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Introduction

This Programmable Funclion Generator uses direct digital synthesis to provide high
performance and extensive facilities at a breakthrough price. It can generate a variety of
waveforms between 0.4mHz and 10MHz with a resolution of 7 digits and an accuracy better

than 10ppm.

Direct digital synthesis for accuracy & stability

Direct digital synthesis (DDS) is a technique for generating waveforms digitally using 'a phase
accumulator, a look-up table and a DAC. The accuracy and stability of the resulting waveforms
is related to that of the crystal master clock

The DDS generator offars not only exceptional accuracy and stability but also high spectral
purity, [ow phase noise and excellent frequency agility.

A wide range of waveforms

High quality sine, square and pulse waveforms can be generated over the full frequency range
of 0. 1mHz to 10MHz

Triangle waveforms, ramp waveforms and muiti-leve! squarewaves can also be generated but
with limitations as to the maximum useable frequencies. .

Variable symmetry/duty-Cycle is available for ail standard waveforms.

Arbitrary waveform capability

Arbitrary waveforms can be loaded via the digital interfaces and then used in a similar way to
the standard waveforms.

Up to five arbitrary waveforms of 1024 10-bit words can be stored in non-volatile memory. The
waveformn clock is 27.48MHz maximum.

This fadility considerably expands the versatility of the instrument making it suitable for the
generation of highly complex waveforn pattems.

In addition, numerous “complex” waveforms are pre-defined in ROM, including commonly used
waveshapes such as sinex/x, exponentially decaying sinewave, etc.

Sweep

FSK

All waveforms can be swept over their full frequency range at a rate variable between 10
milliseconds and 15 minutes. The sweep is fully phase continuous.

Sweep can be linear or logarithmic, single or continuous. Single sweeaps can be triggered from
the front panet, the frigger input, or the digital interfaces. Two sweep markers are provided.

Amplitude Modulation is available for all waveforms and is variable in 1% steps up to 100%. An
internaf AM source is incarporated. Alternatively modulation can be controlled from an external
generator.

Frequency Shift Keying provides phase coherent switching between two selected frequencies at
a rats defined by the switching signat source.
The rate can be set from de to S0kHz intemally, or dc to 1MHz externaily.

w.valuetronics.com
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Trigger/Burst & Gated

All wavaforms are available as a triggered burst whereby each positive edge of the Trigger
signal will produce one burst of the carmrier, starting and stopping at the phase angle specified by
the start-stop phase setting.

The number of cycles in the burst can be set between 0.5 and 1023. The Gated mode tums the
output signal On when the gating signal is high and Off when it is low.

Both Triggerad and Gated modes can be operated from the intemnal Trigger Generator (0.005Hz
to 50kHz) or from an extemnal source (dc to 1MHz2).

Waveform Hop & Noise

The generator can be set up to ‘hop’ between a number of different waveform set-ups either ata
pre-gdetermined rate or in response to a manual trigger.

Up to 16 different hop waveforms can be defined in terms of frequency, amplitude, function,
offset and duration, which is variable in 1ms steps up to 60s. The generator can also be setto
simuiate random noise within the bandwidth -03Hz to 700kHz with adjustable amplitude and
offset.

Multiple phase-locked generators

The signals from the Clock InfQut socket and the Sync Out socket can be used to phase lock
two or more generators.

This can be used to generate multi-phase waveforms or locked waveforms of differant
frequencies.

Easy and convenient to use

All of the main generator parameters are clearly displayed together on a backlit LCD with 4 rows
of 20 characters. Sub menus are used for the modulation modes and other complex functions.

All parameters can be entered directly from the numeric keypad. Alternatively most parameters
can be incremented or decremented using the rotary encoder.

This system combines quick and easy numeric data entry with quasi-analog adjustment when
required.

Fully programmable
RS-232 and GPIB interfaces standard

‘The generator has, as standard, both RS-232 and GPIB intesfaces which can be used for
remote control of all of the instrument functions or for the down-loading of arbitrary waveforms;
the GPIB interface conforms to IEEE-488.2.
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Specifications

Specifications apply at 18°-28°C after cne hour wamm-up, at maximum cutput into S0Q

WAVEFORMS
STANDARD

Sine, square, positive pulse, negative puise, mult-level squarewave, friangle, ramp up, ramp
down, DC and pseude-random noise.

ARBITRARY
Sampiing Frequency:
Waveform Length::
Vertical Resolution:

FREQUENCY

27-48MHz
1024 points maximum
10 bits

Frequency ranges for standard waveform are listed below. In Arbitrary mode all waveform points
are cutput up to approximately 27 kMz beyond which they are sampied.

Sinel 100 yHz to 10 MHz
Square: 100 pHz to 10 MHz
Positive/Negative Puise: 100 pHz to 10 MHz
Triangle: 100 pHz to 100 kHz
Positiva/Negative Ramp 100 uHz to 100 kHz
Muiti-level square: 100 yHz to 100 kHz
Pseudo-random noise: 30 mHz to 700 kHz
Resolution: 7 digits (limited by 100 uHz)
Accuracy: Typically 10 ppm for 1 year, 18°C to 28°C
Stabifity: Typically 1ppm per °C outside 18°C to 28°C
WAVEFORM CHARACTERISTICS
Sine Distortion: «0-3% to 500 kHz
<-50 dBeto 1 MHz
<35 dB to 10 MHz
Nen-harmonic spurs: typically -50 dBc to 10 MHz
Square Risa/Fall Time: <25ns
Square Aberrations: <5% +2mV
Square Symmety Control: 1 to 99% (0-1% resolution) 100 pHz to 30 kHz
20 to 80% (0-1% resolution) 30 kHz 10 10 MHz
Triangle Linearity Emor: <0-5% to 30 kHz
Triangle Symmetry Control: 1 to 99% (0-1% resolution) 100 pHz to 100 kHz
Puise Rise/Fall Time: <25 ns
Pulse Aberrations: <5% +2mV
Pulse Symmetry Control: 1 to 99% (0-1% resolution) 100 pHz to 30 kHz
20 to 80% (0-1% reselution) 30 kHz to 10 MHz
MultiHevel Square: Maximum of 16 steps of discrate amplitude and duration (1 to

1,024 points). Ailows generating 3 level square, staircase,
muitiplexed LCD driver signals, etc.
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[~ OUTPUT CHARACTERISTICS
‘ QOutput Impedance: 500 or 600 switchable
Amplitude: 2-5 mVpp to 10 Vpp into SCC/6000
5 mVpp to 20 Vpp into open circuit
DC Offset 15V (limited by offset plus signal peak) into S0Q/600Q
10V (imited by offset plus signal peak) into open circuit
Resalution; 3 digits (limited by 1 mV)
Accuracy: 3% + 1 mV at 1 kHz into 50/8000
: Flatness: +0-2 dB to 500 kHz, +1 dB to 5 MHz, £2-5 dB to 10 MHz
= OPERATING MODES
CONTINUOUS
Continuous cycles of the selected waveform are output at the programmed frequency.
TRIGGER/BURST

Phase coherent triggering of the programmed number of cycies of the selected waveform.
Waveforms start and stop at the phase angle specified in the Start/Stop phase parametsr.

Trigger Sources: External signal, manuat {front panet key), intemat frigger generator or
remote command.
Burst Count: 1to 1023 cycles

Trigger Repetition Rate:  dc to 50 kHz {inters. . iigger generator}
de to 1 MHz (extemal trigger signal)

GATE
Cycies of the seiacted waveform are continuously output while the frigger signai is presant.
Trigger Sources: Extemal signal, manual (front panei key), intemal trigger generator or
ramote command

Trigger Repetition Rate:  dc to 50 kHz (intemnal trigger generator)
de to 1 MHz (extemal trigger signal)

SWEEP
Sweep Mode: Linear or logarithmic, single triggered cycle or continuous
Frequency Range: 100 wHz to the maximum frequerncy for selected waveform
Markers: Two variable markers during sweep
Trigger Sourcas: External signal, manual {front panel key), or remote command
FREQUENCY HOP

Up to 16 different hop waveforms, each with independently setable frequency, amplitude, offset,
waveform (except noise), and duration for each waveform. Phase continuous switching between
frequencies can be executed via software ¢r manually (front panel key). Waveform duration can
be set from 2 ms to 65 s in 1 ms increments. HOP can be externally triggered from the EXT
TRIG input.

www.valuetronics.com - )



AMPLITUDE MCDULATION
Carrier Frequency Range 100 pHz to the maximum frequency for selected waveform.
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Camier Waveforms:
Depth:

Intemnal Source:
External Source:
External Sensitivity:

All

Typically variable from 0% to 100% in 1% increments
1 kHz fixed sinewave or 5 mHz to 50 kHz squarewava
DC to 100 kHz (4 quadrant)

Approximately 2 Vpp for 50% modulation

PR URT AN . FREQUENCY SHIFT KEYING (FSK)

Phase coherent switching between two selected frequencies at a rate defined by the switching

signal source.

Carrier Frequency:
Carnrier Waveforms:
Switch Repetition Rate:

Switching Signal Source:

START/STOP PHASE

100 pHz to the maximum frequency for selected waveform
All

de to 50 kHz (intemal trigger generator}

dc to 1 MHz (external trigger signal)

Intemal from front panel key or intemal trigger generator
External from Trig/Gate input or remote interface

Phase relationship between MAIN QUT and AUX QUT is determined by the START/STOP

PHASE setting.

Carrier Frequency:
Carrier Waveforms:
Range:

Resolution:

TRIGGER GENERATOR

100 pHz to 1 MHz
All
0 to 360 degrees

_1degree

internal source 5 mHz to 50 kHz squarewave adjustable in 20 ps steps with 3 digit resolution.
Available for output at the sweep/marker connector (except during sweep or HOP operation).

QUTPUTS/INPUTS
FRONT PANEL CONNECTIONS

MAIN OQUT Waveform output at 50Q or 600C (selectabie) impedance,
Short circuit protection for up to 60 seconds is provided.

AUX OUT: CMOS/TTL level signal at the frequency and symmetry of main
output. Phase relationship between MAIN OUT and AUX OUT is
determined by the START/STOP PHASE setting.

EXT TRIG: Extemnal trigger input for Trigger, Gate, Sweep and FSK operating
modes, Itis also used to synchronize one Model 28 (as a slave) to
another Model 29 (as a master).

Maximum input voitage is £10V.
8




REAR PANEL CONNECTIONS

CLOCK INJOUT

CLOCKIN
CLOCK OUT

PHASE LOCK
VCA IN

SYNC OQUT

TRIG/SWEEP OUT

INTERFACES

The function of the CLOCK INFOUT connector is set from the front
panel SYS (system) menu as follows: '

The connector serves as an input for an external clock

This is the default setting. The intemal clock is made available as an
output. When two or more Mode! 29s are synchronized the CLOCK
OUT is used as a master ta drive the CLOCK IN of the slave units.
For use as a slave unit phase locked to the master unit.

Input connector for externally controlied Amplitude Modulation {AM).
Impedance is nominally 6 k.

When two or more generators are syncronized the SYNC OUT
connector on the master generator is connected to the EXT TRIG .
inputs of the slave generators. SYNC OUT logice levels are nominally
0V and 5V with S0Q output impedance.

The function of this output is automatically determined by the
generator operating mode. Except in sweep and HOP modes the
output is that of the intemal trigger generator, a fixed amplitude
squarewave whose frequency is set in the TRIG or GATE menus. The
rising edge of the trigger generator initiats trigger, gate and burst
modes. [n sweep mode the output is a 3-level waveform, changing
from high (4V) to low (OV) at the start of the sweep, with namow 1V
pulses at marker points. In HOP mode the output goes low on entry
to each waveform step and high after the new frequency and
waveshape of that step have been set Output impedance is TkQ.

Full remote control facilities are provided through RS232 and IEEE-488 (GPIB) interfaces.

RS232:
= IEEE-488:

STORED SETTINGS

Variable baud rate, 9500 baud max;, 9-pin D connector.
Conforms with IEEE-488.1 and IEEE.488.2

Up to 9 compiete instrument set-ups may be stored and recalled from battery backed memory.

GENERAL

Size:
Weight:
Power

Operating Range:

mental:

i
i

I3

20 character by 4 row alphanumeric display.

130 mm (height), 212 mm (width), 330 mm (depth)

9 pounds {(4-1 kg)

100V, 115V or 230V nominal S50/60 Hz, adjustable intemally,
operating range +14% of nominal, 30 VA maximum. Installation
Category il.

5°C to 40°C, 20-80%RH

-20°C to 60°C

indoor use at altitudes up to 2000m, Pollution Degree 1.
19" Rack Mount Kit

Complies with ENG61010-1

Compilies with EN55011 and ENS0082-1.

www,.valuetronié¢s.com
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Safety

This funcion generator is a Safety Class 1 instrument according to iEC classification and has
been designed to meet the requirements of ENG1010-1 (Safety Requirements for Electrical
Equipment for Measurement, Control and Laboratory Use). it is an Installation Category It
instrument intended for operation from a normai single phase supply.

This instrument has been tested in accordance with ENG1010-1 and has been supplied in a safe
condition. This instruction manual contains some information and wamings which have to be
followed by the user to ensure safe operation and to retain the instrument in a safe condition.

This instrument has been designed for indoor use in a Pellution Degree 1 environment {no
poliution, or only dry non-conductive pollution) in the temperature range 5°C to 40°C, 20% - 80%
RH (non-condensing). [t may accasionally be subjected to temperatures between +5° and -10°C
without degradation of its safiety.

Use of this instrument in a manner not specified by these instructions may impair the safety
protection provided. Do not operate the instrument outside its rated supply voltages or
environmental range. In particular excessive moisture may impair safety.

WARNING! THIS INSTRUMENT MUST BE EARTHED

Any interruption of the mains earth conductor inside or outside the instrument will make the
instriment dangerous. Intentional interuption is prohibited. The protective action must not be
negated by the use of an extension cord without a protective conductor.

When the instrument is connected to its supply, terminals may be live and opening the covers or
removal of parts (axcept those to which access can be gained by hand) is likely to expose live
parts. The apparatus shall be disconnected from all voitage sources before it is opened for any
adjustment, replacement, maintenance or repair.

Any adjustment, maintenance and repair of the opened instrument under voltage shall be
avoided as far as possible and, if inevitable, shall be camied out only by a skilled person who is
aware of the hazard invoived.

If the instrument is cleary defective, has been subject to mechanical damage. excessive
meisture or chemical comrosion the safety protection may be impaired and the apparatus should
be withdrawn from use and retumed for checking and repair.

Make sure that only fuses with the required rated current and of the specified type are used for
replacement. The ysa of makeshift fuses and the short-circuiting of fuse holders is prohibited.

This instrument uses a Lithium button cell for non-volatile memory battery back-up; typical life is
5 years. In the event of replacement becoming necessary, repiace only with 2 cell of the comect
type, i.e. 3V Li/Mn0; 20mm button cell type 2032. Exhausted calls must be disposed of carefully
in accordance with local regulations; do not cut open, incinerate, expose to temperatures above
60°C or attempt to recharge.

Do not wet the instrument when cleaning it and in particular use only a soft dry cloth to clean the
LCD window. The following symbols are used on the instrument and in this manual:-

Caution -refer to the accompanying decumentation, incorrect operation may
damage the instrument.

terminal connected tc chassis ground.

mains supply ON.

o mains supply OFF.
I
Y

altemating current.

——
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EMC

This function generator has been designed ta meet the requirements of the EMC Directive
89/336/EEC.

Compliance was demonstrated by meeting the test limits of the following standards:

-

Emissions
ENS5011 (1991) for industrial, scientific and medical (ISM) radio-frequency equipment;
Group 1 Class B limits were applied.

Immunity
EN50082-1 (1992) Generic immunity standard for residential, commercial and light
.. industry. Test methods and limits used were:

a) ENG60801-2 (1993) Electrostatic Discharge, 8 kV air discharge.
b) IEC801-3 (1984) RF Field, 3 V/m,

€) IEC801-4 (1288) Fast Transient, 1 kV peak (AC lines), 0-SkV peak (signai lines and
RS232/GPIB ports).

Cautions
To ensure continued compliance with the EMC directive the following precautions should be
observed:
a) connect the generator to cther equipment using only high quality, double-screened cables.

b) after opening the case for any reason ensure that all signal and ground connections are
remade correctly before replacing the cover. Always ensure all case screws are corectly
refitted and tightened. .

©) In the event of part replacement becoming necessary, only use compenents of an identical
type, see the Service Manual.

Installation

Check that the instrument operating voltage marked on the rear panel is suitabie for the local
supply. Should it be necessary to change the operating voltage, proceed as follows:

1) Disconnect the instrument from ait voltage sources.
2) Remove the screws which retain the top cover and lift off the cover.

3) Change the transformer connections as follows:
for 230V operation connect the live (brown) wire to pin 15
for 115V operation connect the live (brown) wire to pin 14
for 100V operation connect the live (brown) wire to pin 13
4} Refit the cover and the secure with the same screws.
5} Te comply with safety standard requirements the operating voitage marked on the rear panel
must be changed to clearly show the new voltage setting.
e 6) Change the fuse to one of the correct rating, see below.

www.valuetronics.com
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Tl Fuse
T - Ensure that the correct mains fuse is fitted for the set operating voltage. The cormect mains fuse
types ara:
for 230V operation: 250 mA (T) 250 VHRC
for 100V, 115V operation: 500 mA (T) 250 V HRC
“To replace the fuse, disconnect the mains lead from the inlet socket and release the fuse drawer

below the socket pins by depressing both clips together, with miniature screwdnvers 50 that the
drawer can be eased open. Change the fuse and replace the drawer.

The use of makeshift fuses or the shont-circuiting of the fuse holder is prohibited.

Mains Lead
When a three core mains lead with bare ends is provided it should be connected as follows:-
Brown - Mains Live
Blue - Mains Neutral
Green/Yellow -  Mains Earth

) WARNING! THIS INSTRUMENT MUST BE EARTHED

Any interruption of the mains sarth conductor inside or outside the instrument will make the
instrument dangerous. Intantional interruption is prohibited. The protective action must not be
negated by the use of an extension cord without a protective conductor.

Mounting

This insrument is suitable both for bench use and rack maunting. It is delivered with feet for
banch mounting. The front feet include a tilt mechanism for optimal pane! angie.

A rack kit for mounting one or two of thesae Haif-width 3U high units in a 19 rack is available
from the Manufacturers or their overseas agents.

www.valuetronics.com - -
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Connections

Front Panel Connections

MAIN OUT

This is the S0Q output from the main generator. it will provide up to 20V peak-to-peak e.m f.
which will yield 10V peak-to-peak into a matched 500 load. It can tolerate a short circuit for 60
seconds.

A Do not apply extemnal voitages to this output.

AUX QUT

Thiz is a TTL/CMOS level output synchronous with MAIN OUT. Symmetry is the same as that
set for the main output but the phase relationship between MAIN OUT and AUX OUT is
determined by the PHASE setting specified on the TRIGger menu.

AUX OUT logic levels are nominaily OV and 5V from typically S0Q. AUX QUT will withstand a
short-circuit.

A Do not apply external veltages to this output.

EXT TRIG

This is the extemai trigger input for Trigger, Gate, Sweep, FSK and HOP operating modes. itis
aiso the input used to synchronise the generator (as a slava) to another (which is the master).

Do not apply external voitages exceeding 210 V.

Rear Panel Connections

CLOCK IN/OUT

The function of the CLOCK INJOUT sacket is set from the SYStem menu as follows:

INPUT The socket becomes an input for an extemal clock.

OUTPUT This is the default setting. The intemai clock is made availabie at the
socket When two or more generators are synchronized the ‘master’ is
set to QUTPUT and the signal is used to drive the CLOCK IN inputs of
the slaves.

PHASE LOCK When two or more generators are synchronized the slaves are set to
PHASE LOCK.

As an output the logic levels are nominaily 1V and 4V from typically 505 CLOCK QUT will
withstand a short-circuit As an input the threshoids is TTL/CMOS compatible.

A Do not apply external voltages to this output exceeding +7-5 V or-2-3 V.

