BK PRECISION'

MODEL 4045

20MHz DDS Sweep Function Generator with Arb Function

OPERATING MANUAL



Model 4045 - Instruction Manual




M odel 4045

20MHz DDS Sweep Function Generator with Arb Function

OPERATING MANUAL



Model 4045 - Instruction Manual

Limited Two-Year Warranty

B&K Precision w arrants to the original purchaser that its products and the component parts thereof,
w ill be free from defects in w orkmanship and materials for a period of tw o years from date of
purchase from an authorized B&K Precision distributor.

B&K Precision w ill, without charge, repair or replace, at its option, defective product or component
parts. Returned product must be accompanied by proof of the purchase date in the form of a sales
receipt.

To obtain w arranty coverage in the U.S.A., this product must be registered by completing the w arranty
registration form on ww w .bkprecision.com w ithin fifteen (15) days of purchase.

Exclusions: This warranty does not apply in the event of misuse or abuse of the product
or as aresult of unauthorized alterations or repairs. The warranty is void if the serial
number is altered, defaced or removed.

B&K Precision shall not be liable for any consequential damages, including w ithout limitation damages
resulting fromloss of use. Some states do not allow limitations of incidental or consequential damages.
So the above limitation or exclusion may not apply to you.

This w arranty gives you specific rights and you may have other rights, w hich vary from state-to-state.

Service Information

Warranty Service: Please return the product in the original packaging w ith proof of purchase to the
address below . Clearly state in writing the performance problem and return any leads, probes,
connectors and accessories that you are using w ith the device.

Non-Warranty Service: Return the product in the original packaging to the address below . Clearly
state in w riting the performance problem and return any leads, probes, connectors and accessories
that you are using w ith the device. Customers not on open account must include payment in the form of
a money order or credit card. For the most current repair charges please visit ww w .bkprecision.com
and click on “service/repair”.

Return all merchandise to B&K Precision w ith pre-paid shipping. The flat-rate repair charge for Non-
Warranty Service does not include return shipping. Return shipping to locations in North American is
included for Warranty Service only. For overnight shipments and non-North American shipping fees
please contact B&K Precision.

B&K Precision

22820 Savi Ranch Parkw ay
Yorba Linda, CA 92887
ww w .bkprecision.com
714-921-9095



Include with the returned instrument your complete return shipping address, contact
name, phone number and description of problem.
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Safety Summary

T he following safety precautions apply to both operating and maintenance personnd and must be
observed during dl phases of operation, service, and repair of this instrument. Before gpplying power,
follow the instdlation instructions and become familiar with the operating instructions for this
instrument.

Falure to comply with these precautions or with specific warnings dsewherein this manud violaes
sdfety standards of design, manufacture, and intended use of the instrument. B& K PRECISION
assumes no liability for acustomer’ s falure to comply with these requirements. Thisis a Safety Class
| instrument.

GROUND THE INSTRUMENT

T o minimize shock hazard, the instrument chassis and cabinet must be connected to an dectrica
ground. This instrument is grounded through the ground conductor of the supplied, three-conductor ac
power cable. The power cable must be plugged into an approved three-conductor eectricd outlet. Do
not ater the ground connection. Without the protective ground connection, al accessible conductive
pats (including control knobs) can render an dectric shock. T he power jack and mating plug of the
power cable meet |IEC safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammabl e gases or fumes. Operétion of any dectricd
instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Instrument covers must not be removed by operating personnd. Component replacement and internd
adjustments must be made by qudified maintenance personnd. Disconnect the power cord before
removing the instrument covers and replacing components. Under certain conditions, even with the
power cable removed, dangerous voltages may exist. To avoid injuries, dways disconnect power and
discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not atempt any internd service or adjustment unless another person, capable of rendering first aid
and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY THE INSTRUMENT

Do not instal substitute parts or perform any unauthorized modifications to this instrument. Return the
instrument to TEXIO for service and repair to ensure that safety features are maintained.

WARNINGS AND CAUTIONS

WARNING and CAUTION statements, such as the following examples, denote a hazard and appear
throughout this manuad. Follow dl instructions contained in these statements.

