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WARRANTY

Tektronix warrants that this product will be free from defects in materials and workmanship for a period of

three (3} months from the date of shipment and that the cathode-ray tubes (CRTs) in such products will be free
from defects in materials and workmanship for an additional period of nine (9) months. If any such product proves
defective during the initial three-month period, Tektronix, at its option, either will repair the defective product
without charge for parts and labor, or will provide a replacement in exchange for the defective product. if, during
the succeeding nine-month period, the CRT proves defective, Tekironix will replace the defective CRT without
charge for parts and labor,

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration
of the respective warranty period and make suitable arrangements for the performance of service. Tektronix will
provide such service at Customer’s site without charge during the warranty period, if the service is performed
within the normal on-site service area. Tektronix will provide on-site service outside the normal on-site service
area only upon prior agreement and subject to payment of all travel expenses by Customer. When or where on-site
service is not available, Customer shail be responsible for packaging and shipping the defective product to the
service center designated by Tektronix, with shipping charges prepaid. Tektronix shall pay for the return of the
product to Customer if the shipment is to a location within the country in which the Tektronix service center is
located. Customer shall be responsible for paying all shipping charges, duties, taxes, and any other charges for
products returned to any other Iocations.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty a) to repair damage

" resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
b) to repair damage resulting from improper use or connection to incompatible equipment; or ¢) to service a
product that has been modified or integrated with other products when the effect of such modification or
integration increases the time or difficulty of servicing the product.

THIS WARRANTY IS GIVEN BY TEKTRONIX WITH RESPECT TO THIS PRODUCT IN LIEU OF
ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED. TEKTRONIX AND ITS VENDORS
DISCLAIM ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. TEKTRONIX’ RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE
PRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR
BREACH OF THIS WARRANTY. TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF
WHETHER TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF
SUCH DAMAGES.
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EC Declaration of Conformity

Tektronix Holland N.V.
Marktweg 73A

2444 AB Heerenveen
The Netherlands

declare under sole responsibility that the
AWG2040 Arbitrary Waveform Generator

meets the intent of Directive 89/336/EEC for Electromagnetic Compatibility. Compliance
was demonstrated to the following specifications as listed in the Official Journal of the
Furopean Communities:

EN 50081-1 Emissions:

EN 55022 Radiated, Class B
EN 55022 Conducted, Class B
EN 60555-2 Power Harmnonics

EN 50082-1 Immunity:

IEC 801-2  Electrostatic Discharge
IEC 801-3  RF Radiated
IEC 8014  Fast Transients




Injury Precautions

Use Proper
Power Cord

Avoid Electric
QOverload

Ground the Product

Do Not Operate
Without Covers

Use Proper Fuse

General Safety Summary

Review the following safety precautions to avoid injury and prevent damage
1o this product or any products connected to it.

Only qualified personnel should perform service procegures.

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

To avoid electric shock or fire hazard, do not apply a _\{di"iége o a terminal that is
outside the range specified for that terminal. ’

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

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

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

Do Not Operate in
Wet/Damp Conditions

Do Not Operate
in Explosive
Atmosphere

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

Do Not Operate With
Suspected Failures

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

To prevent product overheating, provide proper ventilation.

If you suspect there is damage to this product, have it inspected by qualified
service personnel.
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Safety

~ Safety Terms and Symbols

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

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

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

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

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

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

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

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

4 D A O

DANGER Protective Ground ATTENTION Double
High Voitage {Earlty) Terminal Refer i Insulated
Manua

Certifications and Compliances

CSA Certified Power  CSA Certification includes the products and power cords appropriate for use in

Cords  the North America power network. All other power cords supplied are approved
for the country of use,
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Welcome

This is the User Manual for the AWG2040 Arbitrary Waveform Generator.

Section 1 Getting Started covers the features of the AWG2040 initial in-

spection, and start up. In particular, the start up section covers the proce-
dures required prior to turning on the unit and points that require special

care or caution. Be sure 10 read this section carefully.

Section 2 Operating Basics first describes the components of the
AWG2005 and their functions. Then it describes the operating procedures
used to output waveforms from the AWG2040 by presenting a few simple
examples.

Section 3 Functional Operation Summary presents a basic operational
overview of the AWG2040

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

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

Related Manuals Other documentation for the instrument includes:

»  The AWG2040 Programmer Manual (Tekironix part number
070-8657-02) explains how to control the AWG2040 with a computer
through the GPIB or RS—232-C interface. This manual is & standard
accessory.

»  The AWG2040 Service Manual (Tektronix part number 070—8963-00)
provides information to maintain and service AWG2005, and provides a
complete board—level description of the instrument’s operation. This
manual is an optional accessory.

AWG2040 User Manuat Xxix



Welcome

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

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

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

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

Side Merii
or Sub—Menu

Bottom Menu

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

3) Selecting the "Timing” item from the sub~menu.

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.

xxx Welcome
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Overview

This section describes the features of the AWG2040, initial inspection, and
stari up.

Product Description

The AWG2040 is a portable arbitrary waveform generator equipped with a
differential output channel and capable of generating both arbitrary and
standard function waveforms.

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

As an arbitrary waveform generator, the AWG2040 has a clock frequency of
1 GHz, an 8-bit DA converter and a 1M-word waveform memory (or 4M-word
memary when Option 01 is installed) for high-quality waveform generation
and differential output to one channel. It can also generate a two-channel
arbitrary marker output to accompany waveform output.

The AWG2040 also has a digital out function (when Option 03 is installed)
for direct output of the digital data for the arbitrary waveform in the waveform
memory, without going through the D/A converter. - o

This instrument has five 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 wavetorm 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,
in steps.

5. Split/Join Waveform Editor ~ When editing waveforms of 256k words or
larger, you.can split the waveform file, remove the part you want to edit
and insert data into the file.
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An FFT editor and a convolution waveform editor are provided with
AWG2040 units that inciude Option 09. These editors support frequency
domain editing and convolution caiculations.

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

The AWG2040 has a 3.5-inch floppy disk drive and non-volatile memary for
storing created waveform data and parameter settings. Each of these stor-
age devices can store the files created with the editors.

You control this instrument by way of its front panel hierarchical menu dis-
play system or its rear panel GPIB or RS-232-C interfaces. Waveforms can
be transferred directly through the GPIB interface from a digital storage
oscilloscope. Such direct waveform transfers allow for many types of ap-
plications with other measurement equipment and computers, Supported
equipment includes our major digital storage oscilloscopes as weli as the
digital storage oscilloscopes of other leading manufacturers.

Initial Inspection

Before unpacking the AWG2040 from its shipping carton, inspect it for signs
of external damage. If the carton is damaged, notify the carrier. The carton
contains the basic instrument and its standard accessories. Refer to the
Standard Accessories list in Appendix A.

This instrument was thoroughly inspected for mechanical and electrical
defects before shipment. It should be free of mars or scratches and meet or
exceed all electrical specifications. To confirm this, inspect the instrument for
physical damage incurred in transit and test the electrical performance by
following the Performance Check section of the Service Manual. If a discrep-
ancy is found, contact your local Tektronix Field Office or representative.

NOTE

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




Start Up

This section describes the procedures required prior 1o turning on the
AWG2040.

Instailation

Before you begin, refer to the Operator’s 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 instailed and pow-
ered on. To properly install and power on the instrument, perform the follow-
ing steps:

C{ Step 1: Check that the operating environment is correct.

The AWG2040 operates correctly in ambient temperatures from +10nto
+40n 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 untit the chassis has come within the usage temperature
range. For the information on the other operating environment, see
Appendix B "Performance Characteristics.”

NOTE

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

] step 2: Before switching on the power, double check that there is

nothing blocking the flow of air at the fan and air intake holes.

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

Topandrear ......... 3 inches

Leftandright ........ 6 inches
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Always unplug the power cord from the socket before checking the
line fuse to avoid electrical shock,

A L__I Step 3: Remove the fuse from the fuse holder on the rear panel and
check the fuse.

To remove the fuse, turn it counter-clockwise with a screwdriver while
pushing it in. See Figure 1-1 for the fuse location. There are two types o
fuses that may be used. Here are the fuse types and ratings.

Fuse Part Fuse Cap Part
Fuse Number Number
25 inch x 1.25 inch (UL 198G,3AG):  159-0233-00 200-2264-00
6A FAST, 250 V.,
5 mm x 20 mm {IEC 127):5A (T), 159-0210-00 200-2265-00
250 V.
NOTE

The second fuse listed in the table above is approved under the

1EC standards. This fuse is used in equipment sold in the European
markef,

] Step 4: Check that you have the proper electrical connections. The
AWG2040 operates at the following power supply voltage.

Line Voltage Range 0V - 250V

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

Maximum Power 300 W

: CAUTION 3

Instruments are shipped with a power cord appropriate for use with
normal 115 V power systems. If the AWG2040 is to be used with
230 V power it must be replaced with one appropriate for the power
source used. See Figure 1-2, "Optional Power Cords”, for the
available power cord types.

D Step 5: Connect the proper power cord from the rear-panet power
connector 1o the power system.




Start Up

/. Power On

D Step 6: Push the PRINCIPAL POWER SWITCH (shown in Figure 1-1)
on the rear panel of this instrument. Power is now applied to the standby
circutt of this instrument,

Power Connector

Il

/ \
Fuse Principal Power
Switch

Figure 1-1: Rear Panel Controis Used in Start Up
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Standard™* Qption A1
North American Universal Euro
115V 230V

Option A4* Oplion A5
North American Switzerland
230V 230V

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

Option 1A*
North American
115V/High Power

Figure 1-2: Optional Power Cords

Optlion A3
Australian
230V

Option 1B
North American
3-Phase

1-6
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D Step 7: Press the ON/STBY switch (shown in Figure 1-3} on the lower
left side of the front panel to switch on the power for this instrument.

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

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

C% AWG2005  ARBITRARY WAVEFORM GENERATOR }

y

() () [an) [an) [a)

=
i
2!
e

-
&
£
i
5

ON/STBY Switch

Figure 1-3: ON/STBY Switch
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Start-up
Diagnostics/
Calibrations

[J Step 8: Check the resutts of the start-up diagnostics/calibrations.

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

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

If an error is detected, Fail and the error code are displayed. You can exit
this state and operate this instrument, but until the error is corrected, the
waveform outputs can not be relied on. ¥ an error is deiected, contact our
nearest representative. To exit the diagnostics/calibration system, press any
of the buttons. The system moves on to the SETUP menu.

NOTE

When the power is switched on, this instrument is calibrated, but in
order to preserve the precision of this instrument, after the comple-
tion of the warm-up or temperature changes, recalibrate this instru-
ment. For details on how to calibrate, see the explanation of the
Calibration item on the UTILITY menu in Section 4.

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

Power Off

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

This section will discuss the foliowing:

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

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

Operating Examples
Simple examples showing how to output waveforms.

These exampies are designed to help you gain a basic understanding of
the instrument.
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The instrument can be divided into three main areas: the front panel, the
rear panel and the side panel. In this section, we wilt list the names and
functions of the parts in each of these areas. We will also list typical display

Overview

messages that appear on the screen and what they mean.

Front Panel

Refer to
Fig.2<‘
R U
_\ Y
\\ AWG2040  amerRany wpwe#sam GENERATOR P——
% T QSETUP chgsog ow.ﬁ.ue OHARDCORY
S () e
Q EOIY
Vi) uuu
0=} -D-gﬁﬁ ©
) aaEE - g
i) Bldoisd
O = T = IR
( = e
@DDCXDDC}C}QD / ©@
\ a7 #* Z £ -

4

Figure 2-1: Front Panei 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 correspond-
ing menu. These menus are generally the highest level menus.

(2) Side Buttons

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

(3) MARKER 1 and MARKER 2 Output Connectors

These provide the user-specified marker signals. The maximum autput level
is £2 V with a 50Q termination.

{4) CH1 Waveform Output Connector

Provides the normal waveform'output from the CH1 connector and the
inverted waveform output from the CTHT connector. The maximum output
level is +2 V with a 50 termination.

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

(5) Waveform Output On/Off Buttons and Indicators

Press the waveform output on/off buttons to switch the output 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,

(6) CLEAR MENU Button

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

page 2-13).
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. meny [0
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O MODE
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(O LOAD/SAVE
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& {O

(7) ON/STBY Button

When the principal power switch on the rear panel has been pressed to
supply power to the standby circuit, this button can be pressed to provide

power 1o the other circuits of the instrument. Normally this button is used as
a power switch.

(9

O

O 5

! O lcursor  (OLvALUE

- wu—\

O OO
OleoleolEy]
OOIIDICS
OIS
s} ) C Hzlsi ENTER

S
f\l
/=

S

(8

Figure 2-2: Front Panel Button Detail

(8) Menu Buttons and Indicators

The MENU column comprises the SETUP, MODE, EDIT, LOAD/SAVE and
UTILITY buttons. To display one of these five main menus on the screen,
press the corresponding button in the MENU column. The corresponding

OHARDOORY

Q TRIGGER Q

MANUAL

INPUT
1KQ S = 210V
O < BV

LED indicators show which menu has been selected. Each of these menus

is described in detail in Section 4A through 4F.
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SETUP Menu

Use the SETUP menu to set the following waveform output parameters :
clock source and frequency, waveform/sequence file selection, filter, ampti-
tude, offset and marker level. See Section 4B for more information.

MODE Menu

Use the MODE menu to set the operating mode. Operating modes consist
of trigger modes (Cont, Triggered, Gated and Burst); Waveform Advance,
in which waveform output is performed for a sequence file in response to
each trigger signal; and Autostep, in which the next waveform is set for
output in response to an autostep signal. in addition to these modes, there
is also an item equipped switch the system to the slave operation. See
Section 4C for more information.

EDIT Menu

The EDIT menu incorporates five types of editors: the waveform editor, the
equation editor, the sequence editor, the autostep editor and the spiit/join
waveform editor. This makes the AWG2040 perform editing according to the
types of the files. Instruments with Option 09 installed have a FFT editor to
permit editing in the frequency domain and a convolution editor to operate
the waveform convoiution in high speed.

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

LLOAD/SAVE Menu

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

LOAD Menu-Used when loading files from a floppy disk or non-volatile
internat RAM (NVRam) into the internal memory of the AWG2040, or from
another instrument through the GPIB interface.

SAVE Menu—Used when saving files from the internal memory of the
AWG2040 to a floppy disk or to the instrument’s NVRam,

LTIHATY Menu

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

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

(10) CURSOR Button and Indicator

When the indicator is lit, the function assigned to the CURSOR button is
operational. Use the CURSOR bution to select a field or switch the active
cursor. The function of CURSOR button is different depending on each
menu., When a special function is assigned to the CURSOR button, a de-
scription of the CURSOR button is displayed on the screen.

(11) VALUE Button and Indicator

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

(12) General Purpose Knob

Use this knob to set a variety of functions and numerical values on the
instrument. When a knob icon is displayed on the screen next to an item, it
indicates that the item can be controlled.

(13) Delete Key

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

(14) HARDCOPY Button

Use this bution 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.

(15) TRIGGER INPUT Connector

Use this connector to input of the external trigger or gate signal. This con-
nector can accommodate an external signal input of up to £10 V with an
input impedance of 1 k& or up to 5 V with an input impedance of S0€.

AWG2040 User Manual
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(16) 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 bution is pressed. In Cont mode, pressing the MANUAL
button has no effect.

(17) Unit Keys and ENTER Key

The foliowing unit keys are provided: GHz/ns, MHz/us, kHz/ms/mV and
Hz/sec/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
1o enter the numeric value and selected item.

(18) Numeric Keys

Press the numeric keys to enter numeric data. The numeric keys include the
numerats 6 through 9, and the ".” and "—" symbols. The ".” and "~" numer-
ic keys are also used to input hexadecimal "A” and "B”, respectively, in the
waveform editor table display. Hold down a numeric key as desired to repeat
its input.

(19) KRG Button

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

\

| 3 IQH
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\
\ \

LED indicator Eject Button

Figure 2-3: Side Panel

(20) Fioppy Disk Drive

The floppy disk drive is used for saving and loading 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

fioppy disk by pressing the eject button.

NOTE

Never press the eject button to efect the floppy disk whilfe the disk
drive indicator light is Iit, as the stored data may be corrupted and

errors may result.

AWG2040 User Manual
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Rear Panel

Refer to Fig.2-5
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Figure 2-4: Rear Panel Overall View

(21) Power Source Connector

A power cord Is connected to the power source connector.

(22) PRINCIPAL POWER SWITCH

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

{23) Fuse Holder

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

When using the AWG2040 in Europe, you should use an [EC-ap-
proved fuse. For details, see Page 1-4.

(24) DIGITAL OUT Connector {Option 03)

This connector is used for output of the clock signal {ECL level} and the
digitai data (D@ — D7) for the waveform to be output. The output must be
terminated to —2 V with a 502 termination.

(25) MASTER CLK OUT Connector

This connector is used for output of the master clock (ECL level). The output
must be terminated to —2 V with a 50Q termination.

(26) SLAVE CLK IN Connector

This connector is used for input of the slave clock (ECL level). The input is
terminated fo —2 V with a 50 termination.

A

e X 7
'Y

Q) rsme © © ©
] EEE STE 488 PORT /
e e\ —/orp

©

j CLOTK I

Figure 2-5: Rear Panel Detail
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(27) RS-232-C Connector

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

(28) IEEE STD 488 Connector

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

(29) CLK IN Connector

This connector is used for external clock input. It requires an external signal
of up to 1 Vp-p.

(30) BUSY OUT Connector

This connector is used for output of a busy signal {TTL level). The busy
signal is output while the CH1 waveform is being output. The output resis-
tance is 510,

(31) SYNC OUT Connector

This connector is used for cutput of a synchronous signal (TTL level}. The
synchronous signal is output at the starting point for CH1 waveform output.
The output resistance is 51Q.

(32) AUTO STEP IN Connector

This connector is used for input of an autostep signal (TTL fevel). in Auto-
step mode, the autostep signai changes the waveform file currently being
ouiput to the next file.

(33) STOP TRIG IN Connector

This connector is used for input of the trigger signal (TTL level) used to stop
waveform output.
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Figure 2-6: CRT Display
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Overview

(1) Status Area

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

(2) Date and Time Area

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

(3) Bottom Menu Label Display

The label for the selected bottom menu item is displayed.

(4) Side Menu

When selecting an item from a bottom menu, the corresponding side menu
is displayed at the right of the screen. 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 par 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 Ares

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

2-14



Basic Menu Operation

Operations (settings, procedures and selection of parameters for waveform

Menu Operations
output) are performed on this instrument by means of the system’s menus.

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

The menu items displayed on the screen are selected by pressing the
corresponding bezel buttons at the bottom of the screen (hereafier referred
10 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
AWG204C _ ARBITRARY WAYEFORM GENERATOR ] "fzm,{::
O sETP
)
O ODE
D)
o ol K-
Ol
E OorbrnE
Ol &
Qumiry
Side Buttons ————wmi D D
Bottom Buttons O =
CUOT
L .
@ oooloo|o O] @
| e ] I———

./

Figure 2-7: Menu Buttons and Bezel Butions

When you select the desired menu item, the numeric input columns and the
e selections controlled by that menu are displayed. Yo change the selections
S and numeric values, usethe numeric keys or general purpose knob.
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Basic Menu Operation

When you select a menu item, one of the following occurs.
®  The lower-level menu is presented.
® The desired item can be seiected and may have these characteristics:

Each time the bezel button is pressed, the selection changes.
A list is presented from which you can select.

®  Numeric values can be input.

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

Menu Names

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

Main Menus
There are several different main menus. Pressing one of the MENU buttons
causes the corresponding main meny 1o appear,

Bottom Menu

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

Side Menu

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

Sub-Menus

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

Numeric input

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

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

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

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

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

GEiR Triggered mode waitl
Kt E Anpditude
1!/\ , Vi \1.\. ......
{ 4 / \
#
y
N
N ] \ i
Y i Y S e -
| ; ! {,af | ,i Maifzer? -
‘7 i \.\J ................................ ; o
IR POLLBS
1 &29“
e E = Marker2
ey : . F]
NERE
o K
1. SuRBioLHT | ey
Poripd: 1.824u8
Points: 1824 :
PoMax:  B8.50MR/S80
Min: -8.50UN/580

Marker

Lwavatorm .
dlock | f Lavel

H ter
| Sequance |

Oiffset

H

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 (GHz/ns, MHz/us, kHz/ms/mV and Hz/s/V), the delete
key and the ENTER key. These are shown in Figure 2-9.

AWG2040 User Manual
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Figure 2-9: Numeric Keys, Unit Keys, Delete Key, and ENTER Key

Numeric Input Examples

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

The valiie béfore input mode was 100.0000 kHz and is to be changed to
12.3 kHz. Pressing the ”17,"2", 7., *3", and ENTER keys in order changes
the input column this way:

Table 2-1: Numeric Value Input Example 1

Input Key Numeric Value Column Numeric Value Status

100.0000kHz Before input

1 * 1

2 * 12

During input

* 12.

3 * 12.3

ENTER 12.30000kHz Entered

When you press one of the numeric keys, the instrument switches to numer-
iC input status and the value that has been entered is displayed in the input
column, preceded by an asterisk. Enter other numbers as desired and then
press the ENTER key to confirm the value.Unless otherwise designated, the
unit that is used for numeric input will be the same as when numbers were
previously entered.
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To change the unit to MHz, press "1”, 727, .7, 3", and MHz/us keys in
order. This changes the vaiue to 12.30000 MHz. The frequency is expressed
by a seven-digit number,

When a value has been entered, pressing one of the unit keys will change
the unit to that value and wili confirm the number that has been entered. If
you press the unit key before inputting a numeric value, only the unit will
change; the numeric value that is currently displayed wili be unaffected.

NOTE

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

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

This example changes the offset from 1.000 V to —0.030 V (30 mV). The
input is as shown in this iable.

Tai\_:_iig__z-_z; _Numeric Value Input Exampie 2

Input Key Numeric Value Column Numeric Value Status
1.000V Before input
— % —
3 * 3 During input
4] * 30
kHz/ms/mV —-0.030V Entered
In this case; pressing "—", ".", "0”, "3” Hz/sec/V also enters a value of

—0.030 V. The unit is displayed as "V".

AWG2040 User Manual
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Using the General Purpose Knob

When the knob icon is displayed on the CRT screen, numeric values can be
set using the general purpose knob and the < (left/down) and — (right/up)
buttons. When setting numeric values in this manner, the value in the num-
ber column will be increased or decreased for the underscored and upper
digits. Values wili decrease when the generai purpose knob is turned coun-
terclockwise and increase when the general purpose knob is turned clock-
wise. 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 underscore in the menu column of numeric input.

O cursor O VALUE

Arrow Buttons General Purpose Knob

Figure 2-10: General Purpose Knob, and Arrow Buftons

Knobleon o q

Underscore

Figure 2-11: Knob icon and Underscore

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

D Step 2: Press the < and — buttons {0 specify the digit to be the index
for input.

The amount of change obtained by turning the general purpose knob is
controlled with the front panel < and — keys. Press the < key to move
the underscore to the left and thus raise the amount of change to 10x.
Or press the — key to move the underscore to the right and thus reduce
the amount of change for general purpose knob turning to 1/10th.

E] Step 3: Turn the general purpose knob o change the value.

Numeric Specification Example

Turning the general purpose knob one click clockwise increases the value of
the underscored digit by 1. Turning it one click counterclockwise decreases
the vaiue by 1. For example, if the value is 173.0 and the cursor is underthe
7, turning the general purpose knob clockwise or counterclockwise changes
the value as shown below. If the underscored value is already 1, turning the
general purpose knob counterclockwise does not decrease the value any
further.

173.0 173.0
183.0 163.0
193.0
203.0 23.00
213.0 13.00
Turning clockwise Turning counterclockwise

When the value has already been increased to the maximum allowable value
for the parameter, turning the general purpose knob further clockwise has
no effect. Similarly, when the value has already been decreased to the
minimum allowabie value for the parameter, turning the general purpose
knob further counterclockwise has no effect.

AWG2040 User Manual
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Operating Examples

in this section, we will use simple examples to illustrate the basic proce-
dures for waveform output on the AWG2040. 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 this instrument 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 an Autostep File

Setting the Output Parameters -

Setting Operation Mode and Waveform Qutput

Example 4: Loading and Saving Files™
Example 5: Loading Waveforms From Other Instruments

Example 6: Using the Waveform Function Generator

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

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

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

Necessary
Equipment

The following equipment is needed to execute Examples 1 - 6

Digital storage oscilloscope (Tektronix TDS series or equivalent)
50C cables (2)

GPIB cabte (1)

500 terminator (1)

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

n  Signal generator

AWG2040 User Manual
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Operating Examples

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

UTILITY

! @D i
Date Time

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

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

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

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

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

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

GPiB , B gttmtina,;aus made Stopped
~Date Time
Yoar
T 1993
// e e ——————————
:‘; ’ Month
B '\ 0
i Je, ! 11
- { M) i 1i-Hov-43
1 R— H X
‘ - / (EREHE Ly
"‘l,;_ j\;.. 11
\\,. ; e eear e
M Hout
it
R R .
Disk. | NvRam | opig RS232C Mlige DiagsCal |

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

Yaar

@ 1993

Minuie

@ 30

Display...

Date Time
Off

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

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

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

[] step6: Select Minute from the side men.

] Step 7: Use the general purpose knob to set the minute value to 30 by
the time signal.

NOTE

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

Date/Time Display

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

[ step 8: Select Misc from the bottom menu.
[] step9: Seiect Display... from the side menu.

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

GPiB Continuous mode iStopped
""""" {i-Now-03 15:39.38

Date/Time Display —/

Figure 2-13: Date/Time Display

AWG2040 User Manual
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Setting the Display Brightness

In this operation, you will set the display brightness of the screen. The
dispiay offers three different leveis of brightness. Use the following proce-
dure to adjust the overall dispiay brightness to the proper level:

8réhtnes:

[] Step 11: Sefect Brightness from the side menu.

GPiB Cortimss made Blopped

Klisg

High-Light

LCatatog
Ordar
Namnel

Gy Back

[ H H i ihres

e I—-— i Fomd i Ry
DHsk } MyRam | GPIS | AS232C |Date Time

Figure 2-14: Setting the Display Brightness

@ 0A100% [ step 12: Turn the general purpose kniob to set the brightness to the

proper level.