VCA N

This is the input socket for extemnal voltage controlled amplitude (VCA). Input impedance is
nominally 6k Apply 2-5V for 100% level change at maxdmum output.

A Do not apply external voltages exceeding +10V.

"
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SYNC OUT

A

When two or more generators are synchronized the SYNC OUT socket on the master generator
is connected to the EXT TRIG inputs of slave generators.

SYNC OUT logic levels are nominally OV and 5V from typically 50Q. SYNC OUT will withstand a
short-circuit.

Do not apply extemal voiltages to this output.

TRIG/SWEEP OUT

The function of this output is automatically determined by the generator cperating mode.
Except in sweep and HOP modes the output is that of the internal trigger generator, a fixed
amplitude square-wave whose frequency is set on the TRIG or GATE menus. The rising edge of
the trigger generator initiates trigger, burst, gate, etc.

in sweep mode the output is a 3-level waveform, changing from high (4V) to low (OV) at start of
sweep, with narrow 1V pulses at each marker point.

In HOP mode the output goes low on entry to each waveform step and high after the new
frequency and waveshape of that step have been set

Output levels are nominally OV and 4V from 1kQ. TRIG/SWEEP QUT will withstand a shart-
circuit. '

A Do not apply external voltages to this output
RS232

S-pin D-connector. The pin connections are shows below:
Pin Name Description

1 - Na intemal Connection

2 TXD Transmitted data from instrument
3 RXD Received data to instrument

4 - No intemal connection

5 GND Signal ground

2] - No intemal connection

7 RXD2 Secondary received data

8 TXD2 Secondary transmitted data

9 GND Signal ground

Pin 2, 3 and 5 may be used as a conventional RS232 interface with XON/XOFF handshaking.
Pins 7,8 and 9 are additionally used when the instrument is used in addressable RS232 mode.
Signal grounds are connected to instrument ground. The RS232 address is set from the front
panel using the REMOTE menu.

GPIB (IEEE-488)

The GPIB interface is not isolated; the GPIB signal grounds are connected to the insrul:nent
ground.

The implemented subsets are:
SH1 AH1 T8 TEO L4 LEO SR1 RL1 PP1 DCt1 DT1 COE2

The G_PIB address is set from the front panel using the REMOTE menu.

12
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General Operation

This section is a general introduction to the features and organisation of the function generator
intended to be read before using the instrument for the first ime. Detailed operation is covered
in later sections starting with Main Generator Operation.

DDS Principles

\/ - In this instrument waveforms are generated by Direct Digital Synthesis (DDS). One complete

cycie of the waveform is stored in RAM as 1024 10-bit ampiitude values. As the RAM address is
- incremented, the waveform values are output 1o a Digital-to-Analog Converter (DAC) which
i - STt reconstructs the waveform. Sinewaves and triangles are subsequently filtered to smooth the
Wb steps in the DAC output. The frequency of the wavefonm is determined by the rate at which the

RAM addresses are changed. Further details of how this rate is varied; i.e. how the frequency is

changed, are given later in the DDS Qperation section; it is sufficient to know that at low

frequencies the addresses are cutput sequentially but at higher frequencies the addresses are

sampled. The major advantages of DDS over conventional analog generaton are:

« Frequency accuracy and stability is that of the crystal oscillator.
d » Frequencies can be sat with high resclution from mHz to MHz
* Low phase noise and distortion.
= Very wide frequency sweeps are possible.
e Fast phase continuous frequency switching.
« Non-standard wavefoms such as multiJevel squarewaves are easily generated.
= Basic arbitrary waveform capability in the same instument.

in addition, being a digital technique, it is easier to make every parameter programmabie from
the keyboard, or remotely via RS232 or GP{B interfaces. )

The fundamental limitation of the DDS technique is that, as the generator frequency is

B increased, each waveform cycle is constituted from fewer samples. This is not a problem with
sinewaves which, because they are filtered, can be produced with low distortion up to the
frequency limit of the generater. With DDS squarewaves and pulse waveforms the 1 clock edge
uncertainty sets a practical imit o the upper frequency. However, on this instrument the
generation technique changes at 30kHz (but is overidable by the user) to use a comparator
driven by the DDS sinewave; this ensures jitter-free squarewaves and pulses up to the
frequency limit of the generator. Ramp and staircase waveforms are, by defauit, unfiltered
{aithough filtering can be selected) and therefore become degraded above the frequencies
indicated in the Specification; all waveforms are, however, available up to the maximum
frequency of the generator.

Switching On
The power switch is located at the bottom jeft of the front panel.
At power up the generator dispiays the installed software revision whilst loading its RAM with
waveforms; if an error is encountered the message “SYSTEM RAM ERROR, BATTERY FLAT?
will ba displayed, see the Wamings and Error Messages section.
i - Loading takes a few seconds, after which the Main menu is displayed, showing the generator
parameters set to their default values, with the MAIN QUT set off. Refer to the System Menu
saction for how to change the power up settings to either those at power down or to any one of
the stored settings.
Change the basic generator parameters as described in the Main Generater Operation section
and switch the MAIN CUT on with the OUTPUT key: the ON lamp will light to show that the

13
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output is on. Note that AUX OUT, CLOCK OUT, etc. are always running and are not switched by
the OUTPUT key.

Display Contrast

All parameter settings are displayed on the 20 character x 4 row backlit liquid crystal display
(LCD). The contrast may vary a little with changes of ambient temperature or viewing angle but
can be optimised for a particular environment by using the front panel contrast control. Insert a
small screwdriver or timmer {ool through the adjustment aperture marked LCD and rotate the
control for optimum contrast

Keyboard

The keys can be considered in 7 groups:

e FUNCTION keys permit direct selection of the waveform function, Repeated presses of each
of 'the 3 keys steps the function selection through each of the 2 or 3 choices associated with
that key; the current selection is indicated by the illuminated lamp. Pressing a different key
selects the function last selected with that key. In this way it is therefore possible to select
between, for example, sine, square and triangle with single key presses, or between positive
pulses and negative pulses, efc.

s SET keys permit direct selection of the four main generator parameters shown on the Main
menu of the display, ready for value entries from the NUMERIC/UNIT keys.

« NUMERIC/UNIT keys permit direct entry of a value for the pararmeter cumently selected;
parameter selection is either directly (by the SET keys) for the main parameters, or by moving
the cursor to the appropriate parameter in other menus. Thus to set a new frequency of
100kHz, for example press FREQ/PER, 1, 0, 0, kHz; or to change symmetry to 40%, press
SYMMETRY, 4, 0, %.

¢ FIELD and DIGIT keys ana used, together with the ROTARY CONTROL, to edit parameters
on the current menu. Their use is explained mare fully in the 'Principles of Editing’ section
below.

» MODE keys are used both to directly switch the respective mode (TRIG, GATE, AM, etc.) on
or off and to seiect the menus for setting up these special funclions. Altemate presses of a
MODE kay will tum the function on or off; when on the associated lamp is lit. Pressing the
blue EDIT key followed by a MODE key displays the edit menu for that mode; the associated
lamp flashes whilst the edit menu is displayed.

+ UTILITIES keys give access to the STORE, RECALL and REMOTE parameter menus; the
MAN/SYNC key is used for manual triggering and synchronizing two or more generators
when suitably connected together.

= Lastly, the ENTER, ESCAPE, and CE (Clear Entry) keys have self-explanatory functions.

Numeric entries are automatically confirned when the appropriate unit key (Hz, kHz, MMz,
efc.) is pressed but ENTER can be used to enter a number in the parameter’'s basic units or
to confirm entries with fixed units (e.g. phase} or no units (e.9. burst count). It is also used to
confum certain options when prompted.

Pressing ESCAPE returns a setting being edited to its last vaiue; a second press (when
appropriate) will retumn the display from an edit menu io the Main menu.

CE (Clear Entry) undoes a numeric entry digit by digit.

Further explanations will be found as appropriate in the detailed descriptions of the generator's
functions.

o searenuzaa.
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SO} Principles of Editing
FIELD and DIGIT keys are used, together with the rotary control, to edit parameters shown on
the current menu, The Main menu shows all the basic generator parametars and is the one
displayed unless editing of a special function has been selected. These edit menus are
accessed by pressing the blue EDIT key, followed by the appropriate MODE key or a numeric
key which has a secondary function printed in blue.

FIELD keys move the flashing edit cursor forward or backwards from one editable field to the

g next; all the digits of a numeric parameter value are treated as a single field. When the

parametars of a particular function occupy two or more pages of the dispiay, e.g. the sweep
= mode parameters, the further pages are indicated by MORE>>> shown in the display and the

FIELD keys are also used to step between the end of one page and the start of ancther, and

- vica-versa. The attributes of the flashing edit cursor can be changed by the user if desired, see

- ‘ Lxt LR SYStem Menu section.

DIGIT keys operate in more than ane mode. When a numeric parameter vatue field is selected
by the FIELD keys, DIGIT keys step the edit cursor forward or backwards through the digits of
the fieid. When the edit cursor is positioned in a parameter name (e.g. FREQ} pressing either
digit key wiil step the parameter through each of the altemative forms in which a value may be
entered (e.g. FREQ is changed to PERIod); the parameter numeric vatue and units change
accordingly. Note that where there is no aiternative form for the parameter (e.g. SYMMETRY)
the edit cursor cannot be stepped into that field. When the edit cursor is positioned ina
parameter selection field (e.g. SOURCE = on the TRIG menu), the DIGIT keys step through alt
passible choices for that parameter {e.g. SOURCE = TGEN, SOURCE = EXT, etc.) Lastly, when
the edit cursor is positioned in the units field of a parameter value, the DIGIT keys increment or
decrement the numeric value of the parameter by a factor of 10 each press; the units change
each time the display autoranges.

The ROTARY CONTROL works as follows. With the cursor in any field other than a numeric
value field tuming the control acts in exactly the same way as pressing the DIGIT keys, With the
edit cursor positioned anywhere in a parameter numeric field, tumning the control will increment
or decrement the vaiue; the step size is determined by thé position of the edit cursor within the
numeric field.

Thus for FREQ = 1.00000 MHz rotating the control wili change the frequency in 1kHz steps. The
dispiay will auto-range up or down as the fraquency is changed, provided that autoranging
permits the increment size to be maintained; this will in tum determine the lowest or highest
setting that can be achieved by tuming the control. in the example above, the lowest frequency
that can be set by rotating the control is 1 kHz, shown on the display as

FREQ = 1.000000 kHz

This is the limit because to show a lower frequency the dispiay would need to autorange below
1kHz to

FREQ = xouox Hz

in which the most significant digit reprasents 100Hz, i.e. the 1kHz increment would be lost. [f,
however, the starting setting had been

FREQ = 1.000000 MHz

i.e. a 100 Hz increment, the display wouid have autoranged at 1kHz to
FREQ = 800.0000 Hz

and couid then be decremented further right down to
FREQ = 000.0000 Hz

without losing the 100 Hz increment.

Tuming the control quickly will step numeric values in muttiple increments.

18
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Main Generator Operation

When first switched on, and at all subsequent power-ups uniess specified otherwise on the
SYStem menu, the generator will be set to the factory defauits, with the cutput off. The basic
parameters can be set from the Main menu as described below.

Main Generator Parameters

Frequency

FREQ=10.00000kHz
VhiZ=+20.0 Vpp 500
DC=+0.00mV {+0.00mv)
SYM=50.0% (50.0%)

a

With the flashing edit cursor anywhere on the first line of the Main menu the frequency can ba
changed directly from the keyboard by entering the number and appropriate units only, e.g.
1kHz can be set by entering 1.kHz or-, 0,0, 1, MHz or 1, 0, 0, 0, Hz, etc. However, the display
will always show the entry in the most appropriate enginsering units, in this case 1.000000 kHz
By default, the maximum setable frequency for triangte, ramp, staircase and arbitrary waveforms
is 100 kHz and an emor message will be given if an attempt is made to enter a higher fraquency
with one of thesa wavaforms selected, see Warning and Error Messages section. This
frequency limit can be switched off, see 'Frequency Stop’ in the Waveform Generation Options
section, although signal quality for these waveforms will detericrate progressively as the
frequency increases, as discussed in the DDS Principles section. If this cursor is not already in a
top line field it is first necessary to press the FREQ/PER key befora making the number and unit
entry. Note that this always retums the cursor to the parameter name field which can then be
alternated between FREQ and PERiod with successive presses of either DIGIT key, or by
tuming the rotary control.

PER =100.0000us
VhiZm+20.0 Vpp 50Q
DC=+0.00mV (+0.00mV)
SYM=50.0% (50.0%)

When PER= shows in the display instead of FREQ=, the frequency can be set in terms of a
period; enter the number and units {ns, ps, ms or s) in the same way as for frequency. Nota that
the precision of a period entry is restricted to 8 digits; 7 digits are displayed but the last
significant cne is always zero. The hardware is always programmed in terms of fraquency; when
a period entry is made the synthesised frequency is the nearest equivalent value that the
frequency resolution and a 6-digit conversion calcufation gives. |f the frequency is displayed
after a period entry the value may differ by a digit from the expected value because of these
considerations. Further. once the setfing has been displayed as a frequency, converting back
again to display period wil give an exact 8-digit equivalent of the 7-digit frequency, but this may
differ, by a digit, from the period value originally entered. If the edit cursor is moved to the
numeric field, tuming the rotary control will increment or decrement the numeric value in.steps
determined by the edit position within the field. The FIELD keys move the cursor to the field and
the DIGIT keys move it within the field; this is more fully explained in the Principles of Editing
saction. Lastly, with the edit cursor in the units field, pressing the DIGIT keys or tuming the
rotary control will change the value in decade increments; the decimal point will move and/or the
units will change as appropriate. Full 7-digit precision is maintained as the value is decremented
until the 0-1mHz resolution limit of the instrument is reached; values which would have had least
significant bits <0+-1mHz are truncated with further decrements and the precision is consequently
lost when the number is incremented again.
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Output Levet

The second line of the Main menu permits the output level to be set in terms of VhiZ (open
dircuit voltage) or V (potential difference into a matched load) or dBm (referenced to the
specified source impedance). Both VhiZ and V can be set in terms of peak-peak volis (Vpp) or
rm.s. voits (Vrms). Note that in both cases the true peak-peak or r.m.s. values are shown for the
selected waveform, even an arbitrary waveform. However, in the case of Virms the DG Offset
(see next sectian) is ignored in the calculation and must be taken into consideration by the user
if the DC Offset is non-zero.

FREQ=10, 00000kHEz
VhiZ=+20.0 Vpp

5002
- DC=+0.00mV (+0.00m')
SYM=50.0% (50.0%)

The desired form of the output level display can be selected whilst the edit cursor is in the
parameter name field by stepping through all the options with the DIGIT keys or the rotary
contrel; bring the cursor to the parameter name field first, if necessary, by pressing AMPL, or by
using the FIELD keys.

With the appropriate parameter form selected, the value is entered as a number foliowed by
units; e.g. 100mV can be entered as 1, 0, 0, mV or-, 1, V etc. The software acts intelligently in
certain situations; for example, even if VhiZ or V is the selected parameter form, entering a
number foliowed by the dBm key will cause the number to be entered as dEBm. Similarly, with
dBm as the selected parameter form, entering a number followed by V or mV will cause the
number to be entered as V=Vms. 0dBm is 1mW into the specified impedance; low signal tevals
are specified by using the +/- key to enter negativa dBm. See also the last paragraph of this
section for the use of the +/~ key for cutput inversion.

Maoving the edit cursor to the numeric field permits the set value to be varied by the rotary
control in steps determined by the cursor position within the field. The FIELD keys move the
curser to the field and the DIGIT kays move it within the field; this is explained more fuily in the
Principles of Editing section.

Moving the edit curser to the units field permits the numeric vaiue to be changed in decade
steps by the DIGIT keys or rotary contral; the decimal point will move and/or the units will
change as appropriate. Further increments are inhibited if the next decade stap would take the
value above the maximum level or below the minimum level. Decade stepping with the DIGIT
keys or rotary control is also inhibited when tha level is displayed in dBm.

Wherever the cursor is positioned on the second line of the display, altemate presses of the +/-
key will invert the MAIN QUT output; if DC OFFSET is non-zero, the signal is inverted about the
offset The one exception to this is if the output level is specified in dBm; sinca low signals are
specified in -dBm, the - sign is interpreted as part of a new output ievel entry and notas a
command to invert the signal. The cutput level must be shown as a VhiZ or V value for the +/-
key to operate as a signal invert key.

If an amplitude change is made which involves switching the attenuator, the output is switched
cff for 45ms whilst the change is made to pravent any transients appearing at the output.

Output Impedance

The impedance of the MAIN QUT output is selected in the last field of the second line. Move the
edit cursor to this field and use the DIGIT keys or rotary contro! {o toggle between 500 and
6000 The output leve! is unchanged but the displayed vaiue in dBm will change because the
OdBm reference leval (1mW inte the specified impedance) changes with the impedance.
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DC Offset

The DC Offset is set on tha third ine of the Main menu. With the cursor anywhere in the third
line the DC offset can be changed directly from the keyboard by entering the number and
appropriate units, €.g. 100mV can be set by entering 1, 0, 0, mV or+, 1, V, etc. If the curseris
net already in the third ine of the display it is first necessary to press the DC OFFSET key, to
position the cursor, before making the number and unit entry. Nots that, unlike the FREGQ= or
VhiZ= parameter fields, the cursor does not move into the DC QFFSET name because it has no
alternative.
With the edit cursor in the numeric field, tuming the rotary control will increment or decrement

" the numeric value in steps determnined by the edit cursor position within the field. The DC
OFFSET or FIELD keys move the cursor to the field and the DIGIT keys move it within the field;
this is more fully explained in the Principles of Editing saction. Because DC offset can have
negative values, the rotary control can take the value below zero; aithough the display may
autorange to a higher resolution if a step takes the value close to zero, the increment size is
maintained comectly as the offset is stepped negative. For example, if the display shows

DC = +205. mV

with the cursor in the most significant digit, the rotary controi will decrement the offset in 100mV
steps as follows:

DC = +205.mV

DC =+105.mV

DC =+5.00 mV

DC=-95.0mV

DC =-185. mV
The +/- key can also be usad at any time to set the offset value negative; altemative presses
toggle the sign between + and -. Altematively the sign of the offset can be changed as part of

the entry of a new value, e.g. if the offset is +2.00V it can be changed to -100mV by pressing
+-,1,0,0 mV.

The actual OC offsat at the MAIN OUT socket is attenuated by the fixed-step output attenuator
when this is in use. Since itis not obvious when the signal is being attenuated the actual offset
is shown in brackets as a non-editable field to the right of the set value.

For example, in the display below, the pk-pk output is not attenuated by the fixed attenuator and
the actuat DC offset (in brackets) is the same as that set.

FREQ=10.00000kHZ
VhiZ=+2.50 Vpp 50Q
DC=+150.mV (+150.mV)
SYM=50.0% (50.0%)

o . if the output level is now reduced ta 250mV pk-pk, which introduces the attenuator, the actual
‘ DC offset changes by the appropriate factor.

FREQ=10.00000kH=
VhiZ=+250.mVpp 5002
- DC=+150.m¥v {(+15.1mV)
SYM=50.0% (50.0%)

The above display shows that the set DC offset is +150mV but the actual offset is +15.1mV.
Nota that the actiial offset value also takes into account the true attenuation provided by the
fixed attenuater, using the values determined during the calibration procedure. in the axample
displayed the cutput signal is 250mV pk-pk exactly and takes account of the small error in the

18
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-20dB fixed attenuator; the offset is 15.1mV exactly, taking account of the effect of the known
attenuation (stightly less than the nominal -20dB) on the set offset of 15S0mV.

Whenever the set DC offset is medified by a change In output level in this way a waming
message that this has happened will be displayed. Similarly, because the DC offset pius signal
peak is limited to + 10V to avoid waveform clipping, a waming message will be displayed. This is
explained more fully in the Wamings and Emor Messages section,

DC Output

The DC Offset control can be used to provide an adjustable DC output level if the waveform is
off; the recommended set-up is as follows:

Select GATE edit mode and set the SCURCE to MAN/REMOTE. Exit edit mode and tum on
GATE mode with the GATE key. Provided that GATE mode is not triggered, the MAIN CUT will
now remain at the level set by the DC Offset control.

