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Creating and Downloading Waveform Files

This manual explains how to create Arb-based waveform data and download it into the signal generator:
Thisinformation is also availablein the signal generator’s Programming Guide.




Creating and Downloading Waveform Files
Overview

Overview

The signal generator lets you download and extract waveform files. You can create these files either external
to the signal generator or by using one of the internal modul ation formats. The signal generator also accepts
waveforms files created for the earlier E443xB ESG signal generator models. For file extractions, the signal
generator encrypts the waveform file information. The exception to encrypted file extraction is user-created
I/Q data. The signal generator letsyou extract thistype of file unencrypted. After extracting awaveform file,
you can download it into another Agilent signal generator that has the same option or software license
required to play it. Waveform files consist of three items:

e |/Qdata
*  Marker data
e File header

The signal generator automatically creates the marker file and the file header if the two items are not part of
the download. In this situation, the signal generator sets the file header information to unspecified (no
settings saved) and sets all markersto zero (off).

There are two ways to download waveform files: programmatically or using one of three available free
download utilities created by Agilent Technologies:

e Intuilink for PSG/ESG Signal Generators
www.agilent.convfind/intuilink

* PSG/ESG Download Assistant for use only with MATLAB®
www.agilent.convfind/downl oadassi stant

e N7622A Signal Studio Toolkit
www.agilent.com/find/signal studio

Waveform Data Requirements

To be successful in downloading files, you must first create the datain the required format.
e Signed 2's complement

e 2-byteinteger values

e Input datarange of —32768 to 32767

e Minimum of 60 samples per waveform (60 | and 60 Q data points)

* Interleaved | and Q data

MATLAB is a U.S. registered trademark of The Math Works, Inc.
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» Big endian byte order
* The same name for the marker and 1/Q file

Thisisonly arequirement if you create and download a marker file, otherwise the signal generator
automatically creates the marker file using the 1/Q datafile name. For more information, see “Waveform

Structure” on page 11.
For more information on waveform data, see “ Understanding Waveform Data” on page 4.

Chapter



Creating and Downloading Waveform Files
Understanding Waveform Data

Understanding Waveform Data

The signal generator accepts binary data formatted into abinary 1/Q file. This section explains the necessary
components of the binary data, which uses ones and zeros to represent a value.

Bits and Bytes

Binary data usesthe base-two number system. Thelocation of each bit within the data represents a val ue that

uses base two raised to a power (2™1). The exponent is n — 1 because the first position is zero. The first bit
position, zero, islocated at the far right. To find the decimal value of the binary data, sum the value of each
location:

1101= (1 x 2%) + (1 x 22 + (0 x 21 + (1 x 29
=(1x8)+(1x4)+(0x2)+(1x1)
= 13 (decimal value)

Notice that the exponent identifies the bit position within the data, and we read the data from right to left.
The signal generator accepts data in the form of bytes. Bytes are groups of eight bits:

01101110 = (0 x27) + (1 x 28) + (1 x 2%) + (0 x 2%) +(1 x23) + (1 x 29 + (1 x 21) + (0 x 20)
= 110 (decimal value)

The maximum value for asingle unsigned byteis 255 (11111111 or 28—1), but you can use multiple bytesto
represent larger values. The following shows two bytes and the resulting integer value:

01101110 10110011= 28339 (decimal value)

The maximum value for two unsigned bytesis 65535. Since binary strings lengthen asthe value increases, it
is common to show binary values using hexadecimal (hex) values (base 16), which are shorter. The value
65535 in hex is FFFF. Hexadecimal consists of thevaluesO, 1, 2, 3, 4,5,6,7,8,9,A,B,C,D,E,and F. In
decimal, hex values range from 0 to 15 (F). It takes 4 bits to represent a single hex value.

1=0001 2=0010 3=0011 4=0100 5=0101
6=0110 7=0111 8 =1000 9=1001 A =1010
B =1011 C=1100 D =1101 E=1110 F=1111

For | and Q data, the signal generator uses two bytes to represent an integer value.
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LSB and MSB (Bit Order)

Within groups (strings) of bits, we designate the order of the bits by identifying which bit has the highest
value and which has the lowest value by its location in the bit string. The following is an example of this

order.

Most Significant Bit (MSB) Thisbit has the highest value (greatest weight) and islocated at the far |eft of the
bit string.

Least Significant Bit (LSB) This bit has the lowest value (bit position zero) and is located at the far right of
the bit string.

Bit Position 15 14 1312 1110 9 8 0

7 6 5 4 321
Data 1 01101 11 11101001

\

MSB LSB

Because we are using 2 bytes of data, the MSB appears in the second byte.

Little Endian and Big Endian (Byte Order)

When you use multiple bytes (as required for the waveform data), you must identify their order. Thisis
similar to identifying the order of bits by LSB and MSB. To identify byte order, use the terms little endian
and big endian. These terms are used by designers of computer processors.

Little Endian Order
The lowest order byte that contains bits 0—7 comes first.

Bit Position 7 65 43 21 0 15 14 1312 1110 9 8
Data 1 1 1 01001 101101 11 Hex values = E9 B7

4

LSB MSB

Big Endian Order

The highest order byte that contains bits 8—15 comes first.

Bit Position 15 14 13 12 1110 9 8 7 6 54 32 1 0
Data 101101 11 11101001 Hex values = B7 E9

MSB LSB

Noticein the previous figure that the LSB and M SB positioning changes with the byte order. In little endian
order, the LSB and MSB are next to each other in the bit sequence.

Chapter



Creating and Downloading Waveform Files
Understanding Waveform Data

NOTE For 1/Q data downloads, the signal generator requires big endian order. For each 1/Q data
point, the signal generator uses four bytes (two integer values), two bytesfor the | point and
two bytes for the Q point.

The byte order, little endian or big endian, depends on the type of processor used with your development

platform. Intel© processors and its clones use little endian. Sun™ and Motorola processors use big endian.
The Apple PowerPC processor, while big endian oriented, also supports the little endian order. Always refer
to the processor’s manufacturer to determine the order they use for bytes and, if they support both, to
understand how to ensure that you are using the correct byte order.

Development platforms include any product that creates and saves waveform datato afile. Thisincludes
Agilent Technologies Advanced Design System EDA software, C++, MATLAB, and so forth.

The byte order describes how the system processor stores integer values as binary datain memory. If you
output data from alittle endian system to atext file (ASCII text), the values are the same as viewed from a
big endian system. The order only becomes important when you use the datain binary format, asis done
when downloading datato the signal generator.

Byte Swapping

While the processor for the development platform determines the byte order, the recipient of the data may
require the bytes in the reverse order. In this situation, you must reverse the byte order before downloading
the data. Thisis commonly referred to as byte swapping. You can swap bytes either programmatically or by
using the Agilent Technologies IntuiLink for PSG/ESG Signal Generators software. For the signal generator,
byte swapping is the method to change the byte order of little endian to big endian. For more information on
little endian and big endian order, see “Little Endian and Big Endian (Byte Order)” on page 5.

The following figure shows the concept of byte swapping for the signal generator. Remember that we can
represent datain hex format (4 bits per hex value), so each byte (8 bits) in the figure shows two example hex
values.

0 1 2 3

Little Endian ‘ E9 | B7| 53 “ ZA‘ 16-bit integer values (2 bytes = 1 integer value)

| data = bytes 0 and 1
Q data = bytes 2 and 3

Big Endian ‘ B7 | E9 ‘ 2A ‘ 53 ‘

o 1,2 3
l Q

Intel is a U.S. registered trademark of Intel Corporation.
Sun is a trademark or registered trademark of Sun Microsystems, Inc. in the U.S. and other countries.
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To correctly swap bytes, you must group the datato maintain the | and Q values. One common method is to
break the two-byte integer into one-byte character values (0-255). Character values use 8 bits (1 byte) to
identify a character. Remember that the maximum unsigned 8-bit value is 255 (28 — 1). Changing the data
into character codes groups the data into bytes. The next step is then to swap the bytes to align with big
endian order.

NOTE The signal generator always assumes that downloaded dataisin big endian order, so thereis
no data order check. Downloading dataiin little endian order will produce an undesired
output signal.

DAC Input Values

The signal generator uses a 16-bit DAC (digital-to-analog convertor) to process each of the 2-byte integer
valuesfor thel and Q data points. The DA C determines the range of input values required from the 1/Q data.
Remember that with 16 bits we have arange of 0-65535, but the signal generator divides this range between
positive and negative values:

e 32767 = positive full scale output
« 0=0volts
e —32768 = negative full scale output

Because the DAC's range uses both positive and negative values, the signal generator requires signed input
values. The following list illustrates the DAC's input value range.

Voltage DAC Range Input Range Binary Data Hex Data
Vmax 65535 32767 01111111 11111111 TFFF

: 32768 1 00000000 00000001 0001
0 Volts 32767 0 00000000 00000000 0000

: 32766 -1 11111111 11111112 FFFF
Vmin 0 -32768 10000000 00000000 8000

Notice that it takes only 15 bits (215) to reach the Vmax (positive) or Vmin (negative) values. The MSB
determines the sign of the value. Thisis covered in “2's Complement Data Format” on page 9.
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Using E443xB ESG DAC Input Values

In this section, the words signal generator without a model number refer to an E4438C ESG or an E8257D
PSG signal generator. The signal generator input values differ from those of the earlier E443xB ESG
models. For the E443xB models, the input values are all positive (unsigned) and the dataiis contained within
14 bits plus 2 bits for markers. This means that the E443xB DAC has a smaller range:

* 0=negative full scale output
+ 8192=0volts
e 16383 = positive full scale output

Although the signal generator uses signed input values, it accepts unsigned data created for the E443xB and
convertsit to the proper DAC values. To download an E443xB filesto the signal generator, use the same
command syntax as for the E443xB models. For more information on downloading E443xB files, see
“Downloading E443xB Signa Generator Files’ on page 45.

Scaling DAC Values

The signal generator uses an interpolation algorithm (sampling between the 1/Q data points) when
reconstructing the waveform. For common waveforms, this interpolation can cause overshoot, which may
create a DAC over-range error condition. Because of the interpolation, the error condition can occur even
when al the | and Q values are within the DAC input range. To avoid the DAC over-range problem, you
must scale (reduce) the | and Q input values, so that any overshoot remains within the DAC range.

Interpolation
>, Interpolation

32767 : r\ : :

Maxinputvalue _ . ¥ __ % ___ ___ ___ __ _ _ _ _ _ _ _ A i —

Scaling effect

=

DAC over-range No over-range

-32768

Thereisno single scaling value that is optimal for al waveforms. To achieve the maximum dynamic range,
select the largest scaling value that does not result in a DAC over-range error. There are two waysto scale
the l/Q data:
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» Reducethe input values for the DAC.

e Usethe SCPI command : RAD o: ARB: RSCal i ng <val > or the front-panel keys, Mode > Dual ARB >
ARB Setup > More (1 of 2) > Waveform Runtime Scaling, to set the waveform amplitude as a percentage of
full scale.

NOTE The signal generator comes from the factory with scaling set to 70%. If you reducethe DAC
input values, ensure that you set the signal generator scaling (: RAD o: ARB: RSCal i ng)
to an appropriate setting that accounts for the reduced values.

To further minimize overshoot problems, use the correct FIR filter for your signal type and adjust your
sampl e rate to accommodate the filter response.

2’s Complement Data Format

The signal generator requires signed values for the input data. For binary data, two's complement isaway to
represent positive and negative values. The most significant bit (MSB) determines the sign.

» 0Oequasapositive value (01011011 = 91 decimal)
e 1equasanegative value (10100101 = —91 decimal)

Like decimal values, if you sum the binary positive and negative values, you get zero. The one difference
with binary valuesisthat you have acarry, which isignored. The following shows how to calculatethetwo's
complement using 16-hits. The process is the same for both positive and negative values.

Convert the decimal value to binary.

23710 = 01011100 10011110

Notice that 15 bits (0-14) determine the value and bit 16 (M SB) indicates a positive value.
Invert the bits (1 becomes 0 and O becomes 1).

10100011 01100001
Add one to the inverted bits. Adding one makes it atwo’s complement of the original binary value.

10100011 01100001
+ 00000000 00000001
10100011 01100010

The MSB of theresultant is one, indicating a negative value (-23710).
Test the results by summing the binary positive and negative values; when correct, they produce zero.

01011100 10011110
+ 10100011 01100001
00000000 00000000
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I and Q Interleaving

When you create the waveform data, the | and Q data points typically reside in separate arrays or files. The
signal generator requiresasingle I/Q file for waveform data playback. The process of interleaving creates a
single array with aternating | and Q data points, with the Q datafollowing the | data. Thisarray isthen
downloaded to the signal generator as abinary file. The interleaved file comprises the waveform data points
where each set of data points, one | data point and one Q data point, represents one I/Q waveform point.

NOTE The signal generator can accept separate | and Q files created for the earlier E443xB ESG
models. For more information on downloading E443xB files, see “ Downloading E443xB
Signal Generator Files” on page 45.

The following figureillustrates interleaving | and Q data. Remember that it takes two bytes (16 hits) to
represent one | or Q data point.

MSB LSB MSB LSB

¥ P

|Data Binary 11001010 01110110 01110111 00111110
Hex CA 76 a4 3E

QData Binary 11101001 11001010 01011110 01110010
Hex E9 CA 5E 72

Interleaved Binary Data

Waveform data point Waveform data point
A A
- N I
11001010 01110110 11101001 11001010 01110111 00111110 01011110 01110010
N\ AN AN L J
~ ~ ~ T
| Data Q Data | Data Q Data

Interleaved Hex Data

Waveform Waveform
data point data point
A A
4 N\ A
CA 76 E9 CA 77 3E 5E 72

e e o

| Data Q Data |Data Q Data
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Waveform Structure

To play back waveforms, the signal generator uses data from the following threefiles:

e File header
*  Marker file
* 1/Qfile

All three files have the same name, the name of the I/Q datafile, but the signal generator stores each filein
its respective directory (headers, markers, and waveform). When you extract the waveform file (1/Q data
file), it includes the other two files, so thereis no need to extract each one individually. For more
information on file extractions, see “Commands for Downloading and Extracting Waveform Data” on

page 19.

File Header

Thefile header contains settings for the ARB modulation format such as sample rate, marker polarity, 1/Q
modul ation attenuator setting and so forth. When you create and download I/Q data, the signal generator
automatically creates afile header with all saved parameters set to unspecified. With unspecified header
settings, the waveform either uses the signal generator default settings, or if awaveform was previously
played, the settings from that waveform. Ensure that you configure and save the file header settings for each
waveform. Refer to the User’s Guide for more information on file headers

NOTE If you have no RF output when you play back a waveform, ensure that the marker RF
blanking function has not been set for any of the markers. The marker RF blanking function
is aheader parameter that can be inadvertently set active for amarker by a previous
waveform.

Marker File

The marker file uses one byte per 1/Q waveform point to set the state of the four markers either on (1) or off
(O) for each 1/Q point. When amarker is active (on), it provides an output trigger signal to the rear panel
EVENT connector that corresponds to the active marker number. Because markers are set at each waveform
point, the marker file contains the same number of bytes as there are waveform points. For example, for 200
waveform points, the marker file contains 200 bytes.

Although a marker point is one byte, the signal generator uses only bits 0-3 to configure the markers; bits
4-7 are reserved and set to zero. The following example shows a marker byte.
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4 3 21
Marker Byte 0000 1 011

Marker Number Position

Reserved

Example of Setting a Marker Byte

Binary 0000 0101
Hex 05

Sets markers 1 and 3 on for a waveform point

The following example shows a marker binary file (all valuesin hex) for awaveform with 200 points.
Notice the first marker point, Of , showsall four markers on for only the first waveform point.

00000000:
oooo0010:
oooo0020:
o00o0030:
00000040:
o00o0050:
00000060:
ooooo070:
o00o0080:
o00o0090:
o00o00an:
000000hO:
000000cCo:

ot
o1
o1
o1
a5
a5
05
04
04
04
oo
oo
oo

0l 0l 0l 0l 0l 0l olaloloaolalolaololal Of =Almarkerson

01 01 01 01 01 01 01 01 01 0L 01 01 01 01 01 1 = Marker 1 on

0l 0l 0l 01 0l 01 0L 0l 0l 0ol 0l 0l ol ol ol

05 05 05 05 05 05 05 05 05 05 05 05 05 05 o5 02 = Markers 1 and 3 on
05 05 05 05 05 05 05 05 05 05 05 05 05 05 05 04 = Marker 3 on

05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
05 05 05 04 04 04 04 04 04 04 04 04 04 04 04
04 04 04 04 04 04 04 04 04 04 04 04 04 04 04
04 04 04 04 04 04 04 04 04 04 04 04 04 04 04
04 04 04 04 04 00 00 00 00 OO0 0O 00 00 00 OO
00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 0o
00 00 00 00 OO0 OO0 00 00 00 OO0 00 00 00 00 0o
oo oo oo oo oo oo oo [

00 = No active markers

If you create your own marker file, its name must be the same as the waveform file. If you download 1/Q
datawithout a marker file, the signal generator automatically creates a marker filewith all points set to zero.
For more information on markers, see the User’s Guide.