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

This completes the Example 1.
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. Exam p}e o+ Output of InExampie 2, you will output a waveform using the sample waveform library
a Waveform Usin g disk, a standard accessory included with the instrument.

the Sample

Waveform Library Loading Sample Waveforms
Disk The sample waveform should be loaded from the floppy disk to the internal
memory of the instrument.
LOADISAVE
D [J step 1: Press the MENU column LOAD/SAVE button.
Device [] step 2: Select Device from the bottom menu.
= [} step 3: Select Disk from the side menu.
Disk

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

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

NOTE

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

S

Figure 2-15: Inserting the Floppy Disk
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Load Afl

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

GPIB Continuous made Stopped
Catabog ! Memory Free ! JEG7EB a Load
Mame  Type  Size Date & Time Conwnent
Eoad
Load 4l
Catalog @ Hsk frea : 1O20HB
Tyne Comment
F3-11-18 89:38
) 4 03-11-13 99137 DOUBLE EXPORENTIAL PULS
¥a 2HERT W3-11-38 60133
£l 794 93-11-1% 99:28 FREGUENDY MODULATION i
WM 65038 63-11-1% 69:28 ] S ——
BRSSP OEOY 656 §3-11-18 99:33 GAUSHIAN PULSE f i e}
BOMISS P WEH 514 93-11-1% 99133 f 5 hange
=LIN SaP POl P44 82-11-18 09133 LINEAR FREGUENCY Sutrp || Directory
i E H 5
{evice Save 5 Auio Load
& sk : e

Figure 2-16: Sample Waveform Library Disk Files

[:'] Step 6: Select Load All from the side menu. The display shown in
Figure 2-17 will appear.
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GPiE

Stoppaed

Caalog  Memory

Free @ 3460KR

same  Typs  Slze Date & Time Comment

! E FASTRETTIT A0 ALY TOOE noDULATTON

44 @ 54048 9311418 0930

s %P B 764 §3-11-1R 69:33 DOUBLE EXPONENTIAL FUL
s FXP 0 WM 21328 93411008 88133

k] £ 754 93-11-18 §9:28 FREQUENCY HODULATION

|4 R 66484 931118 828

GAtSE PR 586 93-11-1% 09:33 GAUSSIAN PULSE

aiAUSS P WM 1458 931118 69133
=LIN, ByP  EQU 754 93-11-18 69:33  LINEAR FREQUENCY SWEEP
Catalog : Disk A Free : §70KB
Mame Types Size Date & T " )

: i
S0 EXP EQl
SEXE WFN
b Ei
AN WEM

sLAlSS P EQU
=GALSS P WM
sk BEP T

93-11-18 89130
43-11-18 €9:33
43-11-1% 89:33
93- 111§ 8028
§3-11-18 89: 28
93-11-18 28133
93-11-18 69133
g3-11-18 68:33

Conment

OURLE EXPONENTIAL PHLSE)
FREQUENCY MODUEATIEN

GAlssisN PULSE

LINEAR EREGUENCY SWEED |

Changs
Direciory

Gave

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

“ Al the files in the lower box on the screen are loaded into internal memory.

The ioaded files are displayed in the internal memory list in the upper box on

the screen.

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

NOTE

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

AWG2040 tiser Manual
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SETUP

waveform
Sequence

Setting the Output Parameters
These parameters are used for waveform output.

[[] step 7: Press the MENU column SETUP button. The SETUP menu is
disptayed.

GPIB ontinuous mode Stopped
| wavelform
. o 34 @
Throudli 16667 1 0.000¢
i
B8y
P4
. ]
T OO0
Period, —--
Points —---
PooMawr -
Mim -
I starker
Clack Fiiter  |Amplitude] Dffset | ﬂi?-‘gvé?
| | Leve

i i

Figure 2-18: SETUP Menu

[:] Step 8: Seiect Waveform Sequence from the bottom menu.
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@ GAUSS_PWFM [] step 9: Tum the general purpose knob to develop the waveform file list.
Select the file GAUSS_P.WFM from this list.

Select wavelorm/isguence

@ AWIN
b_EEP.WFM
Fi.WFM

]

LOG_SWP Wi M l
LORENTZ WFM
MDSE_RD.WFM |
MOSK_WRWEM |
wrauisTwrs |
PERSISWER |
POLSSFLWFM |
SUMWEM |

Figure 2-19: Waveform File List

firmed and the output conditions wilf be automatically set. Figure 2-20
shows the SETUP menu with the file GAUSS_PWFM selected.

l Ok [ step 10: Select O.K. from the sub-menu. The selected filte will be con-

GPiB Continuous mode funning
waveform
_CH1
........... T e te)
il R -
J1 Frougl 10007 | 0.0001
EAN. N
S
;’ """ | slarkery
: it
‘"“.;6“.“;543 .............................................
2
Harker?
T Merkez |
X4

. GOIGHE I
Pariod: 23605

Points: 256

O oMme 550004380

©OHWim -8.5000V/S8¢r

Marker ! "

Clock , t vl 1

Filtar ﬂzmpiitué@g Offsel

Figure 2-20: GAUSS_PWFM File Output Parameters
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NOTE

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

MODE
[] step 11: Press the MENU column MODE button, The MODE menu is
displayed.

The files selected from the SETUP menu are dispiayed in the MODE
menu.

GPIB Continuous mode Running

CHI

Wave fore
fﬁéﬁsﬁw?.WFﬁi

i Slave

| | Advance |

riggered | Gated 1 Bupst  {VRVEIONEL L osten

Figure 2-21: MODE Menu

f Cont [ step 12: Select Cont from the bottom menu. When Cont is selected,
the waveform is continuously output.

Waveform Output

[[] step 13: Connect this instrument and the oscilloscope with a 50Q cable

and a 50Q termination as shown in Figure 2-22. This instrument’s wave-
form output is calibrated to a 50Q load.
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AWG2040 Oscilioscope
A —
j O _ O
i =
llgend]
0 000 0 S0 0060
CH1 CH1
500 Termination

5002 Cable

Figure 2-22: Connections in Exampie 2

CH1

) ] step 14: Press the CH1 On/Off button on the front panel to switch on
waveform output. Figure 2-23 shows the channel On/Off button and
indicator.

On/Off Indicators

|

S eni W S ore 1

(- 8V MAX OFEN CIRCUIT Fi

|

On/Off Buttons

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

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

[[] step 15: Set the parameters for the connected oscilloscope as shown
below and display the waveform on the oscilloscope screen.

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

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

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

EDIT

When using the instrument for arbitrary waveform output, you should first
use the editors in the EDIT menu to create the waveform to be output. In
this operation, you wili 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 in
the MODE menu to output the waveform.

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

Creating a Waveform File

Creating Arbitrary Waveforms Using the Point Draw Function
Creating Waveforms Arithmetically

Creating an Equation File

Creating a Sequence File

Creating an Autostep File

Setting the Output Parameters

Setting Operation Mode and Waveform Output

Creating a Waveform File

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

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

£pin S satinuous mode Stopped

Catalog  Memory Free | 3RGTHR

& & Time Comment

Wavelorm

few
Equation

My
Sequence

Renanie Eﬁemmentf Copy Defete |

Deleta Al ‘
|

i
H
I
'
i

Figure 2-24; Initial Menu
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New [J step 2: Select New Waveform from the side menu.
wavelorm
Figure 2-25 shows the waveform editor graphic menu. The defauit for
the number of points in the waveform is 1024,
Contirusus mode Stopped
hr i@ 3| operation
L. le s &
1, ead
cul
{opy
to Buffer
paste
from Buffer
1.66058 Brawe...
MARKER ! e
HARKERS 1 More
- L et 1of 3
PRI Suitch Cursor | i
Betecld . . o Standard Ez:to.«;w {
open Zoon | Satling i Linda ;wfa\;efcsrmi write |
Figure 2-25: Waveform Editor Graphic Menu
CURSOR

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

Pressing the CURSOR button toggles the selected vertical bar cursor

from right to left and back again. You can move ihe selected cursor
using the general purpose knob or the numeric keys.

AWG2040 User Manual
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CJC:JC:)CD

Standard
waveform

Type

¢ Sine

Cycle

2 ENTER

1

ENTER

] Step 4: Press the following key sequence: 5, 1, 1, ENTER. This sets the
point vaiue for the right side vertical bar cursor to 511 {see Figure 2-26),

GPIB CLEHHS'EE.EOMS mod# Etopped
S FLLEEEEE O A5 P l Operation

aiue 4,

Cuit

Copy
1o Buffer

Paste
from Buffey

Draw...
HARKER1 B -
m%m@?s& More
tof 3

ey  Switch w?sar

‘3 Miectf :
Gpen |

| Standard [Cioses |
%WE{UQE‘G?E‘:‘E write |

i
Zoom | Setting | Undo

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

[} step5: Select Standard Waveform from the bottom menu.
] step 6: Select Type from the side menu.

D Step 7: Turn the general purpose knob to select Sine.

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

[[] step 9: Press "2” and ENTER in that order to set the number of cycles
for the sine wave to 2.
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| execute (7] step 10: Select Execute from the side menu.

A two-cycle sine waveform is created between the vertical bar cursors
(see Figure 2-27).

LPig

C{TERvsersr L

rexs pis Bl Vit wavelorm
grerna s R ITIIV VI i
1,607 Type
Sing

Amplituds
2.006040

Oiset
G000

Exgiyis

5 Mot Cursor )

Closel :
wWrite

Selects

T T T
t H N
Open Operation Zoom l Satting

i i i

Figure 2-27: Creating a Sine Waveform

CURSOR
[] Step 11: Press the CURSOR button to activate the right side vertical
bar cursor.
| o P 3 ENTER
oo oCD [] step 12: Press the following key sequence: 1, 0,2, 3, ENTER. This sets
the point value of right cursor to 1023.
GURSOR
D E] Step 13: Press the CURSOR button to activate the left side vertical bar
cursor.
5 4 5 ENTER
oo o CO [} step 14: Press the following key sequence: 5, 1,2, ENTER. This sets

the point value of left cursor to 512.
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Type [7 step 15: Select Type from the side menu,

@ Ramp D Step 16: Turn the general purpose knob to select Ramp.
Amplitude [} step 17: Select Amplitude from the side menu.
1 ENTER
o CO [] Step 18: Press "1” and ENTER in that order to set the ramp wave
amplitude 1o 1.
Cffset [ step 19: Select Offset from the side menu.
A 5 ENTER
O o D [[] step 20: Press ".”, "5”, and ENTER in that order to set the ramp wave
offset to 0.5.
Execute [[J step 21: Select Execute from the side menu.
A two-cycle ramp waveform is created between the vertical bar cursors

(see Figure 2-28).

Standard
wWavelorn

Type
Ramp

iycls
2.4

Amplitude
1.8aG8¢

BARKERZ 6 Executs

o Mave Ciursea
Selacts ;
Open |

13
i

e
P
[
o

Operation’  Zoom | Setthsg |

Figure 2-28: Creating a Ramp Waveform
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iCiose/
write

write and
{lose

& S

VALUE

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

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

] Step 23: Select Write and Close from the side menu.
The display used to enter the file name will appear.
[} step 24: Input SAMPLE-1 as the file name.
Use the generat purpose knob to select S from the character menu.

Then press the VALUE button. $ is inserted into the fite name input
column. In the same manner, input A, M, B L, E, —, 1 (see Figure 2-29).

Bropped

Piresersers L Tz | Closes

1624 pts  waiue B.BUTH e e 16079 write
: i A
z.aam% A 3 : A ffféﬁ

AGLDEFGHIL @
KL¥NGPARST
BYUXYZ #%%
G eem@A_~

efio 2456788

waveform Mame = SARPL- 1 WEM

ikt

HELLE
775 imsert charadier

1. G0i e Canvet
T O Hieve curser
MARKERT
?!?ARKFRE@? K
Setects ; Standard

Waveiorm

; ! l
Operation 2oow | Setting © Undo g

Open

Figure 2-29: Naming a File
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O [J step 25: When you finish inputting the file name, select O.K. from the

sub menu. The system retumns to the initial menu and displays the
waveform file created (see Figure 2-30). The extension "WFM” will be
displayed after the file name; this indicates that the file is a waveform file

P8 ilontinuous mode Stopped

Catubing @ Mlomory Fron ) I864KB

Nare Type Siza Dave & Time Comment @

Ecit

Maw
waveform

Mo
Eguation

M
Seguence

More
1 of 2

i i Rt
Copy Delete | Delete Al On

i

Rename | Comment

Figure 2-30: Initial Menu File List
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Copy

Creating Arbitrary Waveforms Using the Point Draw
Function

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

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

{ ] Step 1: In the initial EDIT menu, select Copy bottom menu. The display
used 1o enter the name of the copy of the file will appear, as shown in
Figure 2-31.

GPig WContinuous mode Gropped
R
Catalog @ Memory Fraa  3RG4KB
M Tung Sixe Date & Time Copnnend

ARCDEFLH

P @
KLMNQPORS

Copy SAMPLE— 1. WFM to [FAPIEST WM

WL UE
£ Ingert chEracter

— :Hbse Cancsd
...... 34 O ove CHrser

Y

Delete | Delete Al

i

1

Rename

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

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

[] step 2: Press the Delete key on the front panel to delete the 17 in the
file name.

[] step 3: Press "2.”

[] step 4: Select O.K. from the side menu.
SAMPLE-1 will be copied as a new waveform file named SAMPLE-2.

AWG2040 User Manual
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[[J step 5: Check to make sure that the SAMPLE-2 waveform file is dis-
played inverted in the file list in the initial menu. If it is not selected, turn

the general purpose knob until the name SAMPLE-2 is displayed in-
verted.

it [] step 6: Select Edit from the side menu,

The SAMPLE-2 waveform file witl 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.

CURSOR
[] step 7: Press the CURSOR button on the front panel. This will activate
the vertical cursor bar in the left-hand side of the screen.
2 5 5 ENTER
O oo CD [[] step 8: Press "2”, 5", *6”, and ENTER to set the point value of the left
cursor to 256.
CURSCR
D) D Step 9: Press the CURSOCR button on the front panel again to activate
the vertical cursor bar in the right-hand side of the screen.
- & 8 ENYER
Ooo CoO [[] step 10: Press "7”, "6*, *8”, and ENTER to set the point value of the
right cursor to 768.
Ghig ‘ | Lentinuous mode Stopped

SR i —
‘ —

Cperation
.92 pts :
H 1.6
it
Copy

{0 Breffer

Pyste
from Buffer

’ D vy
MARKER!
HARKERZO! More
-‘f T "' - o o tofs

........ VSydich tureer T

3 Selacts
Qpen

7 )
i T . Erandard [ Ohoses
P Retritig | thdo i e |
e arLting i Hies iWEivefD?'m write |

Figure 2-32: Setting the Edit Range
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Operation

Dravs...

VALUE

add
Oraw Point

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

D Step 11: Select Operation from the bottom menu.

[] step 12: Select DRAW... from the side menu.
The first point will be drawn.

] step 13: Press the VALUE button on the front panel to determine the
direction in which the point cursor will move.

[[] step 14: Using the general purpose knob, move the point-cursor to
draw another point.

[] step 15: Select Add Draw Point from the sub-menu.
The point will be confirmed and an _ will appear at that position.

{7] step 16: Repeat steps 13 through 1510 determine other points. An
example is shown in Figure 2-33.

GPB j;(tmtinuazaw; e Hropped
TBAMPLE-2 Operation
1924 pis
1,68879
Add
Draw Point
Delete
Liraw Point
] Smooth
L Off
~1.0006 § y Go Back
) W 5 f
CowaRKERTE 0 e -
MARKERZ®; , Execuite
T K] W@V

Selects
Onen

§ Standerd SCIGSE;’

ting | . ' :
Zon Setting Lrcle |waveforts wrlte |

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

D Step 17: Select Smooth from the sub-menu to turn smoothing ON.
Off

Turning smoothing on selects spline interpolation, in which the points
that have been drawn and the curve outside the area defined by the left
and right vertical bar cursors will be connected in a smooth curve,

Turning smoothing off selects linear interpolation, in which the points
that have been drawn and the curve outside the area defined by the left
and right vertical bar cursors will be connected using straight lines.

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

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

Stopped

CTUSAEHPLESTTT
| 1ezs ps
: i a8y

peration

Ackd
Draw Point
Dafete
Draw Poim_

Smcoth

Off . .

i Back

Executs

Selacts

| Standlard ([ Closes
Gpen

twavelorm write |

i

Figure 2-34: Connecting the Points

Closes } [] step 19: Select Close/Write from the bottom menu.
write

write and [ step 20: Select Write and Close from the side menu.
058

The data for the SAMPLE-2 waveform file will be updated and the initial
EDIT menu will reappear.
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Naw
Wavaiorm

Standard
waveform

Amplitude

i ENTER

o CO

Execute

Creating Waveforms Arithmetically

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

O

O

O 0O

Step 1: Select New Waveform from the side menu in the initial EDIT
merLl.

Step 2: Select Standard Waveform from the bottom menu.

Step 3: Select Amplitude from the side menu.

Step 4: Press "1” and ENTER in that order.

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

Type Sing
Cycle 1.0
Offset 0.0000

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

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

GPiB iﬁ;'sn{%nm}w; muge
R T Standard
i 102 pis waveform
1.6878 waveform
Polnts
: 1924
- 3.
™~ Cycle
: 1.8
Offset
1. SO0
¢.8004
WARKER T
1:2;:,3;{522%1 Exacute

‘{‘U’*Sﬂ\ ie d E -
L Move Cursor

% Selects

i !
|operation]  Zoom | Setting | Unda
i 5 i

Ciosed

Open wrile

Figure 2-35: Creating a Sine Wave
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Type [C] step 7: Select Type from the side menu.
@ Add Noise [ step 8: Using the general purpose knob, select Add Noise.
Amplitude [[] step 9: Select Amplitude from the side menu.
_ 3 ENTER
O o OO [ step 10: Press ".”,”3", and ENTER in that order.
{ Exacute [] step 11: Select Execute from the side menu.
Noise will be added to the sine wave, as shown in Figure 2-36.

Continusus mode Stapped

65 ( Standard
ue 8. 0551 Wavainrm

N7 B

Tyne
Add Moise

i

MARKERZ 1]
i

R Mo e BURGar e
i !

Seieégen E{}pera&:im‘sg Zoom Setting g thda
Figure 2-36: Sine Wave With Noise Added
Close/ | [] step 12: Select Close/Write from the bottom menu.
write
Wri:e and [[] step 13: Select Write and Close from the side menu.
Close

[[] step 14: Make the file name SAMPLE-3. For details on how to input the
file name, see Step 24 in Example 3 in "Creating a waveform file.”
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New
Equation

Operation \

Creating an Equation File
This procedure is used o create a waveform using equations.
[ step 1: Select New Equation from the side menu.

Figure 2-37 shows the equation editor menu.

GPiR Cortimious made sropped

T Name [ ossaaeess DO JUN—
| aﬂg r”*“ E peration

Lyt L

Lopy
to Guffer

Paske
froan Bufter

Bcostiemp(] % L pij x | Ft L2 @ ar2
fogf | oInl {sqridl X t ¥ - i } A —
max{ | min{ ranged | v e intf | abs( v 3 msert

Cynd( fmarkd | diff(]integ(nornl] £ 3 = 4 Other

L}'9"""3?: i to Curser mode cfff ;*ff: insert word . équat;:‘sn ________
. . e b ; it/ i
i ORY H i . H
Setting ompile §  Undo | write |

Figure 2-37: Equation Editor Menu Display

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

Select Setting from the bottom menu. When this is done, the default setting
(1024) for the number of points will appear. If the clock frequency has been
set to 1.024 MHz in the SETUP menu, the value will be 0.9765625us for
each point. Accordingly, for 1024 points the waveform period will be 1 ms.

] step 2: Select Operation from the bottom menu.

(7] Step 3: Set the time from 0 to 500us. Press the 5, 0, 0, us, ”)", and "l
(carriage return), in order, using the numeric keys and unit key or by
selecting and entering these characters from the items in the compo-
nent menu.

AWG2040 User Manual
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You can use the general purpose knob to select an item from within the
component menu. After selecting an item, press the VALUE button or EN-
TER button on the front panel to enter the selected item into the equation
list. In addition to selecting the carriage return mark, you can also insert a
carriage return by pressing the * key on the front panel.

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

l:] Step 4: For the equation, enter 0.5*sin(4*pi*x). Input 0, ”.”, &, *, sin(, 4
*. pi, *, x, ) with the numeric keys or from the componert menu.

H

[] step 5: inthe same manner, input the data as shown in Figure 2-38.

rangeid, S00usi
2. 525 in{dapian)
range {500us, 1)

Figure 2-38: Equation List Input

l Complie ‘ [] step 6: Select Compile from the bottom men.

After the compifing is complete, the waveform data is created from the
equation and the resultant waveform is displayed on the screen. Fig-
ure 2-39 shows the compiled waveform data.
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Continue
Oypyer ation

Exit/
write

wrile and
Exit

opis Continudus mode ;Stqg_jsg)es_é ,
File Namw .
Line Compiie
FarEE i ]
4. 54510
Fan 1;{3‘52
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Operation| . Getting ! E“‘t,:: it

Figure 2-39: Display of Compiled Waveform Data

D Step 7: Select Continue Operation from the side menu to return the

system to the previous equation edit menu.

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

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

[] step 10: Make SAMPLE-4 the file name. For details on how to input the
file name, see Step 24 in Example 3 in "Creating a waveform file.”

[] step 11: Whenyou are finished inputting the file name, select O.K. from
the sub-menu.
The equation file (SAMPLE-4.EQU) and the waveform file (SAM-

PLE-4.WFM) of compiled data with the same name are created and the
system returns to the initial menu. See Figure 2-40.

AWG2040 User Manual
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Btapped

Catalog  Memory Free . IRS4KR

Name Type Sz Date & Thne Lomment

ST W e T T
SAMPLE-2 PN 83-11-1% 13718
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New
Sagqusnce
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Figure 2-40: Initial Menu File List
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New
Sequence

@ SAMPLE-1.WFM

VALUE

D

ENTER

o CO

Creating a Sequence File

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

[] step 1: Select New Sequence from the side menu.

Figure 2-41 shows the sequence editor menu.

GPIB Btopped
e Name ; .
e r&?:g; T i Operation
pestinatisn Eepout A
s backward
— bacward BT Cut Line
SaMPLE-ZWEM
SAMPLE-4MFM
) £opy
— - " Buffer

/ inserthy
L HAGE fETER

. Paste
| —
from Buffer

Show
Cataiog
Entry
A forward
Wavelorm 5ize 0 (1320, A8}
= 40 1o Move dustinalis nede - _

Shovw § Unidio E ! Exits |
o L write |

| Overyiew ;
Figure 2-41: Sequence Editor Menu Display

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

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

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

D Step 4: Now you will set the repetition count for the SAMPLE-1.WFM
fileto 2.

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

AWG2040 User Manual
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@ SAMPLE-4.WFM [ step 5: Repeat Steps 2 through 4 to enter SAMPLE-4.WEM in the

second line of the Destination list. The repetition count for this file
should be set to 1; since this is the default value, there is no need to

change it.
This completes the creation of the waveform sequence file. Figure 2-42
shows the resultant dispiay.
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Jlasert by
i, v g et e
Runiind Paste

from Ruffer

Show
Cataiog
Pntpy
E 2 foruard
Wavelorm Size 3072 (0323072, AN
T e s Mave destiialion mode  Humerlc: Enter Repeat
i | i i X
! Show o Exiis :
JOVEE"\?E’&‘W ; tado ! write |
f i H
Figure 2-42: Sequence Example
Show [] step 6: Select Show Overview from the bottom menu to verify the
Overview sequence waveform.

The sequence waveform is combined as the sequence: SAM-
PLE-1.WFM twice and SAMPLE-4.WFM once. See Figure 2-43.
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Continue
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Exits/
write

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

(] step 7: Atter verifying waveform, select Continue Operation from the

side menu to return the system to the previous sequence edit menu.

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

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

[:I Step 10: Input SAMPLE-5 as the name for this sequence file. For

details on how to input the file name, see Step 24 in Example 3 in
*Creating a waveform file.”

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

the sub-menu. The sequence (SAMPLE-5.SEQ) file is saved to internal
memory and the system returns to the initial menu.

AWSG2040 User Manual
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New
Autostep

Creating An Autostep File

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.

[C] step 1: Select New Autostep on the second page of the side menu in
the initial EDIT menu. Figure 2-44 shows the autostep editor menu.

NOTE

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

GPig _ Stopped
Crvrarrin AST [Step T5f 1 Operstion
Clock 1. CloaeaGHz _
............. L Cut
Step
Copy
Fllter step
Al .
Qffaet e
MarkiH Paste
Harkiy Step
HarkaH e A
-}i’ o
Markall sert
Mew Step
More
& . Move Cursor o Previous Step S5 HestStep U Changs Value tof2
Jump i ] tindo f Exits

write |

Figure 2-44; Autostep Editor Menu Display
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T vALUE

You will set the file for Step 1.
[] step 2: Press the VALUE button on the front panel.

The list used to select waveforms or sequence files will appear.

sofect the waveform/Sequente

ML
SHMPLE-LYWFM
SAMPLE-4.9FM
SAMPLE-3.3E0

Figure 2-45: File List

@ SAMPLE-1.WFM [] step 3: Using the general purpose knob, select the SAMPLE-1.WFM

file.
set [] step 4: Select Set from the side menu.
The waveform and output parameters for the SAMPLE-1.WFM file will
appeatr.
sxsvanas 457 TSten jof 3

¢lnck [ DB0GOOGHE

Hark 1y 2.0y

Markilb 8,8
Mk .84
Harket 0, B!

Figure 2-46: Setting Files
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More
oz

Append
New Step

Exit/
write

;

Wwrite and
Exit

You will now set the file for Step 2.

[:l Step 5: Select More 1 of 2 from the side menu to displiay the second
page of the side menu.

D Step 6: Select Append New Step from the side menu.
The Step 2 display will appear.

[ step 7: Using the procedure described in Steps 2 — 4 above, set the
files for Step 2.

EERETEEE B8] 5 T
Clock . 02400002

Amprl
Gffset
Mark 14
Markit
Markay
Mark2L [ 0oy

Figure 2-47: Setting the Files for Step 2

[] step 8: Select Exit/Write from the bottom menu.
[[] step 9: Select Write and Exit from the side menu.

[] step 10: Enter SAMPLE-6 as the name for the autostep file. For details

on how to input the file name, see Step 24 in Example 3 in "Creating a
waveform file.”

[_] step 11: When the file name has been entered, select Q.K. from the
sub-menu.

The autostep file that you have created will be saved in the internal

memory under the name SAMPLE-6.AST and the initial menu will reap-
pear.
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Setting the Output Parameters

" SETUP

[7] Step 1: Press the SETUP button in the MENU column. Figure 2-48
shows the SETUP menu displayed.
GPig Conthuous mods Steppad
wavelorm
i gequencs
&
Perimh, -~
Points: -
PooMERD e
wiow —---- L
: i U il s Display 3
Clock Fiitar | Ampditude]  Offsel | Marker Pt i
| Level Tent
Figure 2-48: SETUP Menu
WWEform$ [] Step 2: Select Waveform Sequence from the bottom men.
Sequence
@ SAMPLE-1.WFM [] step 3: Turn the general purpose knab to select the SAMPLE-1.WFM
file.
ENTER
O [] step 4: Press the ENTER button on the front panel.
Clock \ [ step 5: Select Clock from the bottom menu.
I
iy [J step 6: Select Internal Clock from the side menu.
" o 2 4 KHz/ms/mV
oo oCD D Step 7: Use the numeric and unit keys to input 1, 0, 2, 4, kHz, in order,

to set the clock freguency to 1.024 MHz.
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Source

irilernal [] step 8: Press the Source button in the side menu to select Internal.
Estarnal
"
Amplitude [] step 9: Select Amplitude from the bottom menu.
] 5 Hafs/
O o T [[] step 10: Use the numeric and unit keys to input ., 5, V, in order, to set

the voltage value for full vertical scale.

Figure 2-49 shows the menu dispiayed as a result of these settings.