©On the main menu set the output level to 1Vpp; this ensures that the software does not wam of
clipping (output level too high) and that the output attenuator is not switched in (which would
also attenuate the DC Offset). With the cursar in the DC Cffset field the MAIN OUT can now be
adjusted over the range 10V (open circuit).

Symmetry

Pressing the SYMMETRY key moves the flashing edit cursor directly to the symmetry numeric
fiald on the bottorn line of the dispiay. This is the only fieid that can be edited; the bracketed field
on the right-hand side shows the actual symmetry which might differ from that set if the set
value is outside that permitted for the seiected frequency and waveform combination, see
Specification section. For example, in the display beiow the frequency is set to 100kHz and a
squareware is selected.

FREQ=100.0000kHz
VhiZ=+20.0 Vpp 500
DC=+0.00mV {+0.00mV)
SYM=00.0% (80.0%)

The symmetry is sat to 90% but the actual symmetry is 80%, the limit for squarewaves and
pulse waveforms above 30kHzZ

The flashing cursor can be moved within the field using the DIGIT keys: tuming the rotary
control will then increment or decrement the setting in steps determined by the position of the
cursor in the field.

Should the symmetry be set outside the permitted range for the selected frequency and
waveform combination a warning message wiil be shown on the display, see Wamings and Error
Messages section below.

Warning and Error Messages

Two classes of message are displayed on the screen when an illegal combination of parameters
is attempted,

WARNING messages are shown when the entered setting causes some change which the user
might not necassarily expect. Exampies are:

1. Changing VhiZ from 2.5Volts pk-pk to 250mV pk-pk brings in the step attenuator; if a non-
Zero offset has been set then this will now be attenuated too. The message '‘DC OFFSET
CHANGE BY QUTPUT LEVEL will be shown temporarily an the screen but the setting will be
accapted; in this case the actual, attenuated, offset will be shown in brackets to the right of
the set vaiue.
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2. with the output level set to 16V pk-pk, increasing the DC offset beyond * 5V will cause the
message 'DC OFFSET + LEVEL MAY CAUSE CLIPPING'. The offset change will be
accepted (producing a clipped waveform) and the user may then choose to change the
output level or the offset to praduce a signal which is not clipped.

3. With 100kHz squarewave selected, increasing symmetry beyond 80% will cause the
message 'SYMMETRY TOO WIDE FOR FUNC/FREQ' to be displayed. The setting will be
accepted but the actual symmetry will be limited to 80% as shown in the bracketed field
beside the setting. If this out-of-specification sefting is changed by reducing the frequency
below 30kHz or by changing the waveform then the waming 'SYMMETRY CHANGED 8Y
FUNC/FREQ' is displayed.

ERROR messages are shown when an illegal setting is attempted, most generally a number
outside the range of values permitted. in this case the entry is rejected and the parameter
setting is left unchanged. Examples are:

1. Entering a frequency of 100 MHz with any waveform selected, or 1MHz with triangle selected,
etc. The error message ‘FREQUENCY/PERIOD VAL OUT OF RANGE' is shown.

2. Entering a VhiZ of 25V pk-pk. The emor message "MAX QUTPUT LEVEL EXCEEDED' is
shown.

3. Entering a DC offset of 20V. The amror message 'MAX DC OFFSET EXCEEDED' is shown.

The messages are shown on the display for approximately two seconds. The last tivo messages
can be viewed again by pressing the blua EDIT key followed by MSG (the 0 number key). Each
message has a number and the full list appears in Appendix 1, together with some further
explanation where the message is not entirely self-explanatory.

The defauit set-up is for all waming and error messages to be displayed and for a beep to
sound with each message. This set-up can be changed on the ERRer menu, accessed r-
pressing the blue EDIT key followed by ERRor key (the 2 number key). The ERRar ment
shown below: -

ERROR BEEP=CN
ERROR MESSAGE=CN
WARNING BEEP=ON
WARNING MESSAGE=ON

The flashing cursor can be moved through each of the four editable fields in tum using the
FIELD keys. The field can then be toggled between ON and OFF, using the DIGIT keys or rotary
contral, to create the desired setting. If the new setting is required for future use it should be
saved by changing the POWER UP= setting on the SYStem menu to POWER UP=POWER
DOWN, see System Menu section.
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ke Auxiliary Output

AUX OUT is a TTLACMOS level output synchronous with MAIN OUT and with the same
symmetry. However, the phase of the AUX OUT can be varied with respect to the MAIN OUT by
changing the PHASE setting on the TRIGger edit menu.

Auxiliary Output Phase

rafenn Squm

The convention adopted for phase in this instrument is
iustrated in the diagram. 0° is always the first data point in
waveforrn memory. On symmetrical waveforms 0" is the rising
edge ‘zero-crossing’ point for sine, square, riangle and pulse
waveforms; 0° is the start peint of ramps, staircase and
arbitrary waves. When the phase is set to 0° the rising edge
of the AUX OUT squarewave is at 0° too. When the phase is
set to a positive vailue, e.g. +90°, the AUX OUT squarewave
foilows MAIN OUT by 90°, when the phase is setto a
negative vatue AUX QUT leads MAIN QUT.

The phase is set by pressing the blue EDIT key followed by
TRIG to select the trigger edit menu; the edit cursor is then
moved to the PHASE field using the FIELD keys. PHASE can
be entered directly from the keyboard, using the +/- key to
change the sign if necessary, or by rotary control.

Above 30kHz the AUX QOUT accompanying sine, triangle,
square and pulse waveforms is autematically switched such
that it is derived from the comparator (driven by the DDS
sinewave) used to generate higher frequency MAIN OUT
squarewaves and pulses; see the DDS Principles section for
further information, This ensures a jitter-free AUX OUT signal
up to the maximum frequency of the generator but means
that phase shifting between MAIN QUT and AUX QUT is not
then possibla. However, this constraint can be removed by
changing the setting on the OFTions menu from AUX
OUTPUT=AUTO to AUX QUTPUT=LOW FREQ; the AUX
OUT signal then continues to be generated independently,
with phase adjustable with respect to the MAIN output,
aithough the 1 clock (36ns) jitter will become increasingly
significant at higher frequencies. Changing AUTO settings is
described more fully in the next section, Waveform Generator
Options.

The AUX OUT signal accompanying ramp, staircase and
arbitrary waveforms is, by default, always generated
independently; phase shift is adjustable across the frequency
range but again clock jitter becomes increasingly significant
at higher frequencies.

Waveform Generation Options

- A number of parameters are, by default, switched automatically either when the frequency is set
above 30kHz or when the operating mode is changed such that the best overall performance is
achieved across the whole generator frequency range; see the DDS Principles sectian for
further detzils of the 30kHz changeover. In addition, triangle, ramp, staircase and arbitrary
waveforms are inhibited from being set above 100kHz, io ensure that they ane not used
accidentaily at frequencies whera the waveshapa is noticeably deteriorating. In ail cases,
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however the defauit choice can be ovemridden by the user by changing the setting on the
OPTions menu.

SOWAVE GEN=AUTO
FILTER=AUTO

AUX=AUTO FSTOP=ON
SWEEP TGEN OUT=AUTO

The OPTions edit menu shown abave is selected by pressing the blue EDIT key followed by
- T OPTN (the shifted function of 1). The following descriptions, grouped together in this section for
R B AN . reference convenience, should be read in conjunction with the main explanations of the
T appropriate parameter eisewhare in this manual. Each parameter is aitered by moving the edit
- : cursor to the appropriate field with the FIELD keys and using the DIGIT keys or rotary control to
change the setting.

Squarewave Generation

In LOW FREQency mode the squarewave and pulse waves are generated digitally; in this way
precision squarewaves can be generated down to very low frequencies without the edge
uncertainty that would be associated with conventional ramp-and-comparator techniques. Above
approximately 27kHz (clock frequency, 27-487MHz, +1024) the waveforms are sampled and the
1 clock (36ns) uncertainty introduces edge jitter which becomes increasingly significant at higher
frequencies. In HIGH FREQuency mode the squarewave and puises are derived from the output
of a comparator driven by the DDS generated sinewave. The sinewave is, by default, fittered
and jitter-free; the high frequency squareware and pulse waveforms are thus jitter free too.

In AUTO mode (the defauit) the generation of squarewave and pulse waveforms is automatically
switched from low to high frequency mode when the frequency exceeds 30kHz. However, when
these waveforms are used in sweep and FSK modes, over a frequency range which includes
the 30kHz changeover point; the generation mode will not change even though AUTC is
selected. Instead, the mode in use before sweep or FSK are tumed on is maintained across the
frequency range; this can of course be overridden by selecting either high or kow frequency
mode on the Options menu, as described above.

Filter

The generator contains a 7-stage elliptical filter which exhibits a sharp cut-off beyond the
maximum generator frequency, reducing intermadulation spurs and clock harmonics to a very
low level. With the default condition of FILTER=AUTO set on the Option menu, the filter is
switched in automatically for sine, riangle, high fraquency squarewave and high frequency
puise waveforms (afthough the squarewave and pulse waveforms themseives do not pass
through the filter); the filter is automatically switched out for low frequency squarewave and
pulses, ramp, staircase and arbitrary wavefarms because of the degrading effect it has on fast
transitions in the waveform. However, for alt these waveforms the fiiter can be set to be always
on (FILTER=0N) or aiways coff (FILTER=OFFY), this has the advantage that, for exampie, an
arbitrary waveform with an essentially sinusoidat content can ba output with the filter on.

- ' % . When Noise is selected, see Special Waveforms section, this 7-stage filter is aiways off,
whatever the FILTER = setting, and a simple 700kHz low pass RC filter is switched in instead.

Auxiliary Output

= When sine, triangle, squarewave or pulse waveforms are selected and with AUX
QUTPUT=AUTO the awliary output squarewave generation switches automatically at 30kHz
from DDS generation to a signal derived from a comparator driven by the DDS sinewave; the
advantages of this approach are the same as those detailed previously in the Squarewave
Generation section. Mowever, as detailed in the Auxiliary Output Phase section, the high
frequency generation made has the disadvantage that 2 phase difference can no longer be set
between AUX OUT and MAIN OUT. The automatic switchover at 30kHz can therefore be
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overmridden by setting AUX QUTPUT=LOW FREQuency, to maintain it in true DDS mode, or
AUX OUTPUT=HIGH FREQuency to lock it in high frequency mode. With AUX OUTPUT=AUTO
there is no automatic mode changeover if ramp, staircase or arbitrary waveforms are selected;
high frequency mode can however be forced by setting AUX OUTPUT=HIGH FREQ.

Note that there is some second order interaction between the Squarewave Generation, Filter
and Auxiliary Qutput settings which demand a little thought before deviations from the defauit
conditions are defined. For example, if SQWAVE GEN and AUX QUTPUT options are set to
AUTO but FILTER is set to OFF the edges of both the MAIN COUT and AUX OUT squarewaves
will exhibit some jitter at high frequencies (e.g. 1MH2) because the sinewave driving the
comparater from which both are derived will itself be jittery.

=i 5 e i Frequency Stop
In the default mode of FSTOP=0N the maximum settabie frequency for tiangie, ramp, staircase
and arbitrary is limited to 100kHz. Error messages will be shown if either an attempt is made to
enter a frequency above 100kHz whilst one of these waveforms is seiected, or if an attempt is
made o select one of these wavetforms with the frequency already set above 100kHz This
mode is useful in ensuring that fraquencies are not accidentaily set too high for waveforms
whoese quality will deteriorate above 100kMz. With FSTOP=0FF thera are no frequency limits on
these waveforms; waveform quality will however deteriorate progressively as the fraquency
increases for certain waveforms, as discussed in the DDS Principles section .

Trigger/Sweep Output

With SWEEPR/TGEN=AUTO the function of the rear panel TRIG/SWEEP CUT socket charges
automatically when the operating mode is changed between Sweep, HOP and any other mode,
the two functions of this output are described in the Connections section.

When SWEEPITGEN=SWEEP is set the TRIG/SWEEP QUTput is always in the Sweep mode,
if sweep is operational, or HOP mode if HOP is on; when SWEEP/TGEN=TRIG the
TRIG/SWEEP OUTput always outputs the intamal trigger generator signail. Note that, except
y when using the intemnal trigger generator in Trigger, Gate, FSK or AM modes, this signal is not
—— synchronized with the main generaior.
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Sweep Operation

General

DDS operation gives the significant advantage over conventional function generators of phase-
continuous sweeps over very wide frequency ranges, up to 10™:1, However, it must be
remembered that the frequency is actually stepped, not truly linearly swept, and thought needs
to be given as to what the instrument is actually doing when using extreme combinations of
sweep time and frequency span, see Frequency Stepping Resolution section.

B . Sweep mode is tumed on and off with altemnate presses of the SWEEP key; the lamp beside the
R key lights when sweep mode is on. The sweep parameters (begin, end and marker frequencies,

sweep direction, law, ramp time and source) are all set from the sweep edit menu whichis -

AT selacted by pressing the biuve EDIT key followed by the SWEEP key. When sweep editis
selected the lamp beside the SWEEP key flashes to show edit mode regardiess of whether
sweep operation is selectad to be on or off. The sweep mode parameters are set up on two
pages of the display; the flashing edit cursor is moved around each page, and between pages,
by the FIELD and DIGIT keys as described in the Principles of Editing section.

Retum fo the Main menu from either page of the edit menu is achieved by pressing the
ESCAPE key.

Seealso the Squarewave Generation section for information conceming the use of sweep with
sguarewaves. '

Connections for Sweep Operation

Sweeps are usually used with an oscilioscope or hard-copy device to investigate the frequency
response of a circuit. The MAIN OUT is cennected to the circuit input and the circuit output is
connected to an oscilloscope or, for siow sweeps, a recorder.

To show the markers on the display insument the rear panel TRIG/SWEEP QUT socket should
be connected to a second channel; an oscilloscope shouid be triggered off this channel
(negative edge) or the TRIG/SWEEP OUT can be connected directly to the external trigger of
the oscilloscope if no marker display is required.

The TRIG/SWEEP QUT socket provides a 3-level waveform in sweep mode. The output
changes from high (4V) to low (OV) at start of sweep and goes high again at end of sweep; it
can therefore be used as a penlift signal (inverted by the user if necessary) if ihe display device
is & chart recorder. Additionally the output provides narrow 1V pulses at each marker frequency,
see Setting Sweep Span and Markers section.

For externaliy triggered sweeps, a frigger signal must be provided at the front panel EXT TRIG
socket. A sweep is initiated by the rising edge of the trigger signal.

The generator doas not provide a ramp output for use with X- displays cr recorders.

Setting Swaep Span and Markers

S ' Pressing the blue EDIT key followed by the SWEEP key displays the first page of the sweep
parameters with vaiues set to factory defaults. .

BEG FRQ=100-0000kHz

- END FRQ=10-00000MHZ

MARK FRQ=5-‘000000MHZ
MORE ->>>

The BEGin, END, and MARKER frequencies can ail be set or modified in exactly the same way
as described for the setting of the frequency in the Main Generator section. In summary, with the
cursor in the first field of any line, the DIGIT keys or rotary control will altemate the display
between FRQ= and PER=; with the cursor in the numeric fleld the DIGIT keys will move the
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cursor within the field and the rotary control will change the value in increments determined by
the cursor position; with the cursor in the units field, the DIGIT keys or rotary control will change
the vaiue in decade increments. Direct keyboard entries (number plus units) will be accepted
with the cursor anywhere in the line of the display. Note that if sweep moede is actually on
(selected by altemate presses of the SWEEP key) and the ramp time is set to 200ms or less,
then changing the BEGin or END frequency causes the current sweep to be aborted, the
frequency steps to be recalculated, and a new sweep started at each frequency change; itis
therefora faster to make changes with the sweep off. The MARKER frequency, howaver, can be
changed without interrupting the sweep.

A second marker is also displayed at the frequency set on the main meny, i.e. at the frequency
set for the generator in non-sweep mode. This offers the advantage of a marker adjustable from
the same menu used to control amplitude, offset, etc.

The marker signal is output from the rear panel TRIG/SWEEP QUT socket, see Connections for
Sweep Operation section. The output is low (0V) for the duration of the sweep, with namow 1V
pulses at the marker frequency. Nota that the marker pulse width is that ¢f the duration of the
frequency step with the closest value to the marker frequency. This means that sweeps with few
steps will have wider markers than those with many steps, see Frequency Stepping Resolution
section,

Setting Sweep Mode, Ramp Time and Source

Pressing the FIELD keys to move the cursor through each editable feld of the first ﬁage of the
sweep menu eventuzlly steps the cursor onto the second page shown below.

MODE=BEG-END LAW=LOG

RAMP TIME=0-05 S

TRIG SRC=CONTINUQUS
MORE->>>

Pressing the left FIELD key with the cursor in the first (MODE) figld will return the adit cursor to
the last field on the first page of the sweep menu. Prassing the right FIELD key will step the
cursor through all the editable fields up to TRIGger SouRCe; one more press retums the cursor
to the first field of the first page. Pressing ESCAPE always exits the edit menu and retuns to
the Main menu.

With the edit cursor in the MODE field, altemate presses of the DIGIT keys, or turning the rotary
control, will set the sweep direction to BEGin-END or END-BEGin. There are no restrictions on
the BEGin and END frequencies, e.g. the BEGin frequency can be higher than the END
frequency, so the MODE field simply provides an easy way {o reverse the sweep direction.

With the edit cursor in the LAW field the sweep can be changed from LINear to LOGarithmic.
With LAW=LIN set, the frequency changes linearly with time across the sweep; with LAW=LOG
set, the frequency changes exponentially with time across the sweep. The term ‘log sweep' is a
convention; with the start frequency lower than the stop frequency (the usual mode of cperation)
the mathematicai relationship of frequency o time is actually anti-leg.

The sweep rate is set with the cursar in the RAMP TIME field; ramp time can be set with 3 digit
resolution from 0.01s (10ms) to 999s. The choice of ramp time affects the number of discrete
frequency steps in the sweep; faster sweeps will have fewer steps, see Freguency Stepping
Resolution section,

The trigger mode of the sweep is set with the cursor in the TRIGger SouRCe field; the options
are CONTINUCUS, EXTemal and MAN/REMOTE. In CONTINUOUS mode the sweep starts
simultaneously with the high-to-low transition of the TRIG/SWEEP OUT signal; the sweep starts
with the phase at 0° and at the output level set by the DC offset. At the end of the sweep the
signal retumns to this DC offset level and the TRIG/SWEEP QUT signal simultanecusly goes
high again. After a delay long encugh for an oscilloscope to retrace, for axample, the cycle
repeats,
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In EXTemnal mode a frigger signal is connected to the front panel EXT TRIG socket A sweep
starts typically 200-800us after the rising edge of the trigger signal; the sweep is completed
before another trigger edge is recognised and a new sweep initiated. The minimum trigger pulse
width is 1ms and the repefition rate should be >(1-1 X sweep time +5)ms.

In MAN/REMOTE mode a single sweep is initiated by each press of the MAN/SYNC key or by
each remote command. f the MAN/SYNC key is pressed again during a slow sweep the sweep
will be paused at the instantaneous sweep frequency unti MAN/SYNC is pressed again to allow
the sweep to continue.

. Frequency Stepping Resolution
The generator frequency is stepped, not truly swept, between the BEGin and END frequencies.
The number of discrete frequency steps in a sweep is determined by the ramp time selected on
the sweep edit menu; the size of each step, i.e. the frequency stepping resolution, is determined
by the number of steps and the sweep span. For the fastest sweeps, 10ms to 200ms, the
frequency steps are pre-calculated and output at 125us intervals; this means that there are 80
discrete steps in a 10ms sweep, 16Q in 2 20ms sweep, and s0 on up to 1600 steps in a 200ms
sweep. For slow sweeps, from >200ms up to 993s, each frequency step is calculated on-the-fly
and output every 5ms; this means that there are 100 steps in & 500ms sweep, 200 ma 1s
sweep, and 30 on up o nearly 200,000 steps in a 999s sweep,

Note that at the fastest sweep rates, with fewest frequency steps (e.9. 10ms sweep) two effects
can occur at extremes of frequency span which are not experiencad with conventional
generateors. Firstly, if the scan is very wide the frequency changes will be quite large at sach
step; if the output is applied to a filter, for example, the response will be a succession of step-
change levels with (at higher frequencies) many cycles of the same frequency at each step.
Secondly, if the begin frequency is [ess than 8C0Hz (the ramp rate for fast sweeps), one or more
of the low frequency steps will contain incomplete cycles. In part, of course, these effects can
only be created because of the very wide sweeps that can be achieved with DDS techniques;
analog generators usually have more restricted capabilities.
Note aiso that because the marker pulse duration (from the rear panel TRIG/SWEEP QUT
socket}:smatofmenemstfmqumsbp fast sweep rates with few steps wiil have wider
marker pulses.
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Triggered Burst and Gate

In Burst mode a defined number of cycles are generated following each trigger event. This
mode is edge triggered.