NOTE Downloading marker data using afile name that currently resides on the signal generator
overwrites the existing marker file without affecting the I/Q (waveform) file. However
downloading just the 1/Q datawith the samefile name as an existing 1/Q file al'so overwrites
the existing marker file setting all bitsto zero.
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1/Q File

The I/Q file contains the interleaved | and Q data points (signed 16-bit integers for each | and Q data point).
Each 1/Q point equals one waveform point. The signal generator stores the 1/Q datain the waveform
directory.

NOTE If you download I/Q data using afile name that currently resides on the signal generator, it
also overwrites the existing marker file setting all bits to zero and the file header setting all
parameters to unspecified.

Waveform

A waveform consists of samples. When you select awaveform for playback, the signal generator oads
settings from the file header and creates the waveform samples from the data in the marker and 1/Q
(waveform) files. The file header, while required, does not affect the number of bytes that compose a
waveform sample. One sample contains five bytes:

I/Q Data + Marker Data = 1 Waveform Sample
2 bytes| 2 bytes Q lbyte (8 bits) 5 bytes
(16 bits) (16 bits) Bits 4—7 reserved—Bits 0-3 set

To create awaveform, the signal generator requires a minimum of 60 samples. To help minimize signal
imperfections, use an even number of samples (for information on waveform continuity, see “Waveform
Phase Continuity” on page 14). When you store waveforms, the signal generator saves changes to the
waveform file, marker file, and file header.
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Waveform Phase Continuity

Phase Discontinuity, Distortion, and Spectral Regrowth

The most common arbitrary waveform generation use case isto play back awaveform that isfinitein length
and repeat it continuously. Although often overlooked, a phase discontinuity between the end of awaveform
and the beginning of the next repetition can lead to periodic spectral regrowth and distortion.

For example, the sampled sinewave segment in the following figure may have been simulated in software or
captured off the air and sampled. It is an accurate sinewave for the time period it occupies, however the
waveform does not occupy an entire period of the sinewave or some multiple thereof. Therefore, when
repeatedly playing back the waveform by an arbitrary waveform generator, a phase discontinuity is
introduced at the transition point between the beginning and the end of the waveform.

Repetitions with abrupt phase changes result in high frequency spectral regrowth. In the case of playing
back the sinewave sampl es, the phase discontinuity produces a noticeable increase in distortion components
in addition to the line spectra normally representative of a single sinewave.

Sampled Sinewave with Phase Discontinuity

.J-;
‘. Phase T »] ;
N - ,
x\dlscontmwty ' i x\

& » \ 4
A ,rj ' *, 4
(3\“ . : On, A
< >

Waveform length
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Avoiding Phase Discontinuities

You can easily avoid phase discontinuities for periodic waveforms by simulating an integer number of
cycles when you create your waveform segment.

NOTE If there are N samplesin a complete cycle, only the first N-1 samples are stored in the
waveform segment. Therefore, when continuously playing back the segment, the first and
Nth waveform samples are always the same, preserving the periodicity of the waveform.

By adding off time at the beginning of the waveform and subtracting an equivalent amount of off time from
the end of the waveform, you can address phase discontinuity for TDMA or pulsed periodic waveforms.
Consequently, when the waveform repeats, the lack of signal present avoids the issue of phase discontinuity.

However, if the period of the waveform exceeds the waveform playback memory available in the arbitrary
waveform generator, a periodic phase discontinuity could be unavoidable. N5110B Baseband Studio for
Waveform Capture and Playback alleviates this concern because it does not rely on the signal generator
waveform memory. It streams data either from the PC hard drive or the installed PCI card for N5110B
enabling very large data streams. This eliminates any restrictions associated with waveform memory to
correct for repetitive phase discontinuities. Only the memory capacity of the hard drive or the PCI card
limits the waveform size.

Sampled Sinewave with No Discontinuity

- 3 - r\ A
G o [
Ll - -
s oY & A Fa
4 . 4 , &
() / a‘:?l .’_r
Y / N\ /
\ 4 | A\ /A
l’_;\ ' e o

\ H.-\ \
\ / ' L
; ; ! Added sample !

Waveform length
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The following figuresillustrate the influence a single sample can have. The generated 3-tone test signal
requires 100 samples in the waveform to maintain periodicity for al three tones. The measurement on the
left shows the effect of using the first 99 samples rather than all 100 samples. Notice all the distortion
products (at levels up to —35 dBc) introduced in addition to the wanted 3-tone signal. The measurement on
the right shows the same waveform using all 100 samplesto maintain periodicity and avoid a phase
discontinuity. Maintaining periodicity removes the distortion products.

Phase Discontinuity Phase Continuity

o Aglient

WEM 3 kHz

3-tone - 20 MHz Bandwidth 3-tone - 20 MHz Bandwidth
Measured distortion = 35 dBc Measured distortion = 86 dBc
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Waveform Memory

The signal generator provides two types of memory, volatile and non-volatile. You can download files to
either memory type.

Volatile Random access memory that does not survive cycling of the signal generator power.
This memory is commonly referred to as waveform memory (WFM1) or waveform
playback memory. To play back waveforms, they must reside in volatile memory. The
following file types share this memory:

e 1/Q *  marker o fileheader * user PRAM
* waveform sequences (multiple I/Q files played together)
Non-volatile Storage memory where files survive cycling the signal generator power. Filesremain

until overwritten or deleted. To play back waveforms after cycling the signal generator
power, you must |oad waveforms from non-volatile waveform memory (NVWFM) to

volatile waveform memory (WFM1). The following file types share this memory:
* 1/Q *  marker o fileheader ¢ instrument state
e userdata ¢ user PRAM ¢ sweeplist * waveform segquences (multiple I/Q
files played together)
The following figure shows the locations within the signal generator for volatile and non-volatile waveform
data
Root directory

USER
E443xB Volatile E443xB Non-volatile
waveform data waveform data Non-volatile waveform data
o L P I o R ,,J
ARBI ARBQ NVARBI NVARBQ HEADER MARKERS WAVEFORM SECUREWAVE
v v
Waveform sequences Volatile waveform directory
SEQ BBG1

Volatile waveform data

A

]

_--""
HEADER MARKERS WAVEFORM SECUREWAVE
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Memory Allocation

Volatile Memory

The signal generator allocates volatile memory in blocks of 1024 bytes. For example, a waveform file with
60 samples (the minimum number of samples) has 300 bytes (5 bytes per sasmple x 60 samples), but the
signal generator allocates 1024 bytes of memory. If awaveform istoo largeto fit into 1024 bytes, the signal
generator allocates additional memory in multiples of 1024 bytes. For example, the signal generator
allocates 3072 bytes of memory for awaveform with 500 samples (2500 bytes).

3 x 1024 bytes = 3072 bytes of memory

As shown in the examples, waveforms can cause the signal generator to allocate more memory than what is
actually used, which decreases the amount of available memory.

Non-Volatile Memory

The signal generator allocates non-volatile memory in blocks of 512 bytes. For files less than or equal to
512 bytes, the file uses only one block of memory. For files larger than 512 bytes, the signal generator
allocates additional memory in multiples of 512 byte blocks. For example, afile that has 21,538 bytes
consumes 43 memory blocks (22,016 bytes).

Memory Size

The amount of available memory, volatile and non-volatile, varies by option and the size of the other files
that share the memory. When we refer to waveform files, we state the memory size in samples (one sample
equals five bytes). The baseband generator (BBG) options (001/601 and 002/602) contain the waveform
playback memory. The following tables show the maximum available memory.

Volatile (WFM1) Memory Non-Volatile (NVWFM) Memory
Option Size Option Size
001/601 (BBG)! 8 MSa (40 MB) Standard 3MSa (15 MB)
002 (BBG)! 32 MSa (160 MB) 005 (Hard disk) 1GSa(5GB)
602 (BBG) 64 MSa (320 MB)

1. Options 001 and 002 apply only to the E4438C ESG.
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Commands for Downloading and Extracting Waveform Data

You can download 1/Q data and the associated file header and marker file information (collectively called
waveform data) into volatile or non-volatile memory. For information on waveform structure, see
“Waveform Structure” on page 11.

NOTE Before downloading files into volatile memory (WFML), turn off the ARB.
Press: Mode > Dual Arb > ARB Off On until Off highlights
Or send: [ : SOURce] : RAD o: ARB[ : STATe] OFF

The signal generator provides the option of downloading waveform data either for extraction or not for
extraction. When you extract waveform data, the signal generator encrypts the data. The SCPI download
commands determine whether the waveform data is extractable.

If you use SCPI commands to download waveform data to be extracted later, you must use the
MEM DATA: UNPRot ect ed command. If you use FTP commands, no special command Syntax is necessary.

You can download or extract waveform data created in any of the following ways:

» with signal simulation software, such as MATLAB or Agilent Advanced Design System (ADS)
» with advanced programming languages, such as C++, VB or VEE

» with Agilent Signal Studio software

» with the signal generator

NOTE You can not extract files created with ESG firmware revisions prior to C.03.10.

Waveform Data Encryption

You can download encrypted waveform data extracted from one signal generator into another signal
generator with the same option or software license for the modulation format. You can al so extract encrypted
waveform data created with software such as MATLAB or ADS, providing the data was downloaded to the
signal generator using the proper command.

When you generate awaveform from the signal generator’sinternal ARB modulation format or download a
waveform from an Agilent Signal Studio software product, the resulting waveform datais automatically
stored in volatile memory and is available for extraction as an encrypted file.

The exception to encrypted file extraction is user-created 1/Q data. You can extract this1/Q data
unencrypted.
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Encrypted 1/Q Files and the Securewave Directory

The signal generator usesthe secur ewave directory to perform file encryption (extraction) and decryption
(downloads). The secur ewave directory is not an actual storage directory, but rather a portal for the
encryption and decryption process. While the secur ewave directory contains file names, these are actually
pointersto the true files located in signal generator memory (volatile or non-volatile). When you download
an encrypted file, the secur ewave directory decrypts the file and unpackages the contentsinto itsfile
header, 1/Q data, and marker data. When you extract afile, the secur ewave directory packages the file
header, 1/Q data, and marker data and encrypts the waveform datafile.

The signal generator uses the following secur ewave directory paths for file extractions and encrypted file
downloads:

Volatile Juser/securewave/file_name or swfm:file_name
Non-volatile Juser/bbgl/securewave/file_name or snvwfml:file_name
NOTE To extract files (other than user-created 1/Q files) and to download encrypted files, you must

use the secur ewave directory. If you attempt to extract previously downloaded encrypted
files (including Signal Studio downloaded files or internally created signal generator files)
without using the securewave directory, the signal generator generates an error and displays
ERROR 221, Access Deni ed.

File Transfer Methods

e SCPI using VXI-11 (VMEbus Extensions for Instrumentation as defined in VXI-11)
* SCPI over the GPIB or RS 232

e SCPI with sockets LAN (using port 5025)

» File Transfer Protocol (FTP)

SCPI Command Line Structure

The signal generator expects to see waveform data as block data (binary files). The |IEEE standard
488.2-1992 section 7.7.6 defines block data. The following example shows how to structure a SCPI
command for downloading waveform data (#ABC represents the block data):

: MVEM DATA "<fil e_nane>", #ABC

"<file_nane>" thel/Q file name and file path within the signal generator

# indicates the start of the data block

A the number of decimal digits present in B

B adecimal number specifying the number of data bytesto follow in C
C the actual binary waveform data
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The following example demonstrates this structure:
MVEM DATA [ WEML: ny_file”, #3 240, 12%8! 4&07#8g* YO . . .

| | |
C

file_name A B
WEML: thefile path
nmy file the 1/Q file name as it will appear in the signal generator’s memory catal og
# indicates the start of the data block
3 B has three decimal digits
240 240 bytes of datato follow in C
1298! 4&07#89* YO @ . . . the ASCII representation of some of the binary data downloaded to the

signal generator, however not all ASCII values are printable

NOTE If you use SCPI with sockets to send data to the signal generator, you must provide an
end-of-file indicator, as shown in the following command:
MVEM DATA "WFML: <f i | e_nanme>", <bl ockdat a>NL"END

Commands and File Paths for Downloading and Extracting Waveform Data
You can download or extract waveform data using the commands and file pathsin the following tables:

« Table1, “Downloading Unencrypted Files for No Extraction,” on page 21
» Table 2, “Downloading Encrypted Files for No Extraction,” on page 22

» Table 3, “Downloading Unencrypted Files for Extraction,” on page 22

» Table4, “Downloading Encrypted Files for Extraction,” on page 23

» Table 6, “Extracting Encrypted Waveform Data,” on page 24

Table 1 Downloading Unencrypted Files for No Extraction
Download Method/ Command Syntax Options
Memory Type

SCPI/volatile memory MVEM DATA "WFML: <fi | e_name>", <bl ockdat a>
MVEM DATA "MKRL: <fi | e_name>", <bl ockdat a>
MVEM DATA "HDRL: <fi | e_name>", <bl ockdat a>

SCPI/volatile memory MVEM DATA "user/ bbgl/ wavef orni <fi | e_name>", <bl ockdat a>
with full directory path MVEM DATA "user/ bbgl/ nar kers/ <fil e_nanme>", <bl ockdat a>
MVEM DATA "user/ bbgl/ header/ <fil e_name>", <bl ockdat a>
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Table 1

Downloading Unencrypted Files for No Extraction

Download Method/
Memory Type

Command Syntax Options

SCPI/non-volatile
memory

MVEM DATA "NWAM <fi | e_name>", <bl ockdat a>
MVEM DATA "NVMKR <fi | e_name>", <bl ockdat a>
MVEM DATA "NVHDR <fi | e_name>", <bl ockdat a>

SCPI/non-volétile
memory with full
directory path

MVEM DATA / user/wavef or i <fi | e_nanme>", <bl ockdat a>
MVEM DATA /user/ mar ker s/ <fil e_name>", <bl ockdat a>
MVEM DATA / user/ header/ <fil e_name>", <bl ockdat a>

Table 2

Downloading Encrypted Files for No Extraction

Download Method
/Memory Type

Command Syntax Options

SCPI/volatile memory

MVEM DATA "user/ bbgl/ secur ewave/ <fil e_name>", <bl ockdat a>
MVEM DATA " SWFML: <fi | e_name>", <bl ockdat a>
MVEM DATA "fi |l e_name @WML", <bl ockdat a>

SCPI/non-volatile
memory

MVEM DATA "user/ secur ewave/ <fil e_name>", <bl ockdat a>
MVEM DATA " SNWAFM <fi | e_nane>", <bl ockdat a>
MVEM DATA "fi |l e_name @NVWM', <bl ockdat a>

Table 3 Downloading Unencrypted Files for Extraction
Download Method/ | Command Syntax Options
Memory Type
SCPI/volatile MEM DATA: UNPRot ect ed "/ user/ bbgl/ wavef ornifil e_nane", <bl ockdat a>
memory MEM DATA: UNPRot ect ed "/ user/ bbgl/ narkers/fil e_nane", <bl ockdat a>
MEM DATA: UNPRot ect ed "/ user/ bbgl/ header/fil e_nane", <bl ockdat a>
MEM DATA: UNPRot ect ed "WFML: fi | e_nane", <bl ockdat a>
MEM DATA: UNPRot ect ed "MKRL: fi | e_nane", <bl ockdat a>
MEM DATA: UNPRot ect ed "HDRL: fil e_nane", <bl ockdat a>
MEM DATA: UNPRot ected "fil e_nane@W¥ML", <bl ockdat a>
MEM DATA: UNPRot ected "fil e_nanme@KRL", <bl ockdat a>
MEM DATA: UNPRot ected "fil e_nane@DRL", <bl ockdat a>
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Downloading Unencrypted Files for Extraction

Memory Type

Download Method/

Command Syntax Options

SCPI/non-volatile
memory

MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed

"/ user/wavefornifil e_nane", <bl ockdat a>
"/ user/ markers/fil e_name", <bl ockdat a>
"/ user/ header/fil e_name", <bl ockdat a>
"NVWWFM fi |l e_name", <bl ockdat a>