GPig Lomtinuous mode Running

M{af_.k{!t' H

A8
™ f [ Markey2

T

i o24000Ms

BB

Perioi: 1.806008ms

Pointg: 1824

DooEaxD B.2500%/560
Mino -8.2%08v/980

a
Clock | Wavelerm

| Sequence | Levef

Dfset r Marker

Figure 2-49: Setting Output Parameters

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

Now use an oscilloscope to see what type of waveform is generated. Con-
nect the AWG2040 to a oscilloscope using 509 cables and 5082 terminations
as shown in Figure 2-50. The waveform output for this instrument is cali-
brated for a 50€2 load.

AWG2040 Oscilloscope
[T ey
L O
n
S U
o O T, Q S L2

—

CH1 MARKER 1 CH1
500) Termination

L 5002 Cable

Figure 2-50: Connections for Example 3

Continuous Mode

Set the operation mode to Cont.

MODE

(G ' [ step 1: Press the MODE button in the MENU column. Figure 2-51

shows the MODE menu.
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Cont

CHY

GPig Continuous made Rerming

CHi

SARPLE TN

gif’:jl:i‘;j?l Autostep | Stave

i E

Trigg}eretﬁg Gated J] Bierst

Figure 2-51: MODE Menu

[.] Step 2: Select Cont from the bottorn menu.

This operation mode continuously outputs the set waveform, Also,
"Running” is displayed in the trigger status area on the upper right
section of the screen to show that the set waveform is being output.

[C] step 3: Press the CH1 On/Off button on the front panel to enable
waveform output.

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

You can use the marker output from the front panel of the instrument as
the external trigger for the oscilloscope. The marker signal is high at the
0 point of the waveform for the default value. See Figure 2-82, The
marker signal can be set to any point using the waveform edit function.
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A 4 ik
: alue 19070

.......

HARKERY

MARKERZ

E’ Marker signal high at point 0

Figure 2-52: Setting the Marker Defauit

Triggered Mode

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

\Tfig gered [ step 4: Select Triggered from the bottorn menu.

When you select this item, the side menu lists external trigger
parameters which allow you to set them. Figure 2-53 shows the menu
set for Triggered mode.
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GRig Triggered mode walting for Trigger
Triggered
Slope
CHE

T o

Y Negative

7

Loyal

impedanice
BT

. P
I Cont
|

Gatedd Burst

Autosiep ! Slave

Figure 2-53: Menu Display When Triggered is Selected

Figure 2-54 shows the MANUAL button and the TRIGGER INPUT connector

for inputting an external trigger signal.

P TRIGGER Iy

MANUAL

1RO < 10V
500 = #8Y

MANUAL Button

TRIGGER INPUT

Figure 2-54: MANUAL Button and TRIGGER INPUT Connector

This procedure does not use an external trigger signal. Rather, it generates

the trigger signal when the MANUAL button is pressed.

MANUAL

D [[] Step 5: Press the MANUAL button.

Check the oscilloscope to see that each time you press the MANUAL

button, a set waveform is output once.
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l Autostep

Comfig...

seledt
Autosiep
Filg

Autostep Mode

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

NOTE

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

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

The menu shown in Figure 2-55 will appear.

Q_?ZB__M_ - iAutestep mode Stoppad

ostep file o Step o 1

Aglostep

Siape

CHi % Megative
{:: S Lavel
) 1.4y
Lnpedance
B

: Fiaimaradnn
Comt | Triggered | Gated Burst | TAverLnn

§ Agvance

Figure 2-55: Menu Display When Autostep is Selected

D Step 7: Select Config... from the side menu.

The Config... sub-menu wili appear.

[ step 8: Choose Select Autostep File from the sub-menu.

Alist of autostep files will appear.

AWG2040 User Manuat

2-83



Operating Examples

Setect autostep fie

Figure 2-56: Autostep File List

@ SAMPLE-6.AST [ step's: Using the general purpose knob, select the SAMPLE-6.AST
fite.

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

QK. [T] step 10: Select O.K. from the sub-menu.

[ step 11: Press the Run button and select Continuous from the sub-
menu.

D [[] Step 12: Press the CH1 On/Off buttons on the front panel to turn on
waveform output.

MANUAL

[] step 13: Press the MANUAL button on the front panel.

After pressing the MANUAL button, check on the oscilloscope to make
sure the waveform is output.

Next Step [} step 14: Select Next Step from the sub-menu.
s The waveform wifl advance to the next step.

] step 15: Repeat Steps 13 and 14 to output all of the waveforms in the
autostep file.

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

LOAD/SAVE

Device l

|

NvRam

Save

NOTE

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

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

L OAD menu

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

SAVE menu

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

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

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

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

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

[ step 4: Select Save from the bottom menu.

Figure 2-57 shows the SAVE menu displayed.

AWG2040 User Manual
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GPRiB ontinuels made Stopped
Catabog © Mempery fres | 3ES3KE Save
Marme Type  Size Date & Time ~ Commant @

L W TN Save
SANPLE-Z WFY 2986 43-11-11 1312
SANPLE-4 Eqli 352 93-11-11 13:14
SAMPLE-4 WY 2005 93-11-11 12714
SENPLE-S SED 968 03-11-11 13718 ‘
SAMPLE-G AST 584 93-11-1% 1330 Save all
Catalog | MvRam free 474KE

Mamie  Type  Size Date & Time Comment

g A i ] H :
Device ] Load ; ! Auto Load
M Ran | i i
Figure 2-57; SAVE Menu
save Al [] step 5: Select Save All from the side menu.

When Save All is selected, all the files in internal memory (listed in the
upper screen} are saved to the NVRam. See Figure 2-58.

2-66



Operating Examples

GEE Continueus made Stopped
Catabug © Memory Free | 3853KEB { Save -
Name Typ Cormnent &
S E-2 Wi at DL Jave
SAMPLE-T WFd 2088 43-11 H “!" 12
SAMPLE-4 Bl 457 02-11-11 131
SaMPLE-4 WA 2H06 03-11-11 138
SAMPEE-T SR o68  93-11-11 188 s Al
SAMPLE-G AST 554 93-11-11 13138 . Save d
Catalog @ WYRam Froee : 460KE
Mamne Type  Slze Date & Thne Comment
SEMPLE-T WA FH06T G3-FE-11 13ER
Bepl E-2 WP 2698 93-11-11 1318
SAMPLE-D WhM 2086 93-11-11 13012
SAMPLE-4 EOY 432 @3-11-11 13014
SiE-4 kY 2008 93-11-17 13114
SadPLE-T SEQ g6g 03-31-11 13:3% 0 e
SaPLE-G AST 554 93-11-11 13:38
Device L oad ; Ao “i@aﬁ%
TNV R | i ] 3Ef i

Figure 2-58: Files Saved in NVRam

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

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

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

from the side menu.

ON/STBY
[ Step 7: Power the instrument off, then on again.
Loading Files
The following procedure loads files into internal memory.
LOADY/SAVE
O [] step 8: Press the LOAD/SAVE button in the MENU column.

Make sure that there are no files in the internal memory file listin the
upper screen (see Figure 2-59).
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Load Al

Load .

LPIR [Conthunus mode Broppead
Catafog © Mampry free : JRGVKE § oad
Mame  Type  Size Date & Time Cammmant e —
Load
Load Alt
Catalog | hWHam free | 46088
Mame Tvpe  Sizz Date & Time Comment &

SAMPLE-T Whn
SAHPLE-4 FOU
SAMPEE-4 EH
SAMPLE-T SEN
SaMPLE-G AST

| [ Auto Load
" off

I Device
| ranvRam

Figure 2-59: Internal Memory File List

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

Here NVRam Is selected in the Device bottom menu.

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

When this item is selected, all the files in the NVRam {listed in the lower
screen) are loaded into internal memory. See Figure 2-60,
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e ;Cwntmu:zxuﬁ fecie gSteg‘jpe:i

Cat#iog | Memory Frea ) 3833KE {oad
paame  Type  Size Dafe & Time Conmmant

SAMPLE T WM AR U1 13Te

SaMPLE-3 Wi G E TR« CR SRS B S KM £ toad
SAMPLE-T WA 2906 o93-11-11 13012

SARPLE-4 Fil 452 3-11-11 13014 3

SaMPLE-4 Wby 290G §3- 1111 13014

SAMPLE-T LG 068 0%-11-1% 189:18 ad Al
SAMPLE-B AST 554 93-11-1% 13:30 Load {
Cataiog | NYRam free : 300KE

Mame  Type Sz Date & Tine Commeant L ]

£

| SAMPLE-4 EQU

Fi-11-11 12012
Q3-1i-11 13034

| SaMpLE-4 WENM 93-11-11 12044 :
| SMIPLE-S SEQ #3-11-11 13098 |/ E———
| SAMPLE-G AST 93-11-11 13:38

%

Device |
CENVRaM |

Aute Lowd |
ot

Save ! ;

Figure 2-60: Files Loaded into Internal Memory

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

Auto Load

Using the Auto Load process, It is possible to automatically load files from a
designated device into the instrument’s internal memory when the power 1o
this instrument is turned on. You can do this with the following procedure:

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

] [] step 12: Select from NVRam from the side menu.
from NYRam
ON/STRY
- [] Step 13: Power the instrument off, then on again.

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

This completes the Example 4.
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Also, note that files are loaded/saved in the same manner when the Device
is set to Disk. For a floppy disk, hierarchical file structures can be created

using directories. See the explanation in "Using the Disk Menu” in Section
4E, "UTILITY Menu.”

NOTE

You must format new floppy disks. For further information on format-

ting disk, see the explanation in "Using the Disk Menu” in Section
4E, "UTILITY Menu.”
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-Example 5: Loading This instrument can transfer waveforms via a GPIB cable from a digital
:Waveform s From storage oscilloscope (DSO), etc. See page 4D-7 for a st of instruments from

which waveforms can be transferred.
Other Instruments
in Example 5, you will transfer waveforms from a Tektronix TDS series digital

storage oscilloscope.

[] step 1: Connect the AWG2040 and the other instruments as shown in

Figure 2-61,
GPIB Cable
IEEE 8TD 488 GPIB
Cornnector / / Connector
AWG2040 DSoO
| a——————

Signal
Generator |

OUT| 500 Cable

Figure 2-61: Connections for Exampile 5
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LOAD/SAVE

(G

Device

GPlg

D Step 2: Adjust the amplitude of the signals from the signal generator sc
that the waveform is displayed on the DSO screen with the ampiitude
and sweep speed shown in Figure 2-62.

I i P} FERPIN WP s i | PRRFRN SN S

200mVidiv 10ps/div

Figure 2-62: DSO Screen

[[] step 3: Press the MENU column LOAD/SAVE button for the AWG2040,

[ step 4: Select Device from the bottom menu.

[ step 5: Select GPIB from the side menu.

At this point, if the remote port is not GPIB or the GPIB is not configured
for waveform transferring, the message shown in Figure 2-63 will appear.
Select O.K. from the sub-menu to change these settings for making
transfer possible.

The G2 configuration is not "wavetorm Transfer”
aud the Remode Port is sot "GRIB”,

Are you sure of chanaing the parameters
b match the transfer aperation ?

Figure 2-63: Confirmation Message (asking if it is O.K. to change the
remote port and GPIB configuration settings)
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L.oad 1

@ Tek TDS CH1

Select
Source
Address

Load

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

[ step 7: Use the generai purpose knob to select the name of the DSO
instrument connected to the AWG2040 and the transferring source from
the Name column in the GPIB Source list. In this example, you should

select "Tek TDS CH1.” See Figure 2-64.

Calalog  GPIR Sowree

Mt

Ciek 104 OH2
[ rek 108 OH3
L Yek 1DS CH4
| Tek TDS REF1
: Tek TDS REF2
| fek TOS REF2
tek 108 REFY
| tek 2389 CHI

TB5C
TRSUH2
DECH3
TosCH4

TOSREFT
TOSREF 2
TOSREFZ
THSREFS
2408CH]

¥M

WM
WM
WA
g
BFH
WM
i

Figure 2-64: GPIB Source List

[] step 8: Setthe DSO GPIB addressto 1 and its communication mode to

talk/listen.

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

so, switch off the debug mode.

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

D Step 10: Use the general purpose knob to set the address to 1 which is

the same as the GPIB address of the load source DSC.

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

When this is done, the waveform data will be transferred from the DSC

instrument to the AWG2040. The transferred waveform data will be

loaded into the internal memory of the AWG2040 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.

AWG2040 User Manual
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Loagt
without
Preambie

NOTE

if the amplitude, offset, or clock is outsicle the range that can be set
for the AWG2040, it is replaced with the maximum or minimum
value that can be set. If an attempt is made to transfer a waveform
that exceeds any of these ranges, a message to that effect is dis-
played.

If Load Without Preambie 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 their default
values.

This completes the Example 5.
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W

- Example 6: Using the Theinstrument is equipped with a waveform function generator for generat-
; : ing simple waveform functions. Pressing the F.G button on the front panel
Waveform Function will change the mode to function generator (FG) mode and enable you to
Generator set various waveform parameters.

in Example 6, select pulse wave and set the following parameters:

Frequency 1 MHz
Amplitude 1V

Offset 0.5
Duty ratio 30%.
FG
o {7] step 1: Press the front panel F.G (Function Generatar) button. The FG

mode menu is displayed.

Wa\ieform Settings

l [] step 2: Select Puise from the bottom menu.
Pulse

Figure 2-65 shows a pulse waveform displayed within the frame on the

screen.
R3Z32C wontinuous mode Running
Pulse
CHY  0.5000V - Amplitude
. 1.400Y
T T S = e
E Ofset
$.000v
~ 5000V |
Polarity
T frwert
AT
Buty
Pariad: 106.0000ns | 50%
H /,w,_< ft .,-" : i /"’ --- A AV Ry \
chamnel | N O L |
! [ Sine | Triangle | Square | Ramp

Figure 2-65: Screen When Pulse Set
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Frequancy

I

Mz

e R G

@ 1.000000MHz

Amplituade

Cifset

Buty

Polarity
I Normal
R invart

Set the frequency to 1 MHz.

[ step 3: Select Frequency from the side menu.

[:] Step 4: Press 1, and the MHz/us key to input the frequency with the
numeric keys and unit key.

[:| Step 5: To set the frequency with the general purpose knob, select the
index digit for input with the arrow buttons («—/—) on the front panel,
Press the « button to move the underscore to the left or press the —
button to move the underscore to the right. Tumn the general purpose
knob with the index digit selected to get a 1 MHz frequency.

You will set the amplitude to 1 V, the offset to 0.5 V and the duty ratio to
30%.

[ step 6: Select Amplitude from the side menu.

Use the general purpose knob or numeric keys to set an ampilitude of
1.000 V.,

[] step 7: Select Offset from the side men.

Use the general purpose knob or numeric keys to set an offset of
0.500 V.

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

Use the general purpose knob or numeric keys to set a duty ratio of
30%. When using the numeric keys, press 3, 0 and ENTER in that order,

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

Figure 2-66 shows the screen when the output parameters are set for a
pulse waveform.
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Re2aac Continuos pcle Fanning
Fulse
Fregquency
1. GABOUHNEE
CHY 18000 Amplitiade
1,600V
| Offget
| 0.550¢
0. 000E Lo
1 invert
9@
verfod: 1.000000Us
Channel "F\\J VA b
B R e :
Chi Sine | Triangle | Suyuare | Ramp

Figure 2-66: Output Parameter Setiing Display

Waveform Output

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

Connect the AWG2040 to an oscilloscope with a 50Q cable and a 50£2

AWG2040

[ e ————— .

ZE
jal
CH1
..

termination as shown in Figure 2-67. The waveform output for this instru-
ment is calibrated for a 502 load.

Oscilloscope

—0
ls3p]

AT e ——

208

—

5] Termination

CH1

5002 Cable

Figure 2-67: Connections for Example 6

AWG 2040 User Manual

2-77



Operating Examples

CH1

-

] step 10: Press the CHt On/Off button on the front panel to switch the
output on. The On/Off indicators should light up. In this operation, the
waveform outputs continuously from the cutput connector. Set the

oscilloscope appropriately to display the waveform on the oscilloscope
screen,

This completes the Example 6.
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Introduction

This summary presents functional block diagrams, explains each block, and
gives some operating precautions which are of practical value in under-
standing the fundamental operating concepts of the AWG2040.
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Block Diagram

Figure 3-1 shows a block diagram from the clock oscillator 1o the DAC.
Figure 3-2 shows a biock diagram continuing on from Figure 3-1 to output.
In subsequent sections, we wili discuss each block in detail.

s (K ET 1

et MaTKET 2

- ouT

External Trigger Data 8 _
Input i"“‘“‘ Waveform Memory s DAC

= ¥ ouT
Stop Trigger
Input By

Memory Address
= Slave Clock Control 8 Digital Data

Autostep Trigger Input Output

3 f
External frput {Option)
Clock

‘ ‘ Master Clock

Clock Trigger 5 © ? Qutput

Oscillator Conirol

1.024 GHz~ 1 kHz L.._i BUSY Cuiput

—--—~«~————j>’,-) SYNC Output

Figure 3-1: Block Diagram (1)
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Aftenuator

Clock

Data g4 ouT
= DAC

Offset

i Filter
100 Mz

Altenuatori

50 MHz
20 MHz
10 MHz
Amplitude
DAC

Figure 3-2: Block Diagram (2)




Block Diagram

-~ Clock Generator The SETUP menu allows you to choose whether the clock source is internal

L or external, When internal is selected, it is possible to set the frequency.
When external has been selected, the signal connected to the CLOCK IN
connector on the rear panel wili be used as the clock.

The internal clock uses a DDS (Direct Digitai Synthesis) clock generator. It
uses a divider to create a high-quality clock signal with low jitter and 7-digit
resolution between 1.024GHz and 1kHz. Figure 3-3 shows the configuration
of the clock generator.

Frequency
Control
|
Ref el £i 1272 I P
Bociarer || DS [—*{uuiipier’ [—>| Divider
Clock Cutput
CLOCK IN»(:E[——————T
Figure 3-3: Clock Generator
_ Trigger Control In trigger control, the operating mode in the MODE menu on the AWG2040

is controlled. The signal for the selected clock source is input to this block.
Normally the output for the clock generator is used.

Operations in Trigger Mode

Depending on which trigger mode is selected, the {ollowing operations are
possible:

Cont Mode

The clock signal is sent to the memory address control continuously regard-
less of whether or not there is a trigger signal.
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Triggered and Burst Modes

When an external trigger signal is received from the TRIGGER INPUT
connector on the front panel, or when a trigger signal is generated by press
ing the MANUAL button on the front panel, or when a trigger command is
entered from the GPIB interface, the clock signal is sent to the memory
address control and an output signal synchronous with the trigger signal is
generated. The clock signal stops at the end of the waveform.

Gated Mode

A clock signal is sent continuously to the memaory address controf while the
gate signal (either the external gate signal from the TRIGGER INPUT con-
nector on the front panel or the signal sent when the MANUAL button on the
front panet is pressed) is TRUE.

Parallel Operation

When output of two or more channels is required, there are two ways in

which this can be achieved: simple parallel operation using marker and

external trigger signals, or paraliel operation synchronous with the clock
signal.

Simple Parallel Operation (1)

Connect the marker output on the master AWG2040 instrument to the
TRIGGER INPUT connector on the stave instrument. Figure 3-4 shows an
example of two instruments connected in this manner.

AWG2040 (Master) AWGZ2040 (Siave)
[ ———e— [ ——
TRIGGER TRIGG
1 L~.© INPUT L Lg.@ INPUTEF
50 5
I S N 15 S S T
i s 7 [ O JOR @) i 7, @
MARKER 1
Trigger Source
5002 BNC Cable
Ouiput
o) v

Figure 3-4: Sample Connection 1

NOTE

Marker and signal output will be slightly delayed with respect to the
trigger signal. Also, the marker should be set in the editor to be
high at the start of the waveform.




Block Diagram

Simple Parallel Operation (2)

Figure 3-5 shows a method of connection in which the externat trigger signal
or gate signal are applied simultaneously to the AWG2040.

AWG2040 (Master) AWGP040 (Slave)
M GGER B TRIGGER
T J
Oy | Fsse O | ucee
. 0T ) sl 5 )
A ) 8 S S
A A T 0®0 o A I @)
50 BNC Cable
Trigger Source
@) —
Ny 500 BNC Cable y

Figure 3-5: Sample Connection 2

NOTE

The 500 cables connecting the trigger source 1o the AWG2040
instruments should be of the same length. When there is only one
trigger source output, connect it to the AWG2040 instruments using
the shortest 5002 cables of an identical length and a T-aqaptor.

in Triggered or Burst mode, an output synchronous with the trigger signal
can be obtained by applying the external trigger signal simultaneously to the
AWG2040 instruments,

Use Gated mode when you need a continuous synchronous output for a
certain period of time. A synchronous output is created from the time the
gate signal is True until it becomes False. To output the waveform again from
the beginning, you should reset the output using STOP in the side menu.
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Parallel Output Synchronous with the Clock Signal

When connecting two or more instruments together for paraiiel output, use

the MODE menu to designate one instrument as the master unit (by selsct-
ing an operating mode other than Slave) and the other as the slave unit (by
selecting Slave for the operating mode).

As shown in Figure 3-8, the master clock output on the master AWG2040
instrument is connected to the slave clock input on the slave AWG2040
instrurment using a 50Q SMB cable.

Master Slave 1 Slave 2
M 77 ]

SLAVE SLAVE
CLOCK IN ; CLOCK IN

™ 7 ] R ] 'L ® ] J

/L _ ) /t - B
- 5 SMEB Cable 50(} SMB Cable
MASTER MASTER
CLOCK QUT CLOCK OUT

Figure 3-6: Connections for Synchronized Parallel Operation with Three AWG2040

When this is done, the instrument designated as the slave unit operates in
the following manner:

The clock signal from the outside that is entered through the SLAVE CLOCK
IN connector is sent to the memory address control. The clock signal is also
sent to the MASTER CLOCK QUT connector so it can be used by the other
slave instrument. For details, see "Slave Mode” in Section 4C "MODE
Menu.”




Block Diagram

Timing of Trigger Input, Auxiliary Input and Waveform
Output
Figure 3-7 shows the output timing relationship among the SYNC OUT,

BUSY OUT, wavetorm, and MARKER signal when a trigger signal is applied
from the outside to the AWG2040. For details, see Appendix B "Performance

Characieristics.”
Trigger Input Signal
{ Siope . Positive )
i Td3
| s T T
SYNC Signal Output :
ey ;
v Tal
.
MARKER Signal Output :
(1Vpp) :
Tz
r—
Waveform Qutput :
(1Vpp)
H Td4 .
e - TP

BUSY Signal Cutput
(TTL)

Td1: 2.5 ns — 42 ns (Varies depending on the filer)
Td2: Max. 48 ns

Td3: Max. 60 ns

Td4: Max. 60 ns

Td7: Max. 150 ns

Note: When an internal clock of 1GHz is used Tw1: 100 ns (Typical vafus)

Figure 3-7: Waveform Timing
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Memory Control

Memory Address Control
This controls the address needed to read out the data in waveform memory.

The first address for the waveform loaded to waveform memory is loaded to
the address counter. The length of the waveform data is loaded to the length
counter. The address counter designates the starting point for the waveform
while the length counter designates the endpoint for the waveform. In Burst
mode for the operating mode, the number of bursts is loaded to the burst
counter.

1

The address and length counters operate with a clock signal that is 1/32 of
the clock signal from the clock generator. When the number of bursts has
been loaded to the burst counter, the waveform is output the designated
number of times.

Figure 3-8 shows a biock diagram itustrating the relationship between
memory address control and waveform memory.

Start Address > éggﬁg? >
Waveforn Len J  Length ? Waveform
aveform Length > Counter o Memory
Nurnber of Bursts :.,) g‘;’fé ter |1

'

* End of Waveform e ok {1/32)

Figure 3-8: Relationship Between Memory Address Control and Waveform Memory
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Waveform Memory

The waveform memory has a capacity of 1 M words, with each word Corm-
posed of 10 bits. Each bit is composed of four SRAMs of 32k x 8 bits. Of the
10 bits, 8 are used for waveform data and the other two are used for the
Marker1 and Marker2 signals.

When a file has been selected with the Waveform Sequence item in the
SETUP menu, the marker data and waveform data that are actually output
are stored in this memory.

As the waveform memory must read at a high speed of 1.024 GS/second,
the waveform data is multiplexed (subjected to parallel-series conversion) in
30.word increments. For this reason, the memory element itself is operated
by a 1/32 clock signal.

The length of the waveform data can be set between 32 points and 1M {or
4M when Option 01 is installed) in multiples of 32. Even when the sequence
file has been expanded, the total number of points of waveform data must
not exceed 1M (or 4M when Option 01 is installed).

Figure 3-9 shows the configuration of the waveform memory.

1M Words (4 M Words )

32 4
. 32K X 32 bits i
bit 0 g — E— -.-
{128 K X 32 bits ) Waveform Data
8 bits T R
bit 1 32K X32bits | —n g I
f :‘;") :i)
(128 K X 32 bits )
8:1 4:1
Multiplexer Muitiplexer
Marker 1
: : 1 bit
prg | 32K X32bis __3_—‘2—..> LN Marker2
(128 K X 32 bits ) : 7 1 bit
32.5 MHz 1 GHz
/8 1/4 Clock

Figure 3-9: Waveform Memory
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Loading Sequence Files

When a sequence file has been selected with Waveform Sequence in the
SETUP menu, the contents of the sequence file will be expanded into the
1M words waveform memory (or 4M words waveform memory in the case of
Option 01). Table 3-1 shows an example of a sequence file that contains
another seguence.

Table 3-1: Sample Sequence Files

Sequence File {(EXAMPLE.SEQ)

File Name Repetition Count
AAA WFM 3
XXX.8EQ
BBB.WFM 5
Configuration of XXX.SEQ
File Name Repetition Count
CCC.WFM 2
- DDD.WFM 1

The AWG2040 has no seguence memory. When a sequence file has been
selected in the SETUP menu, the waveform is expanded like a long filmstrip,
as shown in Figure 3-10.

When Waveform Advance mode has been selected, the waveform memory
is divided into the first multiple of 32 that is larger than the largest waveform
in the sequence file; waveform data is expanded in each of these divisions.
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Block Diagram

AAAWFM x 3

XXX.SEQ«x4
= (CCC.WFM x 2 + DDD.WFM) x 4

BBB.WFM x &

1 M words (4 M with Option 01)

a—-— Waveform Memory

Figure 3-10: Expanding a Sequence File

D/A Converter

This is used to convert digital wavetorm data to an analog signal. it has a
resolution of 8 bits. The reference voltage is changed to vary the output
voltage continuously. -

Digital Data Output
(Option 03)

The data and clock signal sent to the DAC pass through the buffer as is,
after which they are output from the connector on the rear panel.

Data Length

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

For example, when outputting triangufar waveforms, 512 points are nesded
to minimize the jaggedness of the waveform. That is why the AWG2040 uses
a DAC with a resolution of 256 (8 bits) for the vertical amplitude.

Figure 3-11 shows the relationship between the triangular wave resolution
and the number of data points.

AWG2040 User Manual
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Block Diagram

Resolution /

266

256 256
Points Points

Figure 3-11: Relationship Between Triangular Wave Resolution and
Number of Data Points

For a triangular wave, extra waveform points beyond 512 are meaningless.
Also, when a 1024-point sine wave is created, the folding component level is
approxirnately —48 dB.

The data length required depends on the waveform shape, the $/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.

