1000 1 MHz Normal Through |1V ov Clock
Amplitude
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Table C-2: File List for Performance Check/Adjustment Disk (Cont.)

EDIT Menu SETUP Menu
Wfm Wfm
No. |File Name Shape Point Clock Operation | Filter Amp Offset | Usage
7 GAIN_OFF.AST 1000 1 MHz Normal Through |05V ov Gain
Step: 1 GAIN-1.WFM Accuracy
Step: 2 GAIN-2.WFM 1000 1 MHz Normal Through |05V ov
Step: 3 GAIN-3.WFM | [——] [ 1000 1 MHz Normal Through | 5.0V ov
Step: 4 GAIN-4.WFM 1000 1 MHz Normal Through |5.0V ov
Step: 5 1000 1 MHz Normal Through |0.05V [25V Offset
OFFSET-1.WFM - Accuracy
Step: 6 1000 1 MHz Normal Through |0.05V |0V
OFFSET-2.WFM -
Step: 7 1000 1 MHz Normal Through |0.05V |[-25V
OFFSET-3.WFM -
8 PULSE.WFM - 64 250 MHz | — Through |05V |0V Pulse
Response
9 SYNC_MKR.WFM 200 1 MHz —_— Through |1V ov SYNC Out and
MARKER OUT
Amplitude
10 | TRG_IN.WFM 1000 100MHz | — Through |1V ov External Trigger
Level Accuracy
1 EXT_CLK.WFM 1000 External |— Through |1V ov External Clock
Clock In
12 | DIGI_OUT.WFM 4096 1 MHz Normal Through |1V ov ECLand TTL
DIGITAL DATA
OUT Check
(Option 03 and
04)
AWG2021 User Manual C-9
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Operating Mode Checks

These procedures check operation of the Cont, Triggered, Burst, Gated,

Waveform Advance

, and Autostep modes.

Check Cont Mode Electrical

Characteristic Checked

Operating mode, Continuous, on page B-1.

Equipment Required

A 50 Q coaxial cable and an oscilloscope.

Prerequisites

The AWG2021 must meet the prerequisites listed on
page C-5.

1.

a. Hook up the

Install the test hookup and set test equipment controls:

oscilloscop€onnect the AWG2021 CH1 output connector
through the coaxial cable to the CH1 vertical input connector on the

oscilloscope (see Figure C-3).

AWG2021

Oscilloscope

T0S 540

ooo

DDDGD‘D
T
o

ooo

o |ooo

ooo

©looo

0=o | o
“jglﬂ
O]
2010
- Cle g

Figure C-3: Cont Mode Initial Test Hookup

b. Set the oscil

loscope controls:

Vertical .......................CH1
CHlcoupling:................ DC
CHlscale.................... 0.2 V/div.
CH1 input impedance.......... 50

Horizontal
Sweep. . ... 50@Qus/div.

Trigger
Source . ... CH1
Coupling. ................... DC
Slope . .............. ... ... Positive
Level ...................... +100 mV
Mode ...................... Auto

C-10
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Check Triggered Mode

AWG2021 User Manual

2. Setthe AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.

b. Select the file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to display the list of waveform files
and highlight thetODE.WFM file.

m  PushENTER to select the file. This button is located to the
lower-right of the numeric keypad.

3. Turn on the AWG2021 CH1 outpitush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check contode: Check that the amplitude of the sine wave displayed on

the oscilloscope is 5 vertical divisions and that 5 cycles of the waveform are

displayed.

5. If Option 02 is installedOption 02 adds the CH2 output channel): Repeat
this procedure, connecting the oscilloscope to the AWG2021 CH2 output
connector, pushing/aveform Sequenceo select the waveform for CH2,
and turning on the CH2 output.

6. End procedureDisconnect the oscilloscope.

Electrical Operating mode, Triggered, on page B-1.

Characteristic Checked

Equipment Required Two 50 Q coaxial cables, a function generator, and an
oscilloscope.

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install the test hookup and set test equipment controls:

a. Hook up the oscilloscop€onnect the AWG2021 CH1 output connector
through the coaxial cable to the CH1 vertical input connector on the
oscilloscope.

b. Hook up the function generator:

®  Connect the AWG2021 TRIGGER INPUT connector through a
coaxial cable to the function generator output connector (see
Figure C-4).
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Function Generator

Oscilloscope
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Figure C-4: Triggered Mode Initial Test Hookup

c. Set the oscilloscope controls:

Vertical .......................CH1
CHlcoupling:................ DC
CHlscale...................| 0.2 V/div.
CH1 input impedance.......... 50

Horizontal
Sweep. ... 50@Qus/div.

Trigger
Source .. ... CH1
Coupling. . .................. DC
Slope . ... . Positive
Level ........ . ... ... ... .... +100 mV
Mode ...................... Norm

Function....................... Square
Mode......................... Continuous
Parameter
Frequency ................... 100 Hz
Amplitude . ................. 4V
Offset...................... 2V
Output. . ............ ... ......! Off
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2. Set AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.

b. Modify the AWG2021 default settings:
m  PushMODE —Triggered—Slopeto select Positive slope.

m  SelectLevel from the side menu and turn the general purpose knob
to select a 1 V trigger level.

m  Selectimpedancefrom the side menu to select @impedance.
c. Select the file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

m  Highlight theMODE.WFM file using the general purpose knob.
®  PushENTER to select the file.

3. Turn on the AWG2021 CH1 outpiush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check triggered mode with manual triggerifush the AWG2021
MANUAL TRIGGER button and check that when the button is pushed, the
oscilloscope displays a one-cycle sine wave.

5. Check triggered mode with external triggering:
a. Enable function generator outputurn on the function generator output.

b. Check triggering:Check that for each trigger supplied by the function
generator, the oscilloscope displays a one-cycle sine wave.

6. End procedureTurn off the function generator output, and disconnect the
function generator and oscilloscope.
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Check Burst Mode Electrical Operating mode, Burst, on page B-1.
Characteristic Checked
Equipment Required A 50 Q coaxial cable and an oscilloscope.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscop&€onnect the AWG2021 CH1 output connector
through the coaxial cable to the CH1 vertical input connector on the
oscilloscope (see Figure C-5).

AWG2021 Oscilloscope

0 G a
DO
\ )

Figure C-5: Burst Mode Initial Test Hookup

b. Set the oscilloscope controls:

Vertical ....................... CH1
CHlcoupling:................ DC
CHlscale.................... 0.2 V/div.
CH1 input impedance.......... 50

Horizontal
Sweep. ... 50Qus/div.

Trigger
Source . ... CH1
Coupling. ................... DC
Slope ................ ..., Positive
Level ... ... ... .. .. ... +100 mV
Mode ... ... . . Norm

2. Set AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controls?2ushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Modify the AWG2021 default settinggaishMODE —Burst—Burst
Count and turn the general purpose knob to a burst count of 3.

C-14 AWG2021 User Manual



Appendix C: Performance Verification

c. Select the file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to highlight th@DE.WFM file.
m  PushENTER to select the file.

3. Turn on the AWG2021 CH1 outptush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check burst counPush the AWG202MANUAL TRIGGER button and
check that when the button is pushed, the oscilloscope displays three cycles
of sine wave.

5. End procedureDisconnect the oscilloscope.

Check Gated Mode Electrical Operating mode, Gated, on page B-1.
Characteristic Checked
Equipment Required Three 50 Q coaxial cables, a 50 Q precision termination, a

function generator, and an oscilloscope.

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscop€onnect the AWG2021 CH1 output connector
through the coaxial cable to the CH1 vertical input connector on the
oscilloscope.

b. Hook up the function generataConnect the function generator output
to both the AWG2021 TRIGGER INPUT and the oscilloscope CH2
input through a coaxial cable, precision termination, and a dual input
coupler (see Figure C-6).
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AWG2021 Oscilloscope
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Figure C-6: Gated Mode Initial Test Hookup

c. Set oscilloscope controls:

Vertical ....................... CH1, CH2
CH1, CH2 coupling. .. ......... DC
CH1,CH2scale.............. 0.5 V/div.
CH1 input impedance. .. ....... 50
CH2 input impedance. .. ....... 1
Mode ...................... Chop

Horizontal
Sweep. . ... 2 ms/div.

Trigger
Source . ... CH2
Coupling. . .................. DC
Slope . ... Positive
Level ...................... 500 mV
Mode ...................... Auto

Function....................... Square
Mode......................... Continuous
Parameter
Frequency ................... 100 Hz
Amplitude .................. 4.0V
Offset ..................... 20V
Output. . ....... ... ... ... Off
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2. Setthe AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.

b. Modify the AWG2021 default settings:
®  PushMODE —Gated—Polarity to highlight Positive.
m  Selectimpedancefrom the side menu to highlight 1
c. Select the file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

m  Highlight theMODE.WFM file, using the general purpose knob.
m  PushENTER to select the file.

3. Turn on the AWG2021 CH1 outpitush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check gated mode with manual trigg@ush and hold the AWG2021
MANUAL TRIGGER button, and check that the oscilloscope continuously
displays a sine wave while the MANUAL TRIGGER button is pushed.

5. Check gated mode with gate signal:
a. Apply gate signalTurn function generator output on.

b. Check gated mode with positive gate sigi@ieck that the oscilloscope
displays a sinewave when the gate signal is high.
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Ch 1 Waveform ——>
Output - E

Ch 2 Gate Signal

Figure C-7: Waveform Output Signal with Positive Gate Signal

c. Change the AWG2021 trigger polarity to negatireshMODE —Po-
larity to change the polarity to Negative.

d. Check gated mode with a negative gate sig8akck the oscilloscope
displays a sinewave when the gate signal is low.

Ch 1 Waveform ——>
Output

Ch 2 Gate Signal

Figure C-8: Waveform Output Signal with Negative Gate Signal

6. End procedureTurn the function generator output off and disconnect the
function generator.
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Check Waveform Advance Electrical Operating mode, Waveform Advance, on page B-1.
Mode Characteristic Checked
Equipment Required A 50 Q coaxial cable and an oscilloscope.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscop€onnect the AWG2021 CH1 output
connector through the coaxial cable to the CH1 vertical input connector
on the oscilloscope (see Figure C-9).

AWG2021 Oscilloscope
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Figure C-9: Waveform Advance Mode Initial Test Hookup

=

b. Set oscilloscope controls:

Vertical ....................... CH1
CHlcoupling................. DC
CH1 ... ... ... . 0.2 V/div.
CH1 input impedance. . .. ...... 50

Horizontal . .......................
Sweep. ... Sus/div

Trigger
Source . ... CH1
Coupling. ................... DC
Slope .................. ... Positive
Level ... ... ... . ... oV
Mode ... ... .. Auto

2. Setthe AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controls?2ushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Set AWG2021 controls:
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®  PushMODE —+Waveform Advance—Slopeto highlight Positive.

m  SelectLevel from the side menu, and turn the general purpose knob
to selecta 1.0 V level.

m  Selectimpedancefrom the side menu to highlight %2
c. Select waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

m  Highlight theMODE_ADV.SEQ file using the general purpose
knob.

®m  PushENTER to select the file.

3. Turn on the AWG2021 CH1 outpttush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check waveform advancBRepeatedly push the AWG20RIANUAL
TRIGGER button, and check that the oscilloscope displays a continuous
sine wave that switches between two frequencies at each manual trigger.

5. End procedureDisconnect the oscilloscope.

Check Autostep Mode Electrical Operating mode, Autostep, on page B-1.
Characteristic Checked
Equipment Required Two 50 Q coaxial cables and an oscilloscope.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:
a. Hook up the oscilloscope:

m  Connect the AWG2021 CH1 output through a coaxial cable to the
oscilloscope CH1 vertical input.

®  Connect the AWG2021 CH1 SYNC Out output through a coaxial
cable to the oscilloscope CH1 vertical input (see Figure C-10).
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AWG2021 Oscilloscope
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Figure C-10: Autostep Mode Initial Test Hookup

b.

Set the oscilloscope controls:

Vertical .......................CH1
CHlcoupling................. DC
CHlscale ..................| 0.5 V/div.
CH1 inputimpedance. . ........ 50

Horizontal
Sweep. . ... 2 ms/div.

Trigger
Source . ... CH1
Coupling. . .................. DC
Slope . ... L. Positive
Level .......... ... ... ..... 100 mVv
Mode ...................... Normal

2. Setthe AWG2021 controls and select the waveform file:

a.