A WARNING staement cdls atention to an operating procedure, practice, or condition, which, if not
followed correctly, could result in injury or degth to personnd.

A CAUTION staement cdls atention to an operating procedure, practice, or condition, which, if not
fol lowed correctly, could result in damage to or destruction of part or dl of the product.



WARNING:

Do not alter the ground connection. Without the protective ground
connection, all accessible conductive parts (including control knobs) can
render an electric shock. The power jack and mating plug of the power cable
meet IEC safety standards.

WARNING:

To avoid electrical shock hazard, disconnect power cord before removing
covers. Refer servicing to qualified personnel.

CAUTION:

Before connecting the line cord to the AC mains, check the rear panel AC line
voltage indicator. Applying aline voltage other than the indicated voltage can
destroy the AC line fuses. For continued fire protection, replace fuses only
with those of the specified voltage and current ratings.

CAUTION:

This product uses components which can be damaged by electro-static
discharge (ESD). To avoid damage, be sure to follow proper procedures for
handling, storing and transporting parts and subassemblies which contain
ESD-sensitive components.
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Section 1

Introduction

1.1 Introduction

This manud contans information required to operate, program and test the Mode 4045 - 20MHz DDS Sweep
Function Generator with Arb Function. T his section covers the instrument general description, instrument
specifications and characteristics.

1.2 Description

The Modd 4045 is aversatile high performance arbitrary waveform generator. Arbitrary waveforms can be
progranmed and generated with 12 bit resolution and up to 1,000 points length. Waveforms can be output in
continuous, triggered, gated or burst mode. AM and FM modulaion combined with versatile Sweep cgpabilities
make the unit suitable for awide range of gpplications.

Editing is flexible and easy induding auto increment, line draw and predefined waveform facilities. The instrument
can be remotdy operaed viathe RS232 interface bus and it is SCPI compatible

1.3 Memory Architecture

T he waveform memory consists of 1,000 points. The user can edit arbitrary waveforms in waveform memory and can
specify any datavdue in the range from -2047 to 2047 for any point in waveform memory.

T he following operations can be performed in the waveform memory:

- Insert and scd e any of the foll owing predefined waveforms:
sine
triangle
square
ramp up
ramp down
noise

- Draw aline between any two points
- Clear (s&t to zero) any set of points or dl points
- Set individud point vaues

Up to 1000 continuous points of waveform memory can be executed by specifying a starting address in waveform
memory and length.

After specifying a section of waveform memory for execution, the foll owing parameters can be set:
- Point rate (frequency)

- Pesk-to-pesk amplitude
- Offsat voltage

10



MODEL 4045 - SPECIHCATIONS
GENERAL DESCRIPTION

The Modd 4045 is a progranmébl e arbitrary waveform generator that can generate arbitrary waveforms and
predefined signd as: Sine, Triangle, Square, Pulse, etc.

FREQUENCY CHARACTERISTICS (STANDARD WAVEFORMS)

Sine - 0.01Hz to 20MHz
Square - 001Hz to 20MHz
Triangle, Ramp - 00lHz to 2MHz
Accuracy - 0.005 % (50 ppm)
Resolution - 6digits or 10 mHz

ARBITRARY CHARACTERISTICS

Waveform length - 2 pointsto 1,000 points
Vertica resolution - 12 hits

Sampling rate - 20nsto 50s

Accuracy - 0.005 % (50 ppm)

Resol ution - 4digits

OUTPUT CHARACTERISTICS

Amplitude Range - 10mV to 10Vp-p into 50 ohms

Resol ution - 3 digits (1000 counts)

Amplitude Accuracy - 2% +20mV of the progranmed output from 1.01V- 10V
Flaness - 0.5dB a 1IMHz

- 1dBto20 MHz

Offset Range - +4.5V into 50 ohms, depending on the Amplitude setting

Offset Resolution - 10 mV with 3 digits resolution

Offset Accuracy - 2% +£10mV into 50 ohms

Output Impedance - 50 ohms

Output Protection - Theinstrument output is protected against short circuit or accidentd

voltage practicdly avalablein dectronic |aboretories, goplied to the
man output connector
Filter - 9poleElliptic