Analog Circuit

Filter

Four types of low pass filters are provided: 10 MHz, 20 MHz, 50 MHz and
100 MHz. All of these are filters with Bessel characteristics with a gentle
shoulder to prevent overshooting or ringing from occurring with respect to
the waveform.These fitters can be used to remove unnecessary frequency
components from the waveform itself or reduce the number of components
through foiding when the waveform is made up of a limited number of
points,

The marker signal is written to the waveform memory in the same manner as
waveform data and output passing through the marker output amplifier. The
wavetorm passes through the filter, ampiifier and attenuator before being
output. Each filter has its own delay time. The difference in time between
marker output and waveform output wili vary depending on which fitter is
selected.
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Block Diagram

Variable Gain, Attenuators

The magnitude of the waveform ouiput is determined by the combination of
DAC reference voitage and attenuator. As the voltage dividing ratios of the
attenuators are fixed, the reference voltage of the DAC is changed to vary
the magnitude continuously.

An attenuation of up to 42 dB is possible, including the change (3 ¢gB) inthe
reference voltage of the DAC. Figure 3-12 shows the configuration of the
attenuators. The attenuators shown in the figure are automatically selected
by means of the output voltage setting.

Figure 3-12: Attenuators

Offset

This block is used to apply an offset voltage to the output. The circuit Tés a
current source capable of both discharge and sink; the offset voltage is
calculated as an output with accurate 50Q termination. Figure-3-13 shows
the offset circuit. T

When this circuit is terminated with 502, an offset of up to +40mAX25Q
(5092 // 50Q)==1V is applied. When not terminated, the signal may be
distoried (about £2.5V or more).

Quiput +40 mA
impedance
N N
o) > > (o
500

Figure 3-13: Ofiset Circuit
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Introduction

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

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

Each section will describe menu functions in the following order:

Menu Structure

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

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.

CAT Display
This shows a fypical 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

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

Bottom Menu Side Menu or Sub-Menu

AWG2040 User Manual
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Muorg
1ot 3

Go Back

Erecie

Undo

]

Cancel

I continue

More

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

Go Back

This item is displayed when you select a side menu item that has a sub-
mer. It allows you 1o escape from the sub-menu and return to the side
menu level, (The CLEAR MENU bezel button can also be used for this
purpose.)

Execute

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

Undo

Select this button 1o cancel the most previous operation — for example,
Execute, calculations in the Math... sub-menu, or Marker settings, or Cut,
Paste, Insert or other operation. Pressing Undo again wili cancel the Undo

~-operation and restore the waveform to the status before Undo was pressed.

O.K.

Select this button to confirm that you really want to perform an operation, or
to respond 10 a query when a popup menu has appeared. A warning mes-
sage will appear when it is necessary 1o confirm an operation in this manner.
If you are sure you want to execute the operation, press this 0.K. button.

Cancel

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

Continue

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




EDIT Menu

General Description

To use the AWG2040 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 WEM
Equation Editor Equation file EQU
Sequence Editor Sequence file SEQ
Autostep Editor Autostep file AST
Split/Join Waveform Editor | Waveform file WFM

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

Waveform Editor

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

Equation Editor

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

Sequence Editor

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

AWG2040 User Manual
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EDIT Menu

Autostep Editor

This editor is used to create and edit autostep files. Autostep files are
created by programming wavetforms or sequence files. Each time a step
signal is received, the waveform moves on to the next step in this program.
The waveform is output by trigger. 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.

Split/Join Waveform Editor

This editor is used to split, copy and cut the data in the waveform file to
create smaller waveform files. It is also used to insert a waveform file at a
designated point in another waveform file to create larger waveform file.
Waveform data is displayed in graphic format.
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EDIT Menu

- Initial Menu

MENU Button

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

ment.

Initial Menu Structure

EDIT |

Selecting
—| an Existing

File

"SEQ Filg” | into WFM

~— Rename
Comment

Copy
- Pelete

Delete All
Lock On/Off

Botiorn Menu Side Menu
,,,,,,, Initial Meow Editor
Selactin )
- an E:“xistg'rg— Edit
File v n UL
: Graphic Display !
S : . Waveform - ; :
New Waveform : WK Ector —-{: Timing l?lspfay %
; “ Tabie Display -
- jorn —  Equation Editor
New Equation : Eou q
New Sequence Sequence Editor’
: SEQ,
New Autostep —— . Autostep Editor
: AST :
Splittdoin e
Waveform i, SPen Wavelom Editr
Convolve 1(5;35;fofution Waveform Edirc;ré
Waveform wr, ( Option 09 ) {
[Selecting | Editin
e @17 Exfsrg?g - Frequency - FFT Editor
File | Domain wem: (Option 09)
Selectin
| 35 Existing - Expand SEQ

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

Menu Functions

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

Table 4A-1: Menu Functions

Menu Function Page

Edit Editing an existing file 4A-7

New Waveform Creating a new fiie (WFM) 4A-7
Waveform editor 4A-15
Graphic display 4A-27 , 4A-32 , 4A-44
Timing display 4A-32 , 4A-99
Table display 4A-32 | 4A-131

New Equation Creating a new file (EQU) 4A-7
Equation editor 4A-141

New Sequence Creating a new file (.SEQ) 4A-7
Sequence editor 4A-165

New Autostep Creating a new file (AST) 4A-7
Autostep editor 4A-176

Split/join Waveform ‘Split/join waveform editor 4A-192

Expand SEQ into WFM Expanding a sequence file into a waveform file 4A-12

Convolve Waveform _  Convolution waveform editor {option 09) 4A-202

Edit in Frequency Domain | FFT editor (option 09) 4A-208

Rename Renaming a file 4A-8

Comment Comment input 4A-9

Copy Copying a file 4A-9

Delete Beleting afile 4A-10

Delete All Deleting afile 4A-10

Lock On/Off Locking and unlocking files 4A-11
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CRT Display

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

callout follows.

LHB 7

@—--—> Catadeg © Memory

—

Contimious mode

Btopped 7

Frea | 3756KB

Mame  Type  Bize Date & Time Cammmeant " -
TU§EY R ST 530 SIH060 105 : Edit
Ciasp WEH 200G 93-89-09 16:54

Cepy-1 WhH 1468 93-5%-68 1054

DEXP [y 808 93-05-00 18:55 Na
=PEXP g 21428 93-00-69 BOUBRLE FRPOMENTIAL PHLY : "f“'

) EOU i Waveform

; ¥

. New

INGERT-1 wFM 3 93-60-89 Equation
LORENTY  EQU 508 93-80-80 18:56 I
LORENTE  WFA 2086 400669 13,50 )
=51 DISK_ W WEM 1248 93-00-80 1657 MAGNETIC DISK WAVERORE 7 Naw
NYOUEST  FQu G8G  93-99-99 16157 § Seauence
MYOUIST  Wh 2096 93-80-98 16,57 i I
SAMPLE-T WFNM 2005 93-00-88 1857 il

SAMPLE-2 WFH 2000 63-06-95 HWLEY l More
SAMPLE-3 WEH 29058 93-00-99 1405 ‘

SINC a3t 538 93-00-0% j8:58 l 10f3

E
Rename | Comment

i H
3

Figure 4A-2:

copy

Display of

Delate Delate All

the Initial Menu

o

(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 fite 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 disptayed.
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New Haw
Waveform Equation
New Maw
Seguence Autostep

Edit

Creating or Editing a File

Select one of the items from the side menus in the initial menu to create a
new file (New Waveform, New Equation, New Sequence, or New Auto-
step) or i0 edit an existing file (Edit}.

Creating a New File

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

Procedure

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

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

= New Waveform Waveform editor
»  New Equation Equation editor
= New Sequence Sequence editor
& New Autostep Autostep editor

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

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

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

{T] Step 1: Press the EDIT button in the MENU column to display the initial
menu.

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

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

AWG2040 User Manual
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Using File Editing Functions

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

®  Rename Renaming & file

&k Comment Comment input

= Copy Copying afile

E Delete Beleting a file
NOTE

When the file is locked (indicated by an asterisk displayed in front
of the file name), it is not possible 1o change the file name, enter a
comment or delete the file. See "Locking and Unlocking Files” in
this section.

Renaming a File

; Renamme The Rename item is used to change a file name.

Procedure

[[] step 1: Use the general purpose knob to select the file to be renamed
from the initial menu file list,

[ step 2: Select Rename from the bottom menu. The menu for changing
the file name is displayed. See Figure 4A-3.

GPiR Continuous mode Sropped

Catalog @ Memory Free : 3790KEB

Mamte  Type  Bize Dofe & Thne Cotnment

L
Oty -4
DEXE
DEXP
EXp

&

Renainie GAUSE WFM [0 GAUSS | wFM

SIS

£ ¢ nserd characier

Kigist
FEIST T G .
g ;%:PEFE! g}g o / s HhOYE CHFSOr

i
SAMPLE-2 R i

Careed

SAMPLE-3 WH
S{NC EOU 530 93-09-04 16:58
SINC W 3044 93-09-88 16:58

|
g Dedete All

Conriment copy Dislete

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

Copy

.

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

[7] step 3: To delete a character, press the Delete button on the front
panel. This delefes the character right before the cursor. The cursor can
be moved with the front panel — and — buttons.

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

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

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

NOTE

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

[] step 7: To enter the file name, select 0.K. To cancel that file name,
select Cancel..

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

NOTE

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

Comment Input

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

Copying a File

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

AWG2040 User Manua!l
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Delete Delete All

Deleting a File

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

Procedure

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

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

oPig Continous mode Etoppesd
Catalog © Mamaory Fras: ITOOKR
anwe  Type  Size Dale & Time Conpynent I«
CnaMl . LgU 53¢ 930900 18153 i

{hamp Wh 2996 03-09-¢0 18:54
( Wy 1466 93-99-04 18:54
EQU G08 93-08-09 10:55
WEH 21428 936080 10:55 DBIUBLE EXPOMENTIAL PULE
£ G568 02-99-80 10:535 o
WhH 5844 93-99-99 10:55
EQU Hag. Q0-ag-0n 10-55
HE

K5l WhA
LORENTZ B} |
LERENTZ  Wwin
MODISE W Whd g
HYOUIST Eib g

Are yolt sure you want o
delete "GAUSS.WEM" 2

NYOHIST Wt | 1 Cancel
SAMPLE-1 WFY | !] |
SAMPLE-T Wh t i | S———
SAHPLE-3 WFY besppemmppsssrse - [
SING  Em) 538 03-99-80 18:5§ Y

1.0

SENC Wh 5044 43-00-60 10:38

[ES————

Rename | Comment | Copy
! i

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

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

Locking and Unlocking Files

Select Lock 1o 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 info waveform memory, the
original parameters are set again.

Procedure

[] step 1: Use the generai purpose knob to select the file to be locked
from the file list in the initial menu.

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

GPRiB

ontinuous mode

Stopped

Catalog © Memory Fros

Mamea Type &ize Date & Tine Comiment

Rt Eif w38 Y3-00-89 1953

Champ Wi 2986 93-09-84 10:54

Copy-3 Wby 1460 93-69-00 16:54

DEXP EDif 588 43-99-4% 10:55

«DEXD Wi 21428 03-09-89 19:35 DOUBLE EXPOMENTIAL PULSE
EXP EGE A8 U3-09-02 18158

EXp a944  93-99-69

530

93-69-03

Bt o

Maw

waveform

;i:._f - ‘~Ei Mew
. i b -8 b
INSERT-T Whd sadd 939008 Eqgualion
LORENYS il 6898 03-99-89
LORENT? WM 2996 93-95%-89

=i DISK_W WM 1348 §3-89-09 MAGNETIC DISK WAVEFORM Mew
WYHIST o 6RE 93-08-89 1 : SE(]U(’JVKQ
WYIRHST  WhM 2008 G3-80-09 1815 i ’
LAMBIE -1 WEM COUG  OE-00-89 16:57 i ST
SAMPLE-2 WFM 2006 93-80-08 10:57 !3 More
SAMPELE-3 WY 2998 30098 158 i i
SING Eoi B3k 9-08-08 18158 L tof 2
! | g E :

Repame | Comment P Copy i Detete | Dolete Al

E
E

Ot

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

[] step 3: Select Delete from the bottom menu. Check to make sure that
the words "File locked.” is displayed in the message area to indicate
that it is not possible 1o delete the file.
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Expand SEQ
IR0 WM

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

Expanding a Sequence File into a Waveform File

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

Procedure

E] Step 1: Select More from the side menu in the initial menu to display
the second page of the side menu,

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

(] step 3: Select Expand SEQ into WFM from the side menu. You will be
asked to provide a name for the resuiting waveform file. See Fig-
ure 4A-6. If necessary, change the default name. See "Renaming a Filg”
described above.

GFiG Kontinuous mode Stopped

Catatag ; Memory Free | 3780KE

Mame  Tyoe...Sie Date & Thno Lomenent

Chahp Ef

{DoMp W

Lol W0 R CDEFGHI §| @

ggg §F KinKOPORST

i UYWXYZ EES

BB ls)-oces -

GAIISS R B —

- GAUSS

NSER
LORENTZ

Expand HD._RED,SEQ into HE_RED ] .WiM

LORENTZ L

M_HBK W ¥ o sert characler : R
NYOHIST Ef R ] i Cancel
MYLST W Tt £ 0 1 MOYE CUESOY

SAMPLE-1 WH

SAPLE-2 YR

SAHPLE-Z WER 2900 03500 10158 . oK
i 25N i 03-09-08 16:358 ; )

| i E : ;

| Rengme | Comment . Copy Delete | Delete Al

Figure 4A-6: Menu Dispfayed When Expand SEQ into WFM is Selected
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[[] step 4: Press O.K. o confirm the file name. Press Cancel to cancei the
operation,

If a file already exists with the same name as that designated in Step 3,
selecting 0.K. will cause a message to appear asking you to confirm
that you really want to overwrite the existing file. Select Q.K again to
overwrite the existing file; select Cancel to leave the existing file intact.

Before the sequence file is expanded into a waveform file, the following
message will appear, asking you to confirm that you want {o delete the
source file.

Delele the sequence and all the component files?

[[] step 5: Select OK. to delete the source file during expansion. Select
No to preserve the source file. Select Cancel to cancel the expansion
process.

No — The source file wili be left as is and the sequence file will be
expanded into a waveiorm file, at which point the initial menu wilt reap-
pear. The expanded waveform file will be added to the file iist in the
initial menu. An error irt the expansion process will destroy that wave-
form file.

0.K — The source sequence file and all component files will be deleted
and the sequence file will be expanded into a waveform file, at which
point the initial menu will reappear. The expanded waveform file will be
added to the file list in the initial menu. An error in the expansion pro-
cess will destroy that waveform file.

Cancel — The expansion process will be canceled and the initial menu
will reappear.
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. Waveform Editor

Rew Edit
waveform

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

In the waveform editor, 0 to 254 in 8-bit resolution on the vertical axis is
expressed as - 1.0000 to +1.0000 (with 255 as 1.0079). At this level, there is
no refationship to the Amplitude/Offset setting in the SETUP menu used
when the waveform is output.

Entering the Waveform Editor
Procedure

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

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

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

m  New Waveform Use this command to create anew .. .
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 seting is graphic® -
display. Figure 4A-7 shows an example in which an existing waveform

file has been selected.
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Figure 4A-7: Graphic Display Screen

'Oilpe”ning and Selecting Editing Areas

Up to three waveforms can be displayed and edited in the waveform editor
at the same time. This makes it easy to edit several related waveforms.
Figure 4A-8 shows an example in which three waveforms are displayed. In
this example, the box around the Waveform2 area shows that this waveform
is selected and is currently being edited.
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Figure 4A-8: Waveform Editor With Three Editing Areas

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

B Cursor Link to... will be added to the Setting menu itemn. See
page 4A-36.

Cursor Link to... — Used to link the cursors in different editing
areas.

m  Three additional commands (Multiple Copy..., Convolute..,,
Compare...) will be added to the Operation menu item. See
pages 4A-81, 4A-88, and 4A-91, 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 operations for the
waveform in one area {in the space designated with the vertical bar
cursors) with the part of a waveform in another editing area desig-
nated by the vertical bar cursors in that area.

Compare... — Used to compare the waveform in the area desig-
nated by the vertical bar cursors with the waveform in another
editing area.
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Procedure

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

[] step 1: Select New Waveform from the side menu. The editing area 1
is displayed for creating a new waveform.

D Step 2: Press Select/Open from the bottom menu. In the side menu,
"Waveform1” refers to the waveform file in editing area 1.

[[] step 3: Select Another Wavetorm 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 itern in the list (New Waveform) is used to create a new wave-
form file. The subsequent items are the names of existing waveform
files. See Figure 4A-9.

GPig Lontinuays mode Btopped

- Select/
ey
Show
Catalog
Sefect wavelorm Intry
L4 i
CHARP WP M
cepy-Lwrm B e
BEXP WM
LRP.WFM
HAUSS. WM
HEERT -1 WEM
LERENTT WiM AN
#_BISK WM
YSUISLWEM | cancel
SEMPLE-LWFM ]
SBMPLE-2¥FM i
| SAMPLE-ZWFM || |
MABKERD 1 -
i satti ! ?Standard Closes |
Gperatmﬂg fiﬂ{}m bettmgg e éwavssfarm Writﬂi

Figure £A-9: Menu Display When “Another Waveform™ is Selected

[ ] step 4: Using the general purpose knob, select New Waveform. The
new waveform file created in this step will be assigned to editing area 2.

D Step 5: Select O.K. from the sub-menu. When this is done, Waveform2
will be added to the side menu and the Waveform2 editing area will
appear on the screen. See Figure 4A-10.
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Figure 4A-10: Waveform2 Added

[] Step 7: Using the general purpose knob, select a waveform file. In this
example, we will select an existing waveform file. '

[] Step 8: Select Show Catalog Entry from the sub-menu. This aliows
you to check the waveform for the selected file on the screen. See

Figure 4A-11.
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Figure 4A-11: Menu Display When Show Catalog Entry is Selected
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] step 9: Select Continue from the sub-menu.

[} step 10: Select O.K. from the sub-menu. Waveform3 will be added to
the side menu and the Waveform3 editing area will appear on the
screen. See Figure 4A-12,
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; Waveiorm

Setting

Figure 4A-12: Waveform3 Added

The three waveform items (Waveform1, Waveform2 and Waveform3) will
be displayed in the side menu. You will select the wavetorm to be edited
from among these items.

[] Step 11: Select Waveform2 from the side menu. A box will appear
around the editing area to indicate that this waveform has been se-
lected.

To close a waveform, select that Waveform (editing area) from the side _
menu and then select Close/Write from the bottorn menu. See "Saving Files
and Exiting the Editor™ in this section.
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Closes
write

Saving Files and Exiting the Editor

When you select Close/Write from the bottom menu, the newly created or
edited file currently selected in the side menu wil! be saved to the instru-
ment’s internal memory and the waveform editor will disappear.

NOTE

The procedure for saving files and exiting the editor is the same for
all editors. The only difference is that the Close/Write itern in the
waveform editor changes to Exit/Write in the other editors; it func-
tions in the same manner. (The word "Close” is used in the wave-
form editor because more than one waveform can be opened in
this editor)

Choices When Exiting the Editor

Select Close/Write from the bottom menu {o display a side menu containing
Write and Close, Close without Writing, and Write menu items. These
functions are explained next.

Write and Close

When a new file is created, if you seiect Write and Close, a menu for
naming the file is displayed. Input the file name, then select Q.K. from
the sub-menu. The file'is saved into internal memory with that name and
the system returns to the initial menu. If Cancel is selected, the input file
name is canceled and the system returns to the editor.

When you exit the editor after editing an existing file and you select
Write and Ciose, the menu for naming the file is not displayed. Instead,
the system immediately returns to the initial menu and the file created is
saved with the existing file name in internal memory.

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 O.K. or Cancel.

Write

When Write is selected, the file name menu is displayed. If you input or
change the file name, then select the sub-menu O.K. item, the created
or edited waveform data is saved into internal memory with that file
name and the system returns to the editor it has been in. If the file name
is changed, the old file is left as is and a new file is created with the new
file name. If you select Cancel, the input file name is canceled and the
system returns to the editor without saving the data into internal
memory. Although the created or edited data is not saved at this time, it
is retained for further editing.

AWG2040 User Manual
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Naming a File

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

Procedure
[] step 1: Select Close/Write from the bottom menu.

[[] step 2: Select Write and Close from the side menu. Figure 4A-13
shows the menu for inputting a file name.

;*:zuu*{‘“‘“‘“““““‘”’“@
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: 1.e80E

i TR (dosed
P 2. 6808 Write
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& {_ } PR -s:?_;x‘;h-
B1234G678% -
Waveform Name = {1 wEM
WaLiE 3
s insert characier
~1. 8604 PRESR s Cancel
I HOVE CUrsEE:
HARKER 1 . ‘
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: Dpen Cperalion Zoom | Selting E thto wavetarn

|

i

Figure 4A-13: Menu for inputting a File Name

NOTE

When no editing has been performed in the editor, selecting the
Write and Close item will not cause the menu used to enfer the file
name o appear; the injlial menu will reappear instead.
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Now, input the file name.

[] Step 3: Use the general purpose knob to select & character.

[22]
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D Step 4: Press the front panel VALUE button. The selected character is
inserted immediately before the cursor.

waveform Name = §] \wFM

[] Step 5: Repeat Steps 3 and 4 until the entire file name has been en-
tered. in this example, we will enter the name SAMPLE.

waveform Name = SWEM

Up to 8 characters can be input. To delete a character, press the Delete
key on the front panel. This deletes the character right before the cursor.
The cursor can be moved with the front panel « and -» buttons. ~- =

NOTE

The following can nof be used as file names: CLOCK, CON, AUX,
COM1, COM2, LPT1, LPT2, LPT3, NUL, and PRN. Also, the " "
{space) and "*" and "+ " characters in the character menu can not
be used in file names and can not be selected.

[] step 6: To enter the file name, select O.K. To cancel that file name,
select Cancel from the side menu.

When the Waveform Size is a Muitiple of 32

When O.K. is selected, the file will be saved 1o the internal memory under
the file name that has been entered and the initial menu wili reappear. The
new file name will be displayed in the file list in the initizd menu.  Cancel is
selected, the name that has been entered will be disregarded and the editor
screen will reappear.

AWG2040 User Manual
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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.

When the Waveform Size is Not a Multiple of 32

At the waveform output stage, the number of points in the waveform file is
changed into a multiple of 32 and then the file is loaded info waveform
memory. As a resuit, when a waveform whose size is not a multiple of 32
has been created with the editor, when saving the file you select from the
menu what to do about the fraction.

When O.K. is selected in Step 6, the following menu will appear:

GPiB waveform Advance mode

SEREE LI A a S X3 Tlose/
......... 2 pts e
1. 967
Append ¢
Expand
;'( fxpand
\ - 4L with ook
The data size does not it Lo this sirument. : -
L must be mudtinle of 32, R
1885 pieace setect action. Lange
MARKERY
MARKERZ:1 Leave
: asiiis
| Solects ; : b i ’ Standard §
Open {}perat:oﬁé Zonm Setting ; Undao Iwaveform |

H

Figure 4A-14: Fraction Processing Menu

[] step 7: Select the fraction processing method from the side menu. As
soon as the method is selected, the file will be saved to internal memory
under the file name that you have entered, and the initial menu will
reappear. If you select Cancel, the entered file name will become invalid
and the previous editor will reappear.
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Any one of the following four processes can be selected:

Append 0 -— Data at the 0 leve! will be added to the end of the
waveform data to create a waveform file whose size is a multiple of

32.
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Figure 4A-15: Fraction Processing

Expand — The waveform data will be expanded to create a wave-
form file whose; size is & multipte of 32,
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Figure 4A-16: Fracition Processing

Expand with Clock — The waveform data will be expanded to
create a waveform file whose size is a multiple of 32. At the same
time, the clock frequency will be increased to the same extent and

saved to the file.
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Leave as it is — The file will be created without changing the waveform
size.

NOTE

When a waveform whose size is not a multiple of 32 is output, data
at the 0 point is added to the end of the waveform to make the
waveform size a muftiple of 32, after which it Is loaded to waveform
memory. For details, see "Selecting a Waveform or Sequerice File”
in Section 48 "SETUP Menu.”
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Graphic Display

in graphic display, waveforms are created and edited being dispiayed in
graphic 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 8-bit resolution. On the left beneath the waveform is an indicator
showing whether the marker signal is high or low. All editing operations are
performed between the two vertical bar cursors.

Graphic Display Menu Structure

Figure 4A-17 is a diagram showing the menu structure in graphic display. This is
not a complete list; for a complete list, see the diagram at the beginning of the
section on each menu. An ellipsis (...) next to an item in the side menu indicates
that there is a sub-menu below that item listing additional choices. Commands in
the sub-menu are executed with the Execute command; when Go Back is
selected, the sub-menu disappears and the side menu reappears.

Bottom Menu Side Menu Sub-Ment
Waveformt
Wavaformz 1
= Select/Open Waveforma 1
Another Waveform
Waveform Editor
— Cut
— Copy lo Buffer
™ Paste from Buffer )
- Add Draw Point
— Draw... |_ Delete Draw Point
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b Vafiie
Scale
- l:: Factor
Scale... t New Size "2
Origin "2
fe frivert... invert
. Clip
e Clip... -
Clip — Level
r- Set High
b Operation ————wmmum—te— farker... T Sef Low
Set Pattern
- Ingert Other Waveform  —=r— Show Catalog Eniry
~- Single Waveform Math...  —— Type
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Sub
[— Dual Waveform Math... Mul
Show Catalog Entry
L o] *g Source
Muttiple Copy... ——-———-———1 Interval
— Convolute.,.”1 Source
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Bottorn Menu Side Manu Sub-Menu
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Figure 4A-17: Waveform Editor Graphic Display Menu Structure

*1  This itern appears when another editing area has been created by selecting Another
Waveform item under Select/Open in the bottorm menu.

*2 W Horizontal Is selected for Scale in the sub-menu, New Size appears; if Vertical is se-
lected, Origin appears.

*3  This itemn appears when the waveform on the screen has been zoomed in the horizomtal
direction by selecting the Horizontal Zoom in item under Zoom in the bottorn menu.

*4  This item appears when the waveform on the soreen has been zoomed in the vertical
direction by selecting the Vertical Zoom in item under Zoom in the boltom menu.

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

*6 M Point is selected for Horiz. Unit under Setting in the bottom menu;, Cycle appears; if
Time is selected for this item, Frequency appears.
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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 ex-

planation of that tem.

Table 4A-2: Menu Functions

Menu Function Page
Select /Open Opening and selecting editing areas 4A-16
Operation Editing waveforms in graphic display 4A-44
Cut Cutting waveforms 4A-45
Copy to Buffer Copying waveforms 4A-486
Paste from Buffer Pasting waveforms 4A-48
Draw... Draw function 4A-48
Shift... Shift function 4A-51
Scale... Scaling function 4A-53
Invert... invert function 4A-56
Chp... Clip function 4A-58
Marker... Setting a marker 4A-59
insert Other Waveform Inserting other waveforms 4A-62
Single Waveform Math Single waveform cajculations 4A-65
Dual Waveform Math... Calculations with other waveform data 4A-70
Region Shift... Specified region shift function 4A-73
Muttiple Copy... Multipte copy 4A-81
Cornvolute... Convolution calculations 4A-88
Compare... Comparing waveforms 4A-91
Zoom Zooming waveforms 4A-96
Setting Settings for the waveform to be edited 4A-32
View type... Seiecting the waveform data display format 4A-32
Waveform Points Setting waveform point count 4A-33
Horiz. Unit Setting hotizontal axis units 4A-34
Clock Setting clock frequency 4A-35
Cursor Link to... Linking the vertical bar cursors 4A-36
Grid Displaying a grid in the editing area 4A-38
Undo Undoing the previous operation 4-2
Standard Waveform Creating a standard function waveform 4A-39
Close/Write Saving files and exiting the editor 4A-21
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Graphic Display Screen

The general graphic display is shown in Figure 4A-18. A description for each
callout foliows.
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Figure 4A-18: 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 1o three waveforms can be displayed and edited at the same time.
I the name has not been get, ******** i digplayed.