AWG2021 User Manual

Initialize AWG2021 controlsPushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

Modify AWG2021 default settings:

®  PushMODE —Autostep—Slopeto highlight Positive.

m  SelectLevel from the side menu, and turn the general purpose knob

to select 1 V.

m  SelectSelect Autostep Filefrom the side menu to choose from the
file list for CH1.

m  Turn the general purpose knob to highlight Mf@DE_AST.AST
file.

®  PushENTER.
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m  SelectStart within the Syncframe at the bottom menu.

3. Turn on the AWG2021 CH1 outplitthe LED above the CH1 output
connector is not on, push t@#1 button.

4. Check autostep modBush the AWG202MANUAL TRIGGER button,
and check that the oscilloscope momentarily displays one sine wave cycle
with a different frequency and amplitude each time you push and release the
button.

5. End procedureDisconnect the oscilloscope.

Arithmetic Operation Checks

These procedures check operation of external AM. For an AWG2021 with
Option 02, they check internal AM and internal Add arithmetic functions.

NOTE. The arithmetic operation checks are structured as a continuous series of
tests. AfteCheck External AM Operatigreach test uses the control settings
from the last test and uses the next step in the sequence file.

Check External AM  Electrical External amplitude modulation, page B-9.
Operation Characteristic Checked

Equipment Required Two 50 Q coaxial cables, a 50 Q terminator, a function
generator, and a digital multimeter (DMM).

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up DMM:Connect the AWG2021 CH1 output through a coaxial
cable, the 5@ terminator, and BNC-to-dual banana connector to the
DMM INPUT connector.

b. Hook up function generatofonnect the AWG2021 rear-panel AM IN
input through a coaxial cable to the function generator output (see
Figure C-11).
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Function Generator

AWG2021
DMM
] ] o ===
) o e =
Figure C-11: External AM Operation Initial Test Hookup
c. Set DMM controls
Mode. .......... i VvDC
Range........... ... ... ..... 20
Inputs .. ... Front
d. Set function generator controls:
Function....................... Square
Mode......................... Continuous
Parameter
Frequency ................... 1 kHz
Amplitude .................. ov
Offset............ .. ... 1V
Output. . ... Off

2. Setthe AWG2021 controls and select the waveform file:

a.

Initialize AWG2021 controlsPushUTILITY —Misc—Config...—+Re-
set to Factory—+O.K.

Modify AWG2021 default settings:
®  PushMODE —Autostep.
Select waveform file:

m  SelectSelect Autostep Filefrom the side menu to choose a
waveform file for CH1.
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®  Turn the general purpose knob to highlight @RE.AST file.
m  PushENTER.

3. Turn on the AWG2021 CH1 outplitthe LED above the CH1 output
connector is not on, push tl#1 button.

4. Enable the function generator outpdtirn on the function generator output.

5. Check external AM operation:

m  Check that the step number displayed on the AWG2021 MODE menu is
Step 1(see Figure C-12). If it is not, push MANUAL TRIGGER to step
though the sequence file steps until Step: 1 is displayed.

Step Display
GPIB Autostep mode [waiting for Trigger

Autostep file : OPE.AST Step : 1 Autostep
Slope

CH1 CH2 L Negative

Waveform /
EXT_AN. WFN L 1 Level

1.4V
EXT_AM.WFM ] T
Impedance

1M

Select
Autostep
File

STOP

waveform

Triggered Aciuaraa

Sync
‘ Cont ‘

Autostep (i Start

End

Gated ‘ Burst

Figure C-12: MODE Menu Autostep Setting

m  Check that the DMM reading is in the range from 2.375 to 2.625 V
(100% modulation).

m  Set the function generator offset value to 0 V. Check that the DMM
reading is in the range from 1.125 to 1.375 V (50% modulation).
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m  Set the function generator offset value to —1 V. Check that the DMM
voltage reading is in the range from —0.125 to 0.125 V (0% modulation).

6. End procedureKeep the test connections and instrument settings for the
next check.
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Check Internal AM Electrical Arithmetic Operation, Amplitude Modulation, on page B-9.
Operation (Option 02 only) Characteristic Checked
Equipment Required Two 50 Q coaxial cables, a function generator, and a digital
multimeter (DMM).
Prerequisites The AWG2021 meets the prerequisites listed on page C-5. It
also requires Option 02 (CH2 output channel) in the AWG2021.

1. Use test hookup and control settings from previous check.
2. Check internal AM operation:
a. Check Autostep Step 2:

®  Push the AWG202MANUAL TRIGGER button, and check that
the step changes to Step 2 on the MODE menu.

m  Check that the DMM reading is in the range from 2.375 VDC to
2.625 VDC.

b. Check Autostep Step 3:

m  Push the AWG202MANUAL TRIGGER button, and check that
the Autostep changes to Step: 3 on the MODE menu.

m  Check that the DMM reading is in the range from —2.625 V to
—2.375 V.

3. End procedureRetain the test hookup and settings for the next check.

Check Internal Add Electrical Arithmetic Operation, Add, on page B-9.
Operation (Option 02 only) Characteristic Checked
Equipment Required Two 50 Q coaxial cables, a function generator, and a digital
multimeter (DMM).
Prerequisites The AWG2021 meets the prerequisites listed on page C-5. It
also requires Option 02 (CH2 output channel) in the AWG2021.

1. Use test hookup and control settings from previous check.
2. Check internal Add operation:
a. Check Autostep Step 4:

m  Push the AWG202MANUAL TRIGGER button, and check that
the step changes to Step 4 on the MODE menu.

m  Check that the DMM reading is in the range from 2.85V to 3.15 V.
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3. End procedure:

a. Disable function generator outputurn the function generator output
off.

b. Remove equipmerRisconnect connections to the test equipment.

Clock Frequency and Amplitude Checks

These procedures check the accuracy of the AWG2021 clock frequency and the
waveform output amplitude.

Check Clock Frequency Electrical Clock Generator, Accuracy, on page B-6.
Accuracy Characteristic Checked
Equipment Required A 50 Q coaxial cable, an SMA-BNC adapter, and a frequency
counter.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up frequency counte€onnect the AWG2021 rear panel CLOCK
OUT connector to the frequency counter input through a coaxial cable
and an SMA-BNC adapter (see Figure C-13).

Frequency Counter
[T ———

(/=
AWG2021

Figure C-13: Clock Frequency Accuracy Initial Test Hookup
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Set frequency counter controls:

CHANNEL A
Termination . . ............... 502
Slope . ... L. Negative
Attenuation. . . ............... X5
Coupling. . .................. AC
FREQ A

2. Set AWG2021 controls and select the waveform:

a.

Initialize AWG2021 controls?ushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

Select the waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to selectGh& FREQ.WFM file.
m  PushENTER.

3. Check clock frequency accuracy:

a.

C-28

Check clock frequency accuracy at current clock frequency setting:
Check that the frequency counter reading falls between 249.9875 MHz
and 250.0125 MHz.

Check clock frequency accuracy for different clock frequency settings:
m  SelectClock from the bottom of the SETUP menu.

®  Turn the general purpose knob (or press the numeric and units keys,
and pustENTER) to select the first clock frequency listed in Table
C-3.

m  Check that the frequency counter reading is within the frequency
range listed in the table for the clock frequency setting.

m  Repeat this step for each clock frequency and frequency range listed
in Table C-3.

AWG2021 User Manual



Appendix C: Performance Verification

Table C-3: Clock Frequency Accuracy

Clock Frequency

Frequency Range

150 MHz 149.9925 MHz - 150.0075 MHz
1 MHz 0.99995 MHz —1.00005 MHz
1kHz 0.99995 kHz - 1.00005 kHz

10 Hz 9.9995 Hz - 10.0005 Hz

4. End procedureDisconnect the frequency counter.

Check Clock Amplitude Electrical Auxiliary Outputs, Clock, Amplitude, on page B-8.
Characteristic Checked
Equipment Required A 50 Q coaxial cable, an SMA-BNC adapter, and an
oscilloscope.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up oscilloscopeConnect the AWG2021 rear-panel CLOCK OUT
connector through a coaxial cable and SMA-BNC adapter to the
oscilloscope CH1 vertical input (see Figure C-14).

Oscilloscope

opooo
T

PO

z
AWG2021 (

Figure C-14: Clock Amplitude Initial Test Hookup
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b. Set oscilloscope controls:

Vertical ....................... CH1
Coupling. . .................. DC
Scale.......... ... L 500 mV/div.
Input impedance. . ............ 5@

Horizontal
Sweep. . ... 500 ns/div.

Trigger
Source . ... CH1
Coupling. . .................. DC
Slope . ... Positive
Level ... ... ... .. ... .. ... 500 mV
Mode ...................... Auto

2. Setthe AWG2021 controls and select the waveform file:

a. |Initialize AWG2021 controlsPushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Select the waveform file:

PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

Turn the general purpose knob to selectGh& AMPL.WFM
file.

PushENTER.

3. Check clock amplitude accuradgheck that the pulse displayed on the
oscilloscope has an amplitude of 0.4,M0 1.3 \j.p.

4. End procedureDisconnect the oscilloscope.
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Gain and Offset Accuracy Checks

These procedures check the accuracy of the AWG2021 gain and offset.

NOTE. The gain and offset accuracy checks are structured as a continuous test.
After Check Gain Accuragythe next test uses the control settings from the last
test and uses the next step in the sequence file.

Check Gain Accuracy Electrical Main Output, Amplitude, Accuracy, on page B-6.
Characteristic Checked
Equipment Required A 50 Q coaxial cable, a BNC-to-dual banana adapter, and a

digital multimeter (DMM).

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set controls:

a. Hook up DMM:Connect the AWG2021 CH1 output through &£50
coaxial cable, a 5@ terminator and a dual banana connector to the
DMM INPUT connector (see Figure C-15).

AWG2021

o s I
o s I

==y

Figure C-15: Gain Accuracy Initial Test Hookup

b. Set DMM controls:

Mode. . ... ... vDC
Range......................... 20
Input .. ... .. Front

2. Set the AWG2021 controls and select the waveform file:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.
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b.

Select the AWG2021 waveform file:

®  PushMODE —+Autostep—+Select Autostep Fileto choose a
sequence file for CH1.

®  Turn the general purpose knob to selectGi#¢N_OFF.AST file.
m  PushENTER.

3. Check gain accuracy:

Check that the displayed step is Step 1 on the MODE menu. If it is not,
select the side mer&iTOP button to return to Step 1.

Note the DMM reading as “A” for this value.

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 2.

Note the DMM reading as “B” for this value.
Do the following calculation.
A-B

Check that the calculated value is in the range from 0.4925 V to
0.5075 V.

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 3.

Note the DMM reading as “C” for this value.

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 4.

Record the DMM reading as “D” for this value.
Do the following calculation.
C-D
Check that the calculated value is in the range from 4.925 V to 5.075 V.

4. End procedureRetain the test hookup and control settings.
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Check Offset Accuracy

AWG2021 User Manual

Electrical Main Output, Offset, Accuracy, on page B-6.
Characteristic Checked
Equipment Required A 50 Q coaxial cable, 50 Q termination, BNC-to-dual banana

adapter, and a digital multimeter (DMM).

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Use the test hookup and test equipment settings from previous check,
however, add a 5Q termination at the DMM input.

2. Check offset accuracy:

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 5.

Check that the DMM voltage reading is in the range from 2.470 V to
2.530 V.

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 6.

Check that the DMM voltage reading is in the range from —0.005 V to
0.005 V.

Push the AWG202MANUAL TRIGGER button, and check that the
displayed step is Step 7.

Check that the DMM voltage reading is in the range from —2.470 V to
—2.530 V.

3. Check Option 02if the AWG2021 has Option 02, repeat tBain Accuracy
andOffset Accuracy ChecKer the AWG2021 channel 2 (CH2).

4. End procedureDisconnect the DMM.
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Pulse Response Check

This procedure checks the pulse response characteristics of the AWG2021 output
waveforms at amplitudes of 0.5 and 1 V.

Electrical Main Outputs, Pulse Response, on page B-7.
Characteristic Checked

Equipment Required A 50 Q coaxial cable and an oscilloscope.

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscop€onnect the AWG2021 CH1 output
connector through the coaxial cable to the CH1 vertical input connector
on the oscilloscope (see Figure C-16).