"NVMWKR fil e_nane", <bl ockdat a>

"NVHDR fi | e_nane", <bl ockdat a>
"file_name@WWM , <bl ockdat a>
"file_name@WVMWKR', <bl ockdat a>
"file_name@WHDR', <bl ockdat a>

FTP/volatile
memory!

r/ bbgl/ wavef or mi <fi | e_name>
r/ bbgl/ mar ker s/ <fil e_name>

FTP/non-volatile
memory!

put <file_nane> /use
put <file_nane> /use
put <file_nane> /use
put <file_nane> /use

r/wavef orni <fil e_name>
r/ mar kers/ <fil e_nane>

1. See “FTP Procedures” on page 25.

MEM DATA: UNPRot ect ed

Table 4 Downloading Encrypted Files for Extraction
Download Command Syntax Options
Method/Memory
Type
SCPI/volatile MEM DATA: UNPRot ect ed "/ user/ bbgl/ secur ewave/ fil e_name", <bl ockdat a>
memory MEM DATA: UNPRot ect ed " SWML: fi | e_nane", <bl ockdat a>

"fil e_name@WML", <bl ockdat a>

SCPI/non-volatile
memory

MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed
MEM DATA: UNPRot ect ed

"/ user/securewave/ fil e_nane", <bl ockdat a>
"SNVWWFM fi | e_name", <bl ockdat a>
"fil e_name@NWWFM , <bl ockdat a>

FTP/volatile
memory!

put <file_name> /user/bbgl/ securewave/<fil e_nane>

FTP/non-volatile
memory!

put <file_name> /user/securewave/<fil e_nane>

1. See “FTP Procedures” on page 25.
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Table 5 Extracting User Downloaded Unencrypted 1/Q Data
Extraction Command Syntax Options
Method/Memory
Type
SCPI/volatile MVEM DATA? "/ user/bbgl/waveforni <fil e_name>"
memory MVEM DATA? "WFML: <fi | e_name>"

MVEM DATA? "<fil e_name>@W¥ML"

SCPI/non-volatile
memory

MVEM DATA? "/ user/waveform <fil e_nane>"
MVEM DATA? "NWIFM <fi | e_nane>"
MVEM DATA? "<fil e_name>@WWFM

FTP/volatile
memory!

get /user/bbgl/ waveforni <fil e_nane>

FTP/non-volatile
memory!

get /user/waveforni <file_name>

1 See FTP Procedures.

Table 6 Extracting Encrypted Waveform Data
Extraction Command Syntax Options
Method/Memory
Type
SCPI/volatile MVEM DATA? "/ user/bbgl/ securewave/fil e_nane"
memory MVEM DATA? " SWFML: fi | e_name"

MVEM DATA? "fil e_name @WML"

SCPI/non-volatile
memory

MVEM DATA? "/ user/securewave/fil e_name"
MVEM DATA? " SNVWWFM fi | e_nane"
MVEM DATA? "fi |l e_name @GNWFM

FTP/volatile
memory?

get /user/bbgl/securewave/ <fil e_nanme>

FTP/non-volatile
memory?

get /user/securewave/ <fil e_nane>

1. See “FTP Procedures” on page 25.
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FTP Procedures

There are three waysto FTP files:

» use Microsoft's ® Internet Explorer FTP feature
» usethe signal generator’sinternal web server (ESG firmware = C.03.76)
» usethe PC'sor UNIX command window

Using Microsoft’s Internet Explorer

1. Enter the signal generator’s hostname or |P address as part of the FTP URL.
ftp://<host name> or <IP address>

2. PressEnter on the keyboard or Go from the Internet Explorer window.
The signal generator files appear in the Internet Explorer window.

3. Drag and drop files between the PC and the Internet Explorer window

Using the Signal Generator’s Internal Web Server

1. Enter the signal generator’s hostname or IP addressin the URL.
http://<host name> or <IP address>

2. Click the Signal Generator FTP Access button located on the left side of the window.
The signal generator files appear in the web browser’s window.

3. Drag and drop files between the PC and the browser’s window

For more information on the web server feature, see the Programming Guide for the signal generator.

Using the Command Window (PC or UNIX)

This procedure downloads to non-volatile memory. To download to volatile memory, change thefile path.

1. From the PC command prompt or UNIX command line, change to the destination directory for the file
you intend to download.

2. From the PC command prompt or UNIX command line, typeft p <i nst runment nane>. Where
i nstrument nane isthesigna generator’s hostname or |P address.

3. AttheUser: promptin the ftp window, pressEnter (no entry isrequired).

4. AtthePasswor d: prompt in the ftp window, press Enter (no entry is required).

Microsoft is a U.S registered trademark of Microsoft Corporation.
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5. Attheft p prompt, type:
put <file_nanme> /user/waveforni <file_nanel>

where <f i | e_nane> isthe name of the file to download and <f i | e_nanel> isthe name designator
for the signal generator’s/ user/ wavef or ni directory.

« |If amarker fileis associated with the data file, use the following command to download it to the
signal generator:
put <narker file_name> /user/narkers/<file_namel>

where <rmar ker fil e_nane>isthe name of thefileto download and <fil e_nanel> isthe
name designator for the filein the signal generator’s/ user/ mar ker s/ directory. Marker filesand
the associated 1/Q waveform data have the same name.

NOTE If no marker fileis provided, the signal generator automatically creates a default marker file
consisting of all zeros.

6. Attheft p prompt, type: bye
7. At the command prompt, type: exi t
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Creating Waveform Data

This section examinesthe C++ code algorithm for creating 1/Q waveform data by breaking the programming
example into functional parts and explaining the code in generic terms. Thisis done to help you understand
the code algorithm in creating the | and Q data, so you can leverage the concept into your programming
environment. If you do not need thislevel of detail, you can find the complete programming examplein
“Programming Examples’ on page 48.

You can use various programming environments to create ARB waveform data. Generally there are two
types:

» Simulation software— thisincludes MATLAB, Agilent Technologies EESof Advanced Design System
(ADS), Signal Processing WorkSystem (SPW), and so forth.

» Advanced programming languages—thisincludes, C++, VB, VEE, MS Visual Studio.Net, Labview,
and so forth.

No matter which programming environment you use to create the waveform data, make sure that the data
conforms to the data requirements shown on page 2. To learn about 1/Q data for the signal generator, see
“Understanding Waveform Data’ on page 4.

Code Algorithm

This section uses code from the C++ programming example “Importing, Byte Swapping, Interleaving, and
Downloading | and Q Data—Big and Little Endian Order” on page 69 to demonstrate how to create and
scale waveform data.

There are three steps in the process of creating an 1/Q waveform:

1. Createthel and Q data.
2. Savethel and Q datato atext file for review.
3. Interleave the |l and Q datato make an 1/Q file, and swap the byte order for little-endian platforms.

For information on downloading 1/Q waveform data to a signal generator, refer to “Commands and File
Paths for Downloading and Extracting Waveform Data’ on page 21 and “ Downloading Waveform Data” on

page 34.
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1. Create | and Q data.
Thefollowing lines of code create scaled | and Q datafor asine wave. The | data consists of one period of a
sine wave and the Q data consists of one period of a cosine wave.

Line Code—cCreate | and Q data

1 const int NUVBAMPLES=500;

2 mai n(int argc, char* argv[]);

3 {

4 short i dat a] NUMBAMPLES] ;

5 short qdat a| NUMSAMPLES] ;

6 int nunsanpl es = NUVBAMVPLES;

7 for(int index=0; index<nunsanples; index++);

8 {

9 i dat a[ i ndex] =23000 * si n((2*3. 14*i ndex)/ nunsanpl es) ;

10 gdat a[ i ndex] =23000 * cos((2*3. 14*i ndex)/ nunmsanpl es) ;

1 }

Line Code Description—Create | and Q data

1 Define the number of waveform points. Note that the maximum number of waveform
points that you can set is based on the amount of available memory in the signal generator.
For more information on signal generator memory, refer to “Waveform Memory” on
page 17.

2 Define the main function in C++.

4 Create an array to hold the generated | values. The array length equals the number of the
waveform points. Note that we define the array as type short, which represents a 16-bit
signed integer in most C++ compilers.

5 Create an array to hold the generated Q values (signed 16-bit integers).

6 Define and set atemporary variable, which is used to calculate the | and Q values.
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Line

Code Description—Create | and Q data

7-11

Create aloop to do the following:

« Generate and scale the | data (DA C values). This example uses a simple sine equation,
where 2* 3.14 equals one waveform cycle. Change the equation to fit your application.

— Thearray pointer, index, increments from 0499, creating 500 | data points over one
period of the sine waveform.

— Set the scale of the DAC valuesin the range of —32767 to 32768, where the values
—32767 and 32768 equal full scale negative and positive respectively. This example
uses 23000 as the multiplier, resulting in approximately 70% scaling. For more
information on scaling, see “ Scaling DAC Values’ on page 8.

NOTE The signal generator comes from the factory with 1/Q scaling set to 70%. If
you reduce the DAC input values, ensure that you set the signal generator
scaling (: RAD o: ARB: RSCal i ng) to an appropriate setting that
accounts for the reduced values.

e Generate and scale the Q data (DAC value). This example uses a ssimple cosine

equation, where 2* 3.14 equals one waveform cycle. Change the equation to fit your
application.

— Thearray pointer, index, increments from 0499, creating 500 Q data points over
one period of the cosine waveform.

— Set the scale of the DAC valuesin the range of —32767 to 32768, where the values
—-32767 and 32768 equal full scale negative and positive respectively. This example
uses 23000 as the multiplier, resulting in approximately 70% scaling. For more
information on scaling, see “ Scaling DAC Values’ on page 8.

Chapter

29



Creating and Downloading Waveform Files
Creating Waveform Data

2. Save the 1/Q data to a text file to review.

Thefollowing lines of code export the | and Q datato atext filefor validation. After exporting the data, open
the file using Microsoft Excel or asimilar spreadsheet program, and verify that the | and Q data are correct.

Line Code Description—Saving the 1/Q Data to a Text File

12 char *ofile = "c:\\temp\\iqg.txt";
13 FILE *outfile = fopen(ofile, "w');

14 if (outfile==NULL) perror ("Error opening file to wite");
15 for(i ndex=0; index<numsanpl es; index++)
16 {
17 fprintf(outfile, "%, %l\n", idata[index], qdata[index]);
18 }
19 fclose(outfile);
Line Code Description—Saving the 1/Q Data to a Text File

12 Set the absolute path of atext file to a character variable. In this example, iq.txt isthefile
name and * ofile is the variable name.

For thefile path, some operating systems may not use the drive prefix (‘c:’ inthisexample),
or may require only asingle forward slash (/), or both (" / temp/ ig.txt")

13 Open the text file in write format.

14 If the text file does not open, print an error message.

15-18 | Create aloop that prints the array of generated | and Q data samplesto the text file.

19 Close the text file.
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3. Interleave the | and Q data, and byte swap if using little endian order.

This step has two sets of code:

» Interleaving and byte swapping | and Q datafor little endian order
» Interleaving | and Q datafor big endian order

For more information on byte order, see “Little Endian and Big Endian (Byte Order)” on page 5.

Line Code—Interleaving and Byte Swapping for Little Endian Order
20 char i gbuf f er [ NUVBAMPLES* 4] ;
21 for (i ndex=0; index<nunmsanpl es; index++)
22 {
23 short ivalue = idata[index];
24 short qval ue = qdata[i ndex];
25 i gbuf fer[i ndex*4] = (ivalue >> 8) & OxFF;
26 i gbuf fer[index*4+1] = ival ue & OxFF;
27 i gbuf fer[index*4+2] = (qgval ue >> 8) & OxFF;
28 i gbuf fer[i ndex*4+3] = gval ue & OxFF;
29 }
30 return O;
Line Code Description—Interleaving and Byte Swapping for Little Endian Order
20 Define a character array to store the interleaved | and Q data. The character array makes
byte swapping easier, since each array location accepts only 8 bits (1 byte). The array size
increases by four times to accommodate two bytes of | data and two bytes of Q data.
21-29 | Create aloop to do the following:

e Savethe current | data array valueto avariable.

NOTE In rare instances, a compiler may define short as larger than 16 bits. If this
condition exists, replace short with the appropriate object or label that
defines a 16-bit integer.

« Savethe current Q data array valueto avariable.
« Swap the low bytes (bits 0-7) of the data with the high bytes of the data (done for both
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Line

Code Description—Interleaving and Byte Swapping for Little Endian Order

21-29

the |l and Q data), and interleave the | and Q data.

— shift the data pointer right 8 bits to the beginning of the high byte (ivalue >> 8)
Little Endian Order
7 6 54 3 2 1 0 15 14 1312 1110 9 8 BitPosition
11101001 101101 11 Dpata
* ______ > Hex values = E9 B7

Data pointer Data pointer shifted 8 bits

— AND (boolean) the high | byte with OxFF to make the high | byte the value to store
in the |Q array—(ivalue >> 8) & OxFF

15 14 1312 1110 9 8
101101 11 Hexvalue=B7
111111 11 Hexvalue=FF
101101 11 Hexvalue=B7
— AND (boolean) the low | byte with OxFF (ivalue & OxFF) to makethelow | byte the
value to storein the 1/Q array location just after the high byte [index * 4 + 1]

| Data in 1/Q Array after Byte Swap (Big Endian Order)

15 14 1312 1110 9 8 7 6 5 4 3 2 1 0 BitPosition
10110111 11101001 Data
Hex value = B7 E9

— Swap the Q byte order within the same loop. Notice that the | and Q data interleave

with each loop cycle. Thisis dueto the I/Q array shifting by one location for each |

and Q operation [index * 4 + n].

Interleaved 1/Q Array in Big Endian Order
15 8 T 0 15 8 T o Bit Position

1011011111101001 1110010101101011 Data
— A /)

~ "
| Data Q Data
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Line Code—Interleaving | and Q data for Big Endian Order
20 short i gbuffer[ NUVBAVPLES* 2] ;
21 for (i ndex=0; index<numsanpl es; index++)
22 {
23 i gbuf fer[index*2] = idata[index];
24 i gbuf fer[i ndex*2+1] = qdat a[i ndex];
25 }
26 return O;
Line Code Description—Interleaving | and Q data for Big Endian Order
20 Define a 16-bit integer (short) array to store the interleaved | and Q data. The array size
increases by two times to accommodate two bytes of | data and two bytes of Q data.
NOTE In rare instances, a compiler may define short as larger than 16 bits. If this
condition exists, replace short with the appropriate object or label that
defines a 16-bit integer.
21-25 | Create aloop to do the following:

e Storethel datavaluesto the I/Q array location [index*2].
e Store the Q data valuesto the 1/Q array location [index* 2+1].

Interleaved 1/Q Array in Big Endian Order

15, 8 T, 0 15, 8 T, 0 Bit Position
1011011111101001 1110010101101011 pata
- AN )

~ ~

| Data Q Data

To download the data created in the above example, see “Using Advanced Programming Languages’ on

page 37.
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Downloading Waveform Data

This section examines methods of downloading 1/Q waveform data created in MATLAB (asimulation
software) and C++ (an advanced programming language). For more information on simulation and
advanced programming environments, see “Creating Waveform Data’ on page 27.

To download data from simulation software environments, it istypically easier to use one of the free
download utilities (described on page 44), because simulation software usually savesthe datato afile. In
MATLAB however, you can either save datato a.mat file or create a complex array. To facilitate
downloadingaMATLAB complex dataarray, Agilent created the PSG/ESG Download Assistant (one of the
free download utilities), which downloads the complex data array from within the MATLAB environment.
This section shows how to use the download assistant.

For advanced programming languages, this section closely examines the code algorithm for downloading
1/Q waveform data by breaking the programming examples into functional parts and explaining the code in
generic terms. Thisis done to help you understand the code a gorithm in downloading the interleaved 1/Q
data, so you can leverage the concept into your programming environment. While not discussed in this
section, you may also save the datato a binary file and use one of the download utilities to download the
waveform data (see “ Using the Download Utilities” on page 44).

If you do not need the level of detail this section provides, you can find complete programming examplesin
“Programming Examples’ on page 48. Prior to downloading the I/Q data, ensure that it conforms to the data
requirements shown on page 2. To learn about 1/Q data for the signal generator, see “Understanding
Waveform Data’ on page 4. For creating waveform data, see “ Creating Waveform Data’ on page 27.