@i

Value
Shows the left vertical bar cursor position time or point value (L) and the
vertical level (Value}. When the cursor value is displayed inverted, this
means the cursor value can be changed with the general purpose knob or
numeric keys.

(3) A

Shows the time or point count between the left and right vertical bar cursors.
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(4) Horizontal Scroli Indicator

When the dispiay is magnified horizontally with Zoom, this indicator is
dispiayed to show which waveform point positions are in the CRT display
area. The area displayed on the CRT is shown with inveried dispiay.

(G)R

Value
Shaows the right vertical bar cursor position time or point value (R) and the
vertical level (Value).

(6) Number 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) Verticat Scroll Indicator

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

(9) Bottom Waveform Level

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

{10) Marker

Shows the timing for the marker signal. The number to the right of the word
"MARKER” indicates the state value for the marker at which the active
vertical bar cursor (the one dispiayed with a solid line) locates.

(11) Left Vertical Bar Cursor

The active cursor is displayed with solid fines and the non-movable is dis-
played with broken lines. The left cursor indicates the ieft starting point for
aditing.

(12) Right Vertical Bar Cursor

Indicates the right end point for editing.
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(13) Button Operations
This area shows how the front panel buttons operate in this menu.

TR Switch Cursor

Press the CURSOR button to toggle the active vertical bar cursor be-
tween left and right.

SRR - Move Cutsor

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

Settings for the Waveform to be Edited

i setting t Before waveform data is created, you must use the Setting item in the side

menu to select the environment for editing. The following settings are avail-
able:

®  View type... Selecting the waveform data display format

& Waveform Points Setting waveform point count

®  Horiz. Unit Setting horizontal axis units

5 Clock Setting clock frequency

s Cursor Link to... Linking the vertical bar cursors

& Grid Displaying a grid in the editing area

NOTE

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

In the foliowing section, each of these items will be discussed in detait.

Selecting the Waveform Data Display Format

Wiew type...

craon The View type... item allows you to set the display format for the waveform
raphic

data. There are three choices: graphic, timing and table. The following
diagram shows the menu configuration.

[ Graphic
' ] Timing
. —
Setting!(More 10f2) —+ View type... “E Table
Go Back
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wavelorm
POIIES

When you open the waveform editor, Graphic display is selected as the
defauit option. If you want to change the display format, select Setting from
the bottom menu and then View type from the side menu, then select the
desired format (Timing or Table) from the sub-menu. Pressing the Go Back
hutton cancels the operation and causes the side menu to reappear. See
page 4A-31 for a discussion of timing display and page 4A-117 for a discus-
sion of table display.

Setting Waveform Point Count

Waveform Points sets the number of points for waveform data. The follow-
ing diagram shows the menu configuration.

t
! Setting!{More 1 0f 2} ——» Waveform Points

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

Clock frequency

No. of points =
Frequency of output waveform

For example, for output of a 20 kHz sine wave, setting the clock frequency to
10.24 MHz will result in a waveform point value of 10.24 MHz/20 kHz = 512
points. '

When creating a new waveform file, the point value is set to the default value
of 1024. The waveform point value can be set 1o any value up to 262144,
However, the waveform memory (the memory used to output the waveform)
is 1M words {or 4M words when Option 01 is installed).

If the waveform point value 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 waveform point value is set shorter than the current
waveform data, points are deleted from the right end.

Procedure

To set the waveform point size to 512:

[[] step 1: Select Setting from the bottom menu.

] step 2: Select Waveform Points from the side menu.

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

In the case of the numeric keys, press 5, 1, 2 and ENTER in that order.

AWG2040 User Manual
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Horiz, Unit

Paint
Timg

Horiz, Uait

R
Time

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 1 of 2)——s Horiz. Unfr—{:

Time

Each time the Horiz. Unit button in the side menu is pressed, the units
toggle between Time and Point. When Time is selected, the Clock item is
added to the side menu and the clock frequency can be set.

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

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

in Figure 4A-19, the display on the left shows the horizontal axis unit set to
Point, while the display on the right shows this vaiue set to Time.

Horiz, Unit
Point

HARSTRY

] RIS

wxm?&%

R

Figure 4A-19: Setting the Unit for the Horizontal Axis

When the horizontal axis unit is changed, even if you switch 1o table or
timing display mode, the horizontal axis there is changed too.
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Clndk

Setting Clock Frequency

When the unit of the horizontal axis is time, the clock frequency can be set.
The following diagram shows the menu configuration.

Setting!(More 1 of 2) —# Horiz. Unit { Time } — Clock

Select Clock from the side menu to set the clock frequency. This parameter
determines the time between the data points (the inverse of the clock fre-
quency). For example, when the maximum clock frequency on the
AWG2040 is set to 1.024 GHz, waveform data can be edited at a resolution
of 0.9765625 ns. Figure 4A-20 shows the setting menu for Clock.
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Figure 4A-20: Menu Display When Ciock is Selected

Procedure

] step 1: Select Setting from the bottom menu.

[] step 2: Press the Horiz. Unit key in the side menu to select Time.
[J step 3: Select Clock from the side menu.

[[] step 4: Input the clock frequency with the numeric keys or the general
purpose knob.
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Cursor
Lirk to...

The default setting for clock frequency is 1.0 GHz. The clock frequency set
in this process will be displayed in the Internal Clock item in the SETUP
menu via the waveform file. When the clock frequency is changed, even if
you switch to table or timing display mode, the clock frequency there is
changed too.

Linking the Vertical Bar Cursors

The Cursor Link to... item appears when two or more waveforms are being
edited simultaneously. This item is used to link the movement of the vertical
bar cursors in different editing areas. For example, when the cursors in
editing area 1 are linked to those in editing area 2, moving the one of the
cursors in editing area 1 will cause the corresponding cursor in editing area
2 to move the same distance. The foliowing diagram shows the menu con-
figuration.

 Waveform x

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

Go Back

Figure 4A-21 shows a display in which two editing areas have been created
and Cursor Link to... has been selected.
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Figure 4A-21: Sub-Menu Dispiay When Cursor Link to... is Selected

4A-36



EDIT Menu

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

Proceciure

In the foliowing procedure, you will iink the vertical bar cursors in editing
area 2 (Waveform2) to the ones in editing area 1 (Waveform1) while editing
area 1 is being edited.

[} step 1: Select Seiect/Open from the bottom menu.
[] step 2: Select Waveform2 from the side menu.
[[] step 3: Select Setting from the bottom menu.

I:] Step 4: Select More item to display More 2 of 2 from the side menu
and then select Cursor Link to...

D Step 5: Select Waveform1 from the sub-menu. 1« will appear at the top
of editing area 2.

[[] step 6: Select Go Back from the sub-menu. The Setting side menu will
reappear.

[ step 7: Select Select/Open from the bottom menu.
[] step 8: Select Waveform1 from the side menu.
[ step 9: Press the front panel CURSOR button,

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

Procedure

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

[] step 1: Select Select/Open from the bottom menu.
7] step 2: Select Waveform2 from the side menu.
] step 3: Select Setting from the botiom menu.

[:] Step 4: Select More item to display More 2 of 2 from the side menu
and then select Cursor Link to...

[} step 5: Select Link Off from the sub-menu. The link will be canceled
and the 1« at the top of editing area 2 will disappear.
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Grid

Off
on

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.

Setting (More 2 of 2) w Grid

F
8

On

Figure 4A-22 shows an example of an editing area with the grid set to On.
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Figure 4A-22: Grid Set to On

[[] step 1: Select Setting from the bottom menu.
Q Etep 2: Select More itern to display Move 2 of 2 from the side menu.

[ step 3: Press the Grid button in the side menu and select On. A grid
will appear in the editing area.

NOTE

The grid can be turned on and off in timing display and table dis-
play as well, but the grid will only appear in graphic display.
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Creating a Standard Function Waveform

standard When you seiect the Standard Waveform item, a function waveform is

waveform| created in the area between the specified vertical bar cursors, or a waveform
is created through calculation of the original waveform and a function wave-
form.

When you select Standard Waveform from the bottom menu, the following
items are displayed in the side menu. Some of the items will change de-
pending on the settings. For example, if you press Setting in the bottomn
menu and Horiz. Unit in the side menu and then select Point, the Cycle
itern appears in the menu; if you press Setting and Horiz. Unit and select
Time, the Frequency item appears in the menu.

a8 Type Used to select the type of function waveform

® Cycle Used to set the cycle

®  Frequency Used to set the frequency

& Amplitude Used to set the amplitude

a  Offset Used 1o set the offset

®  Execute Used to execute the process {draw the
waveform)

Selecting Function Waveform Type and Calcuiation Method

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

Type of Function Waveform Calculation Method
Sine wave(Sine) Substitute
Triangle wave(Triangle) Add{Add)
Square wave{Square) Muitiply (Mut)
Ramp wave(Ramp)
Noise wave(Noise)
CCpC)
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

mufltiplied by a sine wave
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Cycle

Froguency

Offset

Amplituda

Setting the Parameters for Function Waveforms

The following parameters can be set for each type of function waveform
designated with the Type command. Note, however, that only amplitude and
offset can be set for a Noise waveform, while only offset can be set for a DC
waveform,

Cycle — 0.1 {0 100,000 (in 0.1 increments)

Frequency — 200 Hz to /5 {f = Clock frequency set with Setting menu
itermn)

Amplitude — ~2.0079 (if set to a negative number, the waveform will have
inverse polarity)

Offset — —1.000 to +1.00798

Procedure 1: Creating a Sine Wave

In this exampile, you will replace the data between the vertical bar cursors
with a sine wave. The procedure begins at the initial menu level,

[[] step 1: Select New Waveform from the side menu in the initial menu.
[(] step 2: Select Standard Waveform from the bottom menu.

[ step 3: Check to make sure that the left and right vertical bar cursors
are all the way to the left and right, respectively, {o encompass the entire
editing area. if they are not, use the general purpose knob to set them in
this manner.

[:'_'l Step 4: Press the Type button in the side menu and select Sine.

[:I Step 5: Select Cycle from the side menu. Use the numeric keys or the
general purpose knob to set the number of cycles for the sine wave to 2,

[] step 6: Select Amplitude from the side menu. Use the numeric keys or
the general purpose knob to set the p-p ampiitude for the sine wave
to 1.

[[] step 7: Select Execute from the side menu.

When Execute is selected, the sine waveform is created between the
vertical bar cursors with the set parameters. See Figure 4A-23.
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Figure 4A:23:.- Creating a Sine Wave

Procedure 2: Adding a Waveform to Existing Data

in this example, you will add noise to the sine wave you created in Proce-
dure 1, The procedure starts from where you left off in Procedure 1.

[[] step 1: Select Type from the side menu. Turn the general purpose knob
or press the Type button in the side menu and select Add Noise.

[] step 2: Select Amplitude from the side menu. Using the numeric keys
or the general purpose knob, set the p-p amplitude for the noise to 0.1.

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

When you select Execute, a noise waveform will be added to the sine
wave displayed between the left and right vertical bar cursors. See
Figure 4A-24.
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Figure 4A-24: Adding Noise io the Sine Wave

NOTE

Portions of the waveform that protrude outside the editing area
when the other waveform is added will be clipped.
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Procedure 3: Multiplying Waveforms

in this example, you will muitiply 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.

7] step 1: Select Undo from the bottom menu. This will eliminate the noise
waveform added in Step 2.

[[] step 2: Select Type from the side menu. Turn the general purpose knob
or press the Type button in the side menu and select Mul Sine.

D Step 3: Select Cycle from the side menu. Using the numeric keys or
the general purpose knob, set the number of cycles for the sine wave to
- 30.

[J step 4: Select Amplitude from the side menu. Using the numeric keys
or the general purpose knob, set the p-p amplitude for the sine wave
to 1.

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

When you select Execute, the sine wave between the vertical bar cur-
sors wilt be multiplied by the different frequency sine wave. See Fig-
ure 4A-25.
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Figure 4A-25: Multiplying Sine Waves
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Operation

Editing Waveforms in Graphic Display

When Operation is selected with the waveform editor set to Graphic display,
itis possible to edit the waveform data in various ways.

The side menu has four pages. Select More to switch the side menu to the
next page. The following is a list of the ftems in the side menu and their

functions.
® Cut Cutting waveform
a  Copy to Buffer Copying waveform
® Paste from Buffer Pasting waveform
W Draw... Braw function
m  Shift... Shift function
= Scale... Scaling function
®  Invert... Invert function
®  Clip... Clip function
= Marker.. Setting a marker
u  insert Other Waveform Inserting other waveform
a1 Single Waveform Math... . Single waveform calculations
®  Dual Waveform Math....  Caiculations with other waveform data
8 Region Shift.., Specified region shift function

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).

= Muitiple Copy... Multiple copy
u  Convolute... Convolution calculation
= Compare... Comparing waveforms

items with “...” have further low-level side menu, called sub-menu.

Setting Editing Areas

The editing operations available under Operation are ait performed in the
editing area located between the left and right vertical bar cursors. Before
beginning the editing process, you should define the editing area using the
following procedure.

Procedure

[] Step 1: Select Operation from the bottom menu.

[_] Step 2: Press the CURSOR button on the front panel to make the left
vertical cursor active (solid line).

[] step 3: Using the numeric keys or the general purpose knob, move the left
cursor to the starting point for the editing operation you wish to perform.

[[1 step 4: Press the CURSOR button on the front panel again to make the
right vertical cursor active {solid ling),

L__j Step 5: Using the numeric keys or the general purpose knob, move the
right cursor to the endpoint for the editing operation you wish to per-
form.
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Figure 4A-26: Defining the Editing Area

Subsequent editing operations:will be performed in the area that you have
set between the left and right vertical bar cursors.

The following section will describe each of the items in the side menu in
detail.

Cutting Waveforms

This command is used to remove a portion of the waveform from the editing
area. The following diagram shows the menu configuration.

Operation (More 1 of 3) — Cut

Move the right and left vertical bar cursors to define the area you wish to cut
and then select Cut from the side menu. There is no sub-menu for this
command; when it is selected, the section of the waveform that you have
defined is cut instantly. Marker signals associated with that waveform data
are also cut. Remaving part of a waveform will naturally reduce the number
of peoints in that waveform.

Figure 4A-27 shows an example of a waveform before and after a section is
cut. Note that only the section between the two vertical bar cursors is re-
moved including the bar cursors.
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Figure 4A-27: Cutting Waveforms

Waveform data that has been cut is stored in the paste buffer. You can paste
this data into another editing area (by selecting Paste from Buffer), insert it
into another waveform (by selecting Insert Other Waveform) or use it to
perform calculations with another waveform (by selecting Math).

NOTE

If you cut out waveform data by mistake, select Undofromthe |
bottom ment to restore the original waveform data.

Copying/Pasting Waveforms

Copy Paste Use the Copy to Buffer and Paste from Buffer items to copy the edited
toButfer | from Buffer waveform area and paste it to another tocation. The following diagram
shows the menu configuration.

Operation (More 1 of 3) ——=  Copy to Buffer

Cperation {More 1 of 3} ——=  Paste from Buffer

There are no sub-menus associated with these commands; when they are
selected, the copy or paste operation is performed instantly. Marker signals
associated with that waveform data are also subjected to the copy and
paste operations. Pasting data into a waveform will naturally increase the
number of points in that waveform.
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Procedure

[:] Step 1: Specify the waveform to be copied with the left and right vertical
bar cursors. Select Copy to Buffer from the displayed side menu.

When Copy to Buffer is selected, the waveform data between the
vertical bar cursors (including the left and right vertical bar cursor data)
is copied into the paste buffer. Marker signals associated with that
waveform data are also subjected to the copy and paste operations.
This operation does not affect the display on the CRT.

[] step 2: Press the CURSOR button on the front panel.

D Step 3. Use the general purpose knob to specify the position to paste
the data with whichever of the vertical bar cursors is active.

The data is pasted directly before the active vertical bar cursor. However,
when the cursor is at the end of the waveform, the data is inserted
directly after the cursor.

] Step 4: Select Paste from Buffer from the side menu.

Figure 4A-28 shows an example of a waveform before and after additional
data is pasted into that waveform.

EEETEEESE T ] ,ig
i iase prn  VRT 008
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Before ' After

Figure 4A-28: Pasting Waveforms

When you select Paste from Buffer, the waveform data copied to the paste
buffer in the Copy process will be inserted in front of the active vertical bar
cursor. When the active vertical bar cursor is at the end of the waveform, the
data will be inserted after the aclive vertical bar cursor.

The paste buffer data can be inserted into a waveform or used for opera-
tions with waveforms by selecting Insert Other Waveform or Math from the
QOperation menu.
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Draw Function

This command is used to draw points between the specified vertical bar
cursors and connect these points o create an arbitrary waveform. The
following diagram shows the menu configuration for the Draw... item.

Draw.,.

— Add Draw Point
i~ Delete Draw Point o
Operation (More 1 of 3} ~——wm Draw... Smooih O;

Go Back
Execute

Figure 4A-29 shows an example of the screen with the Draw... item se-
lected. This figure will be discussed in the following section.

wRIE Continuous mode L Stopped

' Operation

At
Draw Poing

Delete
Draw Point

Execule

‘ T
0 ; o 1 Standard [Closes
fo0m Setting Lircher WaueformE write

Figure 4A-29: Menu Display When Draw... Hem is Selected

(1) Point Cursor

Used to draw points. When this cursor can be moved, the direction in which
it can be moved is shown by the arrows,

(2) XY Coordinate Axis

Shows the X and Y coordinates of the point cursor described in (1) above.
When the coordinates for a coordinate axis are displayed inverted, it indi-
cates that the cursor can be moved in that direction.
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(3) Button Operations
YRR p B Suitch Cur sar

Pressing the CURSOR button toggles the active vertical bar cursor from left
to right and back again. Pressing the VALUE button toggies the direction in
which the point cursor can be moved from up-down to left-right and back
again.

Procedure

{1 step 1: Move the left and right vertical bar cursors to define the area
within which the waveform will be drawn and then select Draw... from
the side menu,

The point cursor will appear in the middle of the vertical axis between
the left and right vertical bar cursors.

[] step 2: Press VALUE button on the front panel.

[:] Step 3: Use the general purpose knob to move the point cursor o the
location where you want to place a point.

Each time the VALUE button on the front panel is pressed, the direction
of movement for the point cursor switches between horizontal (X) and
vertical (Y). The XY coordinates for the point cursor position are dis-
played at the bottorn right of the CRT display.

[[J step 4: Select Add Draw Point from the sub-menu to place the draw
point. T

Draw points can be placed outside the left and right vertical bar cursors.
However, such points are not drawn when Execute is pressed.

NOTE

You cannot set multiple draw points above the same horizontal
position. If you try to do so, the system asks you if you want to
change the level for the point already above the horizontal position. '
To do so, select O.K. To abort the operation, select Cancel.

[] step 5: Repeat Steps 3 and 4 to place as many points as desired.

[[] step 6: To delete a draw point added with Add Draw Point, move the
point cursor to the point to be deleted, then select Delete Draw Point.
This deletes the point.

If Delete Draw Point is pressed repeatedly, the added points closest to
the point cursor are deleted in order.

[[] step 7: Press the Smooth button in the sub-menu to switch on smooth-
ing.
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®  Smoothing — Smoothing can be toggled on or off by pressing the
Smooth button. When smoothing is on, the waveform data is spline
interpolated and the curve outside the left and right vertical bar cursors
and the placed points are connected with a smooth curve. When
smoothing is off, the interpolation is linear and the curve outside the left
and right vertical bar cursors and the placed points are connected with z
straight line. When the vertical bar cursors are at both ends of the wave-
form being edited, the start and end point of the waveform are given the
value to be smooth waveform as the repetition waveforms regardless of
whether smoothing is set to on or off.

E] Step 8: Select Execute from the sub-menu. The points between the
vertical bar cursors will be connected with smooth curves, as shown in
the left screen in Figure 4A-30. This is called spline interpolation.

m Step 9: To return to the original waveform, select Undo from the bottom
menu.

[ step 10: Press the Smooth button in the sub-menu to switch off
smoathing.

D Step 11: Select Execute from the sub-menu. The points between the
vertical bar cursors will be connected with straight lines, as shown in the
right screen in Figure 4A-30. This is called linear interpolation.

Smooth Smooth
On e
i1ozrazEas [
Loz pin
= 7 SN
! s
HARKER' 8}

Spline Interpolated Display Linear interpolated Display

Figure 4A-30: Smoothing

NOTE

To cancel drawing exectition, sefect Undo from the bottom menu.
The waveform before the drawing is displayed again.
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[[] step 12: Seiect Go Back from the current sub-menu. The display
moves from the Draw... sub-menu to the side menu.

This completes the drawing procedure.

Shift Function

Use Shift... to shift the waveform data in the area specified with the vertical
bar cursors in the vertical or horizontal direction. The foliowing diagram
shows the menu configuration for the Shift... item.

. Horizontal
Shift=L_ Vortical
Value

Operation (More 2 of 3} —  Ghijft...
1-: Go Back
xecute

in the horizontal direction, the shift value is the number of points or time; in
the vertical direction, the shift value is specified with the vertical value.

Procedure

[[] step 1: Move the left and right vertical bar cursors to define the section
of the waveform to be shifted. Then select Shitt... from the second page
of the side menu (More 2 of 3).

Horizontat shift
[[] step 2: Press the Shift button in the sub-menu to select Horizontal.

The Shift sub-menu item selects the direction in which the waveform
data between the vertical bar cursors is to be shifled.

[] step 3: Select Value from the sub-menu.

D Step 4: Use the general purpose knob or the numeric keys to input the
shift point value. This value will be expressed as either number of points
or time, depending on the horizontal unit setting (the value set with
Horiz, Unit under Setting).

= Horizontal shift — This command allows you to shift all of the poinis or
time values in the whole editing area, it can be set o 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.

[™] step 5: Select Execute from the sub-menu. The waveform is shifted
horizontally with the specified conditions.

Figure 4A-31 shows the waveform between the vertical bar cursors
shifted right 128 points.
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Vertical shift
“ertical
ke [[] step 6: Press the Shift button in the sub-menu to select Vertical.

[[] step 7: Select Value from the sub-menu. Use the general purpose knob
or the numeric keys to input the shift point vaiue.

B Vertical shift — The waveform can be shifted between —1.0000 and
+1.0079 for the full scale of the vertical axis. A positive shift moves the
waveform up, a negative shift down. However, any points shifted beyond
the vertical full scale are clipped.

[] step 8: Select Execute from the sub-menu. The waveform is shifted
vertically with the specified conditions. Figure 4A-32 shows the wave-
form between the vertical bar cursors shifted up 0.3 point.

Vasaassaa T T Y i
574 ptn  Tifue 4,00 6.6
TR :
;-‘!f“\‘ ‘g/‘\\“ ,fi’\\
- \1 A A
g ! ! i i
!‘S If ﬁ; L‘\ j’f : %’E H
‘,“ﬂ.:;{ z“wf ‘R\/‘:} \\’mf
Before After

Figure 4A-32: Vertically Shifted Display

[ step 9: Select Go Back from the sub-menu.
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Scaling Function

Use Scale... to change the scale for the waveform data between the vertical
bar cursors. Executing scaling changes the waveform data. The following
diagram shows the menu configuration for the Scale... item.

Scale...

Horizontal ——= New Size

— Scale—{_ Vertical ~ —» Origin
Operation (More 2 of 3) —» Scale... Factor
—— Go Back
— Execute
Procedure

[] step 1: Move the left and right vertical bar cursors to define the editing
area for scaling, then select Scale... from the second page of the side
menu {(More 2 of 3).

Srale . .
Horizontal Scaling

tertical

[[] Step 2: Press the Scale button in the sub-menu to select Horizontal.

The Scale sub-menu itemn selects the direction in which the data be-
tween the vertical bar cursors is scaled.

[[] step 3: Select Factor or New Size from the sub-menu.
The magnification for scaling cah be set with either Factor or New Size.

»  Factor — The waveform data between the vertical bar cursors is ex-
panded/reduced by this ratio. This parameter is linked with New Size.
Factor can be set within the range %100 in steps of 0.01. However, the
total number of points for the entire waveform can not exceed 262144,
so if x100 scaling would give more total points than that, the maximum
setting factor drops to the one that gives 262144 poinis. A negative
factor reverses the waveform between the vertical bar cursors creating a
mirror image.

Scaling with a factor under 1.00 and greater than ~1.00 (£0.99) 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.

® New Size — This parameter expands/reduces the waveform data be-
tween the vertical bar cursors in units of points. This parameter is finked
with Factor. The limit on the range of New Size is that the number of
points between the vertical bar cursors can not be increased to more
than x100 their original number and the number of points for the entire
waveform can not exceed 262144,

f— [} Step 4: Use the numeric keys or general purpose knob to input the
3 scaling factor or the number of points.
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[] step 5: Select Execute from the sub~menu. The section of the wave-
form between the vertical bar cursors will be scaled horizontally in the
right direction from the left vertical bar cursor.

Figure 4A-33 shows a waveform expanded to x2 horizontally between
the vertical bar cursors with the Factor.

Before Afier

Figure 4A-33: Display Expanded Horizontally
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orizontal Vertical Scaling
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[] Step 6: Press the Scate button in the sub-menu to select V_ertidai.

D Step 7: Select Origin from the sub-menu. Use the numeric keys or the
general purpose knob to input the numeric value of the origin.

= Origin ~ This value is used as a reference when scaling vertically. it
may be set to any value between —1.0000 and +1.0079 for the full scale
of the vertical axis.

Step 8: Select Factor from the sub-menu.

O O

Step 9: Use the numeric keys or general purpose knob to input the
scaling factor.

= Factor — Factor can be set within the range +100 in steps of 0.01. A
negative factor causes the waveform between the vertical bar cursors to
produce a mirror image about the origin value.

Scaling with a factor under 1.00 and greater than —1.00 (+0.99) 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 scating is clipped.
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[] step 10: Select Execute from the sub-menu. The waveform is scaled
with the specified conditions.

Figure 4A-34 shows an example of Factor being used to enlarge the
section of the waveform between the vertical bar cursors. In this exam-

pie, the waveform has been enlarged 1.5 times vertically around the
reference line.

qiHisenias L

" Figure 4A-34: Display Expanded to x1.5 Vertically

[] step 11: Select Go Back from the sub-menu. The system moves from
the Scale... sub-menu fo the previous side menu.
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Invert Function

Use Invert... o invert the waveform data in the area specified with the vert-
ical bar cursors either up/down or left/right. The following diagram shows
the menu configuration for the Invert... fem.

nart, .,

e Invert - Horizontal

Operation (More 2 0f 3) —— Invert..—— go Ba;:k— Vertical
— kxecuie

Procedure

I:] Step 1: Move the left and right vertical bar cursors to define the editing
area for inversion, then select Invert... from the second page of the side
menu (More 2 of 3).

invert
Linkizrminal
vertical

Inverting the waveform horizontally

[J step2: Press the invert button in the sub-menu to select Horizontal,

The Invert selects the direction in which the waveform data between the
vertical bar cursors is inverted.