In Gated mode the generator runs whenever the gating signal is high. This mode is level
sensitive.

Both Burst and Gated modes can be controlled by either the intemal trigger generator, an
extemnal trigger input, by the front panel MAN/SYNC Key or by remote control.

.~ * Internal Trigger Generator

The intemnal trigger generator divides down a crystal oscillator to produce a 1:1 square-wave .

e TE with a period from 0-02ms (S0kHz) to 200s (-005Hz). Generator pericd entries that cannot be
exdclly set are accepted and rounded up to the nearest available vaiue, e.g. -109ms is rounded
10 -12ms. The generator output is avaiable as a TTL level signal at the rear panel TRIG/SWEEP
QUT socket

In Burst most the rising edge of each cycle of the trigger generator is used to initiate a burst; the
interval between bursts is therefore 0-02ms to 200s as set by the generator period,

In Gated mode the output of the main generator is gated on whilst the trigger generator output is
high; the duration of the gata is therefore -01ms to 100s in step with trigger generatdr periods of
-02ms to 200s.

External Trigger Input

Externai trigger or gate signals are appiied to the front panel EXT TRIG input which has a TTL
level (1-5v) threshald. In Triggered Burst mode the input is edge sensitive; the rising edge of
each external frigger initiates the specified burst In Gated mode the input is level sensitive; the
output of the main generator is on whilst the gate signal is high {>1-5V).

The minimum pulse width that can be used with the EXT TRIG input is 50ns and the maximum
repetition rate is tMHz. The maximum signal level that can be appiied without damage is +10V.

Triggered Burst

Triggered Burst mode is tumed on and off with aitemate presses of the TRIG key; the lamp
beside the key lights when triggered mode is on. The triggered mode parameters (trigger
source, internal trigger generator, burst count and start/stop phase) are all set from the trigger
adit menu which is selected by pressing the blue EDIT key followed by the TRIG key. When
trigger edit is selected the lamp beside the TRIG key flashes to show adit mode regardiess of
whether triggered burst operation is currently selected to be on or off.

SOURCE=EXT
TGEM=1-00ms 1-000kHz
BURST COUNT= 0001
PHASE=+000° (+000°)

Trigger Source

With the edit cursor in the SOURCE fie!d of the trigger edit menu, the DIGIT keys or rotary
* control can be used to select EXTemal, MAN/REMOTE, or intemai Trigger GENerator as the
trigger sourca.

Wi cw 200750 Py veasi®e 4 mirst is triggered by the rising edge of a trigger
signal applled to the EXT TRIG input, see Extemnal Trigger Input section, With the source set to
MAN/REMOTE, a burst can be initiated by pressing the front panel MAN/SYNC key or by the
appropriate oommand via the RS232 or GPIB interfaces.
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With the source set to TGEN, the burst is triggered intemnally as described in the Intemal Trigger
Generator section, The period of the intemal generator is set in the TGEN field on the second
line of the edit menu. With the cursor in the numeric field the DIGIT keys will move the cursor
within the field and the rotary contral will change the value in increments determined by the
cursor position; with the cursar in the units field the DIGIT keys or rotary control will change the
value in decade increments. Direct keyboard entries (number pius units) will be accepted with
the cursor in either field. Beside the generator period value the equivalent frequency is shown;
this is for information only and is not an editable field.

Because the internal trigger generator can be used by the frigger, gate, FSK and AM functions,
and can be set from their respective edit menus, an information field is displayed in brackets
beside TGEN when this is selected as the source. This field will show [FREE] when TGEN is not
used elsewhere, or any of the letters [G,F.A,T] to indicate that the generator is currently set as
the source on the GATE, FSK, AM, or TRIG menus respectively, in addition to the menu

currently dispiayed.

Burst Count

The number of complete cycles in each burst following the trigger is set with the edit cursorin
the BURST COUNT field. Entries can be made direct from the keyboard or by rotary control; the
burst range is 1 to 1023 with a resolution of 1 cycle or 0-5 to 511-5 with a resolution of 0-5
cycles. The first cycle starts, and the last cycle stops, at the phase sat in the PHASE field,

Start/Stop Phase

The start and stop phase of the triggered burst is set in the PHASE field. The PHASE field
actually sets the phase of the Auxiliary Output and it is from this output that control of the start
and stop point of the main generator is derived; the rising edge of the AUX QUT signal, which
can be phase shifted with respect to the MAIN CUT, determines the start and stop point of the
main waveform burst. Consequently, the ¢conditions under which the Awxliary Qutput phase shil
is constrained, and which are fully expiained in that section, ail apply to start/stop phase. For
exampie, the start/stop phase of sine and triangle waveforms cannot be adjusted for main
output frequencies above 30kHz uniess the AUX CUTPUT field on the Options menu is set to
LOW FREQuericy generation mode because only in this mode doas the AUX QUT continue to
be phase shifted with respect fo MAIN OUT.

Because the phase control signal is derived from the Awdliary Output waveform further
considerations apply as the main generator frequency is increased. With AUX OUTPUT= LOW
FREQ on the Options menu phase shift control is stifl available above 30kHz but real hardware
delays become increasingly significant such that the start/stop phase increases for no change in
phase setfing; this shift is caused by the delay between AUX OUT and MAIN OUT becoming
tnore significant and by the delays in the burst count and phase controi circuit themselves.
These delays can be equivalent to say a +45° phase shift at IMHz; however, by ‘backing off’ the
required phiase shift by -45° the desired condition can still be achieved. At the same time,
howver, the fawer samples making up each cycle of the waveform means that the start/stop
point becomes an uncertain ‘band’ which is 1 clock wide.

Note that these effects apply even when the phase is set to 0%; at frequencies approaching
10MHz the phase shift can be 90° or mare and the uncertainty band becomes wide. Because
this effect is seen at 0° phase it is also evident when AUX QUTPUT is in HIGH FREQuency
mode, i.e. when there is no phase control. n fact, because the AUX OUT signal is derived from
the filtered DDS sinewave in this mode the filter adds further phase delay, creating even longer
phase shifts at a given frequency than are evident with AUX OUTPUT in LOW FREQuency
mode.

Inn summary, phase ermors and uncertainty will increase as the main frequency is increased
above 30kHz, even with 0* phase set. However, stop/start phase control can be used, with care,
to much higher frequencies by ‘backing-off’ the phase to compensate for the hardware delays.
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[,‘ Gated Mode

Gated mede is tumed on and off with diternate presses of the GATE key; the (amp beside the
key lights when gate mode is on. The selection of the gate sourca signal is made from the gate
edit menu which is selected by pressing the blue EDIT key followed by the GATE key. when
gate edit is selected the lamp beside the GATE key flashes to show edit mode regardiess of

5 whether gate operation is currently selected to be on or off.

SOURCE=EXT
TGEN=1-0Cms 1-000kHz

Gates Source

With the edit cursor in the SOURCE field of the gate edit menu, the digit keys or rotary control
can be used to select EXTemnal, MAN/REMOTE, or Trigger GENerator as the gate source. in all
; cases, when the gate condition is true, the main generator signal is gated through to the MAIN
i OUT socket. Since the main generator is free-running and not synchronized with the gate
source the start and stop phase of the waveform is entirely arbitrary; there will be an
instantaneous transition from/to the DC Offset level to/from the cument waveform phase at the
start/stop of the gating period.

With the source set to EXTemnal, the generator waveform is gated on whilst the external signal
applied to the EXT TRIG input exceeds the gate threshoid (1-5V), see External Trigger Input
section.

With the source set to MAN/REMOTE, the generator waveform is ‘toggled’ on and off with
alternate presses of the MAN/SYNC key or by the appropriate commands via the RS232 or
GPB interfaces.

With the source set to TGEN, the generator waveform is gated on as explained in the Intemal
Triggar Generator section; the trigger generator is set exactly as described in the Trigger Source
saction.
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Amplitude Modulation

Two modes of operation are available from the AM menu:

« Amplitude Modulation using the Internal Trigger Generator as the modulation source in which
the modulation depth is expressed as a percantage and constant modulation depth is
maintained as the main generator (carier) amplitude is varied.

= VCA (Voltage Controlled Amplitude) mode, in which the main generator amplitude is directly
proportional to the extemal modulating signat voitage applied to the rear panel VCA IN
socket. Suppressed camier modulation (SCM) is achievable in this mode.

AM mode is tumed on and off with altemate presses of the AM key; the lamp beside the key
fights whan AM mode is cn. The AM parameters are all set from the AM edit menu whichis
selected by pressing the blue EDIT key followed by the AM key. When AM edit is selected the
lamp beside the AM key flashes to show edit mode regardless of whether AM mode is currently
selected to be on or off.

SQURCE=EXT VCh
TGEN=1-00ms 1-:-000kHz
INT MOD DEPTH=030%
INT MOD=SQUARE

Amplitude Modulation (Internal)

With the edit cursor in the SOURCE field of the AM edit menu the DIGIT keys or rotary control
can be used to toggie the source between EXT VCA and TGEN (Trigger Generator) i.e.
between external VCA mode and intemat AM mode.

Modulation Frequency

Select TGEN in the SOURCE field and move the cursor to the TGEN field to set the pericd of
the Intemal Trigger Generator, the medulation source for intemal AM. The intemal trigger
generator produces a squarewave with a peried that can be set from 0-02ms (S0kHz) to 200s
(-005Hz). Period entries that cannot be exaclly set are accepted and rounded up to the nearest
availabie value, e.g. -109ms is rounded to -12ms. The generator output is available as a TTL
level signal at the rear panel TRIG/SWEEP OUT socket.

Beside the generator period value the equivalent frequency is shown; this is for information only
and is not an editabie field. Because the intemal trigger generator can be used by the trigger,
gate, FSK and AM functions, and can be set from their respective menus, an information field is
displayed in brackets beside TGEN when this is selected as the source. This field will show
{FREE] when TGEN is not used elsewhers, or any of the letters [G, F, A, T} to indicate the
generator is curently set as the source on the GATE, FSK, AM, or TRIG menus respectively, in
addition to the menu cumrently displayed.

Moduiation Depth

Move the edit cursor to the INT MOD DEPTH field to set the modulation depth between 1% and
100% in 1% increments. The maximum output (20Vpp open circuit) cannot be exceeded and
clipping will occur if modulation attempts to drive the autput beyond this limit. The maximum
generator output setting at which correct operation is maintained reduces from 20Vpp to 10Vpp
{open circuit) as the medulation is increased from 0% to 100%.

Modulation Waveform
The default modulation wavaeform is squarewave because this permits the full frequency range

of the intemal trigger generator to be used. Altematively, a fixed 1kHz sinewave can be selected
by moving the edit cursor to the INT MOD field in the last line of the display; the DIGIT keys of
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rotary control can be used {o toggie the setting between SQUARE (at the frequency set on the
intemal trigger ganerator) and SINE. Note that selecting SINE forces the TGEN field to display
1-00ms 1-000kHz but the user setting is not lost and if INT MOD= SQUARE is reselected the
TGEN setting returns to its original value.

VCA (External)

With the cursor in the SOURCE field of the AM edit menu, set the source to EXT VCA. Connect
the modutating signal to the rear panel VCA IN socket {nominal 8kQ input impedance); a
positive voltage increases the generator output and a negative voitage decreases the cutput.
Note that as with intemnal AM, clipping will occur if the combination of generator setting and VCA
signal attempts to drive the output abave 20Vpp (open circult).

External AM is achieved by setting the generator to the required output leve! and applying the
modulation signal (which can be AC coupled if required) at the appropriate level to ebtain the
modulation depth required. If the generator ocutput levei is changed the amplitude of the
modulating signai will have to be changed to maintain the same modulation depth. As with
internal AM, the maximum output setting of the generator at which clipping is avoided is reduced
from 20Vpp to 10Vpp (open circuit) as moduiation is increased from 0% to 100%. Modulation
frequency range is DC to 100kHz.

The generator's amplitude control circuit has four quadrant operation, allowing the generator
output to be inverted if the external VCA voltage is taken sufficiently negative. Suppressed
carrier modulation (SCM) can be achieved by applying @ modulating signai with a négative offset
between 0V and -3V (depending on output leve| setting) sufficient to reduce the carrier output to
zero.

Itis also possible to modutate a DC level from the generator with a signatl applied to VCA IN, as
follows, Set the generator to OHz sine wave on the Main menu and +90° phase on the Trigger
menu. Select EXT TRIG (the default) and tum Trigger mode on with the TRIG kay but do not
apply a trigger signal. The MAIN OUT is now set at the peak positive voltage defined by the
amplitude setting on the Main menu; setting -90* phase on the Trigger menu will give the peak
negative voltage. Select EXT VCA on the AM edit menu and tum AM on; the DC level will now
be meodulated by the signai applied to the VCA IN socket.

J——
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FSK (Frequency Shift Keying} mode permits fast phase-continuous switching between two
frequencies. All other parameters of the waveform (amplitude, ofiset, symmetry) remain the
same as the frequency is switched; for switching between waveforms where all parameters ean
change, refer to HOP.

FSK can be controlled by either the internal trigger generator, an extemal trigger input, by the
- frant panel MAN/SYNC key or by remote control.

o FSK mode is tumed on and off with altemate presses of the FSK key; the lamp beside the key
lights when FSK mode is on. The FSK mode parameters {frequencies, frigger source and
B internal trigger generator) are all set from the FSK edit menu which is selected by pressing the
. blue EDIT key followed by the FSK key. When FSK editis selected the lamp beside the FSK.
= ek S bt ﬂas_rlsﬁoshoweditmodaregatdlesscfwhemerFSKmodeiswn'anﬂyselemdtobeonoroff.

FREQ A=10-00000kH=z
FREQ B=10-00000MHZ
SOURCE=EXT
TGEN=1+00ms 1-000kEz

Frequency Setting

The two frequencies, FREQ A and FREQ B, between which the waveform is switched are set in
exacty the same way as the frequency on the Main menu; in fact, FREQ A is the main
generator frequency in non-FSK mode and changing FREQ A on the FSK edit menu will also
change the frequency shown on the Main menu.

Trigger Source )
With the edit cursor in the SOURCE field of the FEK edit menu, the DIGIT Keys or rotary control
can be used to select EXTemal, MANREMOTE, or internal Trigger GENerator as the trigger
source which controls the frequency shifting.
With the source set to EXTemnal the frequency is switched at each rising edge of the signal
applied to the EXT TRIG input. The minimum puise width that can be used with the EXT TRIG
inputis 50ns and the maximum repetition rate is 1MH2.

With the source set to MAN/REMOTE, the frequency is switched with each press of the front
panel MAN/SYNC key or by the appropriate command via the RS232 ar GPIB interfaces.

With the source set to TGEN, the frequency is switched at each rising edge of the intemnal
trigger generator; the trigger generator produces a squarewave with a period that can be set
from 0-02ms (50kHz) and 200s (-005Hz). Period entries that cannot be exactly set are accepted
and rounded up to the nearest available value, e.g. -109ms is rounded to -12ms. The generator
output is available as a TTL level signal at the rear panel TRIG/SWEEP OUT socket.

Setting the frequency of the intemnal trigger generator is fully described in the Trigger Source
section of TRIGGERED BURST AND GATE. Because the intemal trigger generator can be used
by the trigger, gate, FSK and AM functions, and can be set on their respective edit menus, an
informatian field is displayed in brackets beside TGEN when this is salected on the source. This
field will show [FREE] when TGEN is not used elsewhere, or any of the letters [G, F, A, T] to

> indicate that the generator is curmently set as the source on the GATE, FSK, AM, or TRIG menus
respectively in addition to the menu currently displayed.
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Special Waveforms

Staircase

Staircase, or multilevel squarewaves, are selected by pressing the STAIR key; when STAIR is
selected the lamp beside the key lights. The default staircase is a 4-level waveformn with level
changes at 90° intervals; to modify or define a new staircase select the stairgase edit menu by
pressing the blue EDIT key followed by STAIR. When staircase edit is selected the lamp beside
the STAIR key flashes to show edit mode; selecting edit mode always sets staircase on and

= symmetry to 50% to permit visual checking of the waveform.

VALS=ABS AUTOYES
=L 3 .o STEP=0C ACTIVE

\ ~ LENGTH=0256

| LEVEL=+511

The staircase edit menu is shown above. Up to 16 steps can be defined (numbered 00 to 15)
'1 with a length and level specified either in absolute terms or as a percentage of fuil scale height
| and cycle length, When the value is set to ABSolute in the VALS field the LENGTH field will
! accept numbers in the range 0000 to 1024 (the cycle sampie length) and the LEVEL field will
t accept values in the range -512 to +511, i.e. 10-bit resclution peak-peak; -512 and +511
| comespond t0 -10V and +10V peaks respectively with the amplitude on the Main menu set to
] maximum but note that the actual peak-peak voltage will be detenmined by the actual amplitude
: setting. When the value is set to %MAX in the VALS field both the length and level fisids will
| accept numbers in the range 0 to 100% in 1% steps.

To edit the staircase, or create a new one, proceed as follows. Move the cursor to the STEP
field and use the keybeard or rotary control to select the first step to be changed; note that the
level of the selected step is dithered during editing to provide a visual check that the comect step
is being changed. Move the cursor to the LENGTH field and use the keyboard or rotary control
to enter the new length for that step in the appropriate units; press ENTER to enter the value. If
the AUTO field has been left set at YES (the default valus) the cursor will automaticaily move to
the LEVEL field; enter a value in the appropriate units and press ENTER again. The cursor will
move back to the LENGTH field and the STEP field wiil be incremented by 1 ready for the next
entry. If AUTO has been setto NO, the stepping between LENGTH and LEVEL and the
incrementing of the STEP must be done manuaily.

The staircase wavaform is made up from steps 00, 01, 2 ... ete., in numeric order, up to the
step whose |ength brings the total to 1024 or more samples; all these steps, including any in the
sequence that have zero length, will be flagged as ACTIVE beside their step number in the
display because changing the LENGTH or LEVEL of any of them will affect the waveform.
Those steps beyond the iast active step will be flagged INACTIVE, even if they have a non-zero
- length, because changing them will not affect the waveform. If the Jength of the fast active step
takes the total number of sampies above 1024 then the surplus samples are ignored (but the full
length is displayed); if the last active sample has insufficient samples to bring the total to 1024
then the end of the waveform is filled in with the necessary number of samples at LEVEL=000.

Waveform aditing forces the symmetry to 50% to simplify entry; when edit mode is ended the
waveform symmetry will retum to that specified on the Main menu.

. Arbitrary

Up to 5 userdefined arbitrary waveforms can be down-loaded via the RS232 or GPIB interfaces
and stored, together with a 16-character name in non-volatile RAM; these waveforms occupy
stores 01 to 05 inclusive. Stores 08 onwards contain a number of frequently used arbitrary
waveforms stored in ROM.

|
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Each arbitrary waveform is stored as 1024 points each with a value in the range -512 to +511,
j.e. 10-bit vertical resolution; -512 and +511 comespond to -10V and +10V peaks respectively
with amplitude on the Main menu set to maximum, Howaver, the actual waveform ‘played back’
from the generator can have its amplitude, offset and symmetry adjusted as if it was a basic
sine, square, etc., waveform.