NOTE Before downloading filesinto volatile memory (WFML), turn off the ARB.
Press: Mode > Dual Arb > ARB Off On until Off highlights
Or send: [ : SOURce] : RAD o: ARB[ : STATe] OFF

Using Simulation Software

This procedure uses a complex data array created in MATLAB and uses the PSG/ESG Download Assistant
to download the data. To obtain the PSG/ESG Download Assistant, see “Using the Download Utilities” on

page 44.
There are two steps in the process of downloading an 1/Q waveform:

1. Open aconnection session.
2. Download the I/Q data.
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1. Open a connection session with the signal generator.
Thefollowing code establishesa LAN connection with the signal generator, sends the |EEE SCPI command
*i dn?, and if the connection fails, displays an error message.

Line

1

ab~owiN

Code—Open a Connection Session

io = agt_newconnection('tcpip','|P address');

% o0 = agt _newconnection('gpib', <prinmary address>, <secondary

addr ess>) ;

[status, status_description,query result] = agt_query(io,' *idn?');
if status == -

display ‘fail to connect to the signal generator’;

end;

Line

Code Description—Open a Connection Session with the Signal Generator

Sets up a structure (indicated above by i0) used by subsequent function callsto establish a
LAN connection to the signal generator.

e agt_newconnection() isthe function of Agilent Download Assistant used in MATLAB
to build a connection to the signal generator.

e |f you are using GPIB to connect to the signal generator, provide the board, primary
address, and secondary address: io = agt_newconnection(‘gpib',0,19);
Change the GPIB address based on your instrument setting.

Send a query to the signal generator to verify the connection.

e agt_query() isan Agilent Download Assistant function that sends a query to the signal
generator.

« |If signal generator receivesthe query *i dn?, status returns a zero and query_result
returns the signal generator’s model number, serial number, and firmware version.

35

If the query fails, display a message.
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2. Download the I/Q data
The following code downloads the generated waveform data to the signal generator, and if the download

fals, displays amessage.

Line Code—Download the 1/Q data
6 [status, status_description] = agt_waveform oad(io, | Quave,
"wavefornfilel' , 2000, 'no_play','normscale');
7 if status == -
8 display ‘fail to download to the signal generator’;
9 end;
Line Code Description—Download the 1/Q data
6 Download the I/Q waveform data to the signal generator by using the function call

(agt_waveformload ) from the Agilent Download Assistant. Some of the arguments are
optional asindicated below, but if oneis used, you must use all arguments previous to the
onhe you require.

Notice that with this function, you can perform the following actions:

e download complex 1/Q data
« namethefile (optional argument)
e set the sample rate (optional argument)

If you do not set avalue, the signal generator uses its preset value of 100 MHz, or if a
waveform was previously play, the value from that waveform.

e start or not start waveform playback after downloading the data (optional argument)
Use either the argument play or the argument no_play.
« whether to normalize and scale the 1/Q data (optional argument)

If you normalize and scal e the data within the body of the code, then use no_normscale,
but if you need to normalize and scale the data, use norm_scale. This normalizes the
waveform data to the DAC values and then scales the data to 70% of the DAC values.

e download marker data (optional argument)

If there is no marker data, the signal generator creates a default marker file, all marker
set to zero.

To verify the waveform data download, see “L oading, Playing, and Verifying a
Downloaded Waveform” on page 41.

7-9 If the download fails, display an error message.
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Using Advanced Programming Languages

This procedure uses code from the C++ programming example “Importing, Byte Swapping, Interleaving,
and Downloading | and Q Data—Big and Little Endian Order” on page 69.

For information on creating I/Q waveform data, refer to “ Creating Waveform Data’ on page 27.

There are two steps in the process of downloading an 1/Q waveform:

1. Open aconnection session.
2. Download the I/Q data.

1. Open a connection session with the signal generator.
The following code establishes a LAN connection with the signal generator or prints an error message if the
session is not opened successfully.

Line Code Description—Open a Connection Session
1 char* instQpenString ="l an[hostnane or | P address]";
[/ char* instenString ="gpi b<primary addr>, <secondary addr>";
2 I NST i d=i open(i nstpenString);
3 if (tid)
4 {
5 fprintf(stderr, "iopen failed (%)\n", instQpenString);
6 return -1;
7 }
Line Code Description—Open a Connection Session
1 Assign the signal generator’s LAN hostname, |P address, or GPIB address to a character

string.

e Thisexample usesthe Agilent IO library’siopen() SICL function to establishaLAN
connection with the signal generator. The input argument, lan[ hostname or |P address]
containsthe device, interface, or commander address. Changeit to your signal generator
host name or just set it to the | P address used by your signal generator. For example:
“lan[999.137.240.9]"

e |f you are using GPIB to connect to the signal generator, use the commented linein
place of thefirst line. Insert the GPIB address based on your instrument setting, for
example “gpib0,19”.

»  For the detailed information about the parameters of the SICL function iopen(), refer to
the online “ Agilent SICL User’s Guide for Windows.”
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Line Code Description—Open a Connection Session

2 Open a connection session with the signal generator to download the generated 1/Q data.

The SICL function iopen() isfrom the Agilent 10 library and creates a session that returns
anidentifier toid.

« If iopen() succeedsin establishing a connection, the function returns a valid session id.
Thevalid session id is not viewable, and can only be used by other SICL functions.

« If iopen() generates an error before making the connection, the session identifier is set
to zero. This occursiif the connection fails.

¢ Tousethisfunction in C++, you must include the standard header
#include <sicl.h> before the main() function.

37 If id = 0, the program prints out the error message and exits the program.

2. Download the 1/Q data.
The following code sends the SCPI command and downl oads the generated waveform data to the signal
generator.

Line CodeDescription—Download the 1/Q Data

8 i nt bytesToSend;

9 byt esToSend = nunsanpl es*4;

10 char s[20];

1 char cnd[ 200] ;

12 sprintf(s, "%l", bytesToSend);

13 sprintf(cnd, ":MEM DATA \"WFML: FI LE1\ ", #%%l", strlen(s),
byt esToSend) ;

14 iwite(id, cnd, strlen(cnd), 0, 0);

15 iwite(id, iqgbuffer, bytesToSend, 0, 0);

16 iwite(id, "\n", 1, 1, 0);

Line Code Description—Download the 1/Q data

8 Define an integer variable (bytesToSend) to store the number of bytes to send to the signal
generator.
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Line

Code Description—Download the 1/Q data

Calculate the total number of bytes, and store the value in the integer variable defined in
line 8.

In this code, numsampl es contains the number of waveform points, not the number of bytes.
Because it takes four bytes of data, two | bytes and two Q bytes, to create one waveform
point, we have to multiply humsamples by four. Thisis shown in the following example:

numsamples = 500 waveform points
numsamples x 4 = 2000 (four bytes per point)
bytesToSend = 2000 (numsamples x 4)

For information on setting the number of waveform points, see“1. Create | and Q data.” on
page 28.

10

Create a string large enough to hold the bytesToSend val ue as characters. In this code, string
sis set to 20 bytes (20 characters—one character equal's one byte)

n

Create a string and set its length (cmd[200] ) to hold the SCPI command syntax and
parameters. In this code, we define the string length as 200 bytes (200 characters).

12

Store the value of bytesToSend in string s. For example, if bytesToSend = 2000; s = "2000"

13

Store the SCPI command syntax and parameters in the string cmd. The SCPI command
prepares the signal generator to accept the data.

« gprintf() isastandard function in C++, which writes string data to a string variable.
e gtrlen() isastandard function in C++, which returns length of a string.

e |If bytesToSend = 2000, then s =“2000", strlen(s) = 4, so
cmd = :MEM:DATA "WFM 1:FILEL\" #42000.

14

Send the SCPI command stored in the string cmd to the signal generator, which is
represented by the session id.

e iwrite() isaSICL functionin Agilent 10 library, which writes the data (block data)
specified in the string cmd to the signal generator (id).

e Thethird argument of iwrite(), strlen(cmd), informs the signal generator of the number
of bytesin the command string. The signal generator parses the string to determine the
number of I/Q data bytes it expectsto receive.

e Thefourth argument of iwrite(), zero, meansthere is no END indicator for the string.
Thislets the session remain open, so the program can download the 1/Q data.
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Line Code Description—Download the 1/Q data

15 Send the generated waveform data stored in the 1/Q array (igbuffer) to the signal generator.

« iwrite() sends the data specified in igbuffer to the signal generator (session identifier
specified in id).

¢ Thethird argument of iwrite(), bytesToSend, contains the length of the igbuffer in bytes.
In this example, it is 2000.

e Thefourth argument of iwrite(), 0, meansthere isno END indicator in the data.

In many programming languages, there are two methods to send SCPI commands and
data:

— Method 1 where the program stops the data download when it encounters the first
zero (END indicator) in the data.

— Method 2 where the program sends afixed number of bytesand ignores any zerosin
the data. Thisisthe method used in our program.

For your programming language, you must find and use the equivalent of method two.
Otherwise you may only achieve a partial download of the | and Q data.

16 Send the terminating carriage (\n) asthe last byte of the waveform data.
« iwrite() writesthe data“\n” to the signal generator (session identifier specified in id).
« Thethird argument of iwrite(), 1, sends one byte to the signal generator.

e Thefourth argument of iwrite(), 1, isthe END indicator, which the program uses to
terminate the data download.

To verify the waveform data download, see “L oading, Playing, and Verifying a
Downloaded Waveform” on page 41.
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Loading, Playing, and Verifying a Downloaded Waveform

The following procedures show how to perform the steps using either front-panel key presses or SCPI
commands.

Loading a File from Non-Volatile Memory

Select the downloaded 1/Q file in non-volatile waveform memory (NVWFM) and load it into volatile
waveform memory (WFM1). The file comprises three items: 1/Q data, marker file, and file header
information. Loading the 1/Q file also |oads the marker file and file header.

*  From the front panel:
1. PressMode > Dual ARB > Select Waveform > Waveform Segments > Load Store until Load highlights.
2. Highlight the 1/Q filein the NVWFM catal og.
3. PressLoad Segment From NVWFM Memory.
4. PressReturn.

» Remotely send one of the following SCPI command to copy the 1/Q file, marker file and file header
information:

: MEMDry: CCPY[ NAMVE] " <NWAEM fi | e_nanme>", " <WFML: fi | e_name>"
: MEMDry: CCPY[ NAME] "<NVMKR: fi | e_name>", "<MKRL: fi | e_name>"

NOTE When you copy awaveform file or marker file information from volatile or non-volatile
memory, the waveform and associated marker and header files are all copied. Conversely,
when you delete an 1/Q file, the associated marker and header files are deleted. It is not

necessary to send separate commands to copy or delete the marker and header files.

Playing the Waveform

Play the waveform and use it to modul ate the RF carrier.

1. Select the waveform from the volatile memory waveform list:
e From the front panel:

a. Press Mode > Dual ARB > Select Waveform.

b. Highlight the desired waveform.
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C. PressSelect Waveform.

« Remotely send the following SCPI command:

[ : SQURce}: RAD 0: ARB: WAVef or m "WFML: <f i | e_nane>"
2. Play the waveform:

e From the front panel:
a. Press ARB Off On until Onis highlighted.
b. PressMod On/0ff until the MOD ON annunciator appears on the display.
c. PressRF On/0ff until the RF ON annunciator appears on the display.
Remotely send the following SCPI commands:

[: SQURce] : RAD o: ARB[ : STATe] ON
: QUTPut : MCDul ati on[ : STATe] ON
:QUTPuUt [ : STATe] ON

Verifying the Waveform

Perform this procedure after completing the stepsin the previous procedure, Playing the Waveform.

1. Connect the signal generator to an oscilloscope as shown in the figure.

,

. EYEMT Dscilloscope
/ -\“\.

SIGNAL GENERATOR

L

2. Set an active marker point on the first waveform point for marker one.

e From the front panel:

Press ARB Setup > Marker Utilities > Set Markers.

a
b. Highlight the same waveform selected in “Playing the Waveform” on page 41.

Press Set Markers > Marker 1234 to 1.

o

d. Press Set Markers Off All Points > Set Marker on First Point.

42
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« Remotely send the following SCPI commands:
a [:SOURce]: RAD o: ARB: MARKer : CLEar: ALL "WFML: <fil e_nane>", 1
b. [: SOURce] : RAD o: ARB: MARKer : [ SET] "WFML: <fi |l e_nanme>", 1,1, 1, 0.

3. Compare the oscilloscope display to the plot of the | and Q data from the text file you created when you
generated the data.

If the oscilloscope display, and the | and Q data plots differ, recheck your code. For detailed information
on programmatically creating and downloading waveform data, see “ Creating Waveform Data’ on
page 27 and “Downloading Waveform Data’ on page 34. For information on the waveform data
reguirements, see “Waveform Data Requirements’ on page 2.
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Using the Download Utilities

Adgilent provides free download utilities to download waveform datainto the signal generator. Thetablein

this section describes the capabilities of three such utilities.
For more information and to install the utilities, refer to the following URLSs:
* Agilent Signal Studio Toolkit: www.agilent.convfind/signal studio

This software provides a graphical interface for downloading files.

* Agilent IntuiLink for PSG/ESG Signal Generators: www.agilent.com/find/intuilink

This software places iconsin the Microsoft Excel and Word toolbar. Use the icons to connect to the

signal generator and open awindow for downloading files.

* PSG/ESG Download Assistant: www.agilent.com/find/downl oadassi stant

This software provides functions for the MATLAB environment to download waveform data.

Features Agilent Signal Agilent PSG/ESG

Studio Toolkit IntuiLink Download
Assistant

Downloads encrypted waveform files X

Downloads Signal Studio waveform files x1

Downloads complex MATLAB waveform data X

Downloads MATLAB files (.mat) X

Downloads unencrypted interleaved 16-hit 1/Q files 2

Interleaves and downloads earlier 14-bit E443xB | and Q X

files?

Swaps bytes for little endian order X

Downloads user-created marker files X X X

Performs scaling X X X

Starts waveform play back X X

Sends SCPI Commands and Queries X X

Builds a waveform sequence X X

1. Some Signal Studio products let you create and export waveform files to a PC. Signal Studio Toolkit downloads the exported

files.
2. ASCII or binary format.
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Downloading E443xB Signal Generator Files

In this section, the words signal generator without a model number refer to an E4438C ESG or an E8257D
PSG signal generator. To download earlier E443xB model | and Q filesto a signal generator, use the same
SCPI commands as if downloading filesto an E443xB signa generator. The signal generator automatically
converts the E443xB filesto the proper file format as described in “Waveform Structure” on page 11 and
stores them in the signal generator’s memory. This conversion process causes the signal generator to take
more time to download the earlier file format. To minimize the time to convert earlier E443xB files to the
proper file format, store E443xB file downloads to volatile memory, and then transfer them over to
non-volatile (NVWFM) memory.

NOTE You cannot extract waveform data downloaded as E443xB files.

E443xB Data Format

The following diagram describes the data format for the E443xB waveform files. Thisfile structure can be
compared with the new style file format shown in “Waveform Structure” on page 11. If you create new
waveform filesfor the signal generator, use the format shown in “Waveform Data Requirements’ on page 2.

E443xB ARB Data Format

Marker Data
Volatile Memory FPath
e 14 bits DAG Data
| File MSB Qffset Binary LSB
ARB| ‘waveform name I 7 I 14 I
2 File
ARBQ fwaveform name I 2 I 14 I
[ 14 bits DAC Data
I
ke Offset Binary

oty derlg

Storage Locations for E443xB ARB files

Place waveforms in either volatile memory or non-volatile memory. The signal generator supports the
E443xB directory structure for waveform file downloads.

Volatile Memory Storage Locations

e Juser/arbi/
e [user/arbg/
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Non-Volatile Memory Storage Locations

e Juser/nvarbi/
e Juser/nvarbqg/

Loading filesinto the above directories (volatile or non-volatile memory) does not actually store themin
those directories. Instead, these directories function as “pipes’ to the format translator. The signal generator
performs the following functions on the E443xB data:

» Convertsthe 14-bit | and Q datainto 16-hit data.
L eft shifts the data and appends two bits (zeros) before the least significant bit.

E443xB 14-Bit Data

| data Q data
(. - N - O
|11|10110110111001 0010100111011001

Marker bits 14 data bits Reserved bits 14 data bits

Left Shifts and Adds Zeros—Removes Marker and Reserved Bits
(16-Bit Data Format)

16-bit | data 16-bit Q data
' - N . - N
11 10110110111001&% %9 10100111011001%9
Marker bits removed Bits added Reserved bits removed Bits added

e Creates amaker file and places the marker information, bits 14 and 15 of the E443xB | data, into the
marker file for markers one and two. Markers three and four, within the new marker file, are set to zero
(off).