[] Step 3: Select Execute from the sub-menu. The waveform is inverted
horizontally with the specified conditions. Figure 4A-35 shows an exam-
ple of the waveform before and after it is inverted horizontally.

Loz gty
T g

Before After

Figure 4A-35: Horizontally Inverted Display
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Invert : i
Horisantai Inverting the waveform vertically
werticsl

[] step 4: Press the invert bution in the sub-menu to select Vertical.

[[] Step 5: Seiect Execute from the sub-menu. The waveform is inverted
vertically with the specified conditions. Figure 4A-36 shows an example
of the waveform before and after it is inverted vertically.

Before

Figure 4A-36: Vertically Inverted Display

[J step 6: Select Go Back from the current sub-menu. The display returns
from the Invert... sub-menu to the side menu.
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Clip Function

cHp... Use Clip... to clip (remove) any waveform data between the vertical bar

cursors that is above or below the set level. The following diagram shows
the menu configuration for the Clip... item.

e Cli - Upper
% Clip—{__ Lower
Operation (More 2 of 3) — Clip... Level
E Go Back
Execule
Procedure

] Step 1: Move the left and right vertical bar cursors to define the editing
area for clipping, then select Clip... from the second page of the side

menu (More 2 of 3). A horizontal (broken) line showing the clip level will
appear.

[[] step 2: Press the Clip button in the sub-menu to select Upper or Lower.

The Clip sub-menu item selects the area of the waveform data between
the vertical bar cursors to be clipped. Either the area above the clip level
(Upper) or below the clip level (Lower) can be selected.

[[] step 3: Select Level from the sub-menu.

I:I Step 4: Use the numeric keys or the general purpose knob to ihput the
clip level, o

[] step 5: Select Execute from the sub-menu. The waveform is clipped

with the specified conditions. Figure 4A-37 shows the waveform clipped
above 0.3.

[Timaaasaad "I R
Lo prs alie § A e
i .82 '

Before After

Figure 4A-37: Display of Waveform Clipped Above Clip Level
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[:] Step 6: Seiect Go Back from the sub-menu. The display returns from
the CHp... sub-menu 1o the side menu.

Setting a Marker

varke The Marker... item is used to set the marker signat (shown at the bottom of
" the screen) for the section of the waveform between the vertical bar cursors.
This sighal may be set to high, low or pattern. The following diagram shows
the menu configuration for the Marker... item.
___ Import Line Data /
Clear Pattern
Set High - Key Data ——{ 1Bl
Set Low y — 4Bits
Operation (More 3 of 3) ——s Marker...—— Go Back 0
— Initial Sre—[ 4
L Set Pattern — U f Jr o N
_ User defined o -
Code Config... | initial Codw]:m 1
L - High/Low
Out /O] - Invert/Keep
- Cancel
- QK.
NOTE

When a new waveform file is created, the marker signal for the first
point of the waveform data is set to high as a default value.

The output level for the marker signal is set using Marker Level in the
SETUP menu. With 50Q termination, the high level can be set between 2.0
and -1.9 V. while the low level can be set between 1.9 and -2.0 V. The mark-
er signals are output from the CH1 MARKER 1 and CH1 MARKER 2 con-
nectors on the front panel.

Procedure

[] Step 1: Move the left and right vertical bar cursors 1o define the area for
marker setting, then select Marker... from the third page of the side
menu {More 3 of 3).

[J step 2: Press Marker in the side menu and select which marker signal
is to be set (MARKER 1 or MARKER 2).

D Step 3: Press the sub-menu Set High or Set Low button to set the
desired marker state. Figure 4A-38 shows marker signal set high be-
tween the vertical bar cursors.

Set High — The marker signal for the section of the waveform between
the vertical bar cursors will be set to High.

AWG 2040 User Manual 4A-59



EDIT Menu

Set Low — The marker signal for the section of the waveform between
the vertical bar cursors will be set to Low.

Before

After

Figure 4A-38: Marker Signal Set High

] step 4: Select Go Back from the sub-menu. The display returns from
the Marker... sub-menu fo the side menu.

Setting a Marker Pattern

In this example, you will set a pattern for the marker and then create a
marker signal with that pattern used as the period. Marker patterns are set
with the Set Pattern item.

Procedure

] step 1: Move the left and right vertical bar cursors to define the area for
setting a marker pattern, then select Marker... from the third page of the
side menu {More 3 of 3).

D Step 2: Press Marker in the sub-menu and select which marker signal
is to be set (MARKER 1 or MARKER 2).

[ step 3: Select Set Pattern from the sub-menu. The sub-menu for this
item will appear.

] step 4: Using the numeric keys, enter the data for the marker pattern.
Data can be entered in either 1-bit or 4-bit increments.

Key Data — Pressing this button toggles the increment setting from 1
Bit to 4 Bits and back again.
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Import Line Data/Clear Pattern — Pressing the Import Line Data
button imports the marker data for the designated editor as pattern data.
When this is done, the menu item will change to Clear Pattern. This
command is used to delete ail of the pattern data that has been im-
ported or created. When the Clear Pattern button is pressed to delete
the pattern data, the menu item changes back to Import Line Data.

User defined Code Config... — Used to define a custom conversion
table for code conversion.

For detailed instructions on pattern setting, see "Setting Pattern Data” in
the timing display in this section as well as "Pattern Codes” in
Appendix D.

Figure 4A-39 shows an example of pattern data being entered.

Pattern length ;. &
Podnt/Step o 1
@rursor Position . 1§

& i i 30

00 Ry 3

1 : other Numeric Key a*%g‘?z{
I {12
iR1~PHASEL 1.2}
214 {120

SLRTOR
o Touygis Carsor

Enjer Pattern and Press QK.

Figure 4A-39: Entering Pattern Data

[} step 5: When you have finished creating the pattern data, select O.K.

The marker data between the left and right vertical bar cursors will be
replaced with the pattern data that you have created. To cancel the
operation, select Cancel. Whichever option you select 0O.K. or Cancel,
the menu that was displayed before Set Pattern was selected will reap-
pear.

Step 6: Select Go Back from the sub-menu. The display returns from
the Marker... sub-menu to the side menu.

AWG2040 User Manual
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msert
Othar
Waveform

inserting Other Waveforms

Use Insert Other Waveform to insert other waveforms into any desired
location within the waveform being edited. The following diagram shows the
menu configuration.

Show Catalog » Continue
Operation (More 3 of 3) —— fﬂS&‘fT ther‘ﬁt Entry
Waveform Cancs!

1 Y

Procedure
[] step 1: Press the CURSOR button on the front panel.

EI Step 2: Use the general purpose knob to move the active vertical bar
cursor to the position where the other waveform is to be inserted.

Figure 4A-40: Defining the Location for insertion

The other waveform is inserted right before the active vertical bar cursor.
However, when the cursor is at the end of the waveform, the data is
inserted directly after the cursor.

E:] Step 3: After setting the position to insert the other waveform, select
Insert Other Waveform from the side menu. A list of waveform files is
displayed.

Data placed into the paste buffer with Cut or Copy is listed at the top of
the file list with the name "Paste Buffer.” The data in the paste buffer
can be inserted into any desired location by selecting this item.
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] Step 4: Use the general purpose knob to select the waveform file to be

inserted from the file list.

9

Vaste Gulfer
Wavelormi
M LWrd
B2.WFM
RAMP Wi M
SHMPLE- WM
ﬁﬁ&%?ii—%’?ﬁ
WHa
TEWHCLE WM

Seject the waveform for inserting.

Figure 4A-41: List of Files for Insertion

[] step 5: Select the Show Catalog Entry from the sub-menu. The wave-

form for the selected file is

displayed.

e

SHEE. WM

256 Polnlg

Figure 4A-42: File Waveform Display
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[] step 6: Select O.K. from the sub-menu.

The waveform from the selected file is inserted right before the active
vertical bar cursor. Select Cancel to cancel the waveform insertion.
When O.K. or Cancel is selected, the display returns to the menu dis-
played before Insert Other Waveform was seiected.

sk S ash R 1273
12858 pts e lue§ 8679
1.6078 :
f'r\\
I

HARKER 6}

MARKERZ B
¥

:.'Figure 4A-43: Inserting Waveforms
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Single Waveform Calculations

o The Singte Waveform Math... item allows you to perform mathematical
Math... calculations for the waveform itself. Calculations are applied to the portion of
the waveform between the verlical bar cursors.
a  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 Norrnalizes the amplitude between —1.0 and +1.0.

m Integral integrates the amplitude

= Differential Differentiates the amplitude

The following diagram shows the menu configuration for the Single Wave-
form Math... item.

— Absoiute
Square
o Cube
U Type Square Root
Single Waveform. ?f,?ég;’,’m
Math... Go Back Differential

E Execute

Operation (More 3 of 3} ——»

Procedure

To derive the Absolute value for the amplitude of a sine wave between the
vertical bar cursors:

(] step 1: Create the sine wave to be subjected to Absolute operation.
Figure 4A-44 shows the sine wave before calculations are performed.

Ctrzadaasai Li
L4 e
1. 6674

Figure 4A-44: Waveform Example before Calculation
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[[] step 2: Press the CURSOR button on the front panel.

[] step 3: Using the general purpose knob, move the left and right vertical
bar cursors to define the area for calcutation.

[7] step 4: Select Single Waveform Math... from the third page of the side
menu (More 3 of 3).

D Step 5: Press the Type button in the sub-menu and select Absolute.

[ step 6: Select Execute from the sub-menu. The absolute value will be
derived for the section of the waveform between the vertical bar cursors,
Figure 4A-45 shows the waveform after calculation.

PR A i“_“f_"i:‘?ﬁg
Vit 5, 0606 il 94157

Figure 4A-45: Absolute Calculation

[7] step 7: Select Go Back from the sub-menu. The display returns from
the Single Waveform Math... sub-menu to the side menu.
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The foliowing diagrams show examples of a waveform before and after
various calculations are performed.

Sqguare — Doubles the absolute value for the amplitude

‘:..;.xﬁu.;... i pEE
s A o
. {1 :
A N
1 Pt \ o
\ s N
! iy j EL { |
1 [ f L H i
{ [ ! 3 5 ![
% P ;
| VoY 4
o [ A
L/ Vo i
Ei f \w’ \V ‘i'\ ff
-1 v <
HARERT
Before After

Figure 4A-46: Square Caiculation

Cube — Triples the amplitude

Before

After
Figure 4A-47: Cube Calculation
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Square Root — Determines the square root for the absolute value of the
amplitude

Lomed s
1. 58703

Eefore After

Figure 4A-48: Square Root Calculation

Normalize — Normalizes the amplitude

Before After

Figure 4A-49: Mormalize Calculation
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Integral — Integrating the amplitude

TVenRiEans

B s
1.8

Before After

Figure 4A-50: integral Caiculation

Differential — Differentiating the amplitude

{vdaanazas
.0 pis S
Ry

After

Before

Figure 4A-51: Differential Calculation
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Dual
wavefarm
REakhy..

Calculations With Other Waveform Data

Use Dual Waveform Math... to perform math operations with the waveform
currently being edited and other waveform data. The following calcutations
can be performed:

B Add Adds the waveform data being edited and the othe
waveform file data.

€2 Sub Subtracts the other waveform file data from the
waveform data being edited.

& AMul Multiplies the waveform file data being edited by

the other waveform file data.

The region pushed out beyond the vertica! axis full scale by the calculations
is clipped.

The following diagram shows the menu configuration for the Dual Wave-
form Math... item.

Add
Sub
Operation {More 3 0f 3) ——w Dual Waveform Math... Mul
Cancel
Show Catalog Entry

Procedure

[J step 1: Create the waveform to be operated on with the other waveform
file data. Figure 4A-52 shows the example of waveform before the ar:th-
metic operations,

REETTEECE T L (1 B f[irE]
‘ 2 lue-2, 8070

MARKERT 1

MARKERZ 1

Figure 4A-52: Example of Waveform Before Arithmetic Operations

[] step 2: Press the CURSOR button on the front panel.

4A-70



ERIT Menu

{7] step 3: Using the general purpose knob, move the vertical bar cursors
to define the area for calculation.

[:] Step 4: Select Dual Waveform Math... from the third page of the side
menu (More 3 of 3).

[] step 5: Alist of files will be displayed on the screen. Using the general
purpose knob, select the file for which the calculations will be per-
formed. Calculations wili be executed for both the section of the wave-
form data being edited between the vertical bar cursors and the
selected waveform file.

Sefect the wavelform for math.

Q@ Faste fulfer
Wavelsrmi
(IR

M1l
RAMP Wi
SEMPLE-1.WIM
SAMPLE-ZWEHM
SIRE. WM
SOBARE WEM
TRIGRSEE WM

Figure 4A-53: List of Fites for Waveform Calculation

[T] step 6: Select Show Catalog Entry from the sub-menu. The waveform
for the selected file is displayed. See Figure 4A-54.

METH WM

TG4 Paims

Figure 4A-54: Selected File Waveform Display
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] step 7: After verifying the waveform, seiect Continue from the sub-

menu. The waveform will disappear and the system returns to previous
Dual Waveform Math... sub-menu.

[ step 8: Seiect the desired calculation type from the sub-menu. The
moment a calculation type is selected, the calculation is carried out and
the resuits are displayed on the CRT screen. The display returns to the
menu on display before Dual Waveform Math... was selected. Fig-

ure 4A-55 displays the waveforms added (Add) between the vertical bar
cursors.

B REETTETT R
L lezdpts
3,9@?95

10823
@ ie-5. 6551

MARKER' 1

MARKERZ.

Figure 4A-55: Waveform Addition Display

It you select Cancel, the menu returns to the menu on display before

Dual Waveform Math... was selected without any calculations being
made.

Data placed into the paste buffer with Cut or Copy is listed at the top of the
file list with the name "Paste Buffer.” When this item is selected, an opera-
tion is carried out with the data in the paste buffer.
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Specified Region Shift

Region The Region Shift... item shifts a user-specified region of a waveform in one
Shft... of the following ways.
B Right or left
a  Expand (out from the center)
®  Compress (in toward the center)
If the specified amount of the shift is less than the sampling interval, the
original waveform is resampled using data interpolation to derive the shifted
values. The Region Shift... item has the following menu configuration.
i Right
. i Left
Type tw Expand
- Compress
. , Linear
- Shiff Scale Value — Inferpolation --—{: Quadratic
Operation ( More 4 of 4 ) — Region Shiff... — —
P ( ) g — Data Value —— Add
. L FAeplace
-— Config... Exclude
L. Cursor Point———[ Include
—  Go Back — Go Back
L. Execute — Smooth +{~ Points
Table 4A-3 lists the differences between the Specified Region Shift function
and the Shift function described on page 4A-51.
Table 4A-3: Differences Between the Shift Operations
ltem Shift Region Shift
Area affected Rotates the area inside the range delim- Shifts the area inside the range delim-
ited by the cursors ited by the cursors to a different area

Shift amount

Data point spacing

Amounts less than the data point
spacing

Interpotation at inter-
section

None

interpolation performed

Data changed by manipulations performed from the Region Shift... menu
can be restored to the prior state (for-one operation only) using the Undo
item on the bottom menu. If the result of the operation was not what was
intended, use the Undo function to restore the original data. You can obtain
optimal settings for shift parameters using the Undo function. if the new shift
parameters do not produce the desired results, use Undo to cancel the
operation. Then enter new shift parameters and use Undo fo cancel each
operation until you achieve the desired results.

AWG2040 User Manual
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Shift Type Selection

There are four types of specified region shifts. The Type item selects which
shift operation will be performed. Right or Left shifts the selected region to
the right or left, respectively. Expand moves the data out from the center.
Compress moves the data toward the center.

Type Right or Left — Shiits the area delimited by the left and right vertical bar
cursors the amount specified by the Shift Scale Value item. When the shift
type is Right the data shifts to the right; when Left the data shifts left. In the
example of Figure 4A-56 the shift type is Right. The originai data shifts to the
right by one sampling point (Data Shifted to Right by 1). The maximumn value
that you can specify for a right or left shift is the number of waveform data
points. If a section of data is shifted beyond the maximum number of data
points, the data contained in that section is lost after the shift.

e Sampling Point ®  Sampling Point

677 2 3 4567 8 930 f1 12 61 2 3 4 56 7 8 67577 12

Original Data Data Shifted to Right by 1
Figure 4A-56: Data Shifted Using the "Right” ltem

Expand or Compress — The area delimited by the left and right vertical bar
cursors is divided into two adjacent regions located between the cursors.
For the Compress shift type, the two regions shift toward the center point.
For the Expand shift type, the two regions shift away from the center. The
Shift Scale Value item determines the amount of shift for the Compress
and Expand operations. In the example of Figure 4A-57 the shift type is
Coempress. The original data (left side of figure) is compressed as shown by
the right example (Data Compressed by 1).

&  Sampling Point ¢ Sampling Point

6T 2 34 8 6 78 510 0T 12 01 273 4 5 6 7 68 9101 12

Original Data Data Compressed by 1

Figure 4A-57: Data Compressed Using the "Compress” item
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The Shift Values For Selecting Expand or Compress

Expand — The maximum vaiue that you can specify for a shift is the number
of waveform data points. If a section of data is shifted beyond the maximum
number of data points, the data contained in that section is lost after the
shift,

Compress — The value of the shift must be less than one-half the size of
the area surrounded by the left and right vertical bar cursors. If the Data
Value item (described on page 4A-78) is set to Replace, the section that
exceeds the position of one-half the region is ost after the shift.

Shift Scale Value
Shift

Scale Va hue When shifting waveform data, it is possible to specify a Shift Scale Value

with a precision that exceeds that of the sampling points. In the AWG2040
arbitrary waveform generator, values may be specified with a resolution as
fine as /4000 point. However, it is not always possible to realize a shift of that
precision due to the form of the waveform itself. Changes in the lowest digit
of the shift value will not be reflected in the output unless the amplitude of
the original waveform spans the full scale of the data representation.

NOTE

Since data vaiues between the data points are calculated by
interpolation when shifting by a fractional value, certain character-
istics of the original waveform may be fost. Therefore, a filter must
be inserted to prevent aliasing.

I the changes in the waveform are extremely smooth, fractional
shift armounts may not result in the intended effect.

Procedure

[[] step 1: Specify the region to be shifted with the left and right vertical
bar cursors, and select the Region Shift... item on the fourth page of
the side menu (More 4 of 4).

D Step 2: Select the shift type by pressing the sub menu Type button.
[[] step 3: Select Shift Scale Value from the sub menu.

Step 4: Enter the shift amount using either the general purpose knob or
the numeric keys. The shift value can also be displayed as a time value.

7] step 5: If other settings related to the shift need to be specified, select
the Config... item from the sub menu. See the "Other Shifi Settings”
item on page 4A-76 for more information.

[] step 6: Select Execute from the sub menu. The waveform in the edit
region will be shifted with the specified conditions.
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Config...

Interpatation

Other Shift Settings
The following parameters can be set from the Config... item,

Interpolation Selecting the interpolation method

Data Value Handling of overlapping regions in the shift result

Cursor Point Interpolation of the data on the cursors

Smooth +/— Points Setting the smoothing width at the data boundary
positions

interpolation

The data is resampled when shifting by fractional amounts. Data values
between data points are acquired by interpolation. The interpolation item
selects the interpolation method used. The following options are provided.

m  Linear interpolation is appropriate if the original waveform consists of
straight lines, such as triangle or square waves. However, the peaks in
waveforms with extremely sharp peaks may be slightly flattened.

®  Quadratic interpolation is appropriate for waveforms with curves, such
as sine waves. However, in waveforms with extremely sharp peaks,
some peaks may become wider.

Linear Interpolation — Figure 4A-58 provides an example of linear interpola-
tion. If the point X, is shifted to the left by 0.2, the new value is calculated by
interpolating with the next point to the ieft.

17 TR S R
-
Yaboorvomm ey 4
-
-~
Y Y/
LR .
<
X1 X2 Xz X3

Figure 4A-58: Linear Interpolation

If the coordinate of the shifted point is X, ', then the vaiue of point Y, ' is given
by the following formula.

Y’E = 0.2 X Y] “”*’“(} “"0.2))( Yz
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Quadratic Interpolation — Figure 4A-59 provides an example of quadratic
interpolation. If point X, is shifted o the left by 0.2, the new vaiue is calcu-
lated by interpolation using three points: the shifted point, the point preced-
ing the shifted point, and the point following the shifted point.

5(1 Xz' Xz Xz

Figure 4A-59: Quadratic Interpotation

Quadratic interpolation is expressed as follows.
Fflxy= A £+ Bx + C

The coefficients A, B, and C in the above formula are derived using the three
points including those directly preceding and following the position to be
derived. T '

v, = Ax; + Bx, + C
Ax} + Bx, + C
Axj + Bxy + C

N
I

1

Y3
Simplifying by letting x; = —1, X = 0, x3 = 1, gives:

Y2 C

I

i

This aliows the coefficients A, B, and C to be derived as follows:

v +y
A=_1._2_.__2'....,.y2
_ Y3 ¥y
B="5
C=y

Using these values, the value y," at position %’ can be derived as follows.

. + —
vo= BT -y x (- 022 + B X (- 02) + 3

AWG2040 User Manuai

4A-77



EDIT Menu

Add
Replace

Exclude
Include

Data value ‘

CLr50f POint

Data Value
This item selects how overlapping regions in the shift result are handled.
®  Add — Adds the shifted data and the overlapping data.

B Replace — Replaces the region with the shifted data. When Type is
Compress, the data for poinis shifted beyond the center are lost.

Cursor Point

This itern selects whether the data boundary points are interpolated. The
selections are Exclude and Inciude.

When the Cursor Point is Exclude, the points on the left and right vertical
bar cursors are not interpolated. Figure 4A-80 shows how the original data
will appear when Exclude is selected following a shitt to the right. In this
example, the first and last data points remain at their original values. You
can minimize this error by inserting an appropriate anti-aliasing filter.

Qriginal Data Data Shifted to Right by 0.5

Figure 4A-60: Shift with "Cursor Point” Set to "Exclude”

Snooth
+/- Points

When the Cursor Point is Include, the points on the left and right vertical
har 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 within the range 0 through 20.

Smoothing is performed on a specified region without regard for the shift.
The smoothing technique used takes the average of the point itself and the
two adjacent points {three points) as the new value of the point. Smoothing
is performed over regions centered on the end points of the pre-shift region
and the post-shift region, respectively, and is extended in both directions by
the smoaothing points.
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Figure 4A-61 shows an example of smoothing. The original data appears on
the teft and the smoothed data is on the right.

Before Smoothing After Smoothing

Figure 4A-61: Smoothing

NOTE

Since smoothing is equivalent to low pass filtering, features of the
original waveform can be lost resulting in significant changes to the
waveform. To acquire appropriate output waveforms, experiment
with a variety of values for the Smooth -+/— Poinis parameter.

Side Effects from Shifting

The left side of Figure 4A-62 shows data before shifting. The right side of the
figure shows the result of shifting the data between the cursors {solid vertical
lines) by 0.5 units to the right. in the exampie of Figure 4A-62, the data
location must be determined 0.5 units to the left of each point in order to
achieve the 0.5 unit shift to the right. Linear interpolation is used in this
example to determine the data location.

RN

a
)
.
&
[
iee-

Original Data Data Shifted to Right by 0.5
Figure 4A-62: Data Shifting
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When the resulting data is output through an appropriate filter, the waveform
will be shifted to the right by 0.5 units. After the shift operation is completed,
the data point at the position of the left cursor is lowered. This is a side effec
of the interpolation process. Foliowing are several ways that you can preven
this data lowering phenomenon.

® [ncrease the size of the area
8 Set the Cursor Point setting to Exclude

" Apply smoothing (there are waveforms for which smoothing may not be
effective)

Increasing the Size of the Area

Data that is identical across the operation can be acquired by increasing the
size of the area (Figure 4A-63). Smooth data is acquired when this area is
shifted, as shown by the right example of Figure 4A-63.

N MBI

e

SIS RSSO SRR SN

. T T e T .

DR BRI AR :

TR B R R -

t«lf-jﬁ-cii.’u'w;v{'v ; i

Originzal Data ‘ Data Shifted by 0.5 to Right

Figure 4A-63: Increasing the Size of the Area

The smooth data results when using linear interpolation because the value
of the data does not change when interpolating between points with the
same value. An unchanged data value is the same as not performing a shift.
However, you can minimize this error by inserting an appropriate anti-alias-
ing filter.

4A-80



EDIT Menu

Multiple Copy
?::a;utipie The Multiple Copy... item appears in the menu when two or more wave-
P forms are being edited simultaneously. It is used to copy the section of the

waveform between the fwo vertical bar cursors in one editing area o the
waveform between the vertical bar cursors in another editing area, at the
interval specified with Interval. The following diagram shows the menu
configuration for the Multiple Copy... item.

Operation (More 4 of 4) ——= Multiple Copy...——__ =, Back
Execute

See "Opening and Selecting Editing Areas” on page 4A-16 for further fri-
formation on designating muttiple editing areas.

Procedure

In this example, we will copy the waveform between the vertical bar cursors
in editing area 1 to editing area 2. We will start from the point at which only
one waveform has been designated in the waveform editor.

To designate a second waveform in the waveform editor:
[] step 1: Choose Select/Open from the bottom‘menu.
[[] step 2: Select Another Waveform from the side menu.

[ ] step 3: Using the general purpose knob, select New Waveform from
the waveform list and then select O.K. A second editing area will appear,
as shown in Figure 4A-64.
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Figure 4A-64: Two Waveform Editing Areas Designated

To select the area for waveform copying:

[ step 4: Select Waveform1 from the side menu to designate this wave-
form area as the source for copying.

[T} step 5: Press the CURSOR button on the front panel.

[____I Step 6: Using the numeric keys or the general purpose knob, move the
vertical bar cursors to designate the section of the waveform to be
copied. In this example, we will set the left cursor to point 256 and the
right cursor o point 767.

NOTE

Copying will include the point at which the cursor is located, The
value indicated by A at the top of the waveform area indicates the
difference of number of points between the two cursors, so the
number of points that will be copied will be this value plus one
point.
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Figure 4A-65: Setting the Copy Source

Setting the Destination for Waveform Copying

[[] step 7: Select Waveform2 from the side menu to designate this area as
the destination for copying (the area to which the waveform will be
copied).

[ step 8: Press the CURSOR button on the front panel.

I:] Step 9: Using the numeric keys or the general purpose knob, move the
vertical bar cursors to set the area within which the waveform will be
copied. In this example, we will set the left cursor to point 0 and the right
cursor fo point 1023,
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Figure 4A-66: Setting the Copy Destination

To copy the waveform; .- . |
D Step 10: Select Operation from the bottom menu.

D Step 11: Select Multiple Copy... from the fourth page of the side menu
(More 4 of 4).

When three waveform areas have been designated in the waveform
editor, select one of the remaining two editing areas as the source for
waveform copying with Source item in the sub-menu.

Step 12: Select Interval from the sub-menu.

0

Step 13: Using the numeric keys, set the interval value to 512 points.