WAVEFORM CHARACTERISTICS

Harmonic Distortion - DC-20KHz -55 dBc
- 20 KHz-100 KHz -50 dBc
- 100 KHz-1 MHz -40 dBc

- 1 MHz20 MHz -30 dBc
Spurious -  DC-1MHz <-60 dBc
Square RiseFdl Time - < 18ns (10% to 90%) &t full amplitude into 50 ohms
Vaiable Duty Cyde - 20%to 80% to 2 MHz for Square and 10%-90% for Triangle
Symmetry a 50% - <1%

11
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OPERATING MODES

Continuous -
Triggered -

Gae -
Burst -
Trigger Source -
MODULATION CHARACTERISTICS

Amplitude Modul aion
- Internd:

- Externd:

Frequency Modulation
- Internd:
- Externd:

SWEEP CHARACTERISTICS
Sweep Shape:

Sweep Time
Sweep trigger

INPUTS AND OUTPUTS

Trigger In -

Sync Out -

Modulaion IN -

GENERAL

Output continuous a programmed parameters.

Output quiescent until triggered by an internd or

externd trigger, then one waveform cycleis generated to
progranmed parameters. Up to 10MHz trig rete for ARB waveforms
and 1 MHz in DDS mode.

Same as triggered mode, except waveform is executed for the
duration of the gate signd. Thelast cyde started is completed.

2- 65,535 cydes

Trigger source may be internd, externa or manud.

Internd trigger rate 0.1Hz-1MHz (lus — 10 s)

0.1Hz-20KHz sine, square or triangle waveform
Variable modulation from 0% to 100%.
5 Vp-p for 100% modulétion, 10 Kohms input impedance.

0.1Hz-20KHz sine wave, square or triangle
5 Vp-p for 100% deviaion, 10 Kohms input impedance.

Linear and Logarithmic, up or down
10 msto 100 s.
internd, externd, continuous or burst

TTL compatible
Max. rae 10MHz
Minimum width 50ns.

TTL pulse & progranmed frequency, 50 ohms
source impedance.

5 Vp-p for 100% modulétion .

10 KQ input impedance.
DC to >20 KHz minimum bandwidth.

12



Store memory

Arbitrary memory

Dimensions

Weight

Power

Temperaure
Operaing
Non-operating

Humidity

EMC

Electricd Discharge Immunity
Sdfety Specifications

CE Labded

20 full pand settings a power-off
1,000 points in flash memory
8.4 inch (213 mm) wide

3.5inch (88 mm) high
8.3 inch (210 mm) deep

- Aprox 2.5 Kg.

90V-264V
30 VA max

0°C to +50°C
-10°C to +70°C
95 % RH , 0°C to 30°C

According to EN55011 for radiated and
conducted emissions.

According to EN55082

According to EN61010

Specifications are subject to change without notice.
For the most current product information plesse visit www. bkprecision.com.

13
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Section 2

Installation

2.1 Introduction

This section contans instdlaion information, power requirements, initid inspection and signa connections for
Modd 4045 - Function Generator.

2.2 Mechanical Inspection

This instrument was carefully inspected before shipment. Upon receipt inspect the instrument for damage
that might have occurred in transit. If there is damage due to shipping, fileadam with the carrier who transported
the unit. The shipping and packing materid should be saved if reshipment is required. If the origina container is not
to be used, then use a heavy carton box. Wrap the unit with plastic and place cardboard strips across the face for
protection. Use packing maerid around dl sides of the container and sed it with tape bands. Mark the box
"FRAGILE".

2.3 Initial Inspection

After the mechanicd inspection, verify the contents of the shipment (accessories and instaled options). If the contents
areincomplete, or if the instrument does not pass the specification acogptance tests, notify the locd service center.

2.4 Instrument Mounting

The Modd 4045 - Function Generator is intended for bench use. The instrument includes afront feet tilt mechanism
for optimum pand viewing angle. T he instrument does not require speciad cooling when operated within
conventionad temperature limits. The unit can beinstdled in acdosed rack or test stetion if proper ar flow is assured
for removing about 15 W of power dissipation.