Places the | Marker Bits into the Signal Generator’s Marker File

0011

/l Marker 1 and 2 bits from the E443xB | data

Marker 3 and 4 bits

* Interleavesthe 16-bit | and Q data creating one 1/Q file.
» Creates afile header with all parameters set to unspecified (factory default file header setting).
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SCPI Commands

Use the following commands to download E443xB waveform files into the signal generator.

NOTE Before downloading waveform data into volatile memory, turn off the Dual ARB player by
pressing Mode > Dual ARB > ARB Off On until Off is highlighted or send the SCPI command
[ SOURce] : RAD o: ARB[ : STATe] CFF.

Extraction Method/ Command Syntax Options

Memory Type

SCPI/ : MVEM DATA "ARBI : <fil e_name>", <l waveform bl ock data>
volatile memory : MVEM DATA "ARBQ <fil e_nane>", <Q waveform dat a>

SCPI/ : MVEM DATA "NVARBI : <fil e_nane>", <l waveform bl ock data>
non-volatile memory | : MVEM DATA "NVARBQ <fil e _name>", <Q waveform bl ock dat a>

Thevariables<l wavef orm bl ock dat a>and <Q wavef or m bl ock dat a> represents datain the
E443xB file format. The string variable <f i | e_name> isthe name of the | and Q datafile. After
downloading the data, the signal generator associates a file header and marker file with the I/Q datafile.
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Programming Examples

The programming examples use GPIB or LAN interfaces and are written in the following languages:

o C++

« MATLAB

* Visual Basic
» HPBasic

See signal generator’s Programming Guide for information on interfaces and 1/O libraries.
The example programs are also available on the signal generator’'s documentation CD-ROM, which allows
you to cut and paste the examples into an editor.

C++ Programming Examples
This section contains the following programming examples:

» “Creating and Storing Offset 1/Q Data—Big and Little Endian Order” on page 49
» “Creating and Storing 1/Q Data—L ittle Endian Order” on page 54

» “Creating and Downloading I/Q Data—Big and Little Endian Order” on page 56
» “Importing and Downloading I/Q Data—Big Endian Order” on page 61

*  “Importing and Downloading Using VISA—Big Endian Order” on page 64

* “Importing, Byte Swapping, Interleaving, and Downloading | and Q Data—Big and Little Endian
Order” on page 69
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Creating and Storing Offset I/Q Data—Big and Little Endian Order
On the signal generator’s documentation CD, this programming example's nameis “offset_iq_c++.txt.”

This C++ programming example (compiled using Microsoft Visual C++ 6.0) follows the same coding
algorithm as the MATLAB programming example “Creating and Storing 1/Q Waveform” on page 77 and
performs the following functions:

» error checking

» datacreation

» datanormalization

e datascaling

* 1/Q signal offset from the carrier (single sideband suppressed carrier signal)

» byte swapping and interleaving for little endian order data

e | and Qinterleaving for big endian order data

* binary datafile storing to a PC or workstation

» reversal of the dataformatting process (byte swapping, interleaving, and normalizing the data)

After creating the binary file, you can use FTP, one of the download utilities, or one of the C++ download
programming examples to download the file to the signal generator.

/'l This C++ exanple shows how to

/1 1.) Create a sinple |1 Q waveform

/1 2.) Save the waveforminto the ESG PSG Internal Arb format
I/ This format is the for the E4438C, E8267C, E8267D
I/ This format will not work with the ESG E443xB

/1 3.) Load the internal Arb fornmat file into an array

#i ncl ude <stdio. h>
#i ncl ude <string. h>

#i ncl ude <math. h>

const int PONTS = 1000; // Size of waveform

const char *conputer = “PCWN’;

int main(int argc, char* argv[])

{
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[1 1.) Create Sinple | Q Signal **#&xksstsksksskanksssnksksskanssssnsskss
/1 This signal is a single tone on the upper

/1l side of the carrier and is usually refered to as

/1 a Single Side Band Suppressed Carrier (SSBSC) signal.

/1 1t is nothing nore than a cosine wavefommin |

/1 and a sine waveformin Q

int points = PONTS; // Nunmber of points in the waveform

int cycles = 101; // Determines the frequency offset fromthe carrier
doubl e Iwave[ PONTS]; // | waveform

doubl e Qnave[ PO NTS]; // Q waveform

short int waveforn{2*PO NTS]; // Holds interleaved I/Q data

doubl e maxAnp = 0; // Used to Normalize waveform data

double m nAnp = 0; // Used to Nornmalize waveform data

doubl e scale = 1,

char buf; // Used for byte swappi ng

char *pChar; // Used for byte swapping

bool PC = true; // Set flag as appropriate

doubl e phaselnc = 2.0 * 3.141592654 * cycles / points;

doubl e phase = 0;

int i =0;
for( 1=0; i<points; i++ )
{

phase = i * phasel nc;

Iwave[i] = cos(phase);

Qnave[i] = sin(phase);

// 2) Save vvaveformln Internal forn«at khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkdkhrhrhrhkhkkkdkhkdxtx
/1 Convert the | and Qdata into the internal arb format

/1l The internal arb format is a single waveformcontaining interleaved | Q
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/1 data. The I/Q data is signed short integers (16 bits).
/1 The data has val ues scal ed between +-32767 where
11 DAC Val ue Description
11 32767 Maxi mum positive val ue of the DAC
I 0 Zero out of the DAC
11 - 32767 Maxi mum negative val ue of the DAC
/1 The internal arb expects the data bytes to be in Big Endian fornat.
/1 This is opposite of how short integers are saved on a PC (Little Endian).
/1l For this reason the data bytes are swapped before being saved.
/1 Find the Maxi mum anplitude in | and Qto nornalize the data between +-1
maxAnmp = |Iwave[ 0] ;
m nAnp = I wave[O0];
for( i=0; i<points; i++)
{
if( maxAmp < lwave[i] )
maxAnp = lwavel[i];
else if( mnAmp > Iwave[i] )
m nAnmp = Iwave[i];
if( maxAnp < Qunave[i] )
maxAnp = Quaveli];
else if( mnAmp > Quave[i] )
m nAmp = Quaveli];
}

maxAnp = fabs(maxAnp);

m nAnp = fabs(m nAnp);
if( mnAmp > maxAnp )
maxAnp = mi nAnp;
/1 Convert to short integers and interleave |I/Q data
scal e = 32767 /| nmaxAnp; /1 Watch out for divide by zero.
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for( i=0; i<points; i++)
{
waveforni2*i] = (short)floor(lwave[i]*scale + 0.5);
wavefornf2*i +1] = (short)floor(Qunave[i]*scale + 0.5);
}
/1 1f on a PC swap the bytes to Big Endian
if( strcnp(conputer,”PCWN') == 0 )
/1if( PC)
{
pChar = (char *)&waveforni0]; /'l Character pointer to short int data
for( i1=0; i<2*points; i++ )
{
buf = *pChar;
*pChar = *(pChar+1);
*(pChar+1) = buf;
pChar += 2;

}

/! Save the data to a file
/1 Use FTP or one of the downl oad assistants to download the file to the
/'l signal generator

char *filenane = “C:\\Tenp\\EsgTestFile";
FI LE *stream = NULL;
stream = fopen(filename, “wtb”);// Open the file

if (streamr=NULL) perror (“Cannot Open File");

int numritten = fwite( (void *)waveform sizeof( short ), points*2, stream);

fclose(stream);// Close the file

/1 3.) Load the internal Arb fOrmat file *%*%*ktsksksskanknktnsskssksssnss
/1l This process is just the reverse of saving the waveform

/1 Read in waveform as unsigned short integers.

/1 Swap the bytes as necessary

/1 Normalize between +-1
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/1 De-interleave the |/ Q Data

/1 Open the file and load the internal format data

stream = fopen(filename, “r+b”);// Open the file

if (streamr=NULL) perror (“Cannot Open File");

int nunread = fread( (void *)waveform sizeof( short ), points*2, stream);
fclose(stream);// Close the file

/1 1f on a PC swap the bytes back to Little Endian

if( strcrmp(conputer,”PCWN') == 0 )

{
pChar = (char *)&waveforn{O]; /] Character pointer to short int data
for( 1=0; i<2*points; i++)
{
buf = *pChar;
*pChar = *(pChar+1);
*(pChar+1) = buf;
pChar += 2;
}
}

/1 Normalize De-Interleave the I Q data
doubl e | wavel n[ PO NTS] ;
doubl e Qwavel n[ PO NTS] ;

for( i=0; i<points; i++)

{
Iwavel n[i] = waveforn|{2*i] / 32767.0;
Qnavel n[i] = waveforn2*i+1] / 32767.0;
}
return O;
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Creating and Storing I/Q Data—-Little Endian Order

On the signal generator’s documentation CD, this programming example's nameis
“CreateSore Data c++.txt.”

This C++ programming example (compiled using Metrowerks CodeWarrior 3.0) performs the following
functions:

e error checking

o datacreation

» byte swapping and interleaving for little endian order data
* binary datafile storing to a PC or workstation

After creating the binary file, you can use FTP, one of the download utilities, or one of the C++ download
programming examples to download the file to the signal generator.

#i ncl ude <i ostreanv
#i ncl ude <fstreanvp
#i ncl ude <nath. h>

#i nclude <stdlib. h>

usi ng nanespace std

int main ( void)

{
of stream out _stream /Il wite the I/Qdata to a file
const unsigned int SAWMPLES =200; /'l nunber of sanple pairs in the waveform
const short AMPLI TUDE = 32000; /1 anmplitude between 0 and full scal e dac val ue

const double two_pi = 6.2831853

/lallocate buffer for waveform

short* iqData = new short[2*SAMPLES];// need two bytes for each integer

if (!igData)

{
cout << "Could not allocate data buffer." << endl
return 1

}
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out _streamopen("lQdata");// create a data file
if (out_streamfail())

{

cout << "lInput file opening failed" << endl;
exit(l);
}

//generate the sanple data for | and Q The | channel will have a sine

//wave and the Q channel will a cosine wave.

for (int i=0; i<SAMPLES; ++i)
{

igbata[2*i] = AMPLITUDE * sin(two_pi*i/(fl oat)SAMPLES);

i gDat a[ 2*i +1] = AMPLI TUDE * cos(two_pi*i/(fl oat) SAMPLES);
}

/1 make sure bytes are in the order MSB(npbst significant byte) first.

char* cptr = (char*)iqData;// cast the integer values to characters

for (int i=0; i<(4*SAMPLES); i+=2)// 4*SAMPLES

{
char temp = cptr[i];// swap LSB and MSB bytes
cptri]=cptr[i+1];
cptr[i+1] =tenp;

}

/1 now wite the buffer to a file

out _streamwite((char*)iqData, 4*SAMPLES);

return O;

(PC only).
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Creating and Downloading 1/Q Data—Big and Little Endian Order

On the signal generator’s documentation CD, this programming example's nameis
“CreateDwnLd Data c++.txt.”

This C++ programming example (compiled using Microsoft Visual C++ 6.0) performs the following
functions:

» error checking

» datacreation

e datascaling

» text file creation for viewing and debugging data

» byte swapping and interleaving for little endian order data
» interleaving for big endian order data

e datasaving to an array (data block)

e datablock download to the signal generator

/1 This C++ programis an exanple of creating and scaling
/1 1 and Q data, and then downl oading the data into the
/1 signal generator as an interleaved I/Qfile

/1 This exanple uses a sine and cosine wave as the 1/Q
/1 data.

/1

/1 Include the standard headers for SICL programi ng

#i ncl ude <sicl.h>

#i ncl ude <stdlib. h>

#i ncl ude <stdio. h>

#i ncl ude <string. h>

#i ncl ude <mat h. h>

/1 Choose a GPIB, LAN, or RS-232 connection
char* instOpenString ="Ian[gal gabhcpl]”
//char* instQpenString ="gpibo0, 19”

/1 Pick some nmaxi mum nunber of sanples, based on the

/1 amount of nmenory in your conputer and the signal generator
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const i nt NUMSAMPLES=500;

int main(int argc, char* argv[])
{
/Il Create a text file to view the waveform
/1l prior to downloading it to the signal generator.

/1 This verifies that the data | ooks correct.

char *ofile = “c:\\tenp\\iqg.txt";

/Il Create arrays to hold the | and Q data

i nt idata[ NUMSAMPLES] ;
int qdat al NUMSAMPLES] ;

/'l save the nunber of sanpes into nunsanpl es

int nunmsanpl es = NUMSAMPLES;

/1 Fill the | and Q buffers with the sanple data

for(int index=0; index<nunsanples; index++)

{
/1 Create the | and Q data for the nunmber of waveform
/1 points and Scale the data (20000 * ...) as a precentage
/1 of the DAC full scale (-32768 to 32767). This exanple
/] scales to approximately 70% of full scale.
i dat a[i ndex] =23000 * sin((4*3.14*i ndex)/ nunsanpl es);
gdat a[ i ndex] =23000 * cos((4*3. 14*i ndex)/ nunmsanpl es);

/1 Print the | and Qvalues to a text file. View the data
/1 to see if its correct and if needed, plot the data in a

/'l spreadsheet to help spot any problens.
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FILE *outfile = fopen(ofile, “wW);

if (outfile==NULL) perror (“Error opening file to wite");
for (i ndex=0; index<numsanples; index++)
{

fprintf(outfile, “%l, %l\n", idata[index], qdata[index]);
}

fclose(outfile);

/1 Little endian order data, use the character array and for |oop.
/1 1f big endian order, comment out this character array and for | oop,

/1 and use the next |oop (Big Endian order data).

/1 We need a buffer to interleave the I and Q data.

/1 4 bytes to account for 2 | bytes and 2 Q bytes.

char i gbuf f er [ NUMSAMPLES* 4] ;

/Il Interleave | and Q and swap bytes fromlittle
/1 endian order to big endian order.

for(index=0; index<nunmsanpl es; index++)

{
int ivalue = idata[index];
int gqvalue = gdata[index];
i gbuf fer[index*4] = (ivalue >> 8) & OxFF; // high byte of i
i gbuffer[index*4+1] = ivalue & OxFF; /1 1ow byte of i
i gbuffer[index*4+2] = (qvalue >> 8) & OxFF; // high byte of q
i gbuffer[index*4+3] = qgval ue & OxFF; /1 low byte of q
}

/1 Big Endian order data, uncomment the follow ng |lines of code.