When copying the section of a waveform between the vertical bar cur-
sors in one editing area to the area between the vertical bar cursaors in
another editing area, the Interval value determines the interval at which
the wavetorm will be repeated horizoentally (in points).

[[] step 14: Select Execute from the sub-menu.

If the number of points in the waveform between the vertical bar cursors in
the copy source is the same as the value set for Interval, the copied wave-
form will be displayed repeating at the interval designated with Interval. In
the example shown in Figure 4A-67, both the waveform point size and the

Interval value are set to 512,
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Figure 4A-67: Waveform Copying
(number of points in waveform = Interval vaiue)

If the number of points in the waveform between the vertical bar cursors in
the copy source is less than the value set for Interval, data at level 0 (in
other words, a straight line) wili be added at the end of the waveform. Fig-
ure 4A-68 shows an example in which the waveform point size has been set
to 512 and the Intervai has been set to 640. Data at level 0 has been added
from point 512 to point 639; the next waveform begins from point 640.
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1 T 1
512 640 1023

o T

Figure 4A-68: 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 set for Interval, the overlapping ™ -
portion will be added to the waveform. Figure 4A-69 shows an exampie in
which the waveform point size has been set to 512 and the interval value
has been set to 384. The copied waveform will be pasted at intervals of 384,
starting from points 0, 384 and 768 and so the waveform will overlap in
phase between points 384 ~ 511 and 768 — 895. As a result, the amplitude
in these areas will be doubled.
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Figure 4A-69: Waveform Copying
(number of points in waveform > Interval value)

[ ] Step 15: Select Go Back from the current sub-menu. The display
moves from the Multiple Copy... sub-menu to the side menu.
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Corvolsa, |

Convolution Calculations

The Convelute... 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 resutlt is normalized. The
following diagram shows the menu configuration for the Convolute... item.

i Source
i Operation {More 4 of 4} ~+ Convolute.., — Go Back
Execute

See "Opening and Selecting Editing Areas” on page 4A-16 for further in-
formation on designating muitiple editing areas.

On a discrete system, convolution is called discrete convolution. The con-
volution y(n} of waveform x(n) and waveform h(i} can be expressed by the
following formula, where N is the number of data items:

y () = > x (Hhn-i)
1=0

The operation expressed by this formula is called convolution.
Procedure o

With the waveform between the vertical bar cursors in editing area 1 as the
Source, in this example we will perform convolution between this waveform
and the one in editing area 2. In this example, a Gaussian pulse of 256
points is used for Waveform1, while a magnetic disc waveform of 512 points
is used for Waveform2. The procedure begins from the point where both
waveforms have been designated for the editing area. The Gaussian pulse
waveform is included on the sample waveform library disk that came with
the instrument,

Setting the convolution range

[[] step 1: Select Select/Open from the bottom menu.
[] step 2: Select Waveform1 from the side menu.

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

"1 step 4: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors 1o 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 255,
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] step 5: Select Waveform2 from the side menu.
] Step 6: Select Setting from the bottom menu.

[] step 7: Select Waveform Points from the side menu and, using the

numeric keys or the general purpose knob, set the waveform point size
to 768.

512 points is sufficient for the range of calculation for Waveform2; in
order 1o display all of the results of calculation, the Waveform2 editing
area {(where the results will be displayed) must be enlarged. The area
needed is the sum of the point sizes for the two waveforms.

[0 step 8: Press the CURSOR button on the front panel.

[7] step9: 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. Figure 4A-70 shows the two
editing areas with the vertical bar cursors in each area marking the
section of the waveform o be used for convolution.

TEARSETUTTTTTTTTE T ASS W Pt
256 pt . : : 6485

768 pts Value 0,000

i i

i 5.6000

Figure 4A-70: Setting the Area for Convolution
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Menu

Calculating the waveforms
[T step 10: Select Operation from the bottom menu.

] Step 11: Select Convolute... from the fourth page of the side menu

(More 4 of 4).

When three waveform areas have been designated in the waveform
editor, select one of the other two editing areas as the source for wave-
form convolution with Source item in the sub-menu.

[[] step 12: Select Execute from the sub-menu. Figure 4A-71 shows the

screen before and after convolution.

In this example, the results of calculation will be displayed between the
left and right vertical bar cursors in editing area 2 (the one enclosed bya
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 1024 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.

Y

ARI
I
FER VI

~f.0 -1 e
s IO S W ¥ o SO0 s YOO e Ty SISO FRRRERT S L L ST P T ]
HARK r“"mz"—-""LL e PR R e

Before After

Figure 4A-71: Convolution

C] Step 13: Select Go Back from the current sub-menu. The display

moves from the Convolute... sub-menu to the side menu.
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compare...

Comparing Waveforms

The Compare... item appears when two or more waveforms are being
aedited simultaneously. It is used to compare the section of the waveform
between the two veriical bar cursors in one editing area to the waveform
between the vertical bar cursors in another editing area. The following
diagram shows the menu configuration for the Compare... item.

Operation (More 4 of 4) —= Compare...

—  Source
Hysteresis DATA
Set Result to MARKER {1
Go Back = MARKER 2
— Execute

See "Opening and Selecting Editing Areas” on page 4A-16 for more detailed
information regarding how to designate muiltiple editing areas.

Depending on whether the result of comparison is displayed in the editing
area or in the MARKER area (as determined by the Set Result to item), the

results are displayed as follows:

DATA selected in Set Result to

Comparison (data value)

Result (waveform level)

Destination > Source

1.000 (FFE in hexadecimal format)

Destination e Source

0.000 (7FF in hexadecimal format)

‘MARKER selected in Set Resuit to

Comparison (data value) Result (MARKER)
Destination > Source i
Destination ¢ Source 0

Procedure

in this example, we will designate the portion of the waveform between the
vertical bar cursors in editing area 1 as the reference (Source) and then
compare it with the waveform between the vertical bar cursors in editing
area 2. The procedure begins from the point at which two waveforms have

been selected in the waveform editor,

Designating the Section for Comparison

[J step 1: Select Select/Open from the botiom menu.

[] step 2: Select Waveform1 from the side menu. This waveform will be

the reference for comparison.

[7] step 3: Press the CURSOR button on the front panel.
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[:] Step 4: Using the numeric keys or the general purpose knab, set the

L]

O
O

[
O

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 128 and the right cursor to point 639.

NOTE

The value indicated by A shows the difference in points between
the left and right vertical bar cursors. This value includes the point
occupied by the cursor, so the number of points in the waveform is
A+ 1.

Step 5: Select Waveform?2 from the side menu. This wavetorm will be
compared to the reference waveform.

Step 6: Press ‘zhé CURSOR button on the front panel.

Step 7: Using the numeric keys or the general purpose knob, set the
positions of the left and right vertical bar cursors to define the section of
the wavetorm for comparison. In this example, we will set the left cursor
to point 128 and the right cursor to point 895.

Step 8: Select Operation from the bottom menu.

Step 9: Select Compare... from the fourth page of the side menu (More
4 of 4). Figure 4A-72'shows the menu with the Compare... item
selected.

When three waveform areas have been designated in the waveform
editor, select one of the remaining two editing areas as the source for
waveform comparison with Source item in the sub-menu.
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Figure 4A-72: Menu Display When Compare... is Selected

D Step 10: Select Set Result to from the sub—ng_enu =.a_r_;d keap pressing

this button until MARKER is selected.

This item is used to select where the resutts of comparison will be dis-
played. c

[} step 11: 1 you would fike to apply hysteresis to the reference wave-

form, select Hysteresis and enter a value. If hysteresis is not necessary,
this ifem should be setto 0.

Hysteresis comparison uses a higher and lower signal levei than the
Source signal level; the degree is determined by the value set with the
Hysteresis item.

[[] step 12: Select Execute from the sub-menu.

Comparison Without Hysteresis

The teft part of Figure 4A-73 shows a comparison of a triangular wave
for Waveform2 and a square wave for Waveform1, with the results
output to the Waveform2 MARKER display area. The figure on the right
has been provided as an aid to understanding this process.

Comparison is only performed for the section of Waveform2 between
the vertica! bar cursors-{in other words, from point 128 to point 895).

Data outside this range is preserved as it was before comparison. The
figure on the right shows the default marker set at point 0 remains "1.”
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As there is less data in the Source waveform than the destination wave-
form, data at level O (in other words, a straight line) has been automati-
cally added from point 640 to point 895 in the Source waveform.

"""""""""""" Comparison Area

1;; s Qu Tﬁ i : TiE 5.4 a% Destination Waveform R

Source Waveform_bl !
Comparison Area

i
! .
.

L8 e VITE 9B

PAEIITTCT TN N .@

1.

2 15
E—

Figure 4A-73: Comparison Without Hysteresis

Comparison With Hysteresis

The left part of Figure 4A-74 shows a hysteresis comparison between a
triangular wave as Waveform2 and a square wave as Waveform1, with _
the results output to the MARKER display area in the Waveform?2 area.
The figure on the right has been provided as an aid to understanding
this process.

in hysteresis comparison, the waveform only becomes high leve! when
the destination waveform exceeds the level above the Source waveform
set for Hysteresis. The waveform only becomes low level when the
destination waveform exceeds the leve! below the Source waveform set
for Hysteresis.

Comparison is only performed for the section of the Waveform2 between
the vertical bar cursors (in this example, from point 0 to point 1023).
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Source signal level + Hysteresis value
¢

Source signal level — Hysteresis value

§
- ’b’ f,/\n — g Source signal level

Figure 4A-74: Comparison With Hysteresis

[] step 13: Select Go Back from the current sub-menu. The display
moves from the Compare... sub-menu to the side menu.
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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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Figure 4A-75: Zoom Menu

Horizontai Zooming
When the waveform is enlarged horizontally using the Horizontal Zoom in
ftern, three additional tems are displayed in the side menu:

Horizontal Zoom out  Used to reduce the waveform

n
# Horizontal Zoom fit
2 Horizontal Pan Used to scroll through the waveform when
it is entarged
Procedure

[[] step 1: Select Zoom from the bottomn menu.
[[] step 2: Press the CURSOR button on the front panel.
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E] Step 3: Using the general purpose knob, move the active vertical bar

cursor to the center of the position at which you want the waveform to
be displayed.

Horizontal waveform enlargement will be centered around the aclive
verlical bar cursor.

[[] step 4: Select Horizontal Zoom in from the side menu. The waveform

will be enlarged horizontally.
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Figure 4A-76: Horizontal Zoom

[[] step 5: Seiect Horizontal Zoom in again from the side menu.

The degree of enlargement will increase each time the button is
pressed. When the maximum enlargement is reached, the Horizontal
Zoom in item will be disappeared. The displayed inverted portion of the
hotizontal scroll indicator above the waveform editing area indicates
which section of the waveform is currently being displayed on the
screen,

[(] step 6: Select Horizontal Zoom out from the side menu.

The degree of enlargement will decrease each time the button is
pressed. When normal size (x1) is reached, the Horizontal Zoom out
item will be disappeared.

Step 7: Select the Horizontal Zoom in item once again to enlarge the
waveform.

Step 8: Select Horizontal Pan from the side menu.

This item enables you to scroll through the entire waveform by turning
the general purpose knob. The displayed inverted portion of the horizon-
tal scroll indicator above the waveform editing area indicates which
section of the waveform is currently being displayed on the screen.

AWG2040 User Manual
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‘Wertical
Zoom in

[:l Step 9: Tumn the general purpose knob and check to make sure the
waveform moves horizontally.

[[] Step 10: Select Horizontal Zoom fit from the side menu. The waveform
will revert to normal size (x1).

Vertical zooming

When the waveform is enlarged vertically with the Vertical 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,

except that enlargement and reduction occur with respect to the center of
the veriical axis.

Figure 4A-77 shows an example of a waveform before and after vertical
zooming.
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Figure 4A-77: Vertical Zoom
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Timing Display

To show the timing display for the waveform editor using the View type...
itern in the Setting menu:

Procedure
[[] Step 1: Select Setting from the bottom menu.
[] step 2: Select View type... from the side menu.

Thnree items wil be displayed in the sub-menu: Graphic, Timing and
Table.

[] step 3: Select Timing from the sub-menu.

The timing display of the waveform editor will appear. See Figure 4A-78.
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Figure 4A-78: Timing Display

[] step 4: Select Go Back from the sub-menu. The system moves to the
pravious Setting side menu.
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Timing Display Menu Structure

Figure 4A-79 shows the menu configuration for the timing display.

Bottom Menu Side Menu Sub-Menu
- Waveform1
Select/O e Waveformz 1
— Selec en .
P L Waveform3 ™!
— Another Waveform
— Cut
e GoOpy to Buffer
, — Paste from Buffe
Waveform Editor Line
I: Set High
— Set... l: Set Low
Set Pattern
Line
__ Shift.. r
L Valye
— Invert... Line
o Source
_ Copy Line... I
e 'Dy‘ - L—~Dézsl‘in:ﬁt."ort
— Operation

S ) Source
— Exchange Lme‘,.———«-—{:
Destination

Source
. Logical Functfon...‘—____E Destination
Func Type

— Data Expand... Factor

I Insert Other Waveform

| Shift Register — Line
Generator.. }— Register Config...
H
—— User defined
Code Config...
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Bottom Menu Side Menu Sub-Menu

— Horizonial Zoom in
| Horizontal Zoom out ¢
— Zoom L Horizontal Zoom fit @

L Horizontal Pan 2

— Waveform Points Graphic

-
B

—  View type...

Table

— Horiz.Unit
. Setting

- "3
Clock Waveformx

b Cursor Link ro.*.? Waveformxx
Link Off

e Grid
e U0
e PQttRIN

| Standard — Step
Waveform b Max ¥

L Min™

— Write and Close

b Close/Write wwwm————+— Close without Writing
— Write

Figure 4A-79: Waveform Editor Timing Display Menu Structure

*1  These items appear when two or more waveforms are being edited simuitaneously with
Anather Waveform in the side menu {under Select/Open in the bottom menu).

*2  These items appear when the displayed waveform data has been zoomed in the horizontal
direction with Horizontal Zoom in in the side menu (under Zoom in: the bottorn menus},

*3  This item appears when Time has béen selected for Horiz. Unit in the side menu {under
Setting in the bottom menu}.

*4 These items appear when Count Up or Count Down has been selected for Pattern in the
side menu {under Standard Waveform in the bottorn menu).
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Menu Functions

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

Table 4A-4: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 4A-16
Operation Editing waveform in timing dispiay 4A-107
Cut Cutting waveform 4A-45 | 4A-107
Copy to Buffer Copying waveform 4A-46 , 4A-107
Paste from Buffer Pasting waveform 4A-46 , 4A-107
Set... Setting waveform data 4A-107
Shift... Shifting waveform data 4A-119
Invert... Inverting waveform data 4A-120
Copy Line... Copying lines 4A-121
Exchange Line... Exchanging lines 4A-123
Logical Function... Applying legical operations o lines 4A-124
Data Expand... Expanding waveform data 4A-125
Insert Other Waveform Inserting other waveform data 4A-62 , 4A-126
Shift Register Generator... | Pseudo-random pulse generator using shift register 4A-126
Zoom Zooming displayed waveform data 4A-96 , 4A-131
Setting Settings for the waveform 10 be edited 4A-32 , 4A-104
Waveform Points... Setting waveform point count 4A-33
View type... Selecting the waveform data display format 4A-32
Horiz. Unit Setting horizontal axis units 4A-34
Clock Setting clock frequency 4A-35
Cursor Link to... Linking the vertical bar cursors 4A-36
Grid Dispiaying a grid in the editing area 4A-38
Undo Undoing the previous operation 4-2
Standard Waveform Creating standard waveform data 4A-104
Close/Write Saving files and exiting the editor 4A-21
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Timing Display Screen

Figure 4A-80 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 &
description of the graphic display.
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Figure 4A-80: Timing Display

(1) DATA7 - DATA O

This area shows the timing for each of the data lines (7 — 0). Dataline 7 is
the MSB. The number next to the line number (7 — 0) indicates the value of
state at the time or point where of the active vertical bar cursor is located.

(2) Marker

This area shows the timing for the marker. The number to the right of the
word "MARKER1” and "MARKER2” indicates the marker state at the time
or point where the active vertical bar cursor is located.

(3) Button Operations

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

Standard
Wwaveform

Pattern

TEER: Swilch Cursor

Pressing the CURSOR button toggles the active vertical bar cursor
between left and right.

SR Move Cursor

When the CURSOR button is pressed, the vertical bar cursor can be
moved.

Settings for the Waveform to be Edited

Before waveform data is created, you must use the Setting item in the side
menu o 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 {o create waveform data in the area between the desighated
vertical bar cursors,

The following diagram shows the menu configuration for the Standard
Waveform item. ‘

— Step
Count Up

—— Min
B — Step

Patten Count Down ——  Max
- Min
Gray Codg ——————— Step

Standard Waveform

Execute

Pattern Types

Use this item io select the waveform to be created. You can choose from the
following three pattern aptions:

& Count Up — Data is created sequentially, increasing from the initial
value designated with Min to the maximum value designated with Max.
When the maximum value is exceeded, the waveform will return to the
initial value and begin counting up again. In the example shown in
Figure 4A-81, the waveform point size is 1024, Step has been set to 2,
and the Min and Max values have been set to 0 and 255, respectively.
The pattern is repeated twice.
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Figure 4A-81: Count Up Pattern Disptay

The following parameters can be set.

Step — The number of points for each data item. This value can be set
o110,

Max — The maximum value for the data. This value-can be set any-
where between (Min value + 1) and 255. .

Min — The minimum value for the data. This value can be set anywhere
between 0 and (Max value — 1).

Count Down — Data is created sequentially, decreasing from the initial
value designated for Max to the minimum value designated for Min.
When the minimum value is exceeded, the vaiue returns to the maxi-
mum value and countdown begins again. The vaiues for Step, Max and
Min can be set in the same manner as with Count Up.

Gray Code — A data pattern is created in which the difference between
adjacent data is only 1 bit. When the 256 items of 8-bit data end, the
data repeats again from the beginning. in the example shown in Fig-
ure 4A-82, the waveform point size has been set to 1024 and Step has
been set to 2. The pattern is repeated twice. Only the Step parameter is
set for the Gray Code pattern option.
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Figure 4A-82: Gray Code Pattern Display

Example of Waveform Data Creation

In the following operation, you will replace the data between the vertical bar
cursors with a Count Up pattern, with the waveform point size set to 1024.

Procedure
[ step 1: Select Standard Waveform from the bottom menu.

[] Step 2: Press the CURSOR bution on the front panel. Using the general
purpose knob, move the left and right vertical bar cursors all the way to
the left and right, respectively, so the entire editing area is selected.

[[] step 3: Select Pattern from the side menu, then sefect Count Up by
turning the general purpose knob or pressing the Pattern bution in the
side menu.

[[] step 4: Select Step from the side menu. Using the numeric keys or the
general purpose knob, set the step 1o 2.

D Step 5: Select Max from the side menu. Using the numeric keys or the
general purpose knob, set the end point for the Count Up pattern to
255,

[7] step 6: Select Min from the side menu. Using the numeric keys or the
general purpose knob, set the starting point for the Count Up pattern
to 0.

[[] step 7: Select Execute from the side menu.

The data between the vertical bar cursors will be replaced by the Count
Up pattern that you have designated. Figure 4A-81 shows the Count Up
pattern created with the values used in this example.
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Operation

Cut

copy
to Buffer

Paste
from Buffer

Sut.

Editing Waveform in Timing Display
Use Operation to edit the waveform data in a variety of ways.

The side menu is made up of 3 pages. To get to the next page of the menu,
select More. The following fist shows the names and functions of the items
in the side menu.

® Cut Cuiting wavsform

& Copy to Buffer Copying waveform

®  Paste from Buffer Pasting waveform

x  Set.. Setting waveform data

w  Shift... Shifting waveform data

B invert.. Inverting waveform data

s Copy Line... Copying fines

m  Exchange Line... Exchanging lines

= Logical Function... Applying logical operations o lines
& Data Expand... Expanding waveform data

® Insert Other Waveform Inserting other waveform data

m  Shift Register Generator... Pseudo-random pulse generator

using shift register

Cut, Copy, and Paste Processing Function

Use.these functions cut, copy to the buffer, and paste to any other time or
point value within the waveform data area between the verticai bar cursors.
The functions for these items are the same as for the corresponding items in
waveform editor graphic display. See Pages 4A-45 to 4A-46.

Setting Waveform Data

Use Set... to designate data for each data line and marker in the editing
area between the designated vertical bar cursors. The following diagram
shows the menu configuration for the Set... item.

Operation { More 1 of 3 = Set.—— SetlLow

- Impot Line Data /
Clear Pattern
Line — 1 Bit

Set High — Key Data —{ oo

Go Back — initial Sre——{ ?

Set Pattern — )
. User defined Initial Ood%[ 2

Code Contfig... )
Out [VO] E High/Low

Invert/Keep
— Cancel

— QK.
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High
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Setting Data to High/Low

Use Set High and Set Low o set the data tines or marker in the area desig-
nated by the designated vertical bar cursors to either High or Low.

Procedure
[] step 1: Select Set... from the side menu displayed.
[] step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, mave the vertical bar cursors
to designate the area for the High or Low state.

[] Step 4: Select Line from the sub-menu. Using the general purpose
knob, select the data line (DATA 7 — DATA 0) or the marker (MARKER1
— MARKERZ2) that you want to set to High or Low.

D Step 5: Select Set High or Set Low to set the state between the vertical
bar cursors for the selected line.

Set High — Sets the state to High
Set Low — Sets the state to Low

Figure 4A-83 shows an example in which the state of the DATA 3 line
between the vertical bar cursors-has been set to Low.

T eernzrss L] 33-_}{’ AR S [t

value

DATA 1iF

DATA Bit
MARKER' 0

HARKER2 0

Figure 4A-83: Setling Waveform Data to High/Low

[} step 6: Select Go Back from the current sub-menu. The system moves
from the Set... sub-menu to the previous side menu.
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Setting Pattern Data

Set Use Set Pattern to designate pattern data for the part of a data line or
Pattern  marker between the designated vertical bar cursors. Figure 4A-84 shows the
pattern data menu that appears when you select Set Pattern from the
sub-menu.

Pattern Longlh
Point/Slen .

S asor Posibion ! 8
g 1 F f 1

il Key
1 o other Muneric key

B1-PHASEL1 25
mf {1:3% ¢
R Tagqle Cursor

Erber Patiern and Press (LK,

Figure 4A-84: 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 var;ety of bit
strings for the same pattern data by selecting Code in the menu.

Press the CURSOR button on the front panel to select the items needed for
setling the pattern data. The following items can be selected; use the gener-
al 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
select Cursor Posttion. A knob icon will appear to the left of the Cursor
Position area. The value next to "Cursor Position” in the menu indicates
the current position of the cursor.

Pattern bength o 88

@Lursor Position . 22
B |
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Key Data

t BIL
# Bits

Now you can use the numeric keys to enter the pattern data. Any value up
to 32,768 bits can be entered for pattern data. However, only 40 bits can be
displayed on the screen at one time; use the general purpose knob to scroll
through the rest of the data. The inverted display area in the Pattern Length
area indicates the portion of the pattern data currently being displayed on
the screen.

Pattern length indicates the length of the pattern data that has been en-
tered. This value will increase each time more pattern data is entered.

Changing the Data Bits

When entering pattern data, you can enter data either 1 bit at a time (for
each keystroke) or 4 bits at a time, depending on the setting for Key Data in
the side menu.

Key Data 1 Bit — When Key Data is set to 1 Bit, the 8 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 diagram shown
below, numeric key values of 0, 1, 0 and 1 have been entered in that order.

@ IBrsor Position ¢ 4
SN

07 key
11 other Numeric key

Key Data 4 Bits — When Key Data is set to 4 Bits, a hexadecimal number
(4-bit data) is entered each time one of the numeric keys is pressed. In the
diagram shown below, numeric key values of 0, 1 and 2 have been entered
in that order.

@Cursay Position ;
g | 39

6000 10" key

GO0T ;'Y key
8916 "X key
1110 F Key
1911 F Rey
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Point/Step

Point/Step is used to set how many points make up pattern data per bit.
The data per bit after Code conversion wiil be one item of pattern data. For
example, when NRZ is selected for Code and Point/Step is setto 2, each
pattern will consist of 2 points.

To set the point size for each item of pattern data, press the CURSOR
button on the front panel and then select Point/Step. A knob icon will ap-
pear to the left of the Point/Step area.

& PomtsStep o

Pattern Code

Code is used to select the coding system used when the pattern strings are
output. Depending on the designaied length of the area between the vertical
bar cursors, the code may be cut off in the middle. To select the code, use
the following procedure:

Procedure

[] step 1: Press the CURSOR button on the front panel and select Code.
A knob icon will appear in the upper lefi-hand corner of the Code area.

[[] step 2: Using the general purpose knob, select the desired code from
the choices listed. The following 8 code options are available:

NRZ

NRZI

RZ

MFM
Bi-PHASE
fr2f

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 D.

Clearing Pattern Data
B Clear Use Clear Pattern from the sub-menu to delete all of the pattern data that
: Pattern  yoy have created.
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Sample Pattern Data Setting

In the following example, pattern data (at DATA 3; Point/Step: 2, Code:
NRZI) will be created in the area between the vertical bar cursors.

Procedure
[ step 1: Select Set... from the side menu.
[] step 2: Press the CURSOR button on the front panel.

D Step 3: Using the general purpose knob, move the vertical bar cursors
to define the area in which the pattern will be set. In this example, we
will set the left vertical bar cursor to 256 and the right vertical bar cursor
to 767.

D Step 4: Select Line from the sub-menu. Turning the general purpose
knob, select DATA3 for which you want to set the pattern.

{_] Step 5: Select Set Pattern from the sub-menu.

[:] Step 6: Press the CURSOR button on the front panel to select Cursor
Position.

D Step 7: Press the Key Data button in the sub-menu to select 4 Bits.
[[] step 8: Press 1, 2 in that order.

@ Lursor Position ;. ¥
&l <ty

E] Step 9: Press the CURSOR button on the front panel to select Point/
Step.

D Step 10: Using the generai purpose knob, set Point/Step 1o 2.

> Point/Siep

[] step 11: Press the CURSOR button on the front panel to select Code.

[ step 12: Using the general purpose knob, select NRZI.

D Step 13: Select O.K. from the sub-menu. The pattern that you have set
in the preceding steps will appear between the vertical bar cursors. See
Figure 4A-85.
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i
7

1624 pts  Value 77w
CUTRATE R UTT

Baia 4

BatA ST

Bata 41

R T

Daia 23

pate 11

patle 071

BARKER fez

BARKERZ ﬁ]

Figure 4A-85: Setting Pattern Data

User defined Code Config...

user definer Jsers can define their own conversion tables for code conversion. This

ngg; function enables RLL codes, etc. 1o be freely defined. For sample codes, see
L "Pattern Codes” in Appendix D. Conversion tables defined with this menu
item are protected by the backup battery, so they are preserved even after
the power is turned off. To reset this item 1o the factory default (NRZ), select
Reset to Factory in the UTILITY menu.

Procedure

The following process is used to create a user—defined conversion iable.

[] step 1: Perform steps 1 through 5 of the sample process for defining
pattern data.