AWG2021 Oscilloscope
SEESR
0o | o olem
i
[0 o] 1| oo g
K | @ |
{ )

Figure C-16: Pulse Response Initial Test Hookup

b. Set oscilloscope controls:

Vertical .......................CH1
Coupling. ................... DC
Scale......... ... ... L. 0.1 V/div.
Inputimpedance. ............. 5@

Horizontal
Sweep. . ... 5 ns/div.

Trigger
Source . ... CH1
Coupling.................... DC
Slope .......... ... ... ... .. Positive
Level .......... ... ... .. ... Qv
Mode ...................... Auto
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2. Setthe AWG2021 controls and select the waveform file:

a.

b.

Initialize AWG2021 control2ushUTILITY —Misc—Config...—+Re-
set to Factory—+O.K.

Select waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to selectRbie SE.WFM file.
m  PushENTER.

3. Turn on the AWG2021 CH1 outpitush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check pulse response at 0.5 V amplitude:

a.

o

Check rise timeCheck that the rise time of the waveform displayed on
the oscilloscope from the 10% point to the 90% point is 4.2 ns or less.

Check aberrationsCheck that the aberrations of the displayed
waveform is within 0.45 div.

Check flatnessCheck that the flatness of the displayed waveform is
within 0.15 div. after 20 ns from the rising edge.

Change the oscilloscope controls:

Horizontal

Sweep. . ... 2 ns/div.
Trigger

Slope . ... Negative

Check fall timeCheck that the fall time of the displayed waveform from
the 10% point to the 90% point is 4.2 ns or less.

5. Check pulse response at 1 V amplitude:

a.

Change the oscilloscope controls:

Vertical ....................... CH1
CHlscale...................\ 0.2 V/div.
Trigger
Slope ...................... Positive

Change the AWG2021 controls:
m  PushSETUP—Ampl to change the amplitude for CH1.
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®m  Press the numeric kdly and press the units k&yto select an
amplitude of 1 V.

c. Repeat substeps 4a through e, checking to the follow limits:

Risetime....................... 4.2 ns, maximum
Aberrations. . ................... 0.4 div., maximum
Flatness . ...................... 0.15 div., maximum
Falltime ....................... 4.2 ns, maximum

6. Check pulse response for CH2 (Option 02jhe AWG2021 has a second
channel, repeat thRulse Response Chegiocedure using the AWG2021
CH2 output and selecting the waveform and setting controls for CH2.

7. End procedureRemove the connections.

SYNC Out and MARKER Out Amplitude Checks

These procedures check the amplitude of the SYNC Out and MARKER Out

signals.
Electrical Auxiliary Outputs, Sync, Marker 1, Marker 2, Amplitude, on
Characteristic Checked page B-7.
Equipment Required A 50 Q coaxial cable and an oscilloscope.
Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up the oscilloscop€&onnect the AWG2021 CH1 SYNC Out
connector through the coaxial cable to the CH1 vertical input connector
on the oscilloscope (see Figure C-17).

AWG2021 Oscilloscope

(600d|

HOOO

)

Figure C-17: Initial Test Hookup
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b. Set oscilloscope controls:

Vertical ....................... CH1
CHl1Coupling................ DC
CHlScale................... 200 mV/div.
CH1 Input Impedance . .. ...... 50

Horizontal
Sweep. . ... 50 ns/div.

Trigger
SOUrCe . .o CH1
Coupling. . .................. DC
Slope . ... . Positive
Level ... ... ... .. ... .. ... 500 mV
Mode ...................... Auto

2. Setthe AWG2021 controls and select the waveform file:

a. |Initialize AWG2021 controlsPushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Select waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

m  Turn the general purpose knob to highlight HeNC_ MRK.WFM
file.

®  PushENTER.
3. Check front-panel SYNC Out and MARKER Out amplitude:

a. Check SYNC Out pulse amplitudgheck that the pulse amplitude of the
waveform displayed on the oscilloscope is 12,\r greater.

b. Check CH1 MARKER 1 Out pulse amplitude:

®m  Move the coaxial cable from the AWG2021 CH1 SYNC Out
connector to the CH1 MARKER 1 connector.

®  Change the oscilloscope sweep toskiv.

m  Check that the pulse amplitude of the displayed waveform is from
2.250 \ppt0 2.625 ).
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4. Check rear-panel CH1 MARKER Out 2 pulse amplitude:
a. Check CH1 MARKER 2 OUT pulse amplitude:

®  Remove the coaxial cable from the AWG2021 front-panel CH1
MARKER 1 connector and connect it through the SMA-BNC
adapter to the rear-panel CH1 MARKER 2 OUT connector.

m  Check that the pulse amplitude of the displayed waveform is from
2.250 \ppt0 2.625 ..

5. Check Option 02tf the AWG2021 has a second channel, repeat this entire
test, selecting the AWG2021 waveform and setting controls for CH2 and
checking:

®  Rear-panel CH2 SYNC Out pulse amplitude
B Rear-panel CH2 MARKER 1 pulse amplitude
®  Rear-panel CH2 MARKER 2 pulse amplitude

6. End procedureDisconnect the oscilloscope.

External Trigger Level Accuracy Check

This procedure checks the external trigger level accuracy of the AWG2021.

Electrical Auxiliary Inputs, Trigger, Accuracy, on page B-9.

Characteristic Checked

Equipment Required Two 50 Q coaxial cables, a function generator, and an
oscilloscope.

Prerequisites The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up oscilloscopeConnect the AWG2021 CH1 output through a
coaxial cable to the oscilloscope CHL1 vertical input.

b. Hook up function generatoConnect the AWG2021 TRIGGER INPUT
through a coaxial cable to the function generator output (see Fig-
ure C-18).
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Figure C-18: External Trigger Level Accuracy Initial Test Hookup

C.

Set oscilloscope controls:

Vertical .......................CH1
CH1Coupling................ DC
CHl1Scale................... 0.2 V/div.
CH1 Input Impedance . ........ 50

Horizontal
Sweep. ... 5Qus/div.

Trigger
Source .. ... CH1
Coupling. . .................. DC
Slope . ... . Positive
Level ..... ... ... ... ... .... av
Mode ...................... Auto

Set function generator controls:

Function....................... Square
Mode......................... Continuous
Parameter
Frequency ................... 1 kHz
Amplitude . ................. oV
Offset...................... Q.6V
Output. . ............. ... .......! Off
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2. Select the AWG2021 waveform file and set AWG2021 controls:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.

b. Modify AWG2021 default settings:
®  PushMODE —Gated—Polarity to highlightPositive

m  SelectLevel from the side menu, and turn the general purpose knob
to select 1 V. (You can also use the numeric and units keys to select
1V, then pustENTER.)

m  Selectimpedancefrom the side menu to highlightM Q.
c. Select waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to highlight TG _IN.WFM file.
m  PushENTER.

3. Turn on the AWG2021 CH1 outptush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check external trigger high level:

a. Adjust oscilloscope control®ress and hold the AWG20RANUAL
TRIGGER button and adjust the oscilloscope vertical and horizontal
position to display the waveform from the AWG2021. Release the
MANUAL TRIGGER button.

b. Enable function generator outpukurn on the function generator output.
c. Check external trigger level accuracy:

m  Gradually increment the function generator offset level until a
waveform is displayed on the oscilloscope.

m  Check that the function generator offset level is from 0.85 to 1.15 V,
when the waveform is first displayed.

5. Check external trigger low level:
a. Change the function generator controls:

Parameter
Offset . ......co .. -0.6V
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b. Change the AWG2021 controls:

®  PushMODE —Polarity to highlightNegative

m  SelectLevel from the side menu, and turn the general purpose knob
to select —1 V. (You can also use the numeric and units keys to select
-1V, then pusfENTER.)

c. Check external trigger level accuracy:

m  Gradually decrement the function generator offset level until a
waveform is displayed on the oscilloscope.

m  Check that that the function generator offset level is from —1.15 V to
—0.85 V, when the waveform is first displayed.

6. End procedureTurn off the function generator output and disconnect the

function generator.

External CLOCK IN Check

This procedure checks the AWG2021 response to an external CLOCK IN signal.

Electrical
Characteristic Checked

Auxiliary Inputs, Clock, Threshold level, on page B-9.

Equipment Required

Two 50 Q coaxial cables, a function generator, and an
oscilloscope.

Prerequisites

The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up oscilloscopeConnect the AWG2021 CH1 output through a
coaxial cable to the oscilloscope CH1 vertical input.

b. Hook up function generatoConnect the AWG2021 rear-panel CLOCK
IN through a coaxial cable and SMA-BNC adapter to the function
generator output (see Figure C-19).
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Function Generator
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Figure C-19: External CLOCK IN Initial Test Hookup

c. Set oscilloscope controls:

Vertical ....................... CH1
Coupling. ................... DC
Scale. ......... ... 0.2 V/div.
Input Impedance. .. ........... 5@

Horizontal
Sweep. . ... 50Qus/div.

Trigger
Source . ... CH1
Coupling. . .................. DC
Slope . ... Positive
Level .......... ... ... ...\ QmVv
Mode ...................... Auto

d. Set function generator controls:

Function....................... Square
Mode......................... Continuous
Parameter
Frequency ................... 1 MHz
Amplitude .................. 16V
Offset...................... Q.6V
Output. . ............ ... .......! Off
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2. Select the AWG2021 waveform file and set AWG2021 controls:

a. Initialize AWG2021 controlsPushUTILITY —Misc—Config..—Re-
set to Factory—+O.K.

b. Select waveform file:

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. Waveform Sequence toggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to highlight EREr _ CLK.WFM

file.

®  PushENTER.

3. Turn on the AWG2021 CH1 outpush theCH1 button so that the LED
above the CHL1 output connector is on.

4. Check the external CLOCK IN threshold level:

a. Enable function generator outpufurn on function generator output.

b. Check the levelCheck that the waveform displayed on the oscilloscope
has an amplitude of 5 divisions and a stable display of 5 cycles.

5. Turn off equipment output and disconnect test hookup:

a. Disable function generator outputurn off function generator output.

b. Remove connectionBisconnect all connections to the AWG2021.

ECL Digital Data Out Check (Option 03)

This procedure checks the AWG2021 ECL digital data output at the rear panel.
This check requires that the AWG2021 has Option 03 installed.

Electrical
Characteristic Checked

Auxiliary Outputs, ECL Digital Data Out, Level, on page B-8.

Equipment Required

Test leads, ECL digital data out cable, power supply,
termination board, and oscilloscope.

Prerequisites

The AWG2021 meets the prerequisites listed on page C-5.

AWG2021 User Manual
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1. Install test hookup and set test equipment controls:

a. Hook up termination boardZonnect the AWG2021 rear ECL digital
data output through a digital data output cable to the termination board
(see Figure C-20).

b. Hook up power supplyConnect the power supply output through the
test leads to the GND TP100 and —2VD TP120 terminals on the
termination board.

c. Hook up oscilloscope:
m  Connect the oscilloscope probe to the CH1 vertical input.

m  Connect the probe ground-clip to the GND TP200 terminal on the
termination board.

AWG2021
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Termination Board

Figure C-20: ECL Digital Data Out Initial Test Hookup

d. Set oscilloscope controls:

Vertical ....................... CH1
Scale......... ... ... L. 0.1 V/div.
Input Impedance. . ............ 1K2
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Horizontal

Sweep. ... Adjust as needed
Trigger

Mode ......... ... ... Auto

e. Set power supply controls:

Parameter
Supply select. . ............... Negative
Voltage . . ............... ..., 2

2. Select the AWG2021 waveform file, and set AWG2021 controls:

a. Initialize AWG2021 controls?ushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Select waveform file:

m  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1.

m  Turn the general purpose knob to highlight EH&l_ OUT.WFM
file.

m  PushENTER to select the file.
c. Set AWG2021 controls:
m PushMODE —Cont

3. Turn on the AWG2021 CH1 outptush theCH1 button so that the LED
above the CH1 output connector is on.

4. Check the digital data output signals:
a. Enable power supply outputurn on power supply output.
b. Check the signal levels:

m  Contact the oscilloscope probe to the pins on J200 and J210 (see
Figure C-21). Check that the oscilloscope display shows these
signals:

Data signals D0-D11, B@11 are differential ECL output.
Clock signals CLK and CLkare differential ECL output.

All other pins are ground.
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Figure C-21: Output Pins on the Termination Board

5. Turn off equipment output and disconnect test hookup:
a. Disable power supply outputurn off power supply output.

b. Remove connectionBisconnect all connections to the AWG2021.
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TTL DIGITAL DATA OUT Check (Option 04)

This procedure checks the AWG2021 TTL DIGITAL DATA OUT at the rear

panel.