The currently recalled arbitrary waveform is selected by pressing the ARB key; the iamp beside
the ARB key lights to shaw that arbitrary mode is selected. The ARB edit menu is used to

change the currently recalled arbitrary waveform, to store new waveforms in non-volatile RAM

and to name them. The arbitrary edit menu is accessed by pressing the biue EDIT key followed
by ARB. When ARB edit is selected the lamp beside the ARS key flashes to show adit made
regardiess of whether ARB mode is currently selected fo be on or off.

RECALL ARB NO:

14
SINX/X

ENTER TC EXECUTE

Recalling Arbitrary Waveforms

The defauit ARE edit menu is shown above. With the edit cursor in the store number field each
store can be stepped through in tum using the rotary cantrol or direct keyboand entry. Each
stored waveform from ROM will have a reference name in the second line of the display, e.g.
sine x/x; the user-defined waveforms in non-volatile RAM will have the names given by the user
during the store procedure, see next section.

To recall a particuiar waveform select the appropriate number and press ENTER. Once the
waveform has been recalled into waveform memory it can be setected by pressing the ARB key

Storing Arbitrary Waveforms

and output at the frequency, amplitude, offset and symmefry defined on the Main menu.

User defined waveforms can be downicaded into non-volatiie RAM via the R$232 or GPIB
interface; details are given in the Remote Conirel section.
Arbitrary wavefarms created from the front panel, e.g. staircase waveforms, ¢an be saved to

non-volatile RAM using the ARB edit menu. With the edit cursar in the first edit field of the
menu, altemnate presses of the DIGIT keys will switch the field between RECALL and STORE.

STCRE ARB NO: 01

ENTER TO EXECUTE

Prassing ENTER changes the menu to permit a name to be entered for the waveform. Tuming

the rotary control scrolls through all available characters in the selected digit position; the DIGIT
keys are used to move the cursor to each digit position in tum.

SAVE ARB TO STORE 01

WAME: USE DIGIT/DIAL
RAVE

ENTER TO EXECUTE
The display above shows the name WAVE entered; when the name is complete, pressing

ENTER saves the waveform and name in the specified store. A confirmation beep is given and
the display retums the menu to ‘RECALL ARB No: nn', when nn is the store number just saved.

"
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Noise

The generator ¢can be set to output pseudo-random noise within the bandwidth -03Hz to 700kHz.
To achieve this bandwidth a simple RC fiiter is aiways switched in instead of the standand 7-
stage fiiter, whatever the FILTER = sefting is on the Qptions menu, see Waveformn Generation
Options section. Amplitude and offset are adjustable and Noise can be used in GATE and AM
modes.

Noisa is selected from the Noise menu, accessed by pressing the blue EDIT key foliowed by
NCISE, the shifted function of 4. Noise is tumed on and off with altemnate presses of the DIGIT
keys or by tuming the rotary control. When Noise is on, the lamp beside the last used
FUNCTION will go off and ne other function (including STAIR and ARB) can be selected.

Having set Noisa on, pressing ESCAPE will return the instrument o the Main menu; the .
FREQuency field will show FREQ = WIDEEAND NOISE. Normal entries from the keyboard can
in fact be made in the frequency field but the new value will not be used until Noise is tumed off
again. Similarly the symmetry setting can be changed while Noise is on but it will have no effect
unt! Noise is tumned off again.

The other parameters on the Main menu can, however, ba changed nomally, Le. amplitude,
offset and output impedanca. Noise can also be used in the same way as any other waveform in
GATE and AM modes; attempting to switch on any ctier mode will bring up the waming
message “Operation is illegal here”, although normal editing of all modes is stll permitted.
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The HOP facility allows up to 16 different waveforms to be output in sequence at a rate
detarmined by either the internal imer, an extemal frigger, a remote command or by pressing
the MAN/SYNC key. Each waveform can be set to any waveshape, frequency, amplitude and
offset; symmetry is the same for every step in the sequence and is defined on the Main menu
before HOP is selected. Frequency only changes are phase-continucus.

HOP is both edited and controlied from the HOP menu, accessed by pressing the blue EDIT key
followed by HOP (the shifted function of the § key). Retumn to the Main menu is by pressing
ESCAPE.

Setting Each Waveform Step

Tne HOP menu is shown below. With the HOP fleid set to HOP:OFF the edit cursor can be
moved around all the editable fields using the FIELD and DIGIT keys in the standard way.

HOP:OFF n=01 01-000s
FREQ=10-00000kHz
VhiZ =+20-0 Vpp
SINE

DC=+0-00mV LAST=01

The 16 steps are numbered 00 to 15. The stap to be edited is selected with the edit curser in the
n= field using direct keyboard entries, followed by ENTER, ar the rotary control.

For each step the frequency, amplitude and offset are set up, having positioned the cursor in the
appropriate field, exactly as for the Main menu; the cursor can be maved directly to the fields of
interest by pressing the FREQ/PER, AMPL, or DC OFFSET keys as appropriate. For futther
information see the Main Generator Parameters section. The other parameters of the Main
menu, Symmetry and output impedance, are set on that menu and are the same for every HOP
waveform. ’

The waveshape for each step is selected diractly with the standard FUNCTION keys or with the
cursor in the edit field to the right of the amplitude display. The DIGIT keys or rotary control can
be used to step through each choics in tumn; the corraspondong lamp beside the FUNCTION
key lights to confirm the selection. The currently loaded STAIRcase and ARBitrary waveforms
are also included in the selection sequence (between -RAMP and SINE) and their lamps also
light when selected.

All parameters can be copied from one step to the next step by entering the new step in the n=
fieid and pressing RECALL; the differences in the new step can then be entered as described
above. This provides a quick means of creating new steps when only 1 or 2 parameters change.

Defining the Sequence and Timing

All 18 steps always contain a set-up, even if this is only the default setting. When set to run the
MHOP sequence will start at step 00 and execute steps in chronological order up to the step
number defined in the LAST= field, after which it will go back to step 00 and start again; the
desired sequence should therefore be set starting at step 00 and the LAST= fieid should be set
to the last valid siep number.

Both the conirol mode (intemal, extenal or manualiremote) and intemnal timing (f selected) are
set with the edit cursor in the rightmost field of the top line of the display; the diagram shows the
default setting of 1s intemal interval. Note that each step can be set to a different length or a
different mode; it is therefore possible to mix intemally timed steps with exdernally triggered or
manually initiated steps. The intemal imer can be set from 2ms to 85s in 1ms increments using
the rotary control or direct keyboard entry; see Timing Considerations section for further
information. With the interval set to 00-0025 (2ms), further anticlockwise movement of the rotary




control will select EXTERNAL then MANUAL; altemnatively they can be directly selected from the
keyboard by entering 1ms and Oms, respectively. In EXTERNAL moda the sequence is stapped
on at each rising edge of the trigger signal connected to the front panel EXT TRIG socket. In
MANUAL mode the sequence is stepped on with each press of the MAN/SYNC key or
appropriate remote command.

A synchronizing signal is provided at the rear panel TRIG/SWEEP OUT socket At the entry to
each step the signal goes low, followed by a rising edge after the frequency and waveshape
have changed for the new step. However, the rising edge will generaily occur before an
amplitude or offset change (if specified) has been completed, see Timing Considerations
] L : section.
B I SRR - Running the Sequence
et SR e cEeTE :"': STLLTT R To ryn the HOP sequence the edit cursor must be pasitioned in the HOP field; altemate presses
of thé DIGIT keys will then toggle HOP between ON and OFF. With HOP:ON the edit cursor is

suppressad and no editing is possible. Exiting HOP. by pressing ESCAPE, automatically sets
HOP:OFF and retums the generatar to the setting used before HOP was selected.

When HOP is running the HOP display will show the waveform parameters for each step which
is manually stepped or has a duration >500ms; the display will not track the changes of shorter
steps or extemnally triggered steps.

Timing Considerations

The time to set up the waveform at each step will depend on the nature of the change. The
approximate timings for each change, from the trigger edge, are as follows:

= Frequency only: 0-5ms. Frequency changes are phase-continuous.
+ Freguency and waveshape: 3ms, but longer if the filter is switched as well.
* Amplitude and Offset Up to 40ms.

If the new amplitude setting involves an attenuator change the output is switched off for 4Sms
whilst the change is made to prevent any transients appearing at the output.

The synchronizing signal at the rear panel TRIG/SWEEP OUT socket is a low-going pulse
whose falling edge occurs at the start of each step; this is about 1ms after an external triggen.
. The rising edge occurs just after the compietion of a frequency or waveshape change, i.e.
0-Sms or 3ms later respectively. For an amplitude and/or offset change the rising edge occurs
slightly later but weil before the 40ms deiay needed to guarantee the change has been
completed; however, if the amplitude change causes the attenuator to be switched, the rising
edge will occur after the attenuator has changed and the output has been switched back on.

The set duration of the step is timed from the rising edge of the synchronizing signal at the
TRIG/SWEEP OUT socket. The minimum step duration of 2ms can be used for frequency only
changes but the time needed to implement waveshape/ampilitude/offset changes determines a
practical minimum which is greater than this. Recommended times are >10ms for frequency plus
AR ; waveshape changes and >50ms for amplitude and offset changes. If 2 shorter duration: than

¥ that recommended abovea is set the results will be unpredictable and it is likely that HOP cannet
be turned off in the usual way. To recover from this situation hald the ESCAPE key down for
=15 until HOP mode is exited.

- Saving HOP Settings
The current HOP setting is saved in non-volatile memory at power-down. !t is not part of the
data saved by the STORE function (see Storing and Recalling Set-ups section) and therefere
only one complete HOP sequence can be stored. The HOP setting is not lost when the system
defaults are reloaded.
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System Operations

Storing and Recalling Set-ups
Complete waveform set-ups can be stored to or recalled from non-volatile RAM using the
STORE and RECALL menus.

To store a set-up, press the STORE key in the Utilities section of the keyboard; the display
shows the following message:

SAVE TO STORE NO: 1

~ ENTER TO EXECUTE

Nine stores, numbered 1 to 9 inclusive, are available. Select the store number using the rotary
control or direct keyboard entry and press ENTER to execute the store function.

To recall a set-up, press the RECALL key; the display shows the following:
RECALL STORE NO: 0

0 FOR DEFAULTS
ENTER TO EXECUIE

In addition to the user-accassibie stores numbered 1 to 8, store 0 contains the factory defauits
which can be reloaded in the same way.

Note that loading the defaults does not change the HOP set-up or any of the other set-ups
stored in memories 110 8. ’

System Settings

This section deals with a number of system settings which can be changed to suit the user.
These are the cursor style, the power-up setting and rotary controt status. In addition, ihe
function of the rear panel CLOCK IN/OUT socket is set from this menu.

CURSCR CEAR=0 [-]
DIAL=UNLOCKED
POWER UP=DEFAULTS
CLOCK ENC=CUTFUT

Cursor Style

The edit cursor style can be selected with the curscr in the CURSOR CHAR field. Thae defauit
style is to altemate between the screen character and underiine [-]; the aitematives are a sofid
rectangie, an open rectangle and a blank. Use the rotary control to select the required style.

Rotary Control
The default condition for the rotary control is UNLOCKED, i.e. active. Set the DIAL field to
- LOCKED using the DIGIT keys to make the rotary control inactive.
Power Up Setting

With the cursor in the POWER UP fieid the setting can be changed from POWER UP =
DEFAULTS (the default setting) to POWER UP = POWER DOWN (i.e. settings at power down
are restored at power up) or POWER UP = any of the settings stored in non-volatile memaries {
to 9. POWER UP = DEFAULTS restores the factery default settings, see Appendix 2,

s’
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Clock In/Out Setting

The function of the rear panel CLOCK INJOUT socket is determined by the setting in the CLOCK
BNC field.

With CLOCK BNC = QUTPUT (the default setting) a buffered version of the intemal clock is
made available at the CLOCK INVCUT socket. When two or more generators are synchronized
the 'master’ is set to QUTPUT and the signal is used to drive the CLOCK INOUT of ‘slaves’.

Wwith CLOCK BNC = INPUT the socket becomes an input for an extemal dock.
. T . with CLOCK BNC = PHASE LOCK the generator is in ‘slave’ mode and CLOCK IN/OUT socket
T AL P I D S must be driven by a ‘master’ generator set to CLOCK BNC=OUTPUT.
Tl e BT e e Because setting ‘slave’ made cancals any gate, trigger, sweep or FSK mode curmently running, a
LI TR A waming message is shown when this option is selected and it is necessary to press ENTER to
S e h exesute; pressing ESCAPE will retum the setting 1o INPUT or OUTPUT.
Further details are given in the Synchronizing Generators section,
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Synchronizing Generators

Two or more generators can be synchronized together following the procedure outlined below;
the number of generators that can be linked in this way will depend on the clocking
amangement, cable lengths, etc., but problems should not be experienced with up to 4
generators.

Synchronizing Principles

Frequency locking is achieved by using the clock output from the 'master’ generator to drive the
clock inputs of 'slaves’. The additional connection of an initialising SYNC signal permits each
slave o be synchronized such that the phase relationship between master and slave outputs is
that specified on each slave generator's Trigger menu. ’

Synchronization is only possible between generators when the ratio of the master and siave
frequencies is rational, e.g. 3kHz can be synchronized with 2kHz but not with 7kHz. The most
practical use of synchronization will be to provide outputs at the same frequency, or maybe
harmonics, but with phase differences.

Connections for Synchronization

The preferred clock connection arrangement is for the rear pane! CLOCK IN/OUT of the master
{which will be set to CLOCK CUTPUT) to be connected directly to each of the CLOCK IN/QUT
sockets of the slaves {which will be sat to PHASE LOCK). The alternative arrangement is to
‘daisy-chain’ the slaves from the master using 2 BNC T-piece at each slave connection but
reflections can cause clack commuption at the intermediate taps under some circumstances.

Similarly the preferred synchronizing connection is from the rear panel SYNG QUT of the master
directly to each of the EXT TRIG inputs of the slaves. The altemative arrangement is to ‘daisy-
chain' from each SYNC QUT to the next generator's EXT TRIG in tumn; this does not give rise
any data integrity problems but cumulative hardware delays will worsen the phasa-shift
accuracy.

Generator Set-ups

Each generator can have its main parameters set to any value, with tha exception that the ratio
of frequencies between master and slave must be rational, see Synchronizing Principles
section. Each generator can be set to any waveform.

The phase relationships between the slaves and the master are set individuaily on the Trigger
menus of each slave, exactly as described in the Triggered burst section. The convention
adopted in Synchronized mode is that a negative phase setting delays the siave output with
respact to the master; for example, a phase setting of -80° will delay the slave by a quarter<cycle
with respect to the master. If the slave's EXT TRIG inputs are all driven directly from the master
then all phase shift is refarenced from the master; thus 4 generators set to the same frequency
with the 3 slaves set to -80°, -180° and -270° respectively will give four evenly spaced phases of
the same signal. If, however, the synchranizing signal was daisy-chained from each SYNC to the
next generator's EXT TRIG then the phase shifts become cumulative and each slave must be
set to -50° phase to achieve the same result

Hardware delays become increasingly significant as frequency increases causing additional
phase defay between the master and slaves. However, these delays can be largely nuiled-out by
‘backing-off’ the phase settings of the slaves. ’

The phase setting on each slave affects the AUX QUT phase as described in the Auxiliary
Cutput section. Note though that the phase setting for synchronization purposes is not subject
to the same waveform dependent frequency limitations as AUX QUT.

www.valuetronics.com: |




T The individual modes for the master and slaves are set in the CLOCK BNC field of the SYStem
menu, see System Seitings section. The master is set to CLOCK BNC = QUTPUT and all the
slaves are set to CLOCK BNC = PHASE LOCK.

Synchronizing
Having made the connections and set up the generators as described in the preceding
paragraphs, synchronization is achigved by pressing the MAN/SYNC key of each slave intum.
Onca synchronized only the clock connections need be maintained; however, any change to the

set-up of a slave, e.g. a phase changs, will cause synchronization to be lost as the waveform
memory is rewritten with the new phase, efc., and re-synchronization will be necessary.
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. Calibration

All parameters can be caiibrated without opening the case, i.e. the generator offers ‘closed-box’
calibration. All adjustments are made digitally with calibration constants stored in EEPROM. The
calibration routine requires only a DVM and a frequency counter and takes no more than a few
minutes.
The crystal in the timebase is pre-aged but a further ageing of up to *5ppm can occur in the first
year. Since the ageing rate decreases exponantially with time it is an advantage to recalibrate
B after the first & month's use. Apart from this it is unlikely that any cther parameters will need

L el T ) adjustment.

| ! Caiibration should be carried out only after the generator has been operating for at least an hour

in normai ambient conditions.

Equipment Required
» 3% digit DVM with 0-25% DC accuracy and 0-5% AC accuracy at 1kHz.
» Frequency counter capable of measuring 10-00000MHz and 50us +0-1us pulsewidths.
The DVM is connected to the MAIN CUT and the counter to the AUX QUT,

Frequency meter accuracy will determine the accuracy of the generator’s clock setting and
shouid ideally be +1ppm. .

It may be quicker to use an oscilloscope for steps 05 and 15 (see next section).

Calibration Procedure

The CAllbration procedure is accassed by pressing the blue EDIT key followed by CAL, the
shifted function of 6. At each step the display changes to prompt the user to adjust the rotary
control or FIELD/DIGIT keys, until the reading on the specified instrument is at the value given.
The FIELD keys provide very coarse adjustment, the DIGIT keys coarse adjustment and the
rotary control fine adjustment. Prassing ENTER increments the procedure to the next step;
pressing CE decrements back to the previous step. Altematively, pressing ESCAPE exits to the
last CAL dispiay at which the user can choose to aither keep the new calibration vaiues
(ENTER), retum to the old vaiues (ESCAPE) or restart the calibration procedure (CE).

The first two displays (CAL 00 and CAL (1) specify the connections and adjusiment metheod.
The subsequent dispiays, CAL 02 to CAL 20, pemmit all adjustable parameters to be calibrated.
The fuil procedure is as follows:

www.valuetronics.com

CALO2 Zero DC Qffset Adjust for OV £5mV

CALG3 DC Offset +ve full scale. Adjust for 10V £20mV/

CALO4 DG Offset -ve full scale. Check for -10V £20mv
“CALOS Muitiplier zero offset. Adjust for minimum

CALO8 Waveform offset Note reading (DCV)

CALO7 Waveform offset Adijust for CAL 06 reading + 10mV

CALO8 Waveform DC offset Adjust for OV =5mV

CAL09 Waveform full scale. Adijust for 10V £10mV

CAL 10 Squarewave full scale. Adjust for 10V £10mv

CAL 11  -20dB attenuator. Adjust for 1V £1mv

CAL 12  -40dB attenuator. Adjust for 0.1V £ 0.1mV

CAL 13  -12dB intermediate attenuator. Adjust for 1.768V AC +5mV
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CAL 14
_C.AL 15
CAL 16
CAL 17
CAL 18
CAL19
CAL 20

Y

-20dB intermediate attenuator.
AM squarewave zZero.

AM squarewave full scale.

AM sinewave full scale.

HF squarewave symmetry (50%)
HF squarewave symmetry (75%)
Clock calibrate.

Adjust for 0-707V AC 21mV
Adjust for minimum output
Adjust for 10V £10mV
Adjust for 3.54 VAC +10mVv
Adjust for 50us £ 0.1us
Adjust for 75us 20.1us

Adjust for 10-00000MHz at MAIN OUT
ar 27-48779MHz at rear panel CLOCK
INFQUT. Adjust to 1ppm.

Press ENTER twice o store new values and exit calibration mode.

(._
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Application Examples

Some examples of the many waveforms that can be generated by this instrument are given in
the following sactions. To make the examples a useful means of gaining familiarity with the
generator, numeric values have been chosen which are convenient for displaying the waveforms
on an oscdilloscope.

To work through the examples connect MAIN OUT from the generator to the input of the 'scope
through a 500 terminator.

Default Settings
There are many ways of configuring the waveform, trigger or modulation settings which might
result in the instrument appearing not to worle. Under these circumstances the simplest means
of restoring operation is to recall the defauit settings by pressing RECALL, 0, ENTER, followed
by OUTPUT ON to tum the Main Out on.