[[] Step 2: Select User defined Code Config... from the side menu. See
Figure 4A-86.
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GPIg Triggerad mode fwalting for Trigger

st bwen o E Pl &.. LT v ]

Source Data Paftern  Comverted Lode Operation

iitial Sre

initial Code

oai{1/9]

HHgh

B low | !
Out [1/4]
!w:zerit/iﬂez—m
it e : ‘ e i Go Back
g 8 40 Prov Brc is 8 6 8
[P 5! Prev Bre s [ T T
21 Prev Code is @ 61 Next Src is 8 20 Frev Code
3 Prev Code i5 1 70 dext Sro is ¢ 3 Frew SrC
& Move fursor  Eater:insert empty {ine
‘Selectg“m s 3 Standard (Coge/
Open zoom setting Unida ’Wavefform write |

Figure 4A-86: User defined Code Conversion Menu

Step 3: Define the codes as desired (see "Basic Operations” on the
following page).

Step 4: Select Go Back to return to the Set Pattern menu.

Step 5: Define the pattern data, using the same procedure as in steps 6
— 10 of the sample process for defining pattern data.

Step 6: Press the CURSOR button to select Code menu item. A knob
icon will appear in the upper left side of the code selection menu.

Step'7: Turn the general purpose knob 1o select user defined,

OO0 0O 00 O

Step 8: Press 0.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.

Basic Operations
Moving the Cursor

To move the cursor, turn the general purpose knob. The cursor can be
moved throughout the area where data has already been defined, plus one
more space. From the Source Data Pattern itemn, the cursor moves to the
Converted Code item. When the cursor reaches the last data item, it will
return to the beginning. The cursor can also be moved using the left and
right arrow buttons,
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Inserting a Blank Line
Pressing the ENTER key causes a blank line to be inserted above the data
item marked by the cursor.

NOTE

Blank lines cannot be inserted if there are more than two consecu-
tive blank lines or if there are more than 16 lines in all.

Defining Data

Move the cursor to the desired location to enter a value on the numeric
keys. The value at that location will be replaced by the one you have en-
© tered. Enterable values will vary depending on the location of the cursor:

in the Source Data Pattern area, oniy numeric keys 0 through 7 are opera-
tional.

In the Converted Code area, only numeric keys 0 through 3 are operational.

Deleting Data

Pressing the delete key will delete the data indicated by the cursor. When a
data item is deleted, all of the subsequent data items will move forward one
space. If there is no data at the cursor position, the cursor will move one
position to the left.

Deleting a Line

When all of the data on the line indicated by the cursor has been deleted,
that line will also be deleted and all subsequent data will move up one line.

Setting ltems
Source Data Pattern Used 1o write the pattern for input data.

a: g 0 Data at that position is LOW

2 arev Code is 0 1 Data at that position is HIGH

i l;;;z: g?.ie iissa} 2 The preceding Converted Code data item is 0

2 Z;i: 2:: :; 2} 3 The preceding Converted Code data item is 1

7: Next Sec is 1 4 The preceding Source Data Pattern data item is 0
5 The preceding Source Data Pattern data item is 1
6 The following Source Data Paitern data item is O
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Converted Code

a
1

: Prev Src

iritial Sre
0]
1

initiai Cade
1

Gut{i/ﬂ}

invertﬂ{eep

. Prev Code

7 The following Source Data Pattern data item is 1

Limitations

w2 3, 4and5 can only be written at the beginning of Source Data
Pattern

® 6 and 7 cannot be written at the beginning of Source Data Pattern

= Only the data for the immediately preceding time can be referenced
with 2,3, 4 and 5

®m 5 and 7 are effective as long as the pattern can be written

®  After the first time 6 and 7 appear, 0 will be treated as 6 and 1 will
be treated as 7

B 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 o its original status and then the next
pattern is analyzed.

B 0,128, 4,5, 6and 7 can be used together

Writes the output data pattern
0 Setsthe output data to LOW
1 Sets the output data to HIGH

2 Tumns the inverse of the precedmg Converted Code data item into
output data i

3 Turns the inverse of the’ precedmg Source Data Pattern data item
into output data e

The default value for the source pattern. Affects output data when the
Source Data Pattern is 4 and 5 and when 3 is used for Converted Code.

The default value for the output pattern. Affects output data when the
Source Data Pattern is 2 and 3; when 2 is used for Converted Code; and
when Out [1/0] is set to Invert/Keep.

Determines the handling of 1/0 for data converted using Converted Code.

High/Low  1:data HIGH 0: data LOW
Invert/Keep 1. outputisinverted O: datais output as is

Sample Conversion

{1) When Source Data Pattern is unaffected by other conditions

Intial Sr 0
Initial Code 0
Out[1/0] High/Low
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Source Data Pattern Converted Code
00 00
01 11
10 20
11 30

In the case of the above conversion, the data will be as follows:

Position -3 -2 -1 0 i 2 3 4 5 6 7

Source Data Pattern 0 0 1 1 4 1 1 0 1 0

Converted Code 0 §] 3 0 1 1 2 0 2 0

Resuit 0 0 i 1 ¢ 1 1 0 0 1 ¢
NOTE

1) 3 of 30 in pattern 11 starting from position Q is the inverse of

the 0 in the Source Data Patitern at position ~1.

2) 2 of 20 in pattern 10 starting from position 4 is the invérse of

result 1 at position 3.

3) 2 of20in pattern 10 starting from position 6 is the inverse of

result 0 at position 5.

When Out[1/0] is set to Invert/Keep for the same tsble, the data wili be

as foliows:
Source Data Patiern 0 0 0 1 1 0 1 1 0 1 0
Converted Code 0 0 1 3 0 1 1 2 0 2 0
tnvert/Keep (Previous) 0 0 1 1 ¢] 1 1 0 0 1 0
Result G 0 1 0 0 1 0 0 0 1 1
(2)When Source Data Pattern is affected by other conditions
% |f 4 and 5 are used:
Intial Sr ]
Initial Code 4]
Out{1/0] High/Low
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Source Data Pattern | Converted Code

40 0001

41 010

50 0100

51 1000
Time -1 0 1 2 3 4 5 6 7
Input 0 0 1 0 1 1 0 1 0
Pattern 40 40 41 50 41 51 50 -4 50

® [f 6 and 7 are used (1):

intial Sr 0

initial Code 0

Out[1/0] High/Low

Source Data Pattern Converted Code

07 0001
17 0010
06 0100
16 1000

“Ir the case of the above conversion, the data will be as follows:

Time -1 0 1 2 3 4 5 6 7

input 0 0 1 0 1 1 0 1 0
Pattern 06 07 16 07 17 16 07 16 06

m |f 6 and 7 are used (2):

Intial Sr 0

Initial Code g

Out[1/0] High/Low

Source Data Pattern Converted Code

Q77 00000001
G786 00000010
177 60000100
176 00001000
067 00010000
066 00100000
167 01600000
166 10000000

In the case of the above conversion, the data will be as follows:
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Time -1

input 0

Pattern 067

076

167 o077 176 167 076 66

impert
Line DAty

Clear
Patturn

Shift ...

Importing Waveform or Marker Data as Pattern Data

This command 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 the Import Line Data menu will change depending on
whether or not there is data in the pattern data area. When there is no data,
the Import Line Data command witt appear in the sub—menu. When data
has been entered, this command will change to Clear Pattern.

Procedure
[} step 1: Select Set... from the side menu.

[[] step 2: Select the data to be imported and then use the cursors to
specify the required range.

Step 3: Select Set Pattern from the sub—menu.

menu to clear the existing data.

Step 5: Select Import Line Data from the sub—menu.
The selected bit data will be read into the pattern data input area.

[} step 4: if pattern data exists, press Clear Pattern button in the sub—

Cilear Pattern

When data has been entered in the pattern data input area, the lmport Line
Data itern in the sub—menu will change to Clear Pattern. Pressing the
Clear Pattern bution will delete all pattern data.

Shifting Waveform Data

Use the Shift function to shift the data between the designated vertical bar
cursors in individual data lines or markers by the specified points or time.
The following diagram shows the menu configuration for the Shift... item.

E Line

) ) Value

Operation { More 2 0f 3) » Shiff... t Go Back
Execute
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Procedure

D Step 1: Move the vertical bar cursors to define the part of the waveform
data to be shifted, then select Shift... from the second page of the side
menu (More 2 of 3).

[T} step 2: Select Line from the sub-menu. Turning the general purposs
kriob, select the data line (DATA 7 — DATA 0) or marker (MARKER1 or
MARKER2} on which the data is to be shifted.

D Step 3: Select Value from the sub-menu. Using the general purpose
knob or the numeric keys, input the shift point value.

Value sets the amount of the shift in points or time. The range for the
shift value is + (designated waveform point size). To shift the data be-
tween the vertical bar cursors to the right, enter a positive value; points
that shiit out beyond the right cursor will be shifted in from the left. To
shift the data to the left, enter a negative number; points that shift out
beyond the left cursor will be shifted in from the right.

] Step 4: Select Execute from the side menu, The waveform data is
shifted with the specified conditions. Figure 4A-87 shows the screen
before and after the data on line DATA 5 between the vertical bar cur-
sors is shifted 32 points to the right.

R ETCI T a 641 B

L pts  Value %

pATA BT | } L pam g

_____ - AT 5? R s AT :“5;(-5 ; T

paTe 4
BATS

DaTe  :
L]

saTe At BaTa

NARFER @ HARKERT B

NEERZA | NesER2E

Before After

Figure 4A-87: Shifting Waveform Data

[] step 5: Select Go Back from the current sub-menu. The display returns
from the Shift... sub-menu to the previous side menu.

Inverting Waveform Data

fvert... Use Invert... to invert each data line or marker between the designated
vertical bar cursors. The following diagram shows the menu configuration for
the Invert... tem.
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Line
Operation ( More 2 of 3 ) = [nvert... —E Go Back

Execute

Procedure

[ step 1: Move the vertical bar cursors to define the section of the data to
be inverted. Then select invert... from the second page of the side
menu (More 2 of 3).

[ step 2: Select Line from the sub-menu. Turning the general purpose
knob, select the data line or marker whose state is to be inverted.

[] Step 3: Select Execute from the sub-menu. The state is inverted with
the specified conditions. Figure 4A-88 shows the screen before and after
the data between the vertical bar cursors on line DATA 5 is inverted.

R S Pl TR BT Tr————y
| 1e24 prs Fatin B ~EB, wma pis VAR oy 2T T
‘ AT VH v : e
AT 88T L panoee
C e DATH BT T I R
S U e o f = paTA
mmeTT ) TTTEEER ¢ BATH

cpar 21T S S AT A pATA

- ; : [ s.......... i

a1l D414

oAt gaTa

HPRFER1 G : MR

NARKERZE | WEKERZE)

Before After

Figure 4A-88: Inverting Waveform Data State

[[] step 4: Select Go Back from the current sub-menu. The display returns
from the Invert... sub-menu to the previous side menu.

Copying Lines

Use Copy line... to copy the waveform data between the designated vertical
bar cursors from one data fine to another data line, Copy processing re-
places the previous value of the copy destination line with the data of the
copy source. The following diagram shows the menu configuration for the
Copy Line... item,

Copy Line...
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Source

Operation ( More 2 0f 3 )~ Copy L ;ne”_AE gisggigon

Execute

Procedure

[[] step 1: Move the vertical bar cursors to define the section of the data to

be copied. Then select Copy Line... from the second page of the side
menu (More 2 of 3).

D Step 2: Select Source from the sub-menu. Turning the general purpose

knob, select the copy source data line or marker.

Source selects the waveform data copy source. Data line DATA 7 —
DATA 0 or marker (MARKER1 or MARKER2) can be selected.

Step 3: Select Destination from the sub-menu. Turning the general
purpose knob, select the copy destination data line or marker.

Destination selects the destination to which the waveform data selected
with Source will be copied. Data line DATA 7 — DATA 0 or marker
(MARKER1 or MARKER2) can be selected as the copy destination.
From the copy source to the copy destination is indicated with an arrow.

[[] step 4: Select Execute from the sub-menu. The data is copied with the

specified conditions. Figure 4A-89 shows the screen before and after the
section of waveform data between the vertical bar cursors on line DATA
0 is copied to Iine DATA 7.

|l paTA

BATA

]
P

DATA

BaT 3
A
sin

MEREER

© L pars

MARKER 8:

HARKERE

WA B

Before

After

Figure 4A-89: Copying Lines

[] step 5: Select Go Back from the current sub-menu. The display returns

from the Copy Line... sub-menu to the previous side menu.
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Exchange
Lirne...

Exchanging Lines

Use Exchange Line... {0 take the data between the designated vertical bar
cursors on one line and interchange it with the data on another line. The
following diagram shows the menu configuration for the Exchange Line...
item.

Source

. . Destination
Operation ( More 2 of 3 } - Exchange Lme...% Go Back

Execute

Procedure

[] step 1: Move the vertical bar cursors to define the section of the data to
be exchanged. Then select Exchange Line... from the second page of
the side menu {More 2 of 3).

[:I Step 2: Select Source from the sub-menu. Turning the general purpose
knob, select one of the data lines or marker for data interchange.

[[] step 3: Seiect Destination from the sub-menu. Turning the general
purpose knob, select the other data line or marker for data interchange.

[] Step 4: Select Execute from the sub-menu, The data will be exchanged
as designated. Figure 4A-80 shows the screen before and after the data
on line DATA 0 is exchanged with the data on line DATA 7.
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Figure 4A-90: Exchanging Lines

[[] step 5: Select Go Back from the current sub-menu. The display returns
from the Exchange Line... sub-menu fo the previous side menu.
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Logical
Function...

Applying Logical Operations to Lines

Use Logical Function... to perform a logical operation for the waveform data
between the designated vertical bar cursors on one line with the data on
another line. The result will replace the data on the line designated with
Destination. The following diagram shows the menu configuration for the
Logical Function... itemn.

Source zﬁﬁ 0
Destination

Operation { More 3 of 3) —= [ ogical Function... Func Type g‘gﬁ
Go Back EX-OR
Execute EX-NOR

Types of Logical Operations

You can choose from the following six logical operation options in the Fune
Type sub-memt;

AND
NAND
OR
NOR
EX-OR
EX-NOR

See "Logical Operation” in Appendix D for a description of each of these
operations.

Procedure

[[] step 1: Move the vertical bar cursors to define the section of the data to
which a logical operation is applied. Then select Logical Function...
from the third page of the side menu (More 3 of 3).

[[] step 2: Select Source from the sub-menu. Turning the general purpose
knob, select the first data line or marker for logical operation,

[[1 Step 3: Select Destination from the sub-menu. Turning the general
purpose knob, select the other data fine or marker for logical operation.
The calculated result will replace the data line or marker designated with
Destination.

[} step 4: Select Func Type from the sub-menu. Turning the general
purpose knob, select the logical operation (e.g. AND, OR, EX-CR).

[[] step 5: Select Execute from the sub-menu. Logical operation will be
performed for the selected lines.

[7] step 6: Select Go Back from the current sub-menu. The display returns
from the Logical Function... sub-menu to the previous side menu.
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Data
Expanel...

Expanding Waveform Data

Use Data Expand... to expand the section beiween the designated vertical
bar cursors for ali of the data lines and marker. The foliowing diagram shows
the menu configuration for the Data Expand... tem.

Factor

Operation ( More 3 of 3 ) —— Data Expand... —E Go Back
Execute

Procedure

[ step 1: Move the vertical bar cursors to define the section of the data to
be expanded. Then select Data Expand... from the third page of the
side menu (More 3 of 3).

[] step 2: Select Factor from the sub-menu.

Factor is used to set the degree of expansion 1o any value between 2x
and 10x.

Ij Step 3: Using the numeric keys or the general purpose knab, set the
degree of expansion.

[] step 4: Select Execute from the sub-menu. The section of the wave-
form between the vertical bar cursors will be expanded to the desig-
nated degree, and the waveform point size will increase accordngy
Figure 4A-91 shows the screen before and after the data between the
vertical bar cursors is expanded by a factorof 2.
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Figure 4A-91: Expanding Waveform Data

[J step 5: Select Go Back from the current sub-menu. The display returns
from the Data Expand... sub-menu to the previous side menu.
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Inserting Other Waveform Data

Pl Use Insert Other Waveform to insert data from another waveform at a
Wovelorm designated point in the waveform being edited. This item is located on the
third page (More 3 of 3) of the side menu. The functions of this item are the
same as for the Insert Other Waveform item for the graphic display of the
waveform editor. See Page 4A-62.
Pseudo-Random Pulse Generator Using Shift Register
Rj;:[ffer Use Shift Register Generator... to set a pseudo-random pulse pattern using

Gererator... a shift register for the data between the designated vertical bar cursors on a
data line or marker. The following diagram shows the menu configuration for
the Shift Resister Generator... item.

 Line — Clear All Taps
___ Set Maximal
_ Register | Linear Taps
Config... — Set All Regs
~— Cancel
— O.K. 0
Operation { More 30f 3 )y— Shift Register — Inital Sre ~_{m
Generator... User defined %m: °
- —— Initial Cod
Code Config... e L 1
High/iLow
~ee Out (VO] ——[ invertKeep
— (G0 Back
b Execute

Register Configuration

Register The pseudo-random pulse generator (with shift register) consists of 2 to 32

Confg.. registers together with the register output for each and the tap of the feed-
back loop that performs the EX-OR operation. Selecting Register Config...
from the sub-menu enables you to set the pattern for the shift register gener-
ator. Figure 4A-92 shows the menu used to set the shift register.

Register Lomgih o 33
Poini/Sieg . :
@ Register Position

Q%%Q:Iagg!e Curser oo cToggle Tap M Sel@ 1:Setd

Figure 4A-92: Shift Register Configuration Menu
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Use the CURSOR button on the front panel to select the items needed for
the shift register. The following items can be selected; the general purpose
knob is used o set the desired value for each itern.

®  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
m Code used to select the data code

Setting the Register Length

The register length may be set to any value between 2 and 32. The register
length is displayed at the top of the shift register configuration menu, as
shown below. In this example, the shift register is made up of 32 items.

&  Raglster Length:

Entering the Register Value and Setting Taps

To enter the register value and set taps, press the CURSOR button on the
front panel and select Register Position. A knob icon will be dispiayed to
the left of the Register Position area. Turn the general purpose knob to
move the cursor. The current focation of the cursor is shown beside the
Hegister Position item.

@ Reglster Pusition :

Taps

Figure 4A-93: Register Values and Taps

The numeric keys can now be used to enter the register value at the position
of the cursor. '

Press 0 to set the register value to 0
Press 1 to set the register value to 1

Pressing the VALUE button on the front panel toggles the tap between on
and off,

Clearing All Taps

Clear Use Clear All Taps in the sub-menu to delete all taps that have been set.
alt Taps
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Set.
Maximmal

Linear Taps

Sat
All Hegs

Setting the Maximum Length Code Series for Taps

Set Maximal Linear Taps in the sub-menu allows you to create M series
(maximurm length code serigs) bit strings. M series bit strings are combined
with severa! different kinds of tap arrangements. The tap arrangement will
change each time the Set Maximal Linear Taps button is pressed.

Setting Register Values
Use Set All Regs in the sub-menu to set all register values to 1.

Sample Settings for Register Values and Taps
You can easily set register and tap values as follows:

Hegister Length: 3
Register Value: 101
Use Set Maximal Linear Taps to set taps

Figure 4A-94 shows the output for the above settings. This output will be the
maximum length code series.

Output .
1 0 1 P X k——— 1 period ———|

tr o1t 10010

T
I

Figure 4A-94: Sample Settings for Register Values and Taps

Point/Step

Point/Step is used to set how many points make up each data bit. The data
after Code conversion will be one item of bit data. For exarmnple, when NRZI
is selected for Code and Point/Step is set to 2, each data bit will consist of

4 points.

@ FolinisSep .

Code

This command selects the code system used when data pattern strings are
output. The user defined code enables you to define a custom conversion
table. For a detailed description of each code, see "Pattern Codes” in Ap-
pendix D.
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User defined Code Config...

The following process is used to execute a user—defined code conversion.
D Step 1: Select Shift Register Generator... from the side menu.

D Step 2: Select User defined Code Config... from the sub menu.

[] step 3: Define the codes as desired. For the basic operations used
when defining codes, see "User defined Code Config...” on
page 4A-113.

] Step 4: Select Go Back to refurn to the Shift Register Generator...
menu.

[[] step 5: Select Register Config... from the side menu.

[ step 6: Setthe values for Register Length and Point/Step as well as
the register value and tap.

] Step 7: Press the CURSOR button to select Code menu item. A knob
icon will appear in the upper left side of the Code selection. menu.

[] Step 8: Turn the general purpose knob to select user defined. -~

[] Step 9: Press O.K. in the sub—menu to confirm the settings. The Shift
Register Generator... menu will automatically reappear.

[ step 10: Using the general purpose knob, define the data line and area
where the pattern will be inserted.

] step 11: Press Execute in the sub—menu. The result will be inserted
between the cursors on the data line seiected in the previous step.

Creating the M Series Pseudo-Random Signal

An M series pseudo-random signal has a length of 2" -1 assuming the
number of levels for the shift register is n. In this example, we will create an
M series pseudo-random signal of 2151 bits (15 levels) with 2 points for
each step. This signal is included on the Sample Waveform Library Disk that
came with the AWG2040.

Procedure .
[0 step 1: Select Setting from the bottormn menu.

[J step 2: Select Wavetorm Points from the side menu. Then set the
waveform point size to 65534 using the numeric keys. The waveform
point size needed to display all the bits of the pseudo-random signal is
given by the following formula:

(Value for Point/Step)x(2"—1)=2x(215—1)=65534

AWG2040 User Manual
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[:I Step 3: Select Shift Register Generator... from the third page of the
side menu (More 3 of 3).

[] step 4: Press the CURSOR button on the front panel,

D Step 5: Using the general purpose knob, move the vertical bar cursors
to designate the area to which pseudo-random signals are inserted. In
this example, we will set the left cursor to point 0 and the right cursor to
point 65533.

[J step 6: Select Line from the sub-menu. Turning the general purpose
knob, select DATAT for which you want to set the pattern.

[[] step 7: Select Register Config... from the sub-menu.

[] step 8: Press the CURSOR button on the front panel to select Register
Length.

[] step 9: Using the general purpose knob, set the register length to 15.

@ BRegisteyr Length:

{71 step 10: Select Clear All Taps in the sub-menu to delete all taps.
[T] step 11: Select Set Al Regs in the sub-menu to set all registers to 1.

[] step 12: Press the CURSOR button on the front panel to select Regis-
ter Position.

D Step 13: Using the general pur'pb'se Knob, set the Register Position
10 13.

[] step 14: Press the VALUE button on the front panel to set the tap.

& Regisier Position

[l Step 15: Press the CURSOR button on the front panei to select Point/
Step.

Step 161 Using the general purpose knob, sat Polnt/Step to 2.

@ Polnt/Siap -

[[] step 17: Press the CURSOR button on the front panel to select Code.

|:] Step 18: Using the general purpose knob, seiect NRZ.
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Zoom

[ step 19: Select O.K. from the sub-menu.

[] step 20: Seiect Execute from the sub-menu. The timing display shown
below will appear. The following figure shows the first 1024 points of the
data.

s BATA ﬂwﬁjﬂﬂﬁj

[7] step 21: Select Go Back from the sub-menu.

NOTE

211 js not a muftiple of 32. Therefore, when performing continu-
ous output of a pseudo-random signal, you should designate a
suftable number of repetitions in the sequence editor to form a
muitiple of 32. In this example, you should set the number of repeti-
tions to 16. R

Zooming Waveforms

Use Zoom in the bottorn menu {o horizontally enlarge or reduce the wave-
form being displayed. The function for this itern is the same as for the Zoom
itern in for waveform editor graphic display. See Page 4A-96.

Table Display

To show the table display for the waveform editor using the View type... item
in the Setting menu: '

Procedure

[] step 1: Select Setting from the bottom menu.

[] step 2: Select View type... from the side menu.

Three itemns will be dispiayed in the sub-menu: Graphic, Timing and
Table.

[7] step 3: Select Table from the sub-menu.

The table display of the waveform editor will appear. See Figure 4A-95,
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GPiR Biopped

1924 pis .\:’a

e )
HARKER{ T, 2} :
7L Graphic
g0 5
g # |
a8 Timing
48
g6
g8
g8
88
8 Go Back
g4
D S ————
88 :

m Selting

PR vk

Setets if .
{Dperation,
2 1 H

Open | :

Ciose/ i
wiike |

Figure 4A-95: Timing Display

[:| Step 4: Select Go Back from the sub-menu. The systemn moves to the
previous Setting side menu.
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Table Display Menu Structure

Figure 4A-96 shows the menu configuration for the table display.

Bottom Menu Side Menu Sub-Menu
- Waveform{
L. Waveform2 *!
- Select/Open .
— Waveform3 "1
- Another Waveform
e UL
. — Copy to Buffer
— Operation
P L Paste from Buffer
— Insert Other Waveform
— Waveform Poinis
Graphic
— View fype... Timing
Wavef Edit Horiz. Unit [ Point
s - L L
aveform Edito L ime
| Setting Clock 2
_ o — Waveformx
__“Corsor Link to..77 ' Waveformxx
— Link Off
— Binary
— Radix... Hexadecimal
— Real
. — Off
L (Grid
L_on
-— Undo
Write and Close
= Close/Write ‘.—E Close without Writing
Write

Figure 4A-96: Waveform Editor Table Display Menu Structure

*1  This item appears when two or more waveforms are being edited simultanecusly with
Another Waveform in the side menu {under Select/Open in the bottom menu).

*2  This item appears when Time has been selected for Horiz. Unit in the side menu (under
Setting in the bottom menu).
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Menu Functions

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

Table 4A-5: Menu Functions

Menu Function Page
Select /Open Opening and selecting the editing area 4A-16
Operation Editing waveform in table display 4A-140
Cut Cutting waveform 4A-45 | 4A-140
Copy to Buffer Copying waveform 4A-48 , 4A-140
Paste from Buffer Pasting waveform AA-46 | 4A-140
Insert Other Waveform Inserting other waveform data 4A-62 , 4A-140
Setting Settings for the waveform to be edited 4A-32 |, 4A-137
Waveform Points Setting waveform point count 4A-33
View type... Selecting the waveform data display format 4A-32
Horiz. Unit Setting horizontal axis units 4A-34
Clock Setting clock frequency 4A-35
Cursor Link to... Linking the vertical bar cursors 4A-36
Radix... Setting a cardinal number AA137
Grid Displaying a grid in the editing area 4A-38
““Undo Undoing the previous operation 4-2
" Close/Write Saving files and exiting the editor 4A-21
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Table Display Screen

Figure 4A-97 shows the table display screen. This section will describe each
portion of the screen; however, descriptions of areas that are identical to the
graphic display will be omitted. See *Graphic Display Screen” for a descrip-
tion of the graphic display.

®
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Figure 4A-97: Tabie Display Screen

Mu

Value

Shows the data value {Value) indicated by a real number and the time or
point value (U) for the current position of the upper fine 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 vertical bar
cursors.
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(3) Data

This shows the waveform data for the waveform point count or time. The
waveform data can be displayed as binary, hexadecimal, or decimal data,
depending which base has been selected. If binary numbers have been
selected, the left end of the data is the most significant bit (MSB).

(4) Horizontal Scroll Indicator

Indicates which portion of the waveform is currently displayed on the screen.
The displayed inverted portion of the indicator shows the portion of the
waveform currently being displayed.

(5) L

Value
Shows the data value (Value) indicated by a real number and the time or
point value (L) for the curren