NOTE. This check requires that the AWG20k Option 04 installed.

Electrical
Characteristic Checked

Auxiliary Output, TTL DIGITAL DATA OUT, Level, on page B-8.

Equipment Required

TTL Digital data out cable, 2 X13 header, probe and
oscilloscope.

Prerequisites

The AWG2021 meets the prerequisites listed on page C-5.

1. Install test hookup and set test equipment controls:

a. Hook up termination boardConnect a digital data output cable to the
AWG2021 rear-pan€H1 DIGITAL DATA OUT output (see Fig-

ure C-22).
AWG 2021 Rear Panel I Oscilloscope
——)
© O O O
L]
oxe]|
O
O
| N ol © 00 0
| — —
\ 2 x 13 Header
Z4

TTL Digital Data
Out Cable

Figure C-22: TTL Digital Data Out Initial Test Hookup
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b. Hook up oscilloscope:
m  Connect the oscilloscope probe to the CH1 vertical input.
m  Connect the probe ground-clip to the GND pin of 23 header.

c. Set oscilloscope controls:

Vertical ....................... CH1
Scale........ ... ... L 1 Vv/div.
Input Impedance. . ............ 1K2
Horizontal
SwWeep. . ... Adjust as needed
Trigger
Mode ... ... ... . Auto

2. Create the AWG2021 waveform file, select waveform file, and set AWG2021
controls:

a. |Initialize AWG2021 controls?ushUTILITY —Misc—Config..—+Re-
set to Factory—+O.K.

b. Select waveform file;

®  PushSETUP—Waveform Sequenceif necessary, to select a
waveform file for CH1. If Option 02 is installed (Option 02 adds the
CH2 output channel)Vaveform Sequenceoggles between the
CHL1 files (upper list) and the CH2 files (lower list).

®  Turn the general purpose knob to highlight EH&l_ OUT.WFM
file.

m  PushENTER to select the file.
c. Set AWG2021 controls:
®  PushMODE —Cont
3. Check the CH1 digital data output signals:
a. Check the signal levels:

m  Contact the oscilloscope probe to the pins enl3 header (see
Figure C-23). Check that the oscilloscope display shows these
signals:

Data signals D0-D11 and CLK (Clock) are TTL level output.

All other pins are ground.
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2x13 Header

/

TTL Digital Data Out Cable

Figure C-23: Output Pins on the TTL Digital Data Out Cable

4. If Option 02 is installedgcheck the CH2 digital data output signals:

a. Change connectiorChange the connection for the TTL digital data out
cable from CH1 DIGITAL DATA OUT connector to CH2 DIGITAL
DATA OUT connector.

b. Repeat the step2 and 3 to check the CH2 digital data output signals.
5. Turn off equipment output and disconnect test hookup:
a. Disable power supply outputurn off power supply output.

b. Remove connectionBisconnect all connections to the AWG2021.
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Floating Point Processor Check (Option 09)

This procedure checks the AWG2021 floating point processor. This check
requires that the AWG2021 has Option 09 installed.

C-50

Equipment Required

None.

Prerequisites

The AWG2021 meets the prerequisites listed on page C-5.

1. Check that floating point processor test in internal diagnostics passes:

a. Runthe AWG2021 internal diagnosti€gish the AWG202ON/STBY
switch two times so that the AWG2021 runs the power-on diagnostics.

b. Check the FPP test resulté/hen the AWG2021 finishes the FPP test,
check that the test result is Pass.

This completes the performance tests for the AWG2021.
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Introduction

The files and directories listed below are included in the route directory of the
Sample Waveform Library Disk that comes with the instrument. All files are
locked; this is indicated by an asterisk (*) before the file name.

Representative Waveform  There are 16 of these waveform files. If a waveform file (with the extender
Files .WFM) has the same name as an equation file (with the extdi@dj, the
waveform file was derived by compiling that equation file.

Waveform Name File Name Page

1. Gaussian Pulse GAUSS_PEQU D-3
GAUSS_PWFM

2. Lorentz Pulse LORENTZ.EQU D-5
LORENTZ.WFM

3. Sampling Function SIN(X)/X Pulse SINC.EQU D-6
SINC.WFM

4. Squared Sine Pulse SQU_SIN.EQU D-7
SQU_SIN.WFM

5. Double Exponential Pulse D_EXP.EQU D-8
D EXP.WFM

6. Nyquist Pulse NYQUIST.EQU D-9
NYQUISTWFM

7. Linear Frequency Sweep LIN_SWPEQU D-10
LIN_SWP.WFM

8. Log Frequency Sweep LOG_SWP.EQU D-11
LOG_SWP.WFM

9. Amplitude Modulation AM.EQU D-12
AM.WFM

10. Frequency Modulation FM.EQU D-13
FM.WFM

11. Damped Sine Wave DMP_SIN.EQU D-14
DMP_SIN.WFM

12. Pulse Width Modulation PWM.WFM D-15

13. Pseudo-Random Pulse PRBS 15.WFM D-16

14. 174 DQPSK | Axis Signal DQPSKI.WFM D-17

15. 174 DQPSK Q Axis Signal DQPSKQ.WFM D-17
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Waveform Name File Name Page

16.  Waveform for Magnetic Disk Readout MDSK_RD.WFM D-18
Signal

17. Waveform for Magnetic Disk Writing MDSK_WR.WFM D-19
Signal

NTSC Directory  Contains video signals.
Waveform Name File Name
1. Color Bar (Composite) signal $CB1-2H.SEQ

2. Color Bar (Luminance) signal $CB1-(Y).SEQ
3. Color Bar (Chrominance) signal $CB1-(C).SEQ
4, Multiburst signal $M-BURST.SEQ
5. Modulated Ramp signal $RAMP.SEQ

6. Sweep signal (1 ~ 10 MHz) $SWEEP10.SEQ
7. SMPTE Color Bar signal $SMPTE.SEQ

8. IYQB signal $IYQB.SEQ

9. Reversed Blue Bar signal $RBLU.SEQ

10. Color Bar + Reversed Blue Bar + IYQB $MIX.SEQ

signal
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Description of Representative Waveform Files

Gaussian Pulse
(GAUSS_P.WFM)

AWG2021 User Manual

Here we will describe the 17 representative waveform files. Some of the
waveform files were obtained by creating an equation file in the equation editor
and then compiling it to form a waveform file. Others were created in the
waveform editor. To output a waveform file, select the file InSBEUP menu.

Made with the equation editor.

# gaussian pulse

range(, 2.56uUs)

ko=0.3e-6 # pulse width
k1=1.28e-6 # peak location

exp(-In(2)#((2+(t-k1)/k6)"2))

sl 256 Points : Clock 1e+08 Hz

Figure D-1: Gaussian Pulse Formula and Waveform

D-3



Appendix D: Sample Waveform Library

Constants k0 indicates the half width (Wso) for the pulse; k1 indicates the peak location
of the pulse.
Description The waveform generated when the pulse width is taken to be twso and the
peak location is taken to be 0 can be expressed as
’ t
V() = exp {-In(2) - (t‘?—t) Substituting 0 = —2~— gives
w50 2./2 In(2)

fity = exp (— 2%2) and taking the Fourier transform gives

Flw) = Jono - exp (— %) This shows that this signal has a

Gaussian form in the frequency domain as well.

<Example> When t,50 is 1 s, the bandwidth will be 31.2 kHz.

Settings Waveform points: 256
Clock frequency: 100 MHz
Output time: 2.56 pis
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Lorentz Pulse = Made with the equation editor.
(LORENTZ.WFM)
# lorentz pulse

range(g, 2.56us)
ko=0.3e-6 # pulse width

k1=1.28e-6 # peak location
1/(1+(2%(t-k1) /k0) ~2)
+1.0
-1.8 o
256 Points ; Clock 1e+88 Hz

Figure D-2: Lorentz Pulse Formula and Waveform

Constants k0 indicates the half width (Wso) for the pulse; k1 indicates the peak location

of the pulse.
Description When the pulse width is taken to be twso, the waveform can be expressed by

the following formula:

Vi) = %
1+ (2 ,L)
w50

Settings Waveform points: 256

Clock frequency: 100 MHz
Output time: 2.56 s
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Sampling Function = Made with the equation editor.

SIN(X)/X Pulse
(SINC.WFM)

# sinc pulse

range (e, 40Us)

ko=2.5e6
k1=20e-6

# sine frequency
t peak location

sin(2=pisk0=(t-k1))/(2#pi*kd=(t-k1))

-1.6

4000 Points ; Clock 1e+08 Hz

Figure D-3: Sampling Function SIN(X)/X Pulse Formula and Waveform

Constants

k0 indicates the frequency of the sine wave; k1 indicates the peak location
of the pulse.

Description

In general, this waveform is expressed by the following formula:

sin (27tft)
2nft
This is the impulse response for the ideal low pass filter for the frequency

bandwidth f. At least 326 periods are required in order to use a vertical
resolution of 12 bits.

Vi) =

Settings

Waveform points: 4000
Clock frequency: 100 MHz
Output time: 40 ps

D-6
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Squared Sine Pulse ~ Made with the equation editor.
(SQU_SIN.WFM)
# squared sine pulse
range (9, 3us)
0
range(3us, 7us)
(cos(2#pi*(x-0.5))+1)/2

range(7us, 16us)
1]

=18 1000 Points ; Clock 1e+08 Hz

Figure D-4: Squared Sine Pulse Formula and Waveform

Description The pulse width and peak location are set with range (). The value for x is
a value between 0 and 1 for range (a,b).

Settings Waveform points: 1000
Clock frequency: 100 MHz
Output time: 10 us
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Double Exponential Pulse  This is the rising and falling exponential function pulse. Made with the equation
(D_EXP.WFM) editor.

# double exponential pulse

range (9, 100us)

k1=1e-6 # rise time constant
k2-10e-6 # fall time constant
exp(-t/k2)-expi-t/k1)
normi)
+1.8
-1.8 oo
16060 Points ; Clock 1e+08 iz

Figure D-5: Double Exponential Pulse Formula and Waveform

Constants k1 and k2 are the rising and falling time constants, respectively. The peak
location for the pulse is derived using the following formula:
K - k2 , k2
Kokt Mg
Description This is the waveform when a charged capacitor is discharged to the RC

circuit. When the time constants for charging and discharging are taken to
be 11 and 12, respectively, the waveform can be expressed by the following
formula:

Vi) = exp (_TLz)ﬂgXp (_ L )

Settings Waveform points: 10000
Clock frequency: 100 MHz
Output time: 100 us
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Nyquist Pulse = Made with the equation editor.
(NYQUIST.WFM)

# nyquist pulse

range(@, 10us)

ko=200e-9 # data period
k1=5e-6 # peak location
k2-8.5 # excess bandwidth factor @ to 1

cos(pi=k2#(t-k1)/k0)/(1- (2#k2=(t-k1) /k0)~2)
vesin(pi#(t-k1) ko) A{pi+(t-k1) ko)

=14 1600 Points ; Clock 1+08 Hz

Figure D-6: Nyquist Pulse Formula and Waveform

Constants k0 is the period of the digital data used in communication or recording.
k1 is the pulse peak location. k2 is the excess bandwidth factor, and is a
value between 0 to 1.

Description This is the impulse response of a wave shaping Nyquist filter. The shoulder
characteristics of this filter are referred to as “cosine roll-off” characteristics,
and the bandwidth used can be varied. This waveform can be expressed by
the following formula.

cos(%!) sin(7)

I

T

Vi) =

Here T is the data period and a is a value between 0 and 1. A wider band is
required for values closer to 1, where ripple is reduced and implementation
is easier.

Settings Waveform points: 1000
Clock frequency: 100 MHz
Output time: 10 us
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Linear Frequency Sweep  Made with the equation editor.

(LIN_SWP.WFM)

# frequency sweep sine (linear)

range({0,1.6ms)
ko=1.6e-3 # sweep period

k1=5e3
k2-56e3

# startin? frequency
# ending Trequency

Sin(2#pi=k1+t+2=pix{k2-k1)#(t72)/2/k0)

-1.0

16008 Points ; Clock 1e+87 Hz

Figure D-7: Linear Frequency Sweep Formula and Waveform

Constants

k0 is the sweep period and k1 and k2 are the starting and ending
frequencies.