2.5 Power Requirements

The Modd 4045 can be operated from any source of 90V to 264V AC, frequency from 48Hz to 66Hz. T he maximum
power consumption is 30 VA. Use aslow blow fuse UL/CSA approved of 1A as indicated on the rear pand of the
instrument.

Theinstrument power fuseis located in the AC input plug. T o access the fuse, first disconnect the power cord and
then remove the fuse cartridge.

14



2.6 Grounding Requirements

For the safety of operating personnd, the instrument must be grounded. The centrd pin on the AC plug grounds the
instrument when properly connected to the ground wire and plugged into proper receptacie.

WARNING

TO AVOID PERSONAL INJURY DUE TO SHOCK, THE THIRD WIRE EARTH GROUND MUST
BE CONTINUOUS TO THE POWER OUTLET. BEFORE CONNECTION TO THE POWER
OUTLET, EXAMINE ALL CABLES AND CONNECTIONS BETWEEN THE UNIT AND THE
FACILITY POWER FOR A CONTINUOUS EARTH GROUND PATH.

THE POWER CABLE MUST MEET IEC SAFETY STANDARDS.

2.7 Signal Connections

Use RG58U 50 Ohm or equivaent coaxia cables for dl input and output signds to and from the instrument.

2.8 RS-232 Connection

The rear pand RS-232 connector is a standard DB-9 mde connector configured as a DCE:

DB-9 pin Name Note

1 - -

2 TXD Transmit Daa
3 RXD Recave Daa
4 - -

5 GND Signd ground
6 - -

7 RTS Request to Send
8 CRS Clear to send
9 - -

2.9 RS-232 Configuration

Theinstrument use 8 databits, 1 stop bit, no parity and baud rate of 19200.

15
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Section 3

Operating Instructions

3.1 General Description

This section describes the displays, controls and connectors of the Modd 4045 - Function Generator.
All controls for the instrument local operation are located on the front pand. T he connectors are located on both
front and rear pandls.

4

5

6

7
2
1
3
Figure3.1 - Modd 4045 Front Pand
1. Power ON-OFF -Applies and removes AC power to the unit.

2. Display Window -Displays dl instrument data and settings on aLCD.

3. FI-F4 Keys -Sdect the menu options tha appear on the second line of
the LCD display. Menus differ depending on the sd ected
parameter, function or mode.

4. Function Keys -Sdect the output waveform, Sine, Square, Triangle or Arbitrary.

5. Rotary Knob -Used to increment/decrement numerica va ues or to scan
through the possible sd ections.

16



6. Modify Keys -Used to move the cursor (when visible) to ether Ieft or right.

7. Output ON -Controls the main output signa. The output stetus is displayed on the LCD.

17



Model 4045 — Operating Manual

3.2 Display Window

The Modd 4045 has a graphic LCD display tha can display up to 124 x 64 dots. When you power-on the unit the
SINE is sdected and its current settings gppear in the display. T he bottom displays a menu tha corresponds to the
function, parameter or mode displayed sd ected.

3.3 Front Panel Controls

The front-pand controls sdect, display, and change parameter, function, and mode settings. They dso indude the
keys you use to program and generate arbitrary waveform output.
Use the rotary input knob and the cursor movement keys to enter data into the waveform generator.

To change a setting:

1 Press the key that leads to arequired item.

2. Move cursor using cursor keys to the gppropriate position in the numeric fidd (if applicable).

3. Use therotary input or the numericd keyboard to change the vad ue of the displayed item. Changes take effect
immediatdy.

T he following subsections describe the function of each front pand key and connector.

3.4 Connectors

T he function generator has two BNC connectors on the front panel and two on the rear pand where you can connect
coaxid cables. These coaxid cables serve as carrier lines for input and output signas ddivered to and from the
function generator.

Output Connector
Use this connector to transfer the main output signd from the function generator.

Trig In Connector
Use this connector to gpply an externd trigger or gate signd, depending on the waveform generator setting, to the
generator.