/1l Interleave the | and Q data.
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/'l short iqgbuffer[ NUMSAMPLES* 2] ; /1 Big endian order, unconmment this line

/1 for(index=0; index<nunmsanples; index++) // Big endian order, unconment this line

11 { /1l Big endian order, uncoment this |ine
11 i gbuf fer[i ndex*2] = idata[index]; [// Big endian order, uncoment this line
11 i gbuf fer[index*2+1] = qdata[index]; // Big endian order, unconmment this |line
11} /1 Big endian order, uncoment this |ine

/1 Open a connection to wite to the instrunment
I NST i d=i open(i nst OpenString);
if (lid)
{
fprintf(stderr, “iopen failed (%)\n”", instOpenString);

return -1;

/! Declare variables to hold portions of the SCPI command
int bytesToSend;

char s[20];

char cnd[ 200];

byt esToSend = nunsanpl es*4; /1 cal cul ate the nunber of bytes

sprintf(s, “%l”, bytesToSend); // create a string s with that nunber of bytes

/1 The SCPI command has four parts.
11 Part 1 = : MEM DATA “fil enane”, #

11 Part 2 = length of Part 3 when witten to a string
11 Part 3 = length of the data in bytes. This is in s from above.
11 Part 4 = the buffer of data

/1 Build parts 1, 2, and 3 for the |I and Q data.
sprintf(cnd, “:MEM DATA \"WFML: FI LE1I\ ", #%l%l”, strlen(s), bytesToSend);
/1 Send parts 1, 2, and 3
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iwite(id, cnd, strlen(cnd), 0, 0);

/1 Send part 4. Be careful to use the correct command here. |n nmany

/1 programi ng | anguages, there are two nmethods to send SCPI commuands:
11 Method 1 = stop at the first ‘0" in the data

11 Method 2 = send a fixed nunber of bytes, ignoring ‘0" in the data.
/1 You nust find and use the correct conmand for Method 2.

iwite(id, iqgbuffer, bytesToSend, 0, 0);

/!l Send a terminating carriage return

iwite(id, “\n", 1, 1, 0);

printf(“Loaded file using the E4438C, E8267C and E8267D format\n");

return O;
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Importing and Downloading I/Q Data—Big Endian Order

On the signal generator’s documentation CD, this programming example's nameis “impDwnLd_c++.txt.”
This C++ programming example (compiled using Metrowerks CodeWarrier 3.0) assumes that the dataisin
big endian order and performs the following functions:

e error checking
e hinary fileimporting from the PC or workstation
e hinary file download to the signal generator

/1 Description: Send a file in blocks of data to a signal generator
/1

#i ncl ude <sicl.h>

#i nclude <stdlib. h>

#i ncl ude <stdio. h>

#i ncl ude <string. h>

/| ATTENTI ON
/1 - Configure these three lines appropriately for your instrunent

11 and use before conpiling and runni ng

11
char* instOpenString = "gpib7,19"; //for LAN replace with “lan[<hostname or |P address>]"
const char* local SrcFile = "D:\\hone\\ TEST_ WAVE"; //enter file location on PC/ workstation

const char* instDestFile = "/USER BBGL/ WAVEFORM TEST_WAVE"; //for non-vol atile nenory
//remove BBGL fromfile path

/1 Size of the copy buffer
const int BUFFER SIZE = 100*1024;

int
mai n()
{
I NST i d=i open(i nst OpenString);
if (lid)
{
fprintf(stderr, "iopen failed (%)\n", instOpenString);
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return -1;

FILE* file = fopen(local SrcFile, "rb");

if (Mfile)

{
fprintf(stderr, "Could not open file: %\n", local SrcFile);
return O;

}

if( fseek( file, 0, SEEK. END) < 0 )
{
fprintf(stderr,"Cannot seek to the end of file.\n" );

return O;

long I enToSend = ftell(file);
printf("File size = %\ n", |enToSend);

if (fseek(file, 0, SEEK_SET) < 0)
{
fprintf(stderr,"Cannot seek to the start of file.\n");

return O;

char* buf = new char[ BUFFER_SI ZE] ;

if (buf &% | enToSend)

{
/1 Prepare and send the SCPI comrand header
char s[20];
sprintf(s, "%l", |enToSend);

int lenLen = strlen(s);
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char s2[256];
sprintf(s2, "memdata \"%\", #%l%", instDestFile, |enLen, |enToSend);

iwite(id, s2, strlen(s2), 0, 0);

/1 Send file in BUFFER_SI ZE chunks

| ong nunRead,;

do

{
nunRead = fread(buf, sizeof(char), BUFFER SIZE, file);
iwite(id, buf, nunRead, 0, 0);

} while (nunmRead == BUFFER_SI ZE);

/1 Send the terminating newine and EOM
iwite(id, "\n", 1, 1, 0);

del ete [] buf;

fprintf(stderr, "Could not allocate nenory for copy buffer\n");

fclose(file);

iclose(id);

return O;
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Importing and Downloading Using VISA—Big Endian Order

On the signal generator’s documentation CD, this programming example's nameis
“DownLoad Misa c++.txt."

This C++ programming example (compiled using Microsoft Visual C++ 6.0) assumes that the dataisin big
endian order and performs the following functions:

» error checking
e hinary file importing from the PC or workstation
* hinary file download to the signal generator’s non-volatile memory

To load the waveform datato volatile (WFM1) memory, changethei nst Dest f i | e declaration to:
“USER/ BBGL/ WAVEFORM ™.

N R T R T T I,
/1 PROGRAM NAME: Downl oad_Vi sa_c++. cpp

/1

/1 PROGRAM DESCRI PTI ON: Sanpl e test programto downl oad ARB waveform data. Send a

/1 file in chunks of ascii data to the signal generator

/1

/1 NOTE: You nust have the Agilent 1O Libraries installed to run this program

/1

/'l This exanple uses the LANTCPIP to download a file to the baseband generator's

/'l non-vol atile nenory. The program al |l ocates a nenory buffer on the PC or

/1 workstation of 102400 bytes (100*1024 bytes). The actual size of the buffer is

/1l limted by the menory on your PC or workstation, so the buffer size can be

/1 increased or decreased to neet your systemlinitations

/1

/1 While this programuses the LAN TCPIP to downl oad a waveformfile into

/1 non-volatile nenory, it can be nodified to store files in volatile nenory

/1 WFML using GPIB by setting the instrQpenString = "TCPI PO: : XXX. XXX. XXX. XXX: : | NSTR"
/1 declaration with "GPIB::19::|NSTR'

/1

/1 The program al so includes sone error checking to alert you when problens arise

/1 while trying to download files. This includes checking to see if the file exists

//**********************************************************************************

64 Chapter



Creating and Downloading Waveform Files
Programming Examples

/1 | MPORTANT: Repl ace the xxx.xxx.xxX.xxx |P address in the instQpenString declaration
/1 in the code below with the | P address of your signal generator. (or you can use the
/'l instrunent's hostnane). Replace the local SrcFile and instDestFile directory paths

/1 as needed

//**********************************************************************************

#i ncl ude <stdlib. h>
#i ncl ude <stdio. h>

#i ncl ude <string. h>
#include "visa.h"

/1

/1 1 MPORTANT

11 Configure the following three lines correctly before conpiling and running

char* instOpenString ="TCPI PO: : XXX. XXX. XXX. XxX: : NSTR"; // your instrunent's |IP address

const char* |ocal SrcFile "\\Files\\|Q DataC’

const char* instDestFile = "/USER WAVEFORM | Q _Dat aC"

const int BUFFER_SIZE = 100*1024;// Size of the copy buffer
int main(int argc, char* argv[])

{

Vi Sessi on defaul tRM vi

Vi Status status = 0;

status = vi OpenDefaul t RM &defaultRM ;// Open the default resource manager

/1 TO DO Error handling here
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status = vi Open(defaul tRM instOpenString, VI_NULL, VI_NULL, &vi);

if (status)// If any errors then display the error and exit the program

{
fprintf(stderr, "viOpen failed (%)\n", instQpenString)
return -1;

}

FILE* file = fopen(local SrcFile, "rb");// Open local source file for binary reading

if (!file) // If any errors display the error and exit the program

{
fprintf(stderr, "Could not open file: %\n", local SrcFile);

return 0

}

if( fseek( file, 0, SEEK END) < 0 )

{
fprintf(stderr,"Cannot |seek to the end of file.\n" );

return 0

long I enToSend = ftell (file);// Number of bytes in the file

printf("File size = %\ n", |enToSend);

if (fseek(file, 0, SEEK_SET) < 0)

{

fprintf(stderr,"Cannot |Iseek to the start of file.\n");

return 0
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unsi gned char* buf = new unsigned char[ BUFFER SI ZE]; // Allocate char buffer nenory
if (buf && | enToSend)
{
/1 Do not send the EQ (end of instruction) terminator on any wite except the
/'l last one
vi Set Attribute( vi, VI_ATTR SEND_END EN, 0 );

/'l Prepare and send the SCPI command header

char s[20];
sprintf(s, "%l", |enToSend);

int lenLen = strlen(s);

unsi gned char s2[ 256];

/1 Wite the command mem data and t he header. The nunber |enLen represents the

/1 nunmber of bytes and the actual nunber of bytes is the variable | enToSend

sprintf((char*)s2, "mmemdata \"%\", #%%l", instDestFile, |enLen, |enToSend);

/1 Send the command and header to the signal generator

viWite(vi, s2, strlen((char*)s2), 0);

| ong nunRead,;

/1 Send file in BUFFER S| ZE chunks to the signal generator

do
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nunmRead = fread(buf, sizeof(char), BUFFER_SIZE, file);

viWite(vi, buf, nunRead, 0);

} while (nunmRead == BUFFER_SI ZE);

/1 Send the terminating new ine and EQ

vi Set Attribute( vi, VI_ATTR SEND END EN, 1 );

char* newLine = "\n";

viWite(vi, (unsigned char*)newLine, 1, 0);

delete [] buf;

el se

fprintf(stderr, "Could not allocate nenory for copy buffer\n");

fclose(file);

vi Cl ose(vi);

vi Cl ose(defaul tRM ;

return O;

68

Chapter



Creating and Downloading Waveform Files
Programming Examples

Importing, Byte Swapping, Interleaving, and Downloading | and Q Data—Big and Little Endian Order

On

the signal generator’s documentation CD, this programming example’'s name is “impDwnLd2_c++ .txt.”

This C++ programming example (compiled using Microsoft Visual C++ 6.0) performs the following
functions:

/1
/1
/1
/1
/1
/1

/1

error checking

binary fileimporting (earlier E443xB or current model signal generators)

byte swapping and interleaving for little endian order data

datainterleaving for big endian order data

data scaling

binary file download for earlier E443xB data or current signal generator formatted data

This C++ programis an exanple of loading | and Q
data into an E443xB, E4438C, E8267C, or E8267D signa

generator.

It reads the | and Q data froma binary data file

and then wites the data to the instrument.

Include the standard headers for SICL programi ng

#i ncl ude <sicl.h>

#i ncl ude <stdlib. h>

#i ncl ude <stdio. h>

#i ncl ude <string. h>

/1

Choose a GPIB, LAN, or RS-232 connection

char* instOpenString ="gpibo, 19”

/1
/1

Pi ck some maxi mum nunber of sanples, based on the

amount of nenory in your conputer and your waveforns.

const int MAXSAMPLES=50000

int

mai n(int argc, char* argv[])
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{
/1l These are the | and Q input files.
/1 Some conpilers will allow ‘/’ in the directory
/1 names. O der conpilers might need ‘\\' in the
/'l directory nanes. |t depends on your operating system
/1 and conpiler.
char *ifile = “c:\\Signal Generator\\data\\BurstAll.bin";
char *gfile = “c:\\Signal Generator\\data\\Burst AlQ bin";
/1 This is a text file to which we will wite the
/1 1 and Q data just for debugging purposes. It is
/1 a good progranm ng practice to check your data
/1 in this way before attenpting to wite it to
/1 the instrunent.
char *ofile = “c:\\Signal Generator\\data\\iq.txt"”;
/Il Create arrays to hold the | and Q data
int idata] MAXSAVPLES] ;
int qdat al MAXSAMPLES] ;
/1 Oten we nmust nodify, scale, or offset the data
/1 before loading it into the instrument. These
/1 buffers are used for that purpose. Since each
/1l sanple is 16 bits, and a character only holds
/1 8 bits, we nust make these arrays twice as |ong
/1 as the | and Q data arrays.
char i buf fer[ MAXSAMPLES* 2] ;
char gbuffer [ MAXSAMPLES* 2] ;
/'l For the E4438C, we nmight also need to interleave
/1 the | and Q data. This buffer is used for that
/! purpose. In this case, this buffer nust hold
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/1 both | and Q data so it needs to be four tines
/'l as big as the data arrays.

char i gbuffer[ MAXSAMPLES* 4] ;

/1 Declare variables which will be used | ater
bool done;
FILE *infile;

int index, numsanples, il, i2, ivalue;

/1 In this exanple, we'll assunme the data files have
/1 the | and Q data in binary formas unsigned 16 bit integers.
/'l This next block reads those binary files. |f your
/! data is in some other format, then replace this block
/1 with appropriate code for reading your format.
/1 First read | val ues
done = fal se;
i ndex = 0;
infile = fopen(ifile, “rb");
if (infile==NULL) perror (“Error opening file to read”);
whi | e(! done)
{
il = fgetc(infile); // read the first byte
i f(i1l==EOF) break;
i2 = fgetc(infile); [// read the next byte
i f(i2==EOF) break;
i val ue=i 1+i 2* 256; /1 put the two bytes together
/1 note that the above format is for a little endian
/] processor such as Intel. Reverse the order for
/1 a big endian processor such as Mdtorola, HP, or Sun
i dat a[ i ndex++] =i val ue;

i f (1 ndex==MAXSAMPLES) br eak;
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fclose(infile);

/1 Then read Q val ues
index = 0;
infile = fopen(qgfile, “rb");
if (infile==NULL) perror (“Error opening file to read”);
whi | e(! done)
{
il =fgetc(infile); [// read the first byte
i f(i1l==EOF) break;
i2 =fgetc(infile); // read the next byte
i f(i2==ECF) break;
i val ue=i 1+i 2* 256; /1 put the two bytes together
/1 note that the above format is for a little endian
/'l processor such as Intel. Reverse the order for
/1 a big endian processor such as Mdtorola, HP, or Sun
gdat a[ i ndex++] =i val ue;
i f (1 ndex==MAXSAMPLES) br eak;
}

fclose(infile);

/!l Remenber the number of sanples which were read fromthe file.

nunmsanpl es = i ndex;

/1 Print the | and Q values to a text file. |If you are
/1 having trouble, look in the file and see if your | and
/1 Q data | ooks correct. Plot the data fromthis file if
/1 that hel ps you to diagnose the problem

FILE *outfile = fopen(ofile, “wW);

if (outfile==NULL) perror (“Error opening file to wite");
for(index=0; index<numsanpl es; index++)

{
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fprintf(outfile, “9%l, %\ n”, idata[index], qdata[index])

ose(outfile);

The E443xB, E4438C, E8267C or E8267D all use big-endi an
processors. |f your software is running on a little-endian
processor such as Intel, then you will need to swap the

bytes in the data before sending it to the signal generator

The arrays ibuffer and qbuffer are used to hold the data

after any byte swapping, shifting or scaling

In this exanple, we'll assune that the data is in the format
of the E443xB without markers. |In other words, the data
is in the range 0-16383

0 gives negative full-scal e output

8192 gives 0 V out put

16383 gives positive full-scal e output

If this is not the scaling of your data, then you will need

to scale your data appropriately in the next two bl ocks

ibuffer and gbuffer will hold the data in the E443xB f ornat
No scaling is needed, however we need to swap the byte order
on a little endian conputer. Renpve the byte swapping

if you are using a big endian conputer

(i ndex=0; index<nunsanpl es; index++)

int ivalue = idata[index];

int qvalue = qdata[index];

i buf fer[index*2] = (ivalue >> 8) & OxFF; // high byte of
i buffer[index*2+1] = ivalue & OxFF; /'l | ow byte of
gbuf fer [ i ndex* 2] = (qvalue >> 8) & OxFF; // high byte of q
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gbuf fer[index*2+1] = qval ue & OxFF; /1 1ow byte of q

/1 iqgbuffer will hold the data in the E4438C, E8267C, E8267D

/1 format. In this format, the | and Q data is interleaved

/1l The data is in the range -32768 to 32767

11 - 32768 gives negative full-scal e output
11 0 gives 0 V output
11 32767 gives positive full-scale output

/'l Fromthese ranges, it appears you should of fset the

/1 data by 8192 and scale it by 4. However, due to the
/1 interpolators in these products, it is better to scale
/! the data by a nunber less than four. Commonly a good
/1 choice is 70% of 4 which is 2.8

/1 By default, the signal generator scales data to 70%
/1 1f you scale the data here, you may want to change the
/1 signal generator scaling to 100%

/1 Also we need to swap the byte order on a little endian
/1 conmputer. This code also works for big endian order data
/1 since it swaps bytes based on the order

for(index=0; index<numsanpl es; index++)

{
int iscaled = 2.8*(idata[index]-8192); // shift and scale
int gscaled = 2.8*(qdata[index]-8192); // shift and scale
i gbuf fer[index*4] = (iscaled >> 8) & OxFF; // high byte of
igbuffer[index*4+1] = iscaled & OxFF; /1 1ow byte of
i gbuffer[index*4+2] = (qgscaled >> 8) & OxFF; // high byte of g
i gbuffer[index*4+3] = qgscaled & OxFF; // low byte of q

}

/1 Open a connection to wite to the instrunment

I NST i d=i open(i nst OpenString);
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if (lid)

{
fprintf(stderr, “iopen failed (%)\n”, instOpenString);
return -1;

}

/1 Declare variables which will be used | ater
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int bytesToSend;

char s[20];
char cnd[ 200];

/1 The E4438C,

E8267C and EB267D accept the E443xB format.

/1l so we can use this next section on any of these signal

/1 However the E443xB format only uses 14 bits.

byt esToSend =

sprintf(s, “%l”, bytesToSend); // create a string s with that

generators.

nunmsanpl es* 2; /1 calcul ate the nunber of bytes

/1 The SCPI command has four parts.