Description

This waveform can be expressed generally by the following formula.

t
V{t) = sin| 2xft + 2nf, J %dt + ¢,

0

Here f1 is the starting frequency, f is the ending frequency, go is the initial
phase, and T is the sweep period.

To assure that the phases match when this waveform is iterated, the sweep
period is set to be close to an integer multiple of the reciprocal of the
average frequency

f, + 1,
2

Settings

Waveform points: 16000
Clock frequency: 10 MHz
Output time: 1.6 ms

D-10
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Log Frequency Sweep = Made with the equation editor.
(LOG_SWP.WFM)

# frequency sweep sine (log)

range(o,0.22ns)

ko=2.2e-3 # sweep period
k1=5e3 # starting frequency
k2-50e3 # ending frequency

k3= Inik2/k1)
Sin(2#pi=k1=ko/k3* (exp(k3#x)-1))

=8 22000 Points ; Clock 1e+08 Hz

Figure D-8: Log Frequency Sweep Formula and Waveform

Constants k0 is the sweep period and k1 and k2 are the starting and ending
frequencies.
Description This waveform can be expressed generally by the following formula.

t
VIt) = sin| 2xf, fexp(% : ln;—z)df )
1
0

Here f1 is the starting frequency, f2 is the ending frequency, go is the initial
phase, and T is the sweep period.

To assure that the phases match when this waveform is iterated, the sweep
period is set to be close to an integer multiple of the reciprocal of the
average frequency

()0

Settings Waveform points: 22000
Clock frequency: 20 MHz
Output time: 0.22 ms
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Amplitude Modulation = Made with the equation editor.
(AM.WFM)

# anmplitude modulation

range(o, 0. 2ns)

ko=5e3 # modulation frequency
k1=0e6 # carrier frequency
k2-9.5 # modulation degree

{1+k2+Ccos(2#pi=k0+#1t) ) xcos(2+pi+k1=t)
normi)

et 20600 Points ; Clock 1e+08 Hz

Figure D-9: Amplitude Modulation Formula and Waveform

Constants k0 is the frequency of the modulating signal, k1 is the carrier frequency, and
k2 is the modulation degree.

Description This example shows a double sideband (DSB) amplitude modulated
waveform with a modulation degree of 0.5. The modulating signal is a
cosine wave.

Settings Waveform points: 20000

Clock frequency: 100 MHz
Output time: 200 us
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Frequency Modulation = Made with the equation editor.

(FM.WFM)

# frequency modulation

range(d, 20us)

k-50e3
k1=2.5e6
k2=2e6

# modulation frequency
# carrier frequency
# frequency deviation

sin(2#=pixk1+t+k2/kossin(2+pizko+t))

-1.6

2000 Points ; Clock 1e+p8 Hz

Figure D-10: Frequency Modulation Formula and Waveform

Constant

k0 is the modulation signal frequency, k1 is the carrier frequency, and k2 is
the frequency deviation.

Description

k0 is the frequency of the cosine wave that is used to modulate a sine wave
of frequency k1. To assure that the phases match when this waveform is
iterated, the carrier frequency times the modulating signal period is set to be
an integer. The modulation index is given by k2/k0.

Settings

Waveform points: 2000
Clock frequency: 100 MHz
Output time: 20 s

AWG2021 User Manual
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Damped Sine Wave = Made with the equation editor.
(DMP_SIN.WFM)

# damped sine wave

range(o, 40us)

ko=2e-3
k1=12.66e-12
k2=ko=k1
k3=6e-6 # exponential damping factor
exp(-t/k3)+sin(1/sqrt (k2)=t)
+1.8
-1.0 g
4000 Points ; Clock 1e+88 Hz

Figure D-11: Damped Sine Wave Formula and Waveform

Constants k0 indicates the inductance (L), k1 indicates the capacitance (C), and k3
indicates the damping time constant.

Description This is an attenuated amplitude waveform with a resonance frequency of
1 MHz (L=2 mH, C=12.66 pF) and a damping time constant of 6 js.

Settings Waveform points: 4000
Clock frequency: 100 MHz
Output time: 40 s
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Pulse Width Modulation Made with the waveform editor.

(PWM.WFM)

-1.0000

[

MARKER2 ]

Figure D-12: Pulse Width Modulation Waveform

Description

The waveform editor is used to create a ramp wave of 2000 periods and a
sine wave of 1 period, and these two waveforms are compared to create the
PWM.WFM waveform.

Settings

Waveform points: 16000
Clock frequency: 100 MHz
Output time: 160 ps

AWG2021 User Manual
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Pseudo-Random Pulse Made with the waveform editor.

(PRBS_15.WFM)

1.9005 []

-1.06600

l

MARKER1
MARKER2

Figure D-13: Pseudo-Random Pulse Waveform

Description

An M-series pseudo-random signal is created using the waveform editor’s
timing display shift register generator function.

Register length = 15
Points/step = 1
The encoding is NRZ.

When you output this waveform repeatly, you create the eight times
repetition waveforms with the sequence editor and expand its sequence file
into waveform file using the Expand SEQ into WFM function of the
waveform editor. Then you enable to output this waveform repeatly.

Settings

Waveform points: 32767  (215-1)
Clock frequency: 100 MHz
Output time: 655.34 s

D-16
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The base band I-axis output for a digital cellular car telephone system is created

174 DQPSK | Axis Signal
on the Tektronix digital signal processing work system (DSPW).

(DQPSKI.WFM)

1.0005
[0 |
W W Bit rate 42 Kbps
Point number 32 Kwords
m Clock frequency 21 kHz
[AinA

-1.00600

MARKER1

MARKER2 |

Figure D-14: 174 DQPSK | Axis Signal

The base band Q-axis output for a digital cellular car telephone system is created

174 DQPSK Q Axis Signal
(DQPSKQ.WFM)  on the Tektronix digital signal processing work system (DSPW).

1.0005
Bit rate 42 Kbps
Point number 32 Kwords
Clock frequency 21 kHz

-1.6000

MARKER1

MARKER2

Figure D-15: 774 DQPSK Q Axis Signal
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Waveform for Magnetic = Made with the convolution waveform editor (Option 09).

Disk Readout Signal
(MDSK_RD.WFM)

- 1.0065

-1.0000

MARKER1

MARKER2

Figure D-16: Waveform for Magnetic Disk Readout Signal

Description

Created using the waveform editor and the optional convolution waveform
creation function.

This is the waveform for reading stored data written with MDSK_WR.WFM.
This is a waveform created assuming a Gaussian pulse (GAUSS_P.WFM)
with a system impulse response.

Settings

Waveform points: 768
Clock frequency: 100 MHz
Output time: 7.68 s

D-18
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Waveform for Magnetic = Made with the waveform editor.

Disk Writing Signal
(MDSK_WR.WFM)
1.0005
-1.0800
MARKER2

MARKER1 ’_\’_\|_|’_H_||_\’_\’_|

Figure D-17: Waveform for Magnetic Disk Readout Signal

Description

Created a worst-case pattern with NRZI modulation using the bit set
function of the waveform editor timing display.

*Worst-case pattern (~0101010110101010~)
Pattern length = 32
Points/step = 8
The encoding is NRZI
A signal with the same pattern is set for the MARKER1 as well.

Settings

Waveform points: 512
Clock frequency: 100 MHz
Output time: 5.12 s

AWG2021 User Manual
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Video Signals in the NTSC  NTSC color bar signals, NTSC Y-C separate signals and various kinds of NTSC
Directory  signals are stored in the NTSC directory. These are NTSC video signals made up
of 1 — 4 color fields and 1050 lines (525 x 2). The clock frequency is 16 times
the sub-carrier frequency; a waveform is created on each line and the compiled
waveforms are assembled using the sequence editor.

The settings for the signals are described below.

Settings

Waveform points: 1H=3,640

Clock frequency: 57.27 MHz (3.579545 MMZL6)
Output time: 33.37 ms

Waveform points: 3,822,000

Video signals are output by changing the directoyTS8C.DIR and then
selecting the following sequence files in 88TUP menu:

(1) Color Bar (Composite) signal $CB1-2H.SEQ
(2) Color Bar (Luminance) signal $CB1-(Y).SEQ
( 3) Color Bar (Chrominance) signal $CB1-(C).SEQ
( 4) Multiburst signal $M-BURST.SEQ
( 5) Modulated Ramp signall $RAMP.SEQ

( 6) Sweep signal (&~ 10 MHz) $SWEEP10.SEQ
(7) SMPTE Color Bar signal $SMPTE.SEQ
(8) IYQB signal $IYQB.SEQ

(9) Reversed Blue Bar signal $RBLU.SEQ

(10) Color Bar + Reversed Blue Bar + IYQB signal  $MIX.SEQ
Figure D-18 through Figure D-26 shows MESC composite video signal.
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AWG2021 User Manual

Eﬂ]zoomvgmzoops
Figure D-18: Color Bar (Composite) Signal ($CB1-2H.SEQ)

Figure D-19 shows the NTSC Y-C separate signal. Y (luminance signal) and C
(chroma signal) have been created separately, so if these are output separately to
channel 1 and channel 2 they will become Y-C separate signals; when these are
combined and output, they become a composite signal./BRS conversion
adaptor is required for 7 output.
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ZOOmVQ ...... Mzoous 200mVQM200HS """
Luminance Signal Chroma Signal

Figure D-19: NTSC Y-C separate signals

Figure D-20: Multiburst Signal (M-BURST.SEQ)
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Figure D-21: Modulated Ramp Signal (SRAMP.SEQ)

W Zoomva o mM20.0ps

Figure D-22: Sweep Signal ($SWEEP.SEQ)
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Figure D-23: SMPTE Color Bar Signal ($SMPTE.SEQ)

Figure D-24: IYQB Signal ($IYQB.SEQ)
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Figure D-25: Reversed Blue Bar signal (RBLU.SEQ)

Figure D-26 shows that the Color Bar signal, IYQB signal and Reversed Blue
Bar signal are sequenced at the rate of 2:3:4 respectively.

0.929¢

6.000¢

RO 343980000 Points ; Clock 57270000 Hz

Figure D-26: Color Bar + IYQB signal + Reversed Blue Bar ($MIX.SEQ)
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Appendix E: Functional Operation Summary

Introduction

AWG2021 User Manual

This summary shows the AWG2021 functional block diagrams, explains each
block, and gives some operating precautions which are of practical value in
understanding the fundamental operating concepts of the instrument.

For convenience, some functional block diagrams show the configuration with a
second channel installed (Option 02). For blocks in which CH1 and CH2 operate
the same, only CH1 is explained.
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Block Diagram

Figure E-1 is a block diagram of the circuits from the clock oscillator to the
digital-to-analog converter (DAC). Figure E-2 shows the block diagram
continuing where Figure E-1 left off and goes until the output. The rest of this
summary explains the individual blocks.

MARKER1 OUT

©)
e
MARKER2 OUT
Waveform CH1
Memory DAC DAC
External CLOCK IN Output
(o
s
External CLOCK OUT CH]
g Clock Sequence
Divider Contro
Clock Trigger ||
Oscillator Controll
External CH2 Sequence
TRIGGER @ Clock Control
INPUT I Divider
SYNC
Signal oc——
Output AL
Waveform CH2
Memory DAC DAC
Output
MARKER1 OUT
—
T
MARKER2 OUT
T

Figure E-1: Block Diagram (1)
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Preamplifier
(Adder) X5 Or X7.5
Amplifier CHI
CH1 f
DAC o—  Filter |—o WD—@ Attenuator | — —  Output
OUtpUt o—F L ﬂ&_q& f—q‘o ff Ck&—of 07@
o -
<
A
External c Multi- Offset
AM IN I plier
x5 or x7.5
Amplifier CHo
CH2 ©—  Filter —= Oﬂ% f Attenuator j ﬁ% Output
ou 1 S — 7
utput
<
<
Preamplifier 1

Offset

Figure E-2: Block Diagram (2)
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Clock Oscillator

Trigger Control

The oscillator for internal clock use is normally a PLL (phase lock loop) type. It
uses a liquid crystal oscillator that provides a stable 12.8 MHz signal. The clock
oscillates from 250 MHz to 125 MHz. The minimum frequency resolution is 5
kHz and the frequency can be set with 4-digit precision.

Frequencies under 125 MHz can be obtained by changing the frequency division
of the clock divider. In this way, a clock frequency as low as 10 Hz is possible.