Simpie Main Generator Operation
With the Main menu displayed, press
FREQ, 1, kHz
. EMF, 1,0,V
and select SINE on the FUNCTION keys. If the OUTPUT lamp is net lit, press ON to tum it on.
Set the ‘scope to 1V/div, the timebase to 200ps/div, select DC coupling and observe the
waveform.

Select the other waveforms in tum (using the FUNCTION keys) and observe the differances
between SQUAREWAVE and PULSES; the ‘scope trigger may need resetting when changing
between waveshapes. Also select STAIR and ARBiitrary waveshapes to view the defauit
setlings. .
With SINE or TRIANGLE selected again, move the flashing edit cursor into the numeric field of
the EMF value using the FIELD keys. Using the DIGIT keys move the cursor through the

- numeric field to the digit representing -1V increments, then adjust the amplitude with the rotary
control. Using the keyboard enter 1, 0, V to restore the output level to 10Vpp,

Move the cursor to the Symmetry field with the SYM key, and observe the effect of adjusting
symmetry with the rotary control. Restore 50% symmetry by entering 5, 0, %, from the
keyboard.
Pulse Trains
To demonstrate simple pulse waveforms for digital applications, select +PULSE and press:
EMF, 4,V
DC OFFSET, 0,-,8,V
FREQ, 1, kHz.
This setting will give the standard TTL levels of 2-4V and 0-4V (into 50Q) as a 1:1 duly cycle
1kHz puise train.

' ' Move the cursor to the Symmety field with the SYM key and adjust the symmetry with the
rotary control to create pulses with different mark : space ratios.
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* PERxSYM ~»e—— PERX{1-STM) —»
—————  pER) ————————>
Using this technique the duty cycle range is limited to that achievable with the symmetry control

(99:1). For very small duty cycles, at lower repetition rates, the triggering faciliies may be used,
se@ naxt section.

Low Duty Cycle Pulse Trains

These can be created by using the intemal trigger generator to produce the long interval
between the pulses, with each pulse being a single cycle of the main generator. Set the main
generator to 10kHz by pressing FREQ, 1, 0, kHz, and reduce the duty-cycle to 1:99 (i (’ e. pulse
width 1us) by pressing SYM, 1, %.

Select the Trigger menu by pressing EDIT, TRIG, and set SOURCE = TGEN, i.e. intemnal trigger
generator. The TGEN pericd should be at its defauit setting of 1-00ms (1.000kHz} and the burst
count set to 0001. The default phase setting of 0° comespands to the top of the rising edge of
the puise and starling at this phase will not give the desired result; set the phase to -90° by
moving the cursor to the PHASE field with the FIELD keys and enter -, 9, 0, ENTER.

Whilst still in the Trigger menu press TRIG again to turti Trigger mode on.

----- — m Twa T TR - - ———
- PER :
T XS5YM :
- TGEN PERIOD >

A single cycle of the main generator (i.e. a single pulse) will now be output at the defauit
frequency of 1kHz; a 1000:1 duty cycle has now been achieved. Mave the cursor to the TGEN
period field with the FIELD keys and increase the period using the rotary control; although it
will be difficult to see an the oscilloscope, the 1ps pulsewidth is maintained down to mHz
repetition rates, i.e. a very small duty-cycle.

Note that at Main generator n'equenmes above 30kHz phase control of pulse waveforms is
restricted unless waveform generation is in Low Frequency mode, see Waveform Generation
Options section; this ultimately Emits how narmow a pulse can be generated at very low repetition
rates.

Multiple Pulses

Multipla puise frains are obtained by using the same trigger set-up as above but with the burst
count set to the desired number of pulses.
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Set TGEN o 1-00ms again (1kHz) and the burst count to 2; this will give the waveform shown.
The puise width and interval between successive pulses is determined by the main generator
frequency and symmefry; the pulse width will be PER x SYM and the puise low time will be PER
x (1-SYM). The repetition rate of the bursts remains determined by the TGEN period.

Variable Transition Pulse Waveforms

The half cycle triggered burst capability can be used to produce square waves with a variety of
different edge shapes. Three exampies are shown, one with straight slew-limited transiticns and
two with sinusoidai transitions where different start-stop phase settings give quite different
effects.

Slew-limited transitions
The edge of slew rate limited puises are straight lines, produced by half cycies of the main

generator tiangle wave. The interval between the edges is again defined by the trigger
generater.

EMF
| .
; : .
Yoo/ ok L MAIN
: PR . PERx
4— xSM — —> (15—

“—— TGENPERIOD —d—— TGEN PERIOD ————

Set the main generator to 10kHz, 10Vpp, by pressing FREQ, 1, 0, kHz, and EMF, 1,0, V;
change the symmetry to 60;40 by pressing SYM, 6, 0, %; DC OFFSET, 0, V: select TRIANGLE.
Select the Trigger menu by pressing EDIT, TRIG, and set SOURCE=TGEN, i.e. internal trigger
generator. Set the TGEN period to tms (1.000kHzZ), the BURST COUNT to 000-5 and the
PHASE to -30°. If it is off, set Trigger mode on by pressing TRIG again.

The waveform should be that shown in the diagram. The rise and fall times can be reduced by
mcreasing the main generator frequency and the relationship between risa and fall time can be
aitered by changing the symmetry.

www.valuetronics.c'$m'




www.valuetronics.com

7

Band-imited Pulses
The edges of band imited pulses are sinawave segments, starting from -90°. Normally the rise
and fall imes will be equal, so the main generator symmetry is set to 50%. Following on from
the example above: N

Set SYM, 5,0, %
Select SINE
If the trigger parameters have been changed from the above example, re-enter them.

f * PERX . :
“— xS — — (15— :

Pulses with Cvershoot

The edges and overshoot peaks are sinewaves. The amount of overshoot depends on the
starting phase angle which will be from -89* to about 30°. The Main generator ampiitude
determines the amplitude of the peaks;. the ampiitude of the flat portions depends on the
PHASE. :

Fellowing on from the previous examples:
SetFREQ, 2,0, kHiz
Press EDIT, TRIG to select the Trigger menu

Move the edit cursar to the PHASE field and use the rotary control to adjust the phase which
will vary the amplitude of the flat portion, creating variable overshoct.
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PDS Operation and Further Waveform Considerations

This section gives some further information on DDS operation as a background to
understanding beth the advantages and limitations of DDS waveform generation.

DDS Operation

10t 108 T
ADDRESS ————| man (22 2 DAC D

One complete cycle of the selected waveform is stored in RAM as 1024 10-bit amplitude values.
Ashe RAM address is incremented the waveform values are output sequentially to a Digital-to-
Analog Converter {DAC) which reconstructs the waveform as a series of voltage staps.
Sinewaves and triangles are subsequently fittered to smogth the steps in the DAC output.

The frequency of the output waveform is determined by the rate at which the RAM addresses
are changed; in a DDS system the address changes are generated as follows.

The RAM contains the ampilitude values of all the individual points of 1 cycle (360°) of the
waveform; each sequential address change comesponds to a phase incrament of the waveform
of 360°/1024. Instead of using a counter to generate sequential RAM addresses, a phase
accumulator is used to increment the phasa.

B
-.—_—l’_—
108 - RAM
> > o
PHASE g '
INCREMENT N v <
REGISTER PHASE ACCUMULATOR

On each clock cycle the phase increment, which has been loaded into the phase increment
register by the CPU, is added to the current result in the phase accumulator; the 10 most
significant bits of the phase accumulator drive the RAM address lines. The output waveform
frequency is now determined by the size of the phase increment at each clock. If each
increment is the same size then the output frequency is constant; if it changes, the output
frequency changes but with phase continuity.

The generator uses a 38-bit accumulator and a clock frequency which is 2 x 10
{~27-487TMHzZ); this gdds a frequency resolution (coresponding to the smallest phase
increment) of foL/2™ = 0-1mHz.

Oniy the 10 most significant bits of the phase accumuiator are used {0 address the RAM. Ata
waveform frequency of fCLr/1024 (~26-84kHz), the 'natural’ fraquency, the RAM address
increments on every clock. At aif frequencies below this (i.e. at smailer phase increments) one or
mora addresses are output for more than one clock period because the phase increment is not
big enough to step the address at every clock. Similarly at waveform frequencies above the
natural frequency the larger phase increment causes some addresses to be skipped, giving the
effect of the stored waveform being ‘sampled'; different points will be sampled on successive
cycies of the waveform,




The minimum number of points required to accurately reproduce a waveshape will determine the
maximum useful cutput frequency:
fmax = fcuWNo. of points
For sinewaves the filter permits the waveform to be reproduced accurately up to the Nyquist limit
{foLk/2), although in this genarator a practical limit of 10MHz is set.
Further Waveform Considerations

The various limitations on combinations of modes, mostly already mentioned in the appropriate
operational sections of the manual, are brought together here and explained with reference to

SRR the simpiifiec biock diagram below.
) L Simplified Generator Block Diagram
. . ~ Fnenp, Stalr, Arts,LF Scuacs and Pulse
e for
and C emRRiE m Ay
> {,._TE[> ve
TGEN Sina, Trigngis, Sine for HF Square and Pubsa Coroi | ——
HF AUX
L
MANREMCTE LF ALK ouUT
EXTTRIG
Control 3 Contral 2

- The diagram shows the simplified paths for the main and awdiary cutputs. LF and HF refer to
the Low Frequency and High Frequency modes set for Squarewave/puises and Auxiliary output
in the SQWAVE GEN= and AUX= fields of tha Options menu, see Waveform Generation
Options section. When these fieids are sat to AUTOQ the modes automatically change from LF to
HF above 30kHzZ; setting to LF or HF will set that generating mode whatever the generator
frequency.

Similarly, when set ta AUTO ¢n the Options menu, the Filter will be switched in or out depending
on waveform 2s shown; setting Filter ON or OFF will override this and all or none of the
waveforms will be filtered.

Interaction of Various Option Settings

The more important peints to consider when setting the Option menu fieids to other than AUTO
are as follows:

« The comparator which generates MAIN HF squarewaves/pulses is driven, by default, by a
filtered sinewave. If the filter is set OFF, the waveform driving the comparator will be poorer
and the HF squarewave, etc. will be degraded.

- * HF AUX out is generated from the same comparator; the waveform driving the comparator
depends on the MAIN waveform selection. For HF squarewave/puise MAIN outpuits the
driving waveform is a filtered sinewave as described above; for sinewave and triangle main
autputs the comparator drive is the waveform itself (aiso filtered). The main waveform also

- drives the comparator for ramp, staircase and arbitrary waveforms plus LF squarewave/
pulses, all of which are unfiltered; this means that if the MAIN waveform shows edge jitter as
the frequency increases, so will the HF AUX out. For this reason, the default (AUTO) setting
for ALX out is LF mode at all frequencies for main waveforms of ramp, staircase, arbitrary
and LF squarewaves/pulses.
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» By default, ramp, staircase, arbitrary and all waveforms whose symtnetry is set to other
than 50% are unfiltered. It may be desirable to force the filter ON under some circumstances
to improve waveform quality, e.g. for higher frequency sinewaves that are only slightly
asymmedfric.

« Similarly asymmetric HF squarewaves/pulses and AUX outputs generated from the
comparator will be improved if the filter is forced ON to filter the signal driving the comparator.

« when staircase, arbitrary or LF mode squarewaves/pulses are selacted the comparater is
driven by the unfiltered main waveform. With all except squarewaves it is possible to have a
waveshape which never crosses the comparator threshold, thus HF AUX output may be
permanently high or low. To aveid this situation, the default (AUTQO) AUX setting is LF mode;
however, in this mode edge jitter will become increasingly significant at higher frequencies.

« Phasae shift between MAIN and AUX at higher frequencies (only possible by setting AUX to
LF mode) will be different for those signals which are unfiltered compared to those which, by
default, have the filter in the signal path. For example, HF squarewaves/pulses from the
comparator will be further phase shifted compared to LF mode squarewaves of the same
frequency because the sinewave driving the comparator is significantly delayed by the filter.

s Setting squarewaves/pulses to LF moda at higher frequencies will also introduce 1 clock
edge uncartainty on the AUX output, even if this is still set to AUTO or HF, because the
comparator is now being driven by an LF mode waveform instead of the filtered sinewave.

Frequency Modes for Sweep and FSK

For Sweep and FSK operation the MAIN and AUX waveform modes are fixed HF or LF even if
the setting on the Option menu is AUTO. The setting under these circumstances is that of the
main generator before Sweep or FSK were tumed on. For exampie, if the two FSK frequencies
are 25kHz and S0kHz and 25kHz was the main generator frequency before FSK was tumed o~
FSK waveforms will be LF mode. In both cases however, the automatic cheice can be
overridden by selecting HF or LF instead of AUTO in the SQWAVE GEN= and AUX= fields of
the Options menu. '

Phase-shifted Asymmetric Waveforms

The interaction of symmetry adjustment and start/stop phase of triggered bursts gives
waveforms which are difficult to anticipate. In principle, adjusting the symmetry moves the 180°
phase point from the 50:50 position of 50% symmetry to, for example, the 40:60 peint of 40%
symmetry. The 0° - 180° points are now mathematically scaled to fit into 40% of the cycle and
180° - 360° points are interpolated to fit into 60% of the cycle. Start/stop phase still works with
the true phase settings but they are not necessarily at the expected peint on the waveform,
particularly for more complex waveshapes.
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Remote Operation

The following sections detail the operation of the instrument via both GPIE and RS232. Where
opemﬁonisidenﬁmlmdlsﬁncﬁonismdebehneenmm.wmrediﬁerencesocmrmesaam
detaded in the appropriate sections or in some cases separate sactions for GPIB and RS232.
s therefore only necessary to read the general sections and those sections spedcific to the
interface of interest.

. Address and Baud Rate Selection

For successful operation each instrument connected to the GFIB or for addressable R&232

R P i LIV NI PPI S tmust be assigned a unique address and, in the case of addressable RS232, all must be set to
- S ) the same baud rate.

“The instrument's remate address for operation on both the GPIB and RS232 interfaces is set via

the REMOTE menu accessed by pressing the REMOTE button.

REMOTE=RS232
ADDRESS=05
BAI'D RATE=5600

With the edit cursor in the REMOTE field, the selected interfaca can be toggled between RS232
and GPIB with altemnate presses of the DIGIT keys, or by using the rotary control.

The address is selected with the edit cursor in the ADDRESS field, using the DIGIT keys or
rotary control.

Lastly the baud rate is selected with the edit cursor in the BAUD RATE field, using the DIGIT
keys or rotary controi.

When operating on the GPIB ail device operations are performed through a single primary
address; no secondary addressing is used.

NOTE: GPIB address 31 is not allowed by the IEEE 488 standards but it is possible to select it
as an RS232 address.

Remote/Local Operation

At power-on the instrument will be in the local state with the REMOTE lamp off. In this state all
keyboard operations are possible. When the insgument is addressed to listen and a command
is received the remote state will be entered and the REMOTE lamp will be tumed on. In this
state the keyboard is locked out and remote commands only will be processed. The instrument
may be retumned to the local state by pressing EDIT which doubles as the LOCAL key; howaver,
the effect of this action will remain anly until the instrument is addressed again or receives
another character from the interface, when the remote state will once again be entered. -
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RS232 Interface

RS232 Interface Connections
The 9-way D-type serial interface connector is located on the instrument rear panel. The pin
connections are as shown balow:
Pin Name Description
- No internal Connection
TXD  Transmitted data from instrument
RXD  Received data to instrument
- No intemnat connection
Signal ground
- No intemal connection
RXD2 Secondary received data (see diagram)
TXD2 Secondary transmitted data {see diagram)
GND  Signal ground
Pins 2, 3 and 5 may be used as a conventional RS232 interface with XON/XOFF handshaking.
Pins 7, 8 and 9 are additionally used when the instrument is connected for addressable RS232
operation, see beiow._

Using a simple cable assembiy, a "daisy chain' connection system between any number of
instruments, up to the maximum of 32 can be made, as shown below:

CENTRRLEN s a 2 h
L ] [ ] [ ] e%
The daisy chain consists of the transmit data (TXD), receive date (RXD) and signal ground lines

only. There are no controlhanedshake lines. This makes XON/XOFF protocal essential and
allews the inter-connection between instruments to contain just 3 wires. The wiring of the

DN NMEWN =

adaptor cable is shown below:
B 2o
ED =l | —— Q1
R —ap— 2O -O2 ™
™ 3o () ——m—
TR 4+ Oy Qs
o [ 5 -
|- T T Y, e— o8
NS —p— 7 Qr
LTS — IE (=] ]
Rl ——t— 30 \ Os
Lines
HnRoe M aR e Ay &
§ v o _—

== coQ
r 23
AN INSTRUMENT +*
ON THE CHAIN
™ RX TXIN Rt

All instruments on the interface must be set to the same baud rate and all must be powered on,
otherwise instruments further down the daisy chain will not receive any data or commands.
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The cther parameters are fixed as follows:

Start bits 1
Data bits 8
Parity None
Stop bits 1
RS232 Character Set

Because of the need for XON/XOFF handshake it is possible to send ASCIl coded data oniy;
binary blocks are not allowed. Bit 7 of ASCII codes is ignored, i.e. assumed to be low. No
distinction is made between upper and lower case characters in command mnemonics and they
may be freely mixed. The ASCll codes below 20H (spacs) are reserved for interface control.

RS232 Interface Control Codes

All instruments intended for use on the addressable RS232 bus use the following sat of
interface control codes. Codes between 00H and 1FH which are not listed here as having a
particular meaning are resarved for future use and will be ignored. Mixing interface control
codes inside instrument commands is not allowed except as stated below for CR and LF codes
and XON and XOFF codes.

When an instrument is first powered on it will automatically enter the Non- Addressable mode. In
this mode the instrument is not addressable and will not respond to any address commands.
This ajlows the instrument to function as a normal RS232 controilable device. This mode may be
locked by sending the Lock Nen-Addressable mode controt code 04H (LNA). The controller and
instrument can now freely use all 8 bit codes and binary blocks but all interface control codes
are ignored. To retum to addressable mode the instrument must be powered oiff.

To enable addressable mode after a instrument has been powered on the Set Addressable
Mode cantrol code, 02H (SAM), must be sent. This will then enable aif instruments connected to
the ARC bus to respond to all interface control codes. To retum to Non-Addressabie mode the
Lock Non-Addressable mode control code must be sent which will disable addressable mode

unttil the instruments are powered off.

Before an instrument is sent a command it must be addressed to fisten by sending the Listen
Address control code, 12H (LAD), followed by a single character which has the lower S bits
comresponding to the unique address of the required instrument, e.g. the codes A-Z or a-Z give
the addresses 1-26 inclusive while @ is address 0 and so on. Once addressed to listen the
instrument will cead and act upon any commands sent until the listen mode is cancelled.

Because of the asynchronous nature of the interface it is necessary for the controiler to be
informed that an instrument has accepted the listen address sequence and is ready to receive
commands. The controller will therefore wait for code 06H (ACK) befora sending any
commands, The addressed instrument will provide this ACK. The controller should time-out and
try again if no ACK is received within 5 seconds.
Listen mode will be cancelled by any of the following intertace control codes being recaived:

12H LAD Listen Address followed by an address not

balonging to this instrument.

14H TAD Talk Address for any instrument.

Q3H UNA Universai Unaddress control code.

O4H LNA Lock Non-Addressable mode controi code.

18H UDC Universal Device Claar.




Before a response can be read from an instrument it must be addressed to talk by sending the
Talk Address control code, 14H (TAD) followed by a single character which has the lower 5 bits
correspeonding to the unique address of the required instrument, as for the listen address control
code above. Once addressed to talk the instrument will send the response messaga it has
available, if any, and then exit the talk addressed state. Only one response message will be sent
each ime the instrument is addressed to talk.

Talk mode will be cancelled by any of the following intarface control codes being received:

12H LAD Listen Address for any instument.
14H TAD Talk Address followed by an address not
- belonging to this instrument.
03H -UNA  Universal Unaddress control code.
~ 04H LNA Lock Non-Addressable mode control code.

18H UDC Universal Device Clear.

Talk mode will also be cancelled when the instrument has completed sending a response

message or has nothing to say.