I Part 1 =
I Part 2 =
I Part 3 =
I Part 4 =

: MEM DATA “fil ename”,

length of Part 3 when witten to a string

length of the data in bytes. This is in s from above.

the buffer of data

/! Build parts 1, 2, and 3 for the | data.

sprintf(cnd, “

/'l Send parts

: MEM DATA \"ARBI : FI LE1\", #%%d”, strlen(s),
1, 2, and 3

iwite(id, cnd, strlen(cnd), 0, 0);

byt esToSend) ;

/1 Send part 4. Be careful to use the correct command here. |n nmany

/'l programmi ng | anguages,

I Met hod 1
I Met hod 2

= stop at the first ‘0" in the data

= send a fixed nunber of bytes, ignoring ‘0O

there are two nmethods to send SCPI commands:

in the data.

nunmber of bytes
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/1 You must find and use the correct command for Method 2.
iwite(id, ibuffer, bytesToSend, 0, 0);
/1 Send a terminating carriage return

iwite(id, “\n", 1, 1, 0);

/1 1dentical to the section above, except for the Q data.

sprintf(cnd, “:MEM DATA \"ARBQ FI LE1\", #%%d”, strlen(s), bytesToSend);
iwite(id, cnd, strlen(cnd), 0, 0);

iwite(id, gbuffer, bytesToSend, 0, 0);

iwite(id, “\n", 1, 1, 0);

printf(“Loaded FILEl using the E443xB format\n");

/1 The E4438C, E8267C and E8267D have a newer faster format which
/1l allows 16 bits to be used. However this format is not accepted in

/1 the E443xB. Therefore do not use this next section for the E443xB.

printf(“Note: Loading FILE2 on a E443xB will cause \"ERROR 208, [/Oerror\”"\n");

/1 ldentical to the | and Q sections above except

11 a) The | and Q data are interleaved

11 b) The buffer of I+Qis twice as long as the | buffer was.

11 c) The SCPI command uses WFML i nstead of ARBI and ARBQ

byt esToSend = nunsanpl es*4;

sprintf(s, “%l”, bytesToSend);

sprintf(cnd, “:nmemdata \"WML: FI LE2\", #%%", strlen(s), bytesToSend);
iwite(id, cmd, strlen(cnd), 0, 0);

iwite(id, iqgbuffer, bytesToSend, 0, 0);

iwite(id, “\n", 1, 1, 0);

printf(“Loaded FILE2 using the E4438C, E8267C and E8267D format\n”);

return O;
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MATLAB Programming Example

Creating and Storing I/Q Waveform
On the signal generator’s documentation CD, this programming example's nameis “offset_iq ml.m.”

ThisMATLAB programming example foll ows the same coding a gorithm as the C++ programming example
“Creating and Storing Offset 1/Q Data—Big and Little Endian Order” on page 49 and performsthe
following functions:

e error checking

» datacrestion

* datanormalization

o datascaling

* 1/Q signal offset from the carrier (single sideband suppressed carrier signal)

» byte swapping and interleaving for little endian order data

* | and Q interleaving for big endian order data

* binary datafile storing to a PC or workstation

» reversal of the data formatting process (byte swapping, interleaving, and normalizing the data)

function main

% Usi ng MatLab this exanpl e shows how to

%1.) Create a sinple |1 Q waveform

% 2.) Save the waveforminto the ESG PSG Internal Arb format
% This format is for the E4438C, E8267C, and E8267D

% This format will not work with the earlier E443xB ESG

% 3.) Load the internal Arb format file into a MatLab array

% 1.) Create Simple |Q Si gnal *% s stk s kot snksskdnknkdnknksnknkssix
% This signal is a single tone on the upper

% side of the carrier and is usually refered to as

% a Single Side Band Suppressed Carrier (SSBSC) signal.

%1t is nothing nore than a cosine waveformin |

% and a sine waveformin Q

%

points = 1000; % Nunber of points in the waveform

cycles = 101; % Det ermi nes the frequency offset fromthe carrier
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phasel nc = 2*pi *cycl es/ points;

phase = phaselnc * [0: points-1];

Iwave = cos(phase);

Qnave = sin(phase);

%2‘) Save waveformin internal foOrmat *****xxkkkkhkkkhkkkhkkkhkhkhkkkkkk* x %k
% Convert the | and Qdata into the internal arb format

% The internal arb format is a single waveform containing interleaved | Q
% data. The I/ Q data is signed short integers (16 bits).

% The data has val ues scal ed between +-32767 where

% DAC Val ue Description

% 32767 Maxi mum positive val ue of the DAC
% 0 Zero out of the DAC
% -32767 Maxi mum negati ve val ue of the DAC

% The internal arb expects the data bytes to be in Big Endian format.
% This is opposite of how short integers are saved on a PC (Little Endian).

% For this reason the data bytes are swapped before bei ng saved.

% I nterleave the I Q data
waveform(1l: 2: 2*poi nts) = | wave;
wavef orn(2: 2: 2*poi nts) = Quave;
% | wave; Qnave] ;

%wavef orm = waveform(:)’;

% Normal i ze the data between +-1

waveform = waveform / max(abs(waveform); % Wat ch out for divide by zero.

% Scal e to use full range of the DAC

wavef orm = round(waveform * 32767); % Data is now effectively signed short integer
val ues
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% wavef orm = round(waveform * (32767 / max(abs(waveform))); % More efficient than
previous two steps!

% PRESERVE THE BI T PATTERN but convert the waveformto

% unsi gned short integers so the bytes can be swapped.

% Note: Can't swap the bytes of signed short integers in MatlLab.
wavef orm = ui nt 16( nod( 65536 + waveform 65536)); %

%I1f on a PC swap the bytes to Big Endi an
if strcnmp( conputer, ‘PCWN )
wavef orm = bitor(bitshift(waveform-8), bitshift(waveform8));

end

% Save the data to a file

% Not e: The waveformis saved as unsigned short integers. However,
% the acual bit pattern is that of signed short integers and
% that is how the ESG PSG interprets them

filename = ‘ C:\ Tenp\ EsgTestFile’;

[FID, message] = fopen(filename,’w );% Open a file to wite data
if FID==-1 error(‘Cannot Open File'); end

fwrite(FID waveform’'unsigned short’);%wite to the file

fclose(FID); % close the file

%3.) Load the internal Arb fOrmat file *%%stssss s snktssnssnktnkasssssnss
% This process is just the reverse of saving the waveform

% Read in waveform as unsi gned short integers.

% Swap the bytes as necessary

% Convert to signed integers then normalize between +-1

% De-interleave the I/Q Data

% Open the file and load the internal fornmat data

[FID, message] = fopen(filename, r’);% Open file to read data
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if FID==-1 error(‘Cannot Open File'); end
[internal Wave,n] = fread(FID, ‘uintl6');%read the 1Qfile

fclose(FID);%close the file

i nt ernal Wave = internal Wave’; % Conver from columm array to row array

%I1f on a PC swap the bytes back to Little Endian
if strecnp( computer, ‘PCWN ) %Put the bytes into the correct order
i nt ernal Wave= bi tor (bitshift(internal Wave, -8), bitshift (bitand(internal Wave, 255),8));

end

% convert unsigned to signed representation
i nt ernal Wave = doubl e(i nternal Wave);
tnmp = (internal Wave > 32767.0) * 65536;

igWave = (internal Wave - tnp) ./ 32767, % and nornalize the data

% De-Interleave the I Q data
Iwavel n = i gWave(1l: 2:n);

Qnavel n = i g\Wave(2: 2: n);
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Visual Basic Programming Examples

Creating 1/Q Data—Little Endian Order
Onthesignal generator’s documentation CD, this programming example’'snameis* Create 1QData_vb.txt.”

This Visual Basic programming example, using Microsoft Visual Basic 6.0, uses little endian order data, and
performs the following functions:

e error checking

* | an Qinteger array creation

* | an Q datainterleaving

» byte swapping to convert to big endian order
* binary datafile storing to a PC or workstation

Oncethefileis created, you can download the file to the signal generator using FTP (see “FTP Procedures’
on page 25).

Uk kR ko ko kK ok ok ko k ok ko ok ok ko ok ok ko ok ok ko kR ko kR kR Kk kR Kk kR Kk Kk
Program Nanme: Create_| QData
Program Descri ption: This program creates a sine and cosine wave using 200 |/ Q data
sanples. Each | and Q value is represented by a 2 byte integer. The sanple points are

' cal cul ated, scaled using the AVPLI TUDE constant of 32767, and then stored in an array
naned i q_data. The AMPLI TUDE scaling allows for full range |/Q nodul ator DAC val ues.
Data must be in 2's conplemant, MSB/LSB big-endian format. |f your PC uses LSB/ MSB

' format, then the integer bytes nmust be swapped. This program converts the integer
array values to hex data types and then swaps the byte positions before saving the

data to the 1QDataVB file.

IR RS EEE R EE R R R R R EEEEEEEEEEEEEEEREEREEREEREEREEEEEEEEESRERESEEEEEEEIEIEEEREEEEE TR TR EEEEES

Private Sub Create_| QData()
Di mindex As Integer

Di m AMPLI TUDE As | nt eger
Di m pi As Doubl e
Dim | oByte As Byte

Di m hi Byte As Byte

Dim 1l oHex As String

Di m hi Hex As String

DimstrSrc As String
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Di m nunPoi nts As | nteger
Di m Fi |l eHandl e As | nteger
Dim data As Byte
Dimiq_data() As Byte

DimstrFilenane As String

strFilenane = "C:\1Q Dat avB"

Const SAMPLES = 200 ' Nunber of sanple PAIRS of | and Q integers for the waveform

AVPLI TUDE = 32767 ' Scale the anplitude for full range of the signal generators
' 1/ Q nodul at or DAC

pi = 3.141592

DmintlQData(0 To 2 * SAMPLES - 1) 'Array for | and Q integers: 400
ReDimig_data(0 To (4 * SAMPLES - 1)) 'Need MSB and LSB bytes for each integer value: 800

"Create an integer array of |/Q pairs

For index = 0 To (SAWMPLES - 1)
intlQData(2 * index) = Clnt(AVPLITUDE * Sin(2 * pi * index / SAWMPLES))
intlQData(2 * index + 1) = Clnt (AWPLI TUDE * Cos(2 * pi * index / SAMPLES))
Next i ndex

' Convert each integer value to a hex string and then wite into the iq_data byte array
' MSB, LSB ordered
For index = 0 To (2 * SAMPLES - 1)

strSrc = Hex(intlQ Data(index)) 'convert the integer to a hex val ue

If Len(strSrc) <> 4 Then
strSrc = String(4 - Len(strSrc), "0") & strSrc 'Convert to hex format i.e "800F
End | f 'Pad with 0's if needed to get 4

‘characters i.e '0" to "0000"
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hi Hex = M d$(strSrc, 1, 2) '"Get the first two hex val ues (NMSB)

| oHex M d$(strSrc, 3, 2) 'Cet the next two hex val ues (LSB)

loByte = CByte("&H' & | oHex) 'Convert to byte data type LSB
hiByte = CByte("&H' & hiHex) 'Convert to byte data type MSB

ig_data(2 * index) = hiByte '"MSB into first byte

ig_data(2 * index + 1) = loByte 'LSB into second byte

Next i ndex

"Now write the data to the file

Fi l eHandl e = FreeFil e() "CGet a file nunber

numPoi nts = UBound(ig_data) 'Get the nunber of bytes in the file

Open strFilename For Binary Access Wite As #Fil eHandl e Len = nunPoints + 1

On Error GoTo file_error

For index = 0 To (nunPoints)

data = i g_data(index)

Put #Fil eHandl e, index + 1, data 'Wite the I/Qdata to the file

Next i ndex

Cl ose #Fil eHandl e

Call MsgBox("Data witten to file " & strFilenanme, vbOKOnly, "Downl oad")

Exit Sub
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file_error:
MsgBox Err. Description

Cl ose #Fil eHandl e

End Sub
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Downloading 17Q Data

On the signal generator’s documentation CD, this programming example's nameis
“Download _File vb.txt.”

This Visual Basic programming example, using Microsoft Visual Basic 6.0, downloads the file created in
“Creating 1/Q Data—L ittle Endian Order” on page 81 into non-volatile memory using aLAN connection.
To use GPIB, replacethei nst OpenSt ri ng object declaration with“GPI B: : 19: : | NSTR". To
download the datainto volatile memory, changethei nst Dest f i | e declaration to

“USER/ BBGL/ WAVEFORM .

NOTE The example program listed here uses the VISA COM /O API, which includes the
W i t el EEEBI ock method. This method eliminates the need to format the download
command with arbitrary block information such as defining number of bytes and byte
numbers. Refer to “SCPI Command Line Structure” on page 20 for more information.

This program also includes some error checking to alert you when problems arise while trying to download
files. Thisincludes checking to seeif the file exists.

RS RS E SRR R R R R R R R R R EEEEEEEEEEEEEEEEEEEREEREEREEREEREEREESEEEEESEEREEEEEEEEEEEEEEE

Program Nanme: Downl oad_Fil e
Program Descri ption: This programuses Mcrosoft Visual Basic 6.0 and the Agil ent

VISA COM I /O Library to downl oad a waveformfile to the signal generator.

The program downl oads a file (the previously created ‘1 QDataVvB file) to the signal
generator. Refer to the Programm ng Cuide for information on binary

data requirenents for file downl oads. The waveformdata 'IQ DataVB' is

downl oaded to the signal generator's non-volatile nmenory( NVWFM

' /| USER/ WVAVEFORM | Q Dat aVB". For volatile nenmory(WML) downl oad to the

' /| USER/ BBGL/ WAVEFORM | Q _Dat aVB" directory.

You must reference the Agilent VI SA COM Resource Manager and VI SA COM 1.0 Type
Library in your Visual Basic project in the Project/References nenu.

The VISA COM 1.0 Type Library, corresponds to VISACOMtlb and the Agilent

VI SA COM Resour ce Manager, corresponds to AgtRM DLL.

The VI SA COM 488.2 Fornatted 1/0 1.0, corresponds to the BasicFormattedl O dl |
Use a statenent such as "DimlInstr As VisaConLib. Fornattedl O488" to
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' create the formatted I/ O reference and use
' "Set Instr = New VisaConlib. Formattedl O488" to create the actual object.

R R R R R R R R R R X

" | MPORTANT: Use the TCPIP address of your signal generator in the rm Open

declaraion. If you are using the GPIB interface in your project use "GPIB::19::|NSTR'

in the rm Qpen decl aration.

IR RS S E R E R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEREEREEREEEEESEEEESEEEEEREEEREEEEEEEEEEEE]

Private Sub Downl oad_Fil e()

' The following four lines declare IO objects and instantiate them
Dimrm As Vi saConli b. Resour ceManager

Set rm = New Agil ent RMLi b. SRMCl s

Di m Si gGen As Vi saConlib. For matt edl 0488

Set SigGen = New Vi saConLi b. Fornatt edl 0488

' NOTE: Use the IP address of your signal generator in the rm Qpen declaration

Set SigGen.|1O = rm Open("TCPI PO: : 000. 000. 000. 000")

Di m data As Byte
Dimiq_data() As Byte
Dim Fi | eHandl e As | nteger
Di m nunPoi nts As | nteger
Di mindex As Integer

Di m Header As String

Di m response As String
DimhiByte As String
DimloByte As String

DimstrFilenane As String

strFilename = "C:\1Q DataVvB" ‘File Name and | ocation on PC

‘Data will be saved to the signal generator’s NVWFM
‘| USER/ WAVEFORM | Q Dat aVB di rectory.
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Fi l eHandl e = FreeFil e()

On Error GoTo errorhandl er

Wth SigCGen 'Set up the signal generator to accept a downl oad
.1 0. Ti neout = 5000 ' Ti meout 50 seconds
.WiteString "*RST" ' Reset the signal generator.