Figure E-3 shows the configuration of the clock oscillator.

t Voltage

Phase Controlled
| Detector Oscillator
(High)
Crystal Yos
Oscillator
Clock Output
12.8 MHz
Voltage
Phase Controlled
Detector Oscillator
(Low)

Figure E-3: Clock Oscillator Configuration

This block controls the AWG2028ODE menu operating (output) mode.

First, select the clock source. Normally, the clock oscillator output is used.

NOTE. The external clock input and output are used when more than 2 channels
must be synchronized with the clock. Also, the external clock input can be
connected to another oscillator, for example, a frequency sweep signal generator.

Clock Operations by Operation Mode. There are four output operation modes:
®  Cont Mode. The clock is sent to the clock divider regardless of the trigger.

®m  Trggered and Burst Mode. When the (External or Manual) trigger is
generated, the clock is sent to the clock divider to obtain an output signal
synchronized with the trigger. If the sync signal is s&tsot, a pulse of
about 100 ns width is output.

m  Gated Mode. While the gate signal is True, the clock is sent continuously to
the CH1 clock divider.
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AWG2021 Parallel Operation. WWhen more than two channel outputs are needed,
connect as shown below.

m  Simple parallel operation. TI®YNC output of the master AWG2021 is
connected to th€eRIGGER INPUT of the slave AWG2021. Figure E-4
shows a connection example.

AWG2021 Master AWG2021 Slave
O TRIGGER I8 (©)| | TrRIGGER
i INPUT i INPUT
1] ' ]
DI ®@ @ @ 0 ST 1T ,/0 @ ® ©
SYNC L
Output
ouTt
(}—J
Trigger Source

Figure E-4: Connection Example 1

WhenSyncin theMODE menu is set t&tart, a pulse is output at the

SYNC output when the trigger is generated. This pulse is used as the trigger
for the slave AWG2021. In this case, if there is no external trigger source,
manual triggers may be used.

NOTE. Since the sync output is output when the waveform is actually output, it
lags somewhat behind the trigger signal.

m  External trigger or gate signals to two AWG2021 instruments. Figure E-5
shows the connection method for applying external trigger or gate signals
simultaneously to two AWG2021 instruments. Use BNG25€ables of the
same length to connect the trigger source to both AWG2021 instruments.
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E-6

AWG2021 AWG2021
1L ©) || Triceer [ ©) | TRIGGER
In INPUT i INPUT
H L 5o SN
ST 26 0 @ @ ST ,0@ @ @ 0
(@ m—
out
O J
Trigger Source

Figure E-5: Connection Example 2

When there is only one trigger source output, connect to both AWG2021
instruments using the same minimum possible lengi 6@ble and a T
adapter.

For Triggered or Burst mode, output synchronized with the trigger is
obtained by applying the external trigger at the same time to the AWG2021
instruments.

When continuous synchronized output is necessanGass mode.SYNC
output is obtained from when the gate signal goes True until it goes False.
After the gate signal goes false, to output again, it is necessary to reset the
output with the side mersTOP item.

Output synchronized with the clock. Connect the clock output of the master
AWG2021 to the clock input of the slave AWG2021 with &b6able and
set the slave’s clock sourceEaternal.

Figure E-6 shows a connection example.
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CLOCK OUT CLOCKIN

AWG2021 AWG2021
Master Slave
TRIGGER ] TRIGGER
05— HIL 5o
S| @ @ 6 DUJJJJJJa@/
Od—
ouT
O J
Trigger Source

Figure E-6: Connection Example 3

NOTE. Since a 1-meter 50 cable gives a delay of about 5 ns, make the cable
connecting the clock output and clock input as short as possible. Also, make the
cables connecting the trigger input to both the master and the slave the same
length.

If the clock delay due to the cable is a problem, use another clock source and
connect a cable from the clock source to the both AWG2021 clock inputs.
Make the cables the same length.
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E-8

Clock Divider

Trigger Input, SYNC Output, and Waveform Timing. Figure E-7 shows the
relationship between trigger inp@&YNC output, and waveform timing.

Trigger Input
(Slope:Positive)

100 ns max

SYNC Output
(Start)

Waveform Output

About 10 ns

(This delay changes if a filter is inserted.)
Figure E-7: Trigger Input, SYNC Output, and Waveform Timing

The CHL1 clock divider divides the clock signal from the clock oscillator the
amount necessary to obtain the frequency value indicated @idbk box in the
SETUP menu. Division by up to2*is possible, and the CH1 and CH2 dividers
can have different division ratios. The CH2 clock divider (that is, CH2 clock
frequency) is set in thRivider box in theSETUP menu.

When an external clock source is selected, the CH1 clock divider does not
operate and the clock signals are just passed through, as is. However, the CH2
clock divider will still divide the external clock source based on the selected
ratio. Figure E-8 shows the configuration of a clock divider.

_f— n/256 _O'b_dlo_ n/256 _O‘b_d‘o_ n/256 —o‘}}>

O O O O O O

n=2~ 256

Figure E-8: Clock Divider Configuration
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Sequence Control  This block comprises the sequence memory that stores the contents of sequence
control, the counters that read out the contents of that memory, and output the
actual waveform memory addresses.

Table E-1: Sequence File (XXX.SEQ)

File Name Repetition Count
AAAWFM 3
BBB.WFM 16

For a sequence file, such as that shown in Table E-1, here is what is actually
stored in sequence memory.

AAA.WFM actual addresses
AAAWFM data length
looping counter value: 3

BBB.WFM actual addresses
BBB.WFM data length
looping counter value: 16

The sequence memory capacity is in 8 Kbyte steps for handling even complex
waveforms.

The AAA.WFM actual addresses are loaded into the address counter, the
AAA.WFM data length is loaded into the length counter, and the looping counter
value is loaded into the looping counter.

The address and length counters operate with the clock signal from the clock
divider frequency divided by 8 (because the waveform memory is partitioned
into 8 banks, this circuit usegéclock).

When the value set in the looping counter is reached, the sequence memory
address counter is incremented and the contents of the next step are read.

When the burst count is set, that value is set in the burst counter and output the
required number of times.

Figure E-9 shows the relationship between sequence memory and waveform
memory.
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Sequence Memory

AAAWFM

Address égﬂ;?:rs

\/

AAA WEM Data Waveform
Length Length Memory
Counter

\/

Looping Control *
Value : Looping |
Counter

i *

Sequence Memory
Address Counter ——  Clock (1/8)

Figure E-9: Relationship Between Sequence Memory and Waveform Memory

Waveform Memory  The waveform memory comprises sixteen 32& SRAM chips for 256K words
of 16-bit word memory. Of these 16 bits, 12 bits are waveform data, 1 bit is
Marker 1, and 1 bit is Marker 2

The waveform and marker data is loaded into waveform memory when a file is
selected with th€ETUP menuWaveform Sequencdtem.

Since the waveform memory must be read out at high speed (250 MS/s), it is
partitioned into 8 banks and read out with 8:1 multiplexing (parallel-serial
conversion). Therefore, the memory itself operates wil elock.

Figure E-10 shows the waveform memory configuration.
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32Kx8
Bank 1 Waveform Data }
(12 bits)
32Kx8
------------ 8:1
________ Multiplexer
------------ Marker 1 B
(1 bit)
32Kx8
Bank 8 >
Marker 2
32Kx8 (1o
‘ [ 1/8 Clock

Figure E-10: Waveform Memory Configuration

AWG2021 User Manual

The waveform data length can be any multiple of 8 points, from a minimum of
64 points to a maximum of 256K points. The total number of waveform data
points that can be used in a single sequence file is 256K.

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

For example, when outputting triangular waveforms, about 8000 points are
needed to minimize the jaggedness of the waveform. That is why the AWG2021
uses a DAC with a resolution of about 4000 (12 bits) for the vertical amplitude.

Figure E-11 shows the relationship between the triangular wave resolution and
the number of data points.
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E-12

Resolution
4000

R e
4000 4000
Points Points

Figure E-11: Relationship Between Triangular Wave Resolution and Number of Data
Points

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

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

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

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

m  According to sampling theory, if the ideal filter is used, with a mere two
points of data for the highest frequency component the waveform has, the
waveform can be reproduced. In order to eliminate overshoot and ringing,
the filters in the AWG2021 have Bessel characteristics with relatively gentle
shoulder characteristics. That is why more points are required.

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

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

When the Waveform Data Length is Not a Multiple of 8. Earlier, we explained that
only multiples of 8 can be set as the data length, but when the data length is
small, this becomes a problem.

When this instrument is used Tniggered mode, this problem is solved by
simply adding data at the end until the total length is a multiple of 8.
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Multiplier (AM)

AWG2021 User Manual

In Cont mode, the original data length is multiplied to make it a multiple of 8.
For example, if the original waveform has 60 points, two of them are strung
together to make a waveform with 120 points. However, in this caS¥YtiNE
output is only generated for every other waveform. Figure E-12 shows the
relationship between the waveform points &NC output inCont mode.

/"

Waveform
< 69 >
Points
< 120 -
Points

e | | L

Output

Figure E-12: Relationship Between Waveform Points and SYNC Output in Cont
Mode

The marker signals are written into waveform memory in the same manner as
waveform data. This data passes through the marker output amplifier as is and is
output.

DAC. The DAC converts the digital data from the waveform memaory into analog
signals. This converter has a resolution of 12 bits.

When the output voltage is set, an attenuator is used, but since this attenuator’s
voltage division ratio is fixed, the DAC reference voltage is varied to provide
continuously variable voltage.

When this mode is not selected, the multiplier is not included in the signal path.
This multiplier has a 30 MHz band for the carrier signal and a 4 MHz band for
the modulation signal. When this block is selected, the followingAomodes

can be used.

External AM Mode. AM modulation is applied to the CH1 signal from the rear
panel BNC connector. Table E-2 shows the output signal amplitude for external
modulation signals.
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Table E-2: Output Signal Amplitude - External

Modulation

External Modulation Signal | Output Signal Amplitude
ov 50% of set value

1V 100% of set value

-1V 0%

With +1 V input, 100% amplitude modulation is possible. Figure E-13 shows
100% modulation.

Figure E-13: 100% Amplitude Modulation

Internal AM Mode. This mode can be used when the CH2 output Option 02 is
installed. This mode amplitude modulates the CH1 signal with the CH2 signal.
Unlike the externaAM mode discussed above, in order for this circuit to also be
used as a multiplier, such operations as automatically applying an offset to the
CH2 signal are not done.

100% modulation occurs when the CH2 signal is 5 V (full scale). When this
signal is negative, the CH1 signal is inverted. The value calculated with 5 V set
as 100% is displayed at the bottom right of $#T UP menu CRT screen.

CH2 : OFF Upper : 100.00%
50Q Lower : 0.00%
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Preamplifier (Adder)

Filter

AWG2021 User Manual

An example is when the CH1 signal is amplitude modulated with the CH2
signal. If CH2 is set to an amplitude of 5 V and an offset of 2.5 V, a 100%
modulated waveform is obtained.

InternalAM mode is useful for such tasks as varying the amplitude of a certain
part of a waveform in real time. Due to the restrictions created by the multiplier
bandwidth and the signal delay due to the amplifiers, filter, etc. — as can be seen
in the block diagram — this circuit is not meant for applications at high
frequencies.

When high frequencies are necessary or when high precision is required, use the
editor. It can handle simple multiplication of waveforms.

This block is an adder circuit using an ordinary operational amplifier. This adder
has a bandwidth of 30 MHz ikdd mode. The output is the voltage set for CH1
added to the CH2 signal.

In order to effectively use the CH1 and CH2 filter, offset,and other functions, the
CH2 signal is added before the CHL1 filter. Therefore, the CH2 signal output is
not the value set for CH2.

The actual value is (CH2 set voltagel) + CH1 set up value. Adding CH2
value is calculated and displayed at the bottom right cBEREUP menu CRT
screen.

CH2: OFF Upper : 0.2000%
50Q Lower : -0.2000%

An example is the display when an amplitude of 2 V and an offset of 0 V are set
for CH2.

For addition, the output size (CH1 + the actual value of CH2) can exceed 5 V. If
so, the signal is distorted.

In Add mode, if for example noise is created on CH2 and this is added to the
CH1 waveform, the amount of noise can be varied in real time. Due to the
restrictions created by the adder bandwidth and the signal delay due to the amps,
filter, etc. — as can be seen in the block diagram — this circuit is not meant for
applications at high frequencies.