The interface code OAH (LF) is the Universal Command and response Terminator (UCT); it must
be the last code sent in ail commands and will be the last code sent in all responses.

The interface code ODH (CR) may be used as required to aid the formatting of commands; it will
be ignored by all instruments. Most instruments will terminate responses with CR followed by LF.

The imerface code 13H (XOFF) may be sent at any time by a Hstener (nsttument or controlier)
to suspend the cutput of a talker. The listener must send 11H (XON) before the taiker witl
resume sending. This is the only form of handshake control supported by ARC.

RS$S232 Interface Control Code List

'
I

02H SAM Set Addrassable mode.
. 034 UNA  Universal Unaddress control code.
04H LNA  Lock Non-Addressable mode control code.
08H ACK Acknowiedge that listen address received.
b} 0AH UCT Universal Command and response
Terminator.
ODH CR  Fommatting code, otherwise ignored.
11H XON Restart transmission.
12H LAD Listen Address - must be followed by an
address belonging te the required
instrument.
S - . 13H XOFF Stop transmission,

i ' 14H TAD Talk Addrass - must be followed by an
address belonging to the required
instrument.

- 18H UDC Universal Device Clear.
GPIB Interface

The GPIB interfaca is fitted the 24-way GPIB connector is located on the instrument rear pariel.

The pin connections are as specified in IEEE Std. 488.1-1987 and the instrument complies with
IEEE Std. 488.1-1987 and IEEE Std. 488.2-1987.

s
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GPIB Subsets
This instrument contains the following. IEEE 488.1 subsets:

Saurce Handshake SH1
Acceptor Handshake AH1

Taiker T6
. Listener 14
Service Request SR1
Remote Local RL1
" Parallal Poll PP3
Device Clear DCY
Davice Trigger DT
“ Controller co
Electrical Interface E2

GPIB [EEE Std. 488.2 Error Handling

The JEEE 488.2 UNTERMINATED &rmor (addressed to talk with nothing to say) is handled as .
follows. if the instrument is addressed to talk and the response farmatter is inactive and the
input queue is empty then the UNTERMINATED error is generated. This will cause the Query Error
bit to be setin the Standard Event Status Register, a vaiue of 3 to be placed in the Query Emor
Register and the parser to be reset. See the STATUS REPORTING CAPABILITIES sectian for
further information.

The |EEE 488.2 INTERRUPTED error is handied as follows. If the response formatter is waiting to
send a response message and a <PROGRAM MESSAGE TERMINATOR> has been read by the
parser or the input queue contains more than one END message then the instrument has been
INTERRUFTED and an error is generated. This will cause the Query Emor bit to be set in the
Standard Event Status Register, a value of 1 to be piaced in the Query Ermor Register and the
response formatter to be reset thus clearing the output queue. The parser will then start parsing
the -next <PROGRAM MESSAGE UNIT> from the input queue. See the STATUS REPORTING
CAPABILITIES section for further information.

The IEEE 488.2 DEADLOCK error is handled as follows. If the response formatter is waiting to
send a response message and the input queue becomes full then the instrument enters the
DEADLOCK state and an error is generated. This will cause the Query Error bit to be set in the
Standard Event Status Register, a value of 2 to be placed in the Query Emror Register and the
response formatter to be reset thus clearing the output queue. The parser will then start parsing
the next <PROGRAM MESSAGE UNIT> from the input queue. See the STATUS REPORTING
CAPABILITIES section for further information.

GPIB Parailet Poil

Complete parallei poll capabilities are cffered on this generator. The Parallel Poll Enable
N A Register is set to specify which bits in the Status Byte Register are to be used to form the it

oL T local message The Parallel Poll Enable Register is set by the *PRE <nif> command and read by
the *PRE? command. The value in the Parallel Poll Enable Register is ANDed with the Status
Byte Register: if the resuit is zera then the vaiue of ist is O otherwise the value of istis 1. )

The instrument must also be configured so that the value of ist can be retumed to the controiler

et during a parallel poll operation. The instrument is configured by the controlier sending a Paraliel
Poll Configure command (PPC) followed by a Parallel Poll Enable command (PPE). The bits int
the PPE command are shown belaw:
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m“
bit X don't care

=
bit 6 1

bit 5 1 Parallel poll enable

bit4 ( ©

bit 3 |Sense| sense of the response bit; 0 = low, 1 = high

bit 2 ?
~ bit 1 ? bit position of the response
bit 0 ?

Example. To return the RQS bit (bit 6 of the Status Byte Register} 3s a 1 whentrue and 2 0
when false in bit position 1 in response to a parallel poll operation send the following
commands )

*PRE 84<pmt>, then PPC followed by 69H (FPE}

The parallel poll response from the generator will then be 00H if RQS is 0and 01HFRQS is

During parailel poll response the DIC interface lines are resistively terminated (passive
termination). This allows multiple devices to share the same response bit position in either wire
AND or wired-OR configuration, see IEEE 488.1 for more information.

Power on Settings
The following instrument status values are set at power on:

Status Byte Register =0

* Service Request Enable Register =0
Standard Event Status Register = 128 ipon bit set}

* Standard Event Status Enable Register =0
Execution Error Register =0
Query Error Register =0

* Pzarallel Poll Enable Register =0

“Registers marked thus are specific to the GPIB section of theinstrument and are of limited
use in an ARC envirenment

The instrument will be in locat state with the keyboard active.

The instrument parameters at power on are determined by the setting of the POQWER UP field
on the SYStem menu, see System Menu section. If POWER UP=POWER DCWN or POWER
UP=RECALL nn has been set and a defined state is required by the controller at start up then
the command “"RST should be used to load the system defauits.

If for any reason an emor is detected at power up in the non-volatile ram a warning will be issued
and all settings will be retumed to their default states as for a »*RST command.




r’ Status Reporting

This section describes the complete status model of the instrument. Note that some registers
are spedific to the GPIB section of the instrument and are of limited use in an ARC environment.

Standard Event Status and Standard Event Status Enable Registers

These two registers are implemented as required by the |EEE std. 485.2.
Any bits set in the Standard Event Status Register which comaspond to bits set in the Standard
Event Status Enable Register will cause the ESB bit to be set in the Status Byte Register.

The Standard Event Status Register is read and cleared by the *ESR? command. The Standard
Event Status Enable register is set by the *ESE <nrf> command and read by the +ESE?
command.

Bit-7 - Power On. Set when power is first applied to the instrument.
Bitg - Not used.
Bit5- Command Error. Set when a syntax type emor is detected in a

command from the bus. The parser is reset and parsing
continues at the next byte in the input stream.

Bit4- Execution Error, Set when an eror is encounterad while
attempting to execute a completely parsed command. The
appropriate error number will be reported in the Execution

Ermror Register.

Bit3- Not used.

Bit2- Query Emor. Set when a query eror occurs. The appropriate
efror number will be reported in the Query Enor Register as
listed below. :

1 Intermupted error

2 Deadlock error

3 Unterminatsd error

Bit 1 - Not used.

Bito- Ogeration Complete. Set in response to the *OPC command.

Status Byte Register and Service Request Enable Register

These two registers are implemented as required by the IEEE std. 4382,

Any bits set in the Status Byte Register which correspond to bits set in the Service Request
Enable Register will cause the RQS/MSS bit to be set in the Status Byte Register, thus
generating a Service Request on the bus,

The Status Byte Register is read sither by the »STB? command, which will retum MSS in bit &,
or by a Serial Poll which will retum RQS in bit 6. The Service Request Enable register is set by
the *SRE <nrf> command and read by the »SRE? command.

www.valuetronics.com
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Bit7-
Bit&-

Bit5-

Bit4-

Not used.

RQS/MSS. This bit, as defined by IEEE Std, 488.2, contains
both the Regquesting Service message and the Master Status
Summary message. RQS is retumned in response to a Serial
Poll and MSS is retumed in response to the *STB? command.

ESB. The Event Status Bit This bit is set if any bits set in the
Standard Event Status Register comespond to bits sat in the
Standard Event Status Enable Register.

MAV. The Message Available Bit. This will be set when the
instrument has a response message formatted and ready to
send to the controller. The bit will be cleared after the
Response Message Termin-tor has been sent.

Not used.
Not used.
Not used.
Not used.
POWER ON
COMMAND ERROR
EXECUTION ERROR - ERROR NUMBER IN EXECUTION ERROR
. REGISTER :

EER? (READ AND CLEAR)
. QUERY ERROR - ERROR MUMBER iN QUERY ERROR

REG !
GER? (READ AND {1EAR)
ilPERATIEN COMFLETE

STANDARD =\IENIT STATS REGISTER
AND CLEAR)

|7’x|5]4[x|a|x|n S T

& & = & & &

\|/
lx[s]s sz |x [o | ues

ANDARD E\'Eh STATUS

‘h&‘.’b TECT T <NRF>)
'ESE? (READ)

RESPONSE READY

=] % | x [ x %]

STATUS BYTE REGISTER
SERIAL POLL (READ WITH ROS)

&

&

*STE? [READ WITH MSS)

L4
SERVICE REDLUEST ENASLE REGISTER

T —[x[ x| s+ fx[x[x[x]

#SRE <NRF> (SET TO <NRF>)

*SRE? [READ}
Status Model
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’_ RS232 Remote Command Formats

Serial input to the instrument is buffered in a 256 byle input queue which is filled, under
intesrupt, in a manner transparent to all other instrument operations. The instrument will send
XOFF when approximately 200 characters are in the queue. XON will be sent when
approximately 100 free spaces become available in the queue after XOFF was sent. This queue
contains raw {un-parsed) data which is taken, by the parser, as required. Commands (and
queries) are executed in order and the parser will not start a new cormmand until any previous
command or query is complete. There is no output queue which means that the response
formatter will wait, indefinitely if necessary, until the instrument is addressed to talk and the
. complete response message has been sent, before the parser is allowed to start the next

command in the input queue.

5 Commands are sent as <PROGRAM MESSAGES> by the controller, each message consists of zero

P O More <PROGRAM MESSAGE UNIT> elements separated by <PROGRAM MESSAGE UNIT
SEPARATOR> elements.

<PROGRAM MESSAGES> are separated by <PROGRAM MESSAGE TERMINATOR> elements which
consist of the new line character (0AH).

A <PROGRAM MESSAGE UNIT SEPARATOR> i the semi~colon character ;' (3BH).

A <PROGRAM MESSAGE UNIT> is any of the commands in the REMOTE COMMANDS section.

Responsas from the instrument to the controiler are sent as <RESPONSE MESSAGES>. A
<RESPONSE MESSAGE> consists of one <RESPONSE MESSAGE UNIT> followed by a <RESPONSE
MESSAGE TERMINATOR>.

A <RESPONSE MESSAGE TERMINATOR> is the carriage retum character followed by the new line
character (CDH OAH).,

Each query produces a specific <RESPONSE MESSAGE> which is listed along with the command in
the REMOTE COMMANDS section,

<WHITE SPACE> is ignored except in command identifiers. e.g. "=C LS’ is not equivalent to
*=CLS', <WHITE SPACE> is defined as character codes 00H to 20H inclusive with the exception of
the codes specified as ARC interface commands.

The high bit of all characters is ignored.
The commands are case insensitive.

GPIB Remote Command Formats

GPIB input to the instrument is buffered in a 256 byte input queue which is filled, under interrupt,
in a manner transparent to all other instrument operations. The queue contains raw {un-parsed)
o e data which is taken, by the parser, as required. Commands (and queries) are executed in order
Lo and the parser will not start a new command until any previous command or query is complete.
There is no output queue which means that the response formatter will wait, indefinitely if
necessary, until the instrument is addressed to talk and the compiete response message has
been sent, before the parser is allowed to start the next command in the input queue.

- Commands are sent as <PROGRAM MESSAGES> by the controiler, each message consists of zero
or More <PROGRAM MESSAGE UNIT> elements separated by <PROGRAM MESSAGE UNIT
SEPARATOR> elements.

<PROGRAM MESSAGES> are separated by <PROGRAM MESSAGE TERMINATOR> elements which may
be any of the following:

NL The new line character (OAH)
- NLAEND The new line character with the END message
AEND The END message with the last character of the message
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A <PROGRAM MESSAGE UNIT SEPARATOR> is the semi-colon character *;' (3BH). e
A <PROGRAM MESSAGE UNIT> is any of the commands in the REMOTE COMMANDS section.

Responses from the instrument to the controller are sent as <RESPONSE MESSAGES>. A
<RESPONSE MESSAGE> consists of one <RESPONSE MESSAGE UNIT> followed by a <RESPONSE
MESSAGE TERMINATOR>.

A <RESPONSE MESSAGE TERMINATOR> is the new line character with the END message NLAEND.

Each query produces a spacific <RESPONSE MESSAGE™> which is fisted along with the command in
the REMOTE COMMANDS section.

<NHITE SPACE> is ignored except in command identifiers. e.g. ™C LS’ is not eguivalent to
“+CLS'. <WHITE SPACE> is defined as character codes 00H to 20H inclusive with the exception of
the NL character (QAH).

Thie high bit of all characters is ignored.
The commands are case insensitive.




—
Remote Commands
The following section lists all commands and queries implemented in this instument. For ease
of use, commands are grouped to match the display menus. The REMOTE COMMAND
SUMMARY lists the commands in alphabetical order, for referenca.
Note that there are no dependent parameters, coupled parameters, overlapping commands,
expression program data elements or compound command program headers and that each
command is completely executed before the next command is started. All commands are
sequential and the operation complete message is generated immediately after exacution in all
: - cases.
' The following nomenciature is used:
<pmt> <PROGRAM MESSAGE TERMINATOR>
<rmt> <RESPONSE MESSAGE TERMINATOR>
<cpd> <CHARACTER PROGRAM DATA>, i.68. a short mnemanic ot string such as ON
. ar OFF.
<nrf> A number in any format. e.g. 12, 12-00, 1-2 e1 and 120 e-1 are all
accepted as the number 12, Any numbser, when recaived, is convertad o
the required precision consistent with the use than rounded up to obtain the
value of the command. ;
<nri» A number with no fractional part, i.e. an integer.
<n2> A number in fixed point format, e.g. 11-52, 0-78 etc.
{..] Any item(s) enclosed in these brackets are optional parameters. if more
than one item is anclosed then all or none of the itams are required.
The commands which begin with a * are those specified by. IEEE Std. 488.2 as Cemmon
commands. All will function when used on the RS232 interface but some are of [ittle use.
Function Selection
SINE Set sine function
SQUARE Set square function
TRIAN Set tiangle function
POSPUL Set positive pulse function
NEGPUL Set negative pulse function
’ POSRAMP Set positive ramp function
. T - o NEGRAMP Set negative ramp function
STAIR Set staircase function
ARB Set arbitrary function
NOISE <cpd> Set NOISE <ON=> or <OFF>
61
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Main Generator Parameters

OUTPUT <cpd>
FREQ <nri>
PER <nrf>
EMFPP <nrf>
EMFRMS <mrf>
PDPP <nrf> .
PDRMS <>
DBM (n:b
ZOUT <nrf>
DCOFFS <mif>
SYMM <nrf>
PHASE <nrf>

Sweep Parameters

SWEEP <cpd>
SWPBEGFRQ <nrf>
SWPBEGPER <nrf>
SWPENDFRQ <nrf>
SWPENDPER <nr>
SWPMKRFRQ <>
SWPMKRPER <nrP>
SWPMODE <cpd>

Set output <ON>, <OFF>, <NORMAL> or <INVERT>
Set main frequency o <nrf> Hz

Set main period to <nrf> seconds

Set output levef to <qrf> Vpp open circuit (i.e. VhiZ)
Set output level to <nrf> Virms open circuit (i.e. VhiZ)
Set output level to <nrf> Vpp terminated (.e. V)

Set output level & <nrf> Vrms terminated (.e. V)
Set output level to <nrf> dBm terminated

Set output impedance to <nif>; only 50 or 600 are legal.
Set dc offset to <nrf> Volts

Set symmetry to <nrf> %

Set phase to <nrf> degrees

Set sweep mode to <ON> or <OFF>

Set sweep begin frequency to <nrf> Hz

Set sweep begin period to <nrf> seconds

Set sweep end frequency to <nrf> Hz

Set sweep end period to <nrf> seconds

Set sweep marker frequency to <nrf> Hz

Set sweep marker period to <nif> seconds

Set sweep mode to <BTOE> (begin to end) or <ETOB> (end to begin)

SWPLAW <cpd> Set sweep law to <LOG> or <LIN>

SWPTIME <nrf> Set sweep time to <nrf> seconds

SWPSRC <cpd> Set sweep socurce to <CONT> (continuous), <EXT> (extamal) or <MAN=>
(manual)

*TRG Executes a trigger which will have the same effect as pressing the
MAN/SYNC key. MAN/REMOTE trigger source must be selected first. GPIB
Group Execute Trigger comrmand (GET) will perform the same function as
*TRG.

Trigger and Gate

TRIG <cpd> Set trigger mode to <ON=> or <OFF>
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GATE <cpd>
TRIGSRC <cpd>»
GATESRC <cpd>
TGEN <nrf>
BCNT <nrf>
PHASE <nrf>
*TRG

s

AM Parameters
AM <cpd>
AMSRC <cpd>
TGEN <nr>
AMDEPTH <nrf>
AMWAVE <cpd>
FSK Parameters

FSK <cpd>
FSKFRQA <nrf>
FSKPERA <nrf>
FSKFRQB <nre>
FSKPERB <nrf>
FSKSRC <cpd>
TGEN  <nrP>
*TRG

Set gate mode to <ON=> or <CFF>

Set trigger sourca to <EXT>, <MAN> or <TGEN>

Sat gate source to <EXT>, <MAN> or <TGEN>

Set trigger generator period to <nrf> saconds

Set burst count to <nrf> cycles

Set phase to <nf> degrees

Executes a trigger which will have the same effect as pressing the

MAN/SYNC key. MAN'REMOTE trigger source must be selected first. GPIB
Group Execute Trigger command (GET) will perform the same function as
-

TRG.

Set AM mode to <ON> or <OFF>

AM source to <EXT> or <TGEN>

Set trigger generator period to <nrf> secands
Set intemal AM depth to <nrf> %

Set intemal AM wave to <SINE> or <SQUARE>

Set FSK mode to <ON> or <OFF>

Set main generator frequency to <nrf> Hz (for completeness only)
Set main generator period to <nrf> seconds (for completeness only)
Set FSK frequency B to <nif> Hz

Set FSK period B to <nrf> seconds

Set FSK source to <EXT>, <MAN> or <TGEN>

Set trigger generator period to <nrf> seconds

Executes a trigger which will have the same effect as pressing the
MAN/SYNC key. MAN/REMOTE trigger source must be seiected first. GPIB
Group Execute Trigger command (GET) will perfonn the same function as
»TRG.

Staircase and Arbitrary Waveforms

STAIR

Set staircase function

SETSTAIR <nrf>_.<nrf> Define a new staircase function. Up to 16 pairs of length and level may be

ARB

specified; valid length range 0000 to 1024, valid level -512 to +511.
Set arbitrary function
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SETARB «<nrf>,..<nrf>

ARBSAV <nif>, <cpd>

ARBRCL<nrP>
ARB?

Define a new Arbitrary function. 1024 values must be specified to set the
waveform, each one a fevel in the range -512 to +511.

Save arbitrary waveform to store <nrf> with name <character data>. The
maximum length of the name is 16 characters.

N.B. If it is required to retain a waveform sent by a SETARB command,
ARBSAV must be used immediately aftar SETARB. If this is not done, any
cther ‘ARB’ operation except ARB will will destroy the data. The waveform
data will also be lost at power down unless it is saved first.

Recall arbitrary waveform from store <nrf>

Query the selected arbitrary waveform; responds SETARB <1024
net><mt>

Waveform Generation Options

SQRWAVGEN <cpd>
FILTER <cpd>

AUX <cpd>
SWPTRGOUT <cpd>

HOP Commands

HOP <cpd>,<nrf>

SETHOP <nri><nr>,
<nrf>,<nrf>,<cpd>,<nrf>

System Commands

BEEPMODE <cpd>
BEEP

«RCL <nrf>

*RST

Set squarewave generation mode to <AUTO=>, <HF>or<LF>

Set fiter mode to <AUTO>,<ON> or <QFF>

Set AUX output mode to <AUTO>,<HF> or <LF>

Set sweep/igen autput bric mode to <AUTO> <SWEEP>or<TGEN>

Set HOP status to <RUN> or <OFF> with last step set to <nrf>.