End Wth

numPoints = (FileLen(strFilenane)) 'Get nunber of bytes in the file: 800 bytes

ReDimig_data(0 To nunmPoints - 1) "Dinension the iq_data array to the

‘size of the 1QDataVB file: 800 bytes

Open strFilename For Binary Access Read As #FileHandle 'Open the file for binary read
On Error GoTo file_error

For index = 0 To (nunPoints - 1) '"Wite the 1QDataVB data to the ig_data array
Get #FileHandl e, index + 1, data '(index+1) is the record number
iq_data(index) = data

Next i ndex

Cl ose #Fil eHandl e 'Close the file

"Wite the command to the Header string. NOTE: syntax

Header = "MEM DATA ""/USER/ WAVEFORM | Q Dat avB"*", "

"Now write the data to the signal generator's non-volatile menory (NVWM

Si gGen. Wi tel EEEBl ock Header, iqg_data
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Si gGen. WiteString "*OPC?" '"Wait for the operation to conplete

response = SigGen. ReadString ' Signal generator reponse to the OPC? query

Cal | MsgBox("Data downl oaded to the signal generator", vbOKOnly, "Downl oad")

Exit Sub
errorhandl er:

MsgBox Err.Description, vbExclamation, "Error Cccurred", Err.HelpFile, Err.Hel pContext
Exit Sub
file_error:

Cal | MsgBox(Err. Description, vbOKOnly) 'Display any error nessage

Cl ose #Fil eHandl e

End Sub
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HP Basic Programming Examples
This section contains the following programming examples:

» “Downloading Waveform Data Using HP BASIC for Windows®” on page 89

» “Downloading Waveform Data Using HP BASIC for UNIX” on page 92

» “Downloading E443xB Waveform Data Using HP BASIC for Windows’ on page 95
» “Downloading E443xB Waveform Data Using HP Basic for UNIX” on page 97

Downloading Waveform Data Using HP BASIC for Windows®
On the signal generator’s documentation CD, this programming example's name is “ hpbasicWin.txt.”

Thefollowing program will download awaveform using HP Basic for Windows into volatile ARB memory.
The waveform generated by this program is the same as the default SI NE_ TEST WMwaveform file
available in the signal generator’s waveform memory. This code is similar to the code shown for BASIC for
UNIX but there is aformatting differencein line 130 and line 140.

To download into non-volatile memory, replace line 190 with:
190 OUTPUT @ESG USING "#,K";":MMEM:DATA ""NVWFM:testfile"", #'

As discussed at the beginning of this section, | and Q waveform datais interleaved into onefilein 2's
compliment form and a marker file is associated with this I/Q waveform file.

Inthe Qut put commands, USI NG “#, K’ formatsthe data. The pound symbol (#) suppresses the automatic
EOL (End of Line) output. This allows multiple output commands to be concatenated as if they were a
single output. The“ K’ instructs HP Basic to output the following numbers or strings in the default format.

10 ! RE-SAVE "BASIC Wn_file"

20 Num_poi nt s=200

30 ALLOCATE | NTEGER | nt _array(1: Num poi nt s*2)

40 DEG

50 FOR I =1 TO Num poi nts*2 STEP 2

60 Int_array(l)=INT(32767*(SI N(I*360/ Num_points)))
70 NEXT |

80 FOR | =2 TO Num poi nts*2 STEP 2

90 Int_array(l)=INT(32767*(COS(|*360/ Num points)))
100 NEXT |

Windows and MS Windows are U.S registered trademarks of Microsoft Corporation.
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110 PRI NT "Data Cener at ed"

120 Nbyt es=4* Num _poi nts

130 ASSICGN @sg TO 719

140 ASSI GN @sgb TO 719; FORVMAT MsSB FI RST
150  Nbyt es$=VAL$( Nbyt es)

160 Ndi gi t s=LEN( Nbyt es$)

170 Ndi gi t s$=VAL$( Ndi gi t s)

180 VAIT 1

190 QUTPUT @sg USI NG "#, K';": MVEM DATA ""WFML: data_file"", #"
200 QUTPUT @sg USI NG "#, K'; Ndi gi t s$

210 QUTPUT @sg USI NG "#, K'; Nbyt es$

220 WAIT 1

230 OQUTPUT @sgb; I nt _array(*)

240 OQUTPUT @sg; END

250 ASSIGN @sg TO *

260 ASSI GN @sgb TO *

270 PRI NT

280 PRI NT "*END*"

290 END

Program Comments

10: Program file name
20: Sets the number of pointsin the waveform.
30: Allocates integer data array for | and Q waveform points.
40: Sets HP BASIC to use degrees for cosine and sine functions.
50: Sets up first loop for | waveform points.
60: Calculate and interleave | waveform points.
70: End of loop
80 Sets up second loop for Q waveform points.
0: Calculate and interleave Q waveform points.
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Program Comments (Continued)

100: End of loop.

120: Calculates number of bytesin I/Q waveform.

130: Opens an I/0 path to the signal generator using GPIB. 7 isthe address of the GPIB card
in the computer, and 19 is the address of the signal generator. This I/O path is used to
send ASCII datato the signal generator.

140: Opens an 1/0 path for sending binary data to the signal generator.

150: Creates an ASCI| string representation of the number of bytesin the waveform.

160 to 170: Finds the number of digitsin Nbytes.

190: Sendsthe first part of the SCPI command, MEM:DATA along with the name of thefile,
data_fil e, that will receivethe waveform data. Thename, dat a_fi | e, will appear
in the signal generator’s memory catalog.

200 to 210: Sends the rest of the ASCII header.

230: Sends the binary data. Note that ESGb isthe binary 1/0 path.

240: Sends an End-of-Line to terminate the transmission.

250t0260: | Closesthe connections to the signal generator.

290: End the program.
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Downloading Waveform Data Using HP BASIC for UNIX
On the signal generator’s documentation CD, this programming example's name is “ hpbasicUx.txt.”

The following program shows you how to download waveforms using HP Basic for UNIX. The codeis
similar to that shown for HP BASIC for Windows, but there is a formatting difference in line 130 and line
140.

To download into non-volatile memory, replace line 190 with:
190 OUTPUT @ESG USING "#,K";":MMEM:DATA ""NVWFM:testfile"", #'

Asdiscussed at the beginning of this section, | and Q waveform datais interleaved into onefilein 2's
compliment form and a marker file is associated with this I/Q waveform file.

Inthe Qut put commands, USI NG “ #, K’ formatsthe data. The pound symbol (#) suppresses the automatic
EOL (End of Line) output. This allows multiple output commands to be concatenated as if they were a
single output. The“K” instructs HP BASIC to output the following numbers or strings in the default format.

10 !' RE-SAVE "UNI X_file"

20 Num_poi nt s=200

30 ALLOCATE | NTEGER | nt _array(1: Num poi nt s*2)

40 DEG

50 FOR I =1 TO Num poi nts*2 STEP 2

60 Int_array(l)=INT(32767*(SI N(I*360/ Num_points)))
70 NEXT |

80 FOR | =2 TO Num poi nts*2 STEP 2

90 Int_array(l)=INT(32767*( COS(|*360/ Num_points)))
100 NEXT |

110 PRI NT "Data generated "

120 Nbyt es=4* Num _poi nt's

130 ASSIGN @sg TO 719; FORVAT ON

140 ASSI GN @sgb TO 719; FORMAT OFF

150  Nbyt es$=VAL$( Nbyt es)

160 Ndi gi t s=LEN( Nbyt es$)

170  Ndi gi t s$=VAL$(Ndi gi t s)

180 VAIT 1

190 QUTPUT @sg USI NG "#, K';": MVEM DATA ""WFML: data_file"", #"
200 OUTPUT @Esg USI NG "#, K'; Ndi gi t s$
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210 OUTPUT @sg USI NG "#, K"; Nbyt es$

220 WAIT 1

230 QUTPUT @Esgb; I nt_array(*)

240 WAIT 2

241 OQUTPUT @Esg; END

250 ASSI GN @sg TO *
260  ASSIGN @sgb TO *

270 PRI NT

280 PRI NT "*END*"

290 END

Program Comments

10: Program file name

20: Sets the number of pointsin the waveform.

30: Allocates integer data array for | and Q waveform points.

40: Sets HP BASIC to use degrees for cosine and sine functions.

50: Sets up first loop for | waveform points.

60: Calculate and interleave | waveform points.

70: End of loop

80 Sets up second loop for Q waveform points.

0: Calculate and interleave Q waveform points.

100: End of loop.

120: Calculates number of bytesin I/Q waveform.

130: Opens an 1/0 path to the signal generator using GPIB. 7 isthe address of the GPIB card
in the computer, and 19 is the address of the signal generator. This I/O path is used to
send ASCII datato the signal generator.

140: Opens an 1/0 path for sending binary data to the signal generator.

150: Creates an ASCI|I string representation of the number of bytesin the waveform.

160 to 170: Finds the number of digitsin Nbytes.
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Program Comments (Continued)

190: Sendsthefirst part of the SCPI command, MEM:DATA along with the name of thefile,
data fil e,that will receivethewaveform data. Thename, data_fi |l e, will appear
in the signal generator’s memory catalog.

200 to 210: Sends the rest of the ASCI| header.

230: Sends the binary data. Note that ESGb isthe binary 1/0 path.

240: Sends an End-of-Line to terminate the transmission.

250t0260: | Closesthe connections to the signal generator.

290: End the program.
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Downloading E443xB Waveform Data Using HP BASIC for Windows
On the signal generator’s documentation CD, this programming example's name is “ hpbasic\WWin2.txt.”

The following program shows you how to download waveforms using HP Basic for Windows into volatile
ARB memory. This program is similar to the following program example as well as the previous examples.
The difference between BASIC for UNIX and BASIC for Windows is the way the formatting, for the most
significant bit (MSB) on lines 110 and 120, is handled.

To download into non-volatile ARB memory, replace line 80 with:

160 OUTPUT @ESG USING "#K";":MMEM:DATA ""NVARBItestfile"", #'
and replace line 130 with:

210 OUTPUT @ESG USING "#K";":MMEM:DATA ""NVARBQ:testfile"", #'

First, the | waveform datais put into an array of integers called | wf m dat a and the Q waveform datais put
into an array of integers called Qwfm_data. The variable Noyt es is set to equal the number of bytesin the
waveform data. This should be twice the number of integersin | wf m dat a, since an integer is 2 bytes.
Input integers must be between 0 and 16383.

Inthe Qut put commands, USI NG “ #, K’ formatsthe data. The pound symbol (#) suppresses the automatic
EOL (End of Line) output. This allows multiple output commands to be concatenated as if they were a
single output. The“ K’ instructs HP Basic to output the following numbers or strings in the default format.

10 | RE-SAVE "ARB IQ Wn file"

20 Num_poi nt s=200

30 ALLOCATE | NTEGER | wf m dat a( 1: Num_poi nts), QM m dat a( 1: Num _poi nt s)
40 DEG

50 FOR I =1 TO Num poi nts

60 I wf m dat a( 1) =I NT(8191* (SI N( | *360/ Num_poi nt s) ) +8192)
70 Qwf m dat a(1) = NT(8191* (COS( | * 360/ Num poi nt s)) +8192)
80  NEXT |

90 PRI NT "Data Cener at ed"

100 Nbyt es=2* Num_poi nt s

110 ASSI GN @sg TO 719

120 I ASSI GN @sgb TO 719; FORVAT MSB FI RST

130 Nbyt es$=VAL$( Nbyt es)

140 Ndi gi t s=LEN( Nbyt es$)

150 Ndi gi t s$=VAL$( Ndi gi t s)

160 QUTPUT @sg USI NG "#, K';": MVEM DATA ""ARBI : fil e_nane_1"",6 #"
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170
180
190
200
210
220
230
240
250
260
270
280
290
300

OUTPUT @sg USI NG "#, K"; Ndi gi t s$
OQUTPUT @sg USI NG "#, K'; Nbyt es$
QUTPUT @Esgb; | wf m dat a(*)

OUTPUT @sg; END

OQUTPUT @sg USI NG "#, K';": MVEM DATA ""ARBQ fil e_nane_1"", #"
OUTPUT @Esg USI NG "#, K'; Ndi gi t s$
QUTPUT @sg USI NG "#, K'; Nbyt es$
OQUTPUT @sgb; QM m dat a(*)

OQUTPUT @Esg; END

ASSI GN @sg TO *

ASSI GN @sgb TO *

PRI NT

PRI NT "*END*"

END

Program Comments

10: Program file name.

20 Sets the number of pointsin the waveform.

30: Defines arrays for | and Q waveform points. Sets them to be integer arrays.
40: Sets HP BASIC to use degrees for cosine and sine functions.

50: Sets up loop to calculate waveform points.

60: Calculates | waveform points.

70: Calculates Q waveform points.

80: End of loop.

160 and 210: Thel and Q waveform files have the same name

90 to 300: See the table on page 90 for program comments.

96

Chapter



Creating and Downloading Waveform Files
Programming Examples

Downloading E443xB Waveform Data Using HP Basic for UNIX

On the signal generator’s documentation CD, this programming example's name is “ hpbasicUx2.txt.”

The following program shows you how to download waveforms using HP BASIC for UNIX. It issimilar to
the previous program example. The difference is the way the formatting for the most significant bit (M SB)
on linesis handled.

First, the | waveform datais put into an array of integers called | wf m dat a and the Q waveform datais put
into an array of integers called Quf m dat a. The variable Nbyt es is set to equal the number of bytesin the
| waveform data. This should be twice the number of integersin | wf m dat a, since an integer isrepresented
2 bytes. Input integers must be between 0 and 16383.

Inthe Qut put commands, USI NG “ #, K’ formatsthe data. The pound symbol (#) suppresses the automatic
EOL (End of Line) output. This allows multiple output commands to be concatenated as if they were a
single output. The“K” instructs HP BASIC to output the following numbers or strings in the default format.

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210

! RE-SAVE "ARB 1 Q file"
Num_poi nt s=200
ALLOCATE | NTEGER | wf m dat a( 1: Num_poi nts), QM m dat a( 1: Num _poi nt s)
DEG
FOR I =1 TO Num poi nts
I wf m dat a( 1) =1 NT(8191* (Sl N( | *360/ Num poi nt s) ) +8192)
Qv m dat a( 1) =1 NT(8191*( COS(|*360/ Num_poi nts))+8192)
NEXT |
PRI NT "Data Cener at ed"
Nbyt es=2* Num_poi nt s
ASSI GN @sg TO 719; FORVAT ON
ASSI GN @sgb TO 719; FORMAT OFF
Nbyt es$=VAL$( Nbyt es)
Ndi gi t s=LEN( Nbyt es$)
Ndi gi t s$=VAL$( Ndi gi t s)
QUTPUT @sg USI NG "#, K';": MVEM DATA ""ARBI : file_nane_1"",6 #"
OUTPUT @sg USI NG "#, K'; Ndi gi t s$
OQUTPUT @sg USI NG "#, K'; Nbyt es$
QUTPUT @Esgb; | wf m dat a(*)
OQUTPUT @Esg; END
OQUTPUT @sg USI NG "#, K';": MVEM DATA ""ARBQ fil e_nane_1"", #"
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220
230
240
250
260
270
280
290

300

OUTPUT @sg USI NG "#, K"; Ndi gi t s$
OQUTPUT @sg USI NG "#, K'; Nbyt es$
QUTPUT @Esgb; Qwf m dat a(*)

OUTPUT @sg; END

ASSI GN @sg TO *

ASSI GN @sgb TO *

PRI NT

PRI NT "*END*"

END

Program Comments

10: Program file name.
20 Sets the number of pointsin the waveform.
30: Defines arrays for | and Q waveform points. Sets them to be integer arrays.
40: Sets HP BASIC to use degrees for cosine and sine functions.
50: Sets up loop to calculate waveform points.
60: Calculates | waveform points.
70: Calculates Q waveform points.
80: End of loop.
160 and 210: The |l and Q waveform files have the same name
90 to 300 See the table on page 93 for program comments.
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Troubleshooting Waveform Files

Symptom

Possible Cause

ERROR 224, Text file busy

Attempting to download a waveform that has the same name as the
waveform currently being played by the signa generator.

To solve the problem, either change the name of the waveform being
downloaded or turn off the ARB.

ERROR 628, DAC over range

The amplitude of the signal exceeds the DAC input range. Thetypical causes
are unforeseen overshoot (DA C values within range) or the input values
exceed the DAC range.

To solve the problem, scale or reduce the DAC input values. For more
information, see “DAC Input Values’ on page 7.

ERROR 629, File format invalid

The signal generator requires aminimum of 60 samplesto build awaveform
and the same number of | and Q data points.

ERROR -321, Out of memory

Thereis not enough space in the ARB memory for the waveform file being
downloaded.

To solve the problem, either reduce the file size of the waveform file or
delete unnecessary files from ARB memory.

No RF Output

The marker RF blanking function may be active. To check for and turn RF
blanking off, press Mode > Dual ARB > ARB Setup > Marker Utilities >

Marker Routing > Pulse/RF Blank > None. This problem occurs when the file
header contains unspecified settings and a previously played waveform used
the marker RF blanking function.

For more information on the marker functions, see the User’s Guide.

Undesired output signal

Check for the following:

* Thedatawas downloaded in little endian order. See“Little Endian and
Big Endian (Byte Order)” on page 5 for more information.

* Thewaveform contains an odd number of samples. An odd number of
samples can cause waveform discontinuity. See “Waveform Phase
Continuity” on page 14 for more information.
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