When high frequencies are necessary or when high precisionis required, use the
editor. It can handle simple addition of waveforms.

The AWG2021 has four low-pass filters, 1 MHz, 5 MHz, 20 MHz, and 50 MHz.
They are all Bessel characteristic filters and have soft shoulder characteristics to
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avoid overshooting and ringing. Figure E-14 shows representative characteris-
tics.

Damping Quantity (dB)

Frequency (MHz)

Figure E-14: Representative Filter Characteristics

These filters can be used to eliminate extraneous components of the waveform
and to reduce the foldback component when there are a small number of
waveform points. Specifically, these filters reduce the jaggedness of the
waveform and raise the S/N ratio. The rising and falling time for the waveform
when it is not passed through the filters is about 4 ns.

Time Difference from SYNC Signals with Each Filter. Filters have their own unique
delay time. This time difference with ti$/NC signals, marker signals, and
other output signals can be varied by changing the filter value.

Table E-3 shows the delay relative to the sync signals caused by the filters.

Table E-3: Filter Timer Delay Relative to SYNC

Signals

Filter Delay
1 MHz 400 ns
5 MHz 88 ns
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X5 Amplifier

Attenuator

AWG2021 User Manual

Table E-3: Filter Timer Delay Relative to SYNC

Signals (Cont.)

Filter Delay
20 MHz 28 ns
50 MHz 21ns
Through 10 ns

Figure E-15 shows the time difference (t) between signalSaNC signals.

SYNC Signal T

Signal

Figure E-15: Time Difference Between Signals and SYNC Signals

Time Difference from Markers. Markers are written as data into waveform memory

in the same manner as waveform data, but since the waveform goes through
amplifiers and other elements, it is output somewhat after the marker. Applying a
filter to the waveform increases this time delay. This delay is about the same as
the delays relative to the sync signals given in Table E-3.

When the output amplitude is 0.501 V or greater, a x5 amplifier is inserted in the
signal path. The waveform is affected by passing through this x5 amp, and some
error is generated. If high precision waveform output is required, hold the output
amplitude below 0.501 V.

This block comprises two —3 dB attenuators, one —10 dB attenuator, and one
—20 dB attenuator.

Including the amount that the DAC reference voltage can be changed, a total of
40 dB of attenuation is possible. Figure E-16 shows the attenuator configuration.
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E-18

Offset

_f— -3dB -%j— -3dB w -10dB -O‘bj -20dB -O‘b_>

O O O O O O O O

Figure E-16: Attenuator Configuration

These attenuators and the above x5 amp are selected automatically by setting the
output voltage.

This block gives an offset voltage to the output. This circuit is a power source
that can both push out and pull in. The offset voltage is calculated for output
terminated with exactly 5Q. Since this circuit has a capacityif00 mA, an
offset of up tat100 mA x 25Q (50Q || 50Q2) =+2.5 V can be applied
independent of the output voltage setting.

This makes it possible to simulate a waveform that has a large offset voltage
with an extremely small signal. Figure E-17 shows the offset circuit.

+100 mA

Output Impedance
AAAY O O
50Q

50Q

Figure E-17: Offset Circuit
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Appendix F: Miscellaneous

General Description
This appendix covers the following items.
m  Horizontal axis scaling
m  Sampling theorem
m  Differentiation
®  Integration
®  Random (rnd) function
m  Pattern code
m Logical operation
m  Fast Fourier Transforms (FFT)
m  Repackaging for shipment

m  Factory settings

Horizontal Axis Scaling

The horizontal axis scaling uses linear interpolation.

® Points before conversion
O Points after conversion

Xij X Xist

Figure F-1: Linear Interpolation
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Here is the equation for linear interpolation.

F00 = g {0 DT} + Fx)

Here, i is the waveform point number; i takes integer valuesi=1, 2, ..., n.

NOTE. The number of points can be increased or decreased, but the waveform
may lose its characteristics when the number of points are decreased.

Example 1: 5 points padded to 9 points.

® Points before conversion
O Points after conversion

Figure F-2: Point Padding

Example 2: Reducing from 9 points to 6

® Points before conversion
O Points after conversion

Figure F-3: Point Compression
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Sampling Theorem

When the signal is continuous and the highest frequency component of the signal
is fo, sampling with Tel/2floses none of the data contained in the signal. T is

the sampling interval. This theorem is well known as the sampling theorem. If
data is created to meet this theorem, the necessary signal can be obtained.

< sin|(27/T)(t-nT/2)}
XO = 2 X0 )

A continuous analog signal x(t) can be reproduced from the digital data with the
above equation.

Differentiation

The diff() function calculates the central deviation as the differential value. The
equation below expresses the central deviation when the function f(x) is given at
even intervals ofAx.

f(X + AX)—f(xAX)

ey = 2 4%)

In actual practice, when function f(x)is expressed by n values, the differential
value f'(x) at point xis given by the following equation.

f (Xi) ~n { f (Xi + l)z_f (Xi—l)}

Here, n is the number of waveform points and i is an integer in the range, i = 1,
2, ..., N.
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Xij Xn
Figure F-4: Equation Differentiation

The values at the first and last points are obtained not from the center deviation,
but from the following equations:

First point

P = P00 + 4H00)-1()

Last point

{f (Xo2)—4f (o) + 3F(xo)}
2

f'(x) =

AWG2021 User Manual
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Integration

AWG2021 User Manual

Theinteg() function integrates numerically based on a trapezoidal formula. The
trapezoidal formula is expressed with the following equation.

f(x)dx =~ Zf AX

i=1

f () ()

= A%{f(xl) + 2f (X)) + 2f(Xg) + ... + 2f(X,o) + F(X0)}

Here, n is the number of waveform points and i is an integer in the range, i = 1,
2, ..., N

W‘ } fxis1)
H%*
7R
7
Xi Xit Xj Xijy X

Figure F-5: Equation Integration

The integration is actually calculated with the following formula.
J f)dx = 1/2{f(x) + 2f(X,) + 2f(Xs) + ... + 2F(Xoa) + F(X0)}

However, the imaginary initial value fjxalways takes a value of O.
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Random (rnd) Function

F-6

A random number generation algorithm uses an uniform distribution random
generation routine and the central-limit theorem to derive Gaussian distribution
random numbers.

Central-limit theorem: when the independent random variahleX.X., and %
conform to an identical random distribution, the mean and variance of x+= (X
Xz +... + X)/n are given as follows:

E(n) =u V(n) = 02/n

Even if the initial random distribution is not normal, if a reasonably large value
for n is used, the arithmetical mean x of a considerably large number of variables
will be close to the normal distribution.

In actuality, 12 is used for n, uniform random numbers are accumulated n times
and their arithmetical mean is derived as the ultimate Gaussian distribution
random number.

The following algorithm is used to generate uniform distribution random
numbers:

seed[n] = (253.0x seed[n-1] + 1.0) mod 16777216

ran = seed[n] /16777216
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Pattern Codes

On the AWG2021, it is possible to select the coding system used when pattern
strings are output. If the code will be affected by the immediately preceding data,
the data item just before the first item of data will be calculated as 0. The

following tables show the coding systems.

®m  NRZ: Normal data format

Pattern Output Data

0 0

1 1

Example

Input 0 1 0 0 1 1 0 0 0 1 1 1

Output 0 1 0 0 1 1 0 0 0 1 1 1

®  NRZI: The data changes when a 1 is received.

Each pattern is made up of 2 data items.

Example

Input 0 1 0 0 1 1 0 0 0 1 1 1

Output 00 (01 |11 |11 (10 o1 |11 |11 |11 |10 |01 |10

m  RZ: The data always returns to 0.

Each pattern is made up of 2 data items.

Pattern Output Data

0 00

1 10

Example

Input 0 1 0 0 1 1 0 0 0 1 1 1

Output 00 (10 |00 |00 (10 |10 |00 |00 |00 |10 |10 |10
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= MFM (Modified FM) : Each pattern is made up of 2 data items. In the table
below, data in parentheses () indicates the immediately preceding data of the
data for which coding is being attempted. Here the output data is inverted
every time when 1 appears in the codes.

Code
Pattern Conversion
1 01
(0)o 10
(1)0 00
Example
Input 0 1 0 0 1 1 0 0 0 1 1 1
Code 10 |01 |00 |10 |01 |01 |00 |10 |10 |01 |O1 |Of
Conversion
Output 11 (10 {00 |11 |10 |01 |11 |00 |11 |10 (O1 (10

m  BI-PHASE: Each pattern is made up of 2 data items.

Pattern Output Data

0 01

1 10

Example

Input 0 1 0 |0 1 1 0 |0 |0 1 1 1
Output 01 |10 o1 (01 (10 |10 |01 |01 (O1 |10 |10 |10
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f/2f: Each pattern is made up of 2 data items. In the table below, data in
parentheses () indicates the immediately preceding data of the data for which
coding is being attempted.

Pattern Output Data

(0)o 1

(1)0 00

(o)1 10

(M 01

Example

Input 0 1 0 |0 1 1 0 (0 |0 1 1 1
Output 11 {01 {00 |11 |01 |01 |00 |11 |00 |10 (10 (10

1-7 RLL (Run-length Limited Codes} 2-item patterns are made up of 3

data items, and 4-item patterns are made up of 6 data items. In the table
below, x indicates that this value will become 1 when the preceding bit is 0,
and 0 when the preceding bit is 1. Here the output data is inverted every time

when 1 appears in the codes.

Code

Pattern Conversion

01 010

10 x00

1 x01

0001 x00000

0010 x00001

0011 010001

0000 010000
Example
Input 01 10 1 0010 10 0011 1 0001 0011 10 0000
Code 010 100 101 000001 | 000 010001 | 001 000000 | 010001 | 000 010000
Conversion
Output 011 000 110 000001 | 111 000001 | 110 000000 | 011110 | 000 011111
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m  2-7 RLL: 2-item patterns are made up of 4 data items, 3-items pattern are
made up of 6 data items and 4-item patterns are made up of 8 data items.
Here the output data is inverted every time when 1 appears in the codes.

Code

Pattern Conversion

1 1000

10 0100

011 001000

010 100100

000 000100

0011 00001000

0010 00100100
Example
Input il 10 010 000 0010 011 0011 10 0010
Code 1000 0100 100100 000100 00100100 | 001000 00001000 | 0100 00100100
Conversion
Output 111 1000 111000 000111 11000111 | 110000 00001111 | 1000 00111000

m user defined:When user defined has been selected as the code for pattern
setting from theCode selection menu, the following pattern systems can be
created by setting the values f8ource Data Pattern Converted Code
Initial Src, Initial Code andOut[1/0].

NRZ

Initial Src 0

Initial Code 0
Out[1/0] High/Low
Source Data

Pattern Converted Code
0 0

1 1
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NRZ1
Initial Src 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data
Pattern Converted Code
0 00
1 01
Rz
Initial Src 0
Initial Code 0
Out[1/0] High/Low
Source Data
Pattern Converted Code
0 00
1 10
BIPHASE
Initial Src 0
Initial Code 0
Out[1/0] High/Low
Source Data
Pattern Converted Code
0 01
1 10
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F-12

MFM
Initial Src 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data
Pattern Converted Code
0 30
1 01
fI2f
Initial Src 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data
Pattern Converted Code
0 10
1 1
1-7 RLL
Initial Src 0
Initial Code 0
Out[1/0] Invert/Keep
Source Data
Pattern Converted Code
10 200
01 010
1 201
0010 200001
0001 200000
0011 010001
0000 010000
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2-7 RLL

Initial Src 0

Initial Code 0O

Out[1/0] Invert/Keep
Source Data

Pattern Converted Code
10 0100

1 1000

000 000100

011 001000

010 100100

0010 00100100
0011 00001000

Logical Operation

In the waveform editor timing display, it is possible to perform logical operations
for data on different data lines. The following logical tables and timing charts
show examples of each type of operations.

m AND

A B A*B
0 0 0
0 1 0
1 0 0
1 1 1

DATA A ‘ ‘

DATA B

A*B
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m NAND
A B A*B
0 0 1
0 1 1
1 0 1
1 1 0
DATAA
DATAB
A*B
m OR
A B A+B
0 0 0
0 1 1
1 0 1
1 1 1
DATAA
DATAB
A+B
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m NOR
A B A+B
0 0 1
0 1 0
1 0 0
1 1 0
DATA A
DATAB
A+B
B EX-OR
A B ADB
0 0 0
0 1 1
1 0 1
1 1 0
DATA A
DATAB
AOB
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m EX-NOR
A B ADB
0 0 1
0 1 0
1 0 0
1 1 1
DATA A
DATAB
AOB

FFT (Fast Fourier Transforms)

F-16

Basic FFT Rules

FFT is an algorithm for fast calculation of discrete Fourier transform. FFT
transforms the time axis signal onto the frequency axis. FFT can also provide the
frequency component magnitudes and phases. With the FFT editor, you can use
inverse FFT (IFFT) to generate the real time data from the frequency component
magnitudes and phases.