Sync Out Connector
Use this connector to output apositive TTL sync pulse generated a each waveform cycle

Modulation In Connector
5V p-p signd for 100% modulation, 10Kohms input impedance with DC - >20 KHz bandwidth.

3.5 Output Connections

T he waveform generator output circuits operate as a 50 ohms voltage source working into a 50 ohms load. At higher
frequencies, non terminated or improperly terminated output cause aberrations on the output waveform. In addition,
loads less than 50 ohms reduce the waveform amplitude, while loads more than 50 ohms incresse waveform
amplitude

Excessive distortion or abearations caused by improper terminaion are less noticegble a lower frequencies, especidly
with sine and triangle waveforms. T o ensure waveform integrity, follow these precautions:

1. Use good qudity 50 ohms coaxid cable and connectors.

2. Make dl connections tight and as short as possible
18



3. Use good qudity atenuators ifit is necessary to reduce waveform amplitudes gpplied to sensitive crcuits.

4. Use termination or impedance-matching devices to avoid reflections.

5. Ensure that atenuators and terminations have adequate power handling capabilities.

If thereis a DC voltage across the output load, use a coupling capacitor in series with the load. T he time constant of
the coupling capacitor and load must be long enough to maintain pulse flatness.

Impedance Matching
If the waveform generator is driving a high impedance, such as the 1 Mohm input impedance (pardlded by a stated
capacitance) of an oscill oscope verticd input, connect the transmission line to a 50 ohms attenuator, a 50 ohms

termination and to the oscilloscope input. T he atenuator isolaes the input capacitance of the device and terminates
the waveform generator properly.

3.6 MENU Keys

T hese keys sdect the main menus for displaying or changing a parameter, function or mode.

3.6.1 WAVEFORM Keys

The keys sdect the waveform output and displays the waveform parameter menu (frequency, amplitude and offset).
When the Arbitrary Waveform is sdected, the display shows dso the waveform rae.

COIMT
Freg:1.00000 KHz

Armpl5.00 W Ofst: 0.00 W
Fﬂ%‘.ﬁ.mm aF ST

SineMenu

F1. FREQ - (Frequency) Sdects and displays the frequency. Change the frequency setting using the cursor
keys, rotary knob or numerica keys. If a catan wavdength can't produce the waveform et the
desired frequency, the waveform generator displays an “ Out of Range’ error message.

F1: FREQ/RATE - Sdects and displays the Point Rate (for Arbitrary Waveform only). T he Réate paameter
governs the rate a which waveform points are executed, and thus the frequency of the waveform
output. When you set this parameter, the waveform generator will keep that execution rae for dl
waveform lengths until it is changed.

F2: AMPL - Sdects the Amplitude parameter.

In Arbitrary mode this setting defines the maximum peek-to-pesk amplitude of afull-scde
waveform. If the waveform does not use the full scae of data (-2047 to +2047), then its actud
amplitude will be smdler.

Setting the Amplitude

T he fol lowing equation represents the rd aive output amplitude voltage rd aionship between the front-
pand amplitude pesk-to-peek setting and the data point vaues in waveform memory:

19
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Output voltage = amplitude p-p setting x data point vaue + offset
4095

Where 4095 is the data point va ue range in waveform memory.

Front _Pand Data Point Reative Output
Amplitude Value Amplitude Voltage E I
Setting P 9 xamples
5Vp-p 2047 +t2.5V
5 Vp-p 1024 +1.25V
5Vp-p 0 0V (offset voltage)
9Vp-p 300 659 mv
9 Vp-p -1000 -2.198 V
4Vp-p -2047 2V

F3:OFST -Sdects the Offset parameter. Change the offset by using the cursor keys, rotary did or
numericd keys. If acatan setting cannot be produced, the waveform generator will display a

“ Setting Conflict” message.
Amplitude and Offset Interaction:
Amplitude and offset settings interact and are bound by hardware restrictions. In order to obtain the desired
waveform the following amplitude and offset hardware limitations must be consi dered:

T he offset voltage has three ranges as follows:

Output Voltage Range Constraints of Amplitude + Offset
(Vp-p)/2 + |offset| <= 5 volts

1.01 volt to 10.00 volts

0.101 volt to 1 volt (Vp-p)/2 + |offset] <= 0.5 volts

0.010 volt to 0.100 volt (Vp-p)/2 + Joffsat] <= 0.05 volts

F4:SYM - When the Square or Triangle waveforms are sdected, the SYMMETRY is available Change
the symmetry by using the cursor keys, rotary did or numericd keys. If a cartan setting cannot
be produced, the waveform generator will display awarning message

20



COMT //\///\/

Frec:1.00000 KHz
SYHHETRY = 50%

FREQ [ AMPL | OFST m

Triangle Menu

3.6.2 MODE Key

Sdects the output mode CONT (Continuous), TRIG (Triggered), GATE (Gated), and BRST (Burst).
To sdect the output mode, press MODE, then press the function key that corresponds to the desired Mode menu
option, as shown;

CORT

Frecq:1.00000 KHz
MODE: COMT

mmlﬁ GATE | BURST

Mode Menu

F1: CONT - (Continuous) - Selects continuous output.
F2: TRIG - (Triggered) - Triggers one output cyde of the sd ected waveform for each trigger event.

F3: GATE - (Gated) - Triggers output cycles as long as the trigger source asserts the gate signd.

F4: BRST - (Burst) - Triggers output N output cydes for each trigger event, where N ranges from 2 to 65,535.

After sdecting the TRIG , GATE or BURST menu, the trigger source menu is available

e P——,

Freq:1.00000 KHz
TRIG RATE 10.00 mS

hil& EXT

Trigger Menu

F1: MAN - Sdects manud as the trigger source. T o trigger the waveform generaor,
press this MAN TRIG again.

21
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F2: INT - Sdectstheinternd trigger generator as the trigger source. Change the
internd trigger rate displayed with the rotary input knob.

F3: EXT - Sdectsthe externd trigger signd as the trigger source. T he trigger source
is supplied through the TRIG IN connector.

In BURST mode, the F4 displays NBRST, the number of burst pulses to be output with each trigger. The N can
be changed from 2 to 65,535.

3.6.3 ARBITRARY Key

When sdected displays the following screen:

F1: FREQ/RATE

Freq: 1.000 KHz
Armpl5.00 W Ofst:; 0.00 W
% AMPL [ OFST | ARE

Arbitrary Menu

- (Frequency) Sdects and displays the frequency. Change the frequency setting using the
cursor keys, rotary knob or numericd keys. If a certain wave ength can't produce the
waveform a the desired frequency, the waveform generator displays an “ Out of Range’ error
message. Displays the Point Rate (for Arbitrary Waveform only). The Rate paameter
governs the rate & which waveform points are executed, and thus the frequency of the
waveform output. When you set this paameter, the waveform generator will keep that
execution rate for dl waveform lengths until it is changed.

F2: AMPL - Sdects the Amplitude parameter.
In Arbitrary mode this setting defines the maximum pesk-to-pesk amplitude of afull-scde
waveform. If the waveform does not use the full scae of data (-2047 to +2047), then its
actuad amplitude will be smdler.

F3:OFST -Sdects the Offset parameter. Change the offsat by using the cursor keys, rotary did or
numericd keys. If acertain setting cannot be produced, the waveform generator will display
a“ Setting Conflict” message.

F5: ARB - Sdects the Arbitrary editing menu:

Freg: 1.000 KHz
START 1

MENGTH EDIT | PREL

22




Arbitrary Editing Menu

F1: START - Sdects the arbitrary waveform start address.

F2: LENGTH - Sdects the abitrary waveform length. Use the START and LENGTH keys to mark asdection
of the waveform memory that will be executed.

Changing one of the arbitrary parameters as start and length cause an updating of the output waveform to the new
parameters. When exiting the Arbitrary Menu by sdecting a different waveform, a message to save the Arbitrary
wave will be displayed is the Arb data was changed. Sdect YES or NO to save the new waveform.

3.6.4 Arbitrary EDIT Menu

Enters data for creeting arbitrary waveforms. You can enter dataone point a atime, as avaue a an address, draw a
line from one point (avaue a an address) to another point, create a predefined waveform, or combine these to
cregte complex waveforms. The vdid data vaues range is -2047 to 2047. The vaid waveform memory addresses
range from 1 to 1,000.

T he data va ue governs the output amplitude of that point of the waveform, scaed to the instrument output
amplitude T herefore, avdue of 2047 corresponds to positive pesk amplitude, O corresponds to the waveform

offset, and -2047 corresponds to the negative pesk amplitude

Freg: 1.000 KHz

Ampl5.00 3 Ofst: 0.00
FOIMT [ LIME  PREDEF] SHOWY

Edit Menu

F1: POINT - This menu dlows the point by point waveform editing. When sdected, the following menu is
displayed:

Freq: 1.000 KHz
ADRSz 1 DATA=O

m DATA FREL

Point Menu
F1: ADRS - Sdect the current address in the arbitrary waveform memory.
F2: DATA - Sdects the data point vdue a the current address. You can change the point

vdue from -2047 to 2047.

F2: LINE - This menu dlows aline drawing between two sdected points.
23
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Displays the following menu:

Freq: 1.000 KHz
FROM = 1

m O EXEC[ FREL

LineMenu

F1: FROM - Sdects the starting point address.

F2:. TO - Sdects the ending point address.
F4: EXEC - Displays the Confirmation menu, F1:NO and F3:YES

Freq: 1.000 KHz
ARE YOU SURE ?

MO | YES FREL

Confirmation Menu

F3: PREDEF - (Predefined Waveforms) Sd ects one of the predefined waveforms: Sine, Triangle, Square
and Noise Displays the Predefined waveforms menu:

Freg: 1.000 KHz
FREDEF SIME

FE!FF:DM LEMG | EREC
DATA | SCALE

Predefine Menu

F1: TYPE - Sdectsthewaveform Sine, Triangle Square or Noise. If Noise function is
sdected, asubmenu is displayed to dlow adding the noise to an avalable waveform or to
generde it as anew noise waveform.

F2: FROM DATA - Sdects the stating point of the generated waveform and datavdue

F3: LENG/SCALE - Sdects the length of the predefined waveform (number of points for a full
wave). Different waveforms have different limitations on the length, as
shown in Table 3-1.

Table 3-1: Waveform Length Limits for Predefined Waveforms

Wave Minimum length Divisible by

24



Sine 16 4
Triangle 16 4
Square 2 2
Noise 16 1

F3: SCALE - Sdects the scde factor of the waveform. 100% meens that the waveform spans the
full scale of -2047 to 2047. Scde factors are limited by the point data va ue of the starting point
and automaticaly caculaed by the unit.

F4: EXEC - Prompts you to confirm whether to execute the sd ected predefined waveform.
Press NO to abort executing the predefined waveform; press YES to execute the predefined
waveform. On the NOISE function amenu of ADD and NEW is prompt to select a new noise
waveform or to add noise to the existing waveform.

F4:SHOW WAVE - Display the Arbitrary waveform on the full LCD display. By pressing any
button, the display returns to the MENU sd ection.

Full Display

3.6.5 UTILITY Key

COMT

Freg:1.000600 KHz
IMTEMSITY 7

FECALL| STORE

Utility Menu

F1:. RECALL - Recdlsapreviously stored front-pane setup from the sdected buffer. Change the buffer
number by using the rotary input knob. Vdid storage buffer numbers are from 1 to 19.
Buffer O is the factory default setup.

F3: STORE - Stores the current front-pand setup to the specified storage buffer. Change the buffer number by
using the data keys or the rotary input knob. Vaid storage buffer numbers range from 1 to 19.

3.6.6 SWEEP Key

Sd ects the Sweep Mode and dlows the entering of sweep parameters as Sweep Start, Sweep Stop and Sweep
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Réte,
To sdect the sweep mode, press SWEEP, then press the function key that corresponds to the desired Sweep menu
option, as shown:

COMT

Freq:LIN SWEEP
SWEEP START = 1.000 KHz

RATE

Swegp Menu
F1: ON/OFF - Operates the sweep function, sdecting between Sweep On or Off.

F2: START/STOP - Défines the Sweep