Data for one step in the sequence : <step>,<time>,<freq>,<level>,
<func>,<offset>.

<step> is the step number to be defined.

<time> is the time in seconds to remain in this step. if set to 0 MANUAL
will be selected. If set to le-3 EXTERNAL will be salected.

<freq> is the main generator frequency in Hz

<level> is the output level expressed in EMF Vpp.

<func> is any of <SINE>,<SQUARE> <TRIAN>,<POSPUL> <NEGPUL>,
<POSRAMP> <NEGRAMP> <STAIR> or <ARB>.

<offset> is the DC Offset in Voits.

Executas a trigger which will have the same effect as pressing the
MAN/SYNC key. MAN/REMOTE *rigger source must be selected first.
GPIB Group Execute Trigger command (GET) will perform the same
function as sTRG.

Set beep mode to <ON>,<OFF> <WARN> or <ERROR>

Sound one beep.

Recalls the instrurment set up contained in store number <nrf>, Valid store
numbers are 0 - 9. Recalling store 0 sets all parameters to the dafault
settings (see DEFAULT INSTRUMENT SETTINGS)..

Resets the instrument parameters to their default values (see DEFAULT
INSTRUMENT SETTINGS).
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*SAV <pr>

Status Commands
sLRN?

LRN <character data>
EER?

QER?

sCLS
+ESE <nrf>
+ESE?

*ESR?

+ST?

+QPC

*OPC?

+PRE <nri>
+PRE?

*SRE <>
sSRE?

=5TB?

Saves the complete instrument set up in the store number <nrf>. Valid
store numbers are 1 - 9.

Retums the complete set up of the instrument as a hexadecimal character
data block approximately 842 bytes long. To re-install the set up the block
should be retumed to the instrument exactly as it is received. The syntax of
the response is LRN <Character data><mmt>.The settings in the instrument

are not affected by execution of the *LRN? command.
Install data for a previous *LRN? command,

Query and clear execution error number register. The response format is’
nri<mt>.

Quuery and clear query efror number register. The response format is
nri<mt>

Clear status. Clears the Standard Event Status Register, Query Emror
Register and Execution Eror Register. This indirectly clears the Status Byte
Register.

Set the Standard Event Status Enable Register to the value of <nrf>.

Retumns the value in the Standard Event Status Enable Register in <nri>
numeric format. The syntax of the response is <art><mt>

Retums the value in the Standard Event Status Register in <nr1> numeric
format. The register is then cieared. The syntax of the response is
<nri><mt>

Retums ist local message as defined by [EEE Std. 488.2. The syntax of the
response is 0<mnt>, if the |ocal message faise orl<mmt>, if the local
message is true.

Sets the Operation Compiete bit (bt 0) in the Standard Event Status
Register. This will happen immediately the command is executed because of
the sequential nature of all operations.

Query operation complete status. The syntax of the response is 1<mit> The
response will be availabie immediately the command is executed because of
the sequential nature of all operations.

Set the Parallel Poll Enable Register to the vaiue <nrf>.

Returns the value in the Parallel Poll Enable Register in <nri> numeric
format. The syntax of the response is <nri><mt>

Set the Service Reguest Enable Register to <nrf>. If the value of <nrf>.
Retumns the value of the Service Raquest Enable Register in <nr1> numeric
format. The syntax of the response is<nri><nnt> )

Returns the vaiue of the Status Byte Register in <ar1> numeric format. The
syntax of the response is<nri><mt>

Wait for operation complete true. As all commands are completely executed
before the next is started this command takes no additional action.

: -
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Miscellaneous Commands

Retumns the insirument identification. The exact response is detarmined by

*IoN? the instrument configuration and is of the form <NAME> <model>, 0,
<version><mt>where <NAME> is the manufacturer's name, <MODEL>
defines the type of instrument and <VERSION> is the ravision level of the
software installed.

«TST? The generator has no self-test capability and the response is always O<mt>

Phase Locking Commands

*TRG Executes a trigger which will have the same effect as pressing the:

Y

CLOCKBNC <cpd>
ABORT

MAN/SYNC key. GPIB Group Execute Trigger command (GET) will perform
the same function as *TRG.

Set clock bnc mode to <OUTPUT> <INPUT> or <SLAVE> (phase lock)
Aboert on unsuccessful phase locking operation. If no operation was in

progress the command is ignoned., if an operation is abortad then emor 136
is placed in the exacution emor register.

-



EI

*ESE <nri>
«ESE?

*ESR?

=IDN?
»iST?
*LRN?

et

*PRE <nrf>
*PRE?

*RCL <nrf>
*RST
*+SAV <nrf>
*SRE <nrf>
*SRE?

+STB?
+TRG

sTST?

«WAJ

ABORT

AM <cpd>
AMDEPTH <nrf>
AMSRC <cpd>
AMWAVE <cpd>

ARB?
ARBRCL<nsf>
ARBSAV <ntf>, <cpd>
AUX <cpd>

Remote Command Summary

Set the Standard Event Status Enable Register to the value of <nrf>.

Retumns the value in the Standard Event Status Enable Registerin <nri>
numeric format.

Retums the value in the Standard Event Status Register in <nr1> numeric
format.

Retums the instrument identification.
Retums ist local message as defined by [EEE Std. 488.2.

Retums the compiete set up of the instrument as a hexadecimal character
data block approximately 842 bytes long.
Set the Parallel Poll Enable Register to the value <nrf>,

Retums the value in the Parallel Poll Enable Register in <nrt> numeric
format.
Recalls the instrument set up contained in store number <nrf>.

Resets the instrument parameters to their defauit values.
Saves the complete instrument set up in the store number <nrf>,
Set the Service Request Enable Register to <nif>. if the value of <nrf>.

Retumns the value of the Service Request Enable Register in <nri>
nurneric format.

Returns the value of the Syatus Byte Register in <rw1> numeric format.

Executes a trigger which will have the same effect as pressing the
MAN/SYNC key.

The generator has no seif-test capability and the respense is always
O<rmt>

Wait for operation complete true.

Abart on unsuccessful phase locking operation.

Set AM mode to <ON> or <OFF>

Set internal AM depth to <nrf> %

AM source to <EXT> or <TGEN>

Set intemal AM wave to <SINE> or <SQUARE>

Set arbitrary function

Query the selected arbitrary waveform.

Recall arbitrary waveform from store <nrf>

Save arbitrary waveform to store <nrf> with name <character data>.
Set AUX output mode to <AUTO> <HF> or <LF>

www.valuetronics.com
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BCNT <>
BEEP

BEEPMODE <cpd>
CLOCKBNC <cpd>
DBM (nrf>
DCOFFS <nr>
EER?

EMFPP <nr>
EMFRMS <nrf>
FILTER <cpd>
FREQ <nrf>

FSK <cpd>
FSKFRQA. <arf>
FSKFRQB <nrf>
FSKPERA <nrf>
FSKPERB <nrf>
FSKSRC <cpd>
GATE <cpd>
G;\TESRC <cpd>
HOP <cpd>,<nri>

LRN <character data>

Set burst count to <nrf> cycles

Sound one beep.

Set beep mode to <ON> <QFF> <WARN> or <ERROR>

Set clock bnc mode to <QUTPUT> <INPUT> or <SLAVE> (phase lock)
Set output level to <nrf> dBm terminated

Set dc offset to <uf> Volts

Query and clear execution efror number register.

Set output level to nrf Vpp open dircuit

Set output level to <nrf> Vims open circuit

Set filter made to <AUTO>,<ON> or <OFF>

Set main frequency to <nrf> Hz

Set FSK mode to <ON> or <QFF>

Set main generator frequency to <nrf> Hz (for completeness only)
Set FSK frequency B to <nrf> Hz

Set main generstor period to <nrf> seconds (for completeness onty)
Set FSK periad B to <nrf> seconds

Set FSK source to <EXT>, <MAN> or <TGEN>

Set gate mode fo <ON> or <OFF>

Set gate source to <EXT>, <MAN> or <TGEN>

Set HOP status to <RUN> or <OFF> with last step set to <nif>
Install data for a previous *LRN? command.

NEGPUL Set negative puise function
NEGRAMP Set negative ramp function
NOISE <cpd> Set NCISE <ON> or <OFF>
OUTPUT <cpd> Set output <ON>, <OFF>, <NORMAL> or <INVERT>
PDPP <nr> Set output level to <nrf> Vpp terminated
PDRMS <mf> Set output level to <nrf> Vrms terminated
PER <nrf> Set main period to <nif> seconds
PHASE <n> Set phase to <nrfx> degrees
PHASE <nrf> Set phase to <nrf> degrees
POSPUL Set positive pulse function
POSRAMP Set positive rmmp function
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108 Symmetry vaiue is illegal
12 Trigger generator period too big
113 Trigger generator period too smail
115 Burst count value out of range
______ 116 Phase angle value out of range
—\/' 118 Trigger generator fixed by am sine
BT el 19 Mod depth value out of range
- R . 121 System ram eror battery flat? -
126 Sweep time is too long
127 ~ Sweep time is toa short
128 No¢ GPIB interface is available
- 134 llegal HOP step number requested
{ 135 HOP time value out of range
136 Unable to phase lock to mastar

Error Messages - Remote Control Only
The following messages are only relevant to remote control operation.

129 lllegal store number requested

130 Byte value outside the range 0 to 255
131 llegal value in staircase data

132 Hlegal ARB store

133 llegal value in arbitrary data

T

A R
v

\

ww.valuetronics.com \




All parameters are unaffected by Recall 0 or »\RST except Last Step which is set o 01.

Appendix 2. Factory System Defaults

The factory system defaults are listed in full below. They can be recalled by pressing Recall, 0, Enter

or by the remote command *RST.
Main Menu Parameters
Frequency: 10kHz
Output: 20Vpp EMF + Output OFF
Zout 500
DC Offset ov
Symmetry: 50%
Trigger Parametars
Source: BEXT
TGEN: ims
Burst Count 1
Phase: o
Gate Parameters
-Source: EXT
TGEN ims
FSK Paramesters
Frag A 10kHz
Freq 8 10MHz
Sourca EXT
TGEN ims
‘AM Parametars
Source; EXTVCA
TGEN: ims
Intemal Mod Depth: 30%
intemal Mod Wave: “Square
STAIR Parameters
Symmetrical 3-level squarewave, maximum amplitude.
ARB Parameters
Defauit waveform from store 14, i.e. sinxfx,
Sweep Parametars
Begin frequency: 100kHz
End frequency: 10MHz
Marker frequency: SMHz
Mode: Being to End
Law: Log-
Ramp time: 50ms
Trig Source: Centinuous
Noise
Noise Off
Hop Parameters
Hop Off
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SETARB <nri>,..<nrf>

SETHOP <nirf>,<nrf>,
<nrf>,<nrf>,<cpd>,<nrf>

SETSTAIR <mf>,..<nrf>
SINE
SORWAVGEN <cpd>

STAIR ~
SWEEP <cpd>
SWPBEGFRQ <nrf>
SWPBEGPER <nrf>
SWPENDFRQ <nrf>
SWPENDPER <nrf>
SWPLAW <cpd>
SWPMKRFRQ <nrf>
SWPMKRFPER <nrf>
SWPMODE <cpd>
SWPSRC <cpd>

SWPTIME <nrf>
SWPTRGOUT <epd>
SYMM <nr>
TGEN <mf>
TRIAN

TRIG <cpd>
TRIGSRC <cpd>
ZOUT <nrf>

Define a new Asbitrary function.
Data for one step in the sequence .

Define a new staircase function.

Set sine function

Set squarewave generation mode to <AUTO>,<HF>or<LF>
Set square function

Set staircase function

Set staircase function

Set sweep mode to <ON> or <OFF>

Set sweep begin frequency to <nrf> Hz

Set sweep baegin period to <nif> secands

Set sweep end frequency to <nrf> Mz

Set sweep end period to <nrf> seconds

Set swaep law to <LOG> or <LIN>

Set sweep marker frequency to <nrf> Hz

Set sweep marker period to <nrf> seconds

Set sweep mode to <BTOE> (begin to end) or <ETOB> (end to begin)

Set sweep source to <CONT> (continucus), <EXT> (extemal) or <MAN>
{mariual)
Set sweep time to <nrf> seconds

Set sweep/tgen output bnc mode to <AUTO>,<SWEEP>or<TGEN>
Set symmetry to <nrf> %

Set trigger genarator pericd to <nrf> seconds

Set triangle function

Set trigger mode to <ON> or <QOFF>

Set trigger saurce to <EXT>, <MAN> or <TGEN>

Set output impedance to <nrf>; only 50 or 600 are legal.




Appendix 1. Warning and Error Messages

Wamning messages aregwen'when a setting may not give the expected resuit, e.g. OC Offset
attenuated by the output attentator when a small amplnude is set; the setting is, however,
implemented.

Error messages are given when an illegal sefting is aﬁempted' the previous setting is retained.
The last two waming/error messages can be reviewed by pressing EDIT followed by MSG (the
shifted function of 0), the latest is reported first.

. Waming and error messages are reported with a number on the display; only the number is
reported via the remote control interfaces.

The following is a complete list of messages as they appear on the screen. In most cases lhey
are seif-expianatory but where doubt may arise some further explanation is given.

Waming Messages

00 No emors or Wams have been reported.
07 DC Offset change by Output level
08 Symmetry too wide for func/freq
10 Symmetry changed by function/freq
11 DC Offset atten by Output level
14 Trigger Generator max res 20us
17 Phase angle change by function/freq
20 This instrument is not calibrated
) 22 Operation is illegal here.

This warning is used when certain key entiés are attempted during operations
- where they are not permitted. Such operations include;

The instrument is a synchronous siave

Edit medes of STAIR and ARB
HOP mode selected
Noise selected
Full explanations of the restrictions will be found in the appropriate operational
sections of the manual,
23 Mode illegal when synchronous slave
24 Burst time exceeds TGEN period
25 DC Offset + lavel may cause dipping
Esror Messages
101 Fraquency/Pariod Val out of range
- 102 Max Quiput level exceeded
103 Min Qutput level exceeded
104 Requested units are illegal here
105 Min DC Offset exceeded
106 Max DC Offset exceeded
70
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Appendix 3 - instructions for using the Model 29
with WaveForm DSP™

Introduction

These instructions are in addition to those in the WavefForm DSP sofiware manual. They detail
the use of the Model 29 Software version 1.3 or later with WaveForm DSP version 1.14 or later,

WaveForm DSP Software Installation

Before installing the sofiware you shouid read the instaliation and setup sections of the

L WaveForm DSP manual then run the SETUP program as instructed. RS232 users shouid

‘ specify the National Instruments AT GPIB card installation when asked during the setup. The
GPIB driver for the AT GPIB card is used by WaveForm DSP for the RS232 communications.
Once setup is complete you may nun WaveForm DSP.

Using WaveForm DSP with Model 29

Refer to the WaveForm DSP manual for detaited information on waveform craation. There are,
however, soma special considerations when using WaveForm DSP with the Model 29.

The Modsi 29 uses a special remete conirol mode to accept data from WaveForm DSP. This
mode is selected from the REMOTE menu, REMOTE parameter. Select RS232 WFMDSP or
GPIB WFMDSP as required. For GPIB it is also necessary to set the device addrasses to maich;
the WaveForm DSP default is 9. For RS232 ensure that the serial interface parameters match,
NOTE: use Microsoft Windows™ Control Pane! to ensure that NONE is selected for the
Handshake parameter of the selected COM port.

The Model 29 is not mentioned by name or medel in the WaveForm DSP Sefup Downfoad
window. Instead the following must be selectad; Mode Wavetek, Model 75/75A. The preamble
parameter may be used to specify a store and a name for the waveform when stored in the
instrument. The format of the preamble field is as follows:

#n'"ccec”
Where n is a digit between 1 and 5 and cecee is a character string of up to 18 characters, e.g. the
preamble #2"TRIANGLEWAVE" will use store 2 to hold the waveform with the name
TRIANGLEWAVE. Up to 16 characters are allowed; axcess characters will be discarded. !f no
name is given the defauit will be WFMDSP.
The Model 29 is a function generator with arbitrary waveform playback capabiiity; the arbitrary
waveform definition in WaveForm DSP must therefore contain exactly 1024 points. Also, the
Mode parameter must be set to Stratch fo Fit, or the Size Parameter in the WaveFormm DSP
Mode Setup window (Options... Setup... Wavefonms) must be set to 7024. Failure to observe this
will cause the instrument to give unpredictable resuits,

Other parameters in the WaveForm DSP Mode Setup window may be set as required but most

will have no effect on the instrument after download, it being necessary to set frequency and

amplitude manually from the Model 29 front panel.

Once download is executed the Model 29 will read the data. While data is being received the

o Remote lamp will be lit on the front panei. At the end of a valid data stream the Remote lamp will-

go off and the Model 29 will calcuiate the peak and rms factors for the waveform and store the

waveform in the specified store logation. The waveform will then become the selected function

and a short beep will sound to indicate suecessful completion. If the output is on and connected

to an oscillescope the waveform will be displayed.

If the data recaived is in error the Model 29 may beep several times as it tries to discard the bad

data and find the start of a comect data siream. Once the Model 29 has stopped beeping‘. press
73
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If the data received is in ermror the Model 29 may beep several times as it tries 1o discard the bad
data and fird the start of a comect data stream. Once the Model 29 has stopped beeping, press
the ESCAPE key to tum off the Remote lamp and start the display cursor flashing again. This
will clear the error and ready the Model 29 for ancther download. It may be necessary to press
the ESCAPE key several imes to clear all emmors.

Helpful Hints

COM port setup issues

It has been reported that some combinations of Windows and COM port hardware appear to be
incompatible. This results in difficulties in setting some COM port parameters from the Control
Panel. In this case adjust the parameter from DOS with a MODE command before starting
Windows.

e.g. MODE COM1:9800,n,8,1

WaveForm DSP reports missing GPIB driver file

-,

This is usually caused when an RS232 user does not instalt a GPIB driver during Setup. Even
though no GPIB card will be used RS232 users must install a GPIB driver for WaveForm DSP to
download over the RS232. 1t is recommended that the first driver selection, Nationa/ instruments

AT GPIB card be selscted.

o WaveForm DSP Desktop files

With WaveForm DSP version 1.13 when the desktop setup file is saved using Opfions... Save
Setfup do not include a COM port specification but ensure that either File or GPIB is selected.
Failure {o observe this will result in problems when changes are subsequently attempted to
Options....Setup....Downioad. If you encounter this problem you must delete the file
WAVEFORM.CFG from the directory in which you installed WaveForm DSP (nomally

CAWAVEFORM).

e,
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Appendix 4 - Application Information Notes

Nm 1'
Special Considerations for Slow and Narrow Sweeps

When using narrow frequency sweeps in combination with long ramp times it is possibie that the
magnitude of the frequency increment can bacome sa small with respect to the magnitude of
the sweep start frequency that the intemal mathematical precision of the Model 29 is exceeded.
As the ramp time is increased for a given frequency span there is a progressive loss of accuracy
of tha calculated sweep stop frequency until a point is reached where a linear sweep will not
function at all and a log sweep will reverse in direction.

The points at which these effects occur depend on the numerical values involved and cannot be
defined precisely but the following serves as a guide.

If Fae < F:L‘:’ stop frequency accuracy wil be affected.

Fstart

i the sweep may not function at all.

“Fm(

in the above, Fsmagr and Fsroe 2re the actual frequancies of sweep stast and stop; Fstanr will be
BEG FREQ if MODE is BEG-END, Fsmar will be END FREQ if MODE is END-BEG, etc.

Fue is caleulated as follows:

Fer Lin sweep
(Fstor - Fsrart) x ¢
Fac =
RAMPTIME
For Log sweep
( FSTOPJ (T"'m.:',._'i)
Fowe =
Fstart

where t=5e” for ramp times above 200ms,
t=1.25¢* for ramp times up to 200ms.
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