FFT discrete Fourier transforms any number of sample points, but certain rules
must be followed.

1. The Record Length must be a Power of 2.

The FFT calculations can only be used when the record length is an power of
2 (2, 4,8, ...2). The minimum record length for the this instrument is 512
points, and the maximum record length is 16384 points.

If the record length is not a power of 2, the waveform is edited expanded to
a power of 2. Then when the editing is complete and the waveform is saved,
the waveform is reduced to its original record length by interpolating the
data. Therefore, it is recommended to use the record length of a power of 2
when accurate data is needed.

2. Nyquist Frequency and Aliasing

FFT transforms the sampled data on the time axis into data on the discrete
frequency axis from 0 Hz to the maximum permitted frequency. The
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maximum permitted frequency is called the Nyquist frequency and is 1/2 the
sampling rate.

If the signal has frequency components above the Nyquist frequency, they
appear on this limited discrete frequency axis too. They appear as no
different than noise aliased from the Nyquist frequency. For example, if there
is a signal 5 MHz above the Nyquist frequency, it appears as if it is 5 MHz
below the Nyquist frequency. On the other hand, in the D/A conversion, a
frequency component is output aliased above the Nyquist frequency.

To deal with aliasing, first it is necessary to sample with a clock greater than
double the highest frequency component in the signal. Second, a low-pass
filter is required to block any signal above the Nyquist frequency.

Record Lengthand  The frequency spectrum frequency range and resolution depend on the time axis
Frequency Resolution  sampling rate and the record length (N).

For the given data length on the time axis, FFT has frequency components from
—N/2 to N/2-1. However, when the real number data on the time axis is
transformed, FFT gives results symmetrical about 0 Hz (DC). Because of this
symmetry, all the necessary frequency data is contained between 0 and N/2 — 1.
Thus, with FFT if values are given from zero to the positive N/2 point, this is
enough. Since the non-DC components have energy dispersed on both the
positive and negative sides, the DC component is 2x the other components.
Since the DC component is scaled by 1/2 with the FFT editor, DC and the other
components can be handled equally.

Since FFT has N/2 sampling points on the discrete frequency axis between DC
and the Nyquist frequency}; the frequency resolution is//N/2). Since the
Nyquist frequency is one half the sampling rag the frequency resolution can
also be expressed aé\.

Therefore, if the sampling rate is fixed, when the record length is increased, the
frequency resolution rises. On the other hand, if the record length is fixed,
raising the sampling rate raises the Nyquist frequency and lowers the frequency
resolution.

Relationship Between  The phase is the quantitative displacement from the standard time. Thecos(2
Phase and Delay  ft) has a O phase, but sin@t) has a 90 degree delay. The standard time is the
sampling start time.
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(t)=COS(2 TTf)

VARV,
/\

f)=SIN@ TTf)

\

Figure F-6: Phase and Delay

A

90°

FFT Window Functions FFT calculates with limited data blocks. Also, since FFT calculations assume
that the sampled data blocks are repeated infinitely, frequency error arises from
non-continuities generated at the edges of data blocks. This frequency error is
called leakage error.

The leakage error depends on the FFT window function selected. The processing
to bring the window function at both ends towards 0 in order to give the FFT
continuity is called taper processing. This instrument has the square wave
window, which does not apply taper processing to the time region data, and five
FFT window functions that do carry out taper processing.

The FFT window functions in the time region correspond to filters in the
frequency region. This is convolution and it is well known that it has a character-
istic of sin(x)/x for square window. These filters have a high lobe at the center, in
other words a transmitting band width,. This lobe determines how great the
neighboring frequency components can be separated.

The transmission amount for the side lobes neighboring this center lobe
determines the amount of leakage. Leakage is the spread of energy from a certain
frequency component for the displayed frequency spectrum. Frequency
components with small magnitudes are covered overall by leakage.
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X [
Discrete .
frequency Convolution
component component
X [l
Frequency component Window function Convolution component
included in real-time frequency and discrete frequency
waveform characteristic component

Figure F-7: Concept of Convolution

Figures F-8 through F-13 show the FFT window functions prepared for this
instrument and their characteristics. Also, note that if you use a window function
with taper processing, then carry out inverse Fourier transformation to make
real-time data, that real-time data is tapered.

The window functions are effective for investigating the frequency components
of the acquired waveform, but the waveform after the window function is applied
differs from the original waveform.
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F-20

Square Wave Window. The square wave window does not taper the time region
data. The filter shape in the frequency region is sin(x)/x. The square wave
window is appropriate for observing the frequency spectrum of non-repetitive
signals. The square wave window is also used for observing frequency compo-
nents near DC.

0dB 3 dB Bandwidth
-20 0.89
Highest
-40 Side Lobe
-0 -13dB
Window Function Freq. Magnitude

Figure F-8: Square Window and Frequency Characteristic

Hanning Window. The Hanning window is a function derived from the cos
function. This window function has superior magnitude precision and leakage
elimination characteristics.

0dB 3 dB Bandwidth

-20 A{ \[\ 1.44
_40 Highest
/\(\N V\ﬂ/\ Side Lobe

-60 ,\NV' 'vm
-32dB

Window Function Freq. Magnitude

Figure F-9: Hanning Window and Frequency Characteristic
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Hamming Window. The hamming window is similar to a hanning window, but it
suppresses more the transmissivity for the side lobes next to the transmitting
bandwidth. Compared to FFT processing using a hanning window, the degree of
separation between two frequencies is greater, as can be seen in Figure F-10.
This window is particularly effective for separating close frequencies.

0dB /\ 3 dB Bandwidth

1.30

-40 Highest
Side Lobe
-60 -43dB
Window Function Freq. Magnitude

Figure F-10: Hamming Window and Frequency Characteristic

Blackman-Harris Window. Of the six window functions in this instrument, the
Blackman-Harris window has the broadest transmission bandwidth (and
therefore, lowest frequency resolution) and the lowest side lobe transmission
(and therefore, lowest leakage). This window is particularly suited for observing
wide range frequency spectra.

0dB 3 dB Bandwidth

-20
~40 / \ 1.66

-60
-80 / \ Highest
Side Lobe
B
110 -92dB
Window Function Freq. Magnitude

Figure F-11: Blackman-Harris Window and Frequency Characteristic
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F-22

Blackman Window. The Blackman window suppresses the side lobe magnitudes
in the frequency region lower than the hamming window does and suppresses
leakage even farther. However, it has inferior frequency resolution.

0dB 3 dB Bandwidth

-20 / \ 1.68

40 Highest

-60 Side Lobe
-58 dB

Window Function Freq. Magnitude

Figure F-12: Blackman Window and Frequency Characteristic

Triangle Wave Window. The triangle wave window is a convolution of two square
windows half the width of the window. Therefore, the triangle wave window
frequency spectrum is the product of the square wave windows.

0dB / \ 3 dB Bandwidth
-20 1.28
40 Highest
-60 Side Lobe
-80 -27dB
Window Function Freq. Magnitude

Figure F-13: Triangle Window and Frequency Characteristic

AWG2021 User Manual



Appendix F: Miscellaneous

Repackaging for Shipment

If this instrument is shipped by commercial transportation, use the original
packaging material. Unpack the instrument carefully from the shipping container
to save the carton and packaging material for this purpose.

AWG2021 User Manual

If the original packaging is unfit for use or is not available, repackage the
instrument as follows:

1.

Obtain a corrugated cardboard shipping carton having inside dimensions at
least six inches greater than the instrument dimensions and having a carton
test strength of at least 275 pounds.

If the instrument is being shipped to a Tektronix Service Center for repair or
calibration, attach a tag to the instrument showing the following: owner of
the instrument (with address), the name of a person at your firm who may be
contacted if additional information is needed, complete instrument type and
serial number, and a description of the service required.

Wrap the instrument with polyethylene sheeting or equivalent to protect the
outside finish and prevent entry of packing materials into the instrument.

Cushion the instrument on all sides by tightly packing dunnage or urethane
foam between the carton and the instrument, allowing for three inches of
padding on each side (including top and bottom).

Seal the carton with shipping tape or with an industrial stapler.

Mark the address of the Tektronix Service Center and your return address on
the carton in one or more prominent locations.
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Factory Settings

WhenReset to Factoryis selected from thgTILITY Misc menu, this
instrument’s parameters are reset to the values they had at the factory. Table F-1
lists these factory settings.

Table F-1: Factory Settings

Setup Menu

Clock Frequency 100.00 MHz

Clock Source Internal

CH1 Operation Normal

Filter Through

Amplitude 1.000 V

Offset 0.000 V

Display Graphics

MODE Menu

Operating mode Cont

Triggered Slope Positive

Gated Polarity Positive

Level 14V

Impedance 1MQ

Sync Start (Sync is End when the operation mode is Cont.)
LOAD/SAVE Menu

Device Disk

Auto Load Off

UTILITY Menu

Misc Display... Brightness 70%

Misc Display... Catalog Order Name1

Misc Display... Data Time Off

Misc Hardcopy... Format BMP

Misc Hardcopy... Port Disk

Diag/Cal Diagnostics Al

Diag/Cal Calibrations All

FG Menu

Function waveform Selection Sine

Frequency 2.500 MHz
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Table F-1: Factory Settings (Cont.)

FG Menu

Amplitude 1.000 V
Offset 0.000V
Polarity Normal
Pulse Duty 50%

The followingUTILITY menu settings are not affected®gset to Factory

Remote Port
GPIB Address
GPIB operating mode

Setting the RS-232-C parameters

Date/Time
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Appendix G: Inspection and Cleaning

Inspection — Exterior

Inspect and clean the instrument as often as operating conditions require. The
collection of dirt can cause instrument overheating and breakdown. Dirt acts as
an insulating blanket, preventing efficient heat dissipation. Dirt also provides an
electrical conduction pathatcan cause an instrument failure, especially under
high-humidity conditions.

CAUTION. To prevent damage avoid the use of chemical cleaning agents that
might damage the plastics used in this instrument. Use only deionized water
when cleaning the menu buttons or front-panel buttons. Use a ethyl alcohol
solution as a cleaner and rinse with deionized water.

Avoid the use of high pressure compressed air when cleaning dust from the
interior of this instrument. (High pressure air can cause ESD.) Instead, use low
pressure compressed air (about 9 psi).

Using Table G-1 as a guide, inspect the outside of the instrument for damage,
wear, and missing parts. You should thoroughly check instruments that appear to
have been dropped or otherwise abused to verify correct operation and perfor-
mance. Immediately repair defects that could cause personal injury or lead to
further damage to the instrument.

Table G-1: External inspection check list

ltem Inspect for Repair action

Cabinet, front panel, and cover Cracks, scratches, deformations, damaged Replace defective module
hardware or gaskets

Front-panel knobs Missing, damaged, or loose knobs Repair or replace missing or defective knobs

Connectors Broken shells, cracked insulation, and Replace defective modules; clear or wash out
deformed contacts. Dirt in connectors dirt

Carrying handle and cabinet feet Correct operation Replace defective module

Accessories Missing items or parts of items, bent pins, Replace damaged or missing items, frayed
broken or frayed cables, and damaged cables, and defective modules
connectors

AWG2021 User Manual
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G-2

Cleaning Procedure —
Exterior

/N

To clean the instrument exterior, do the following:

WARNING. To avoid injury or death, unplug the power cord from line voltage
before cleaning the instrument. To avoid getting moisture inside the instrument
during external cleaning, use only enough liquid to dampen the cloth or applica-
tor.

1. Remove loose dust on the outside of the instrument with a lint-free cloth.

2. Remove remaining dirt with a lint free cloth dampened in a general purpose
detergent-and-water solution. Do not use abrasive cleaners.

3. Clean the monitor screen with a lint-free cloth dampened with either ethyl
alcohol or, preferably, a gentle, general purpose detergent-and-water solution.

Lubrication. There is no periodic lubrication required for this instrument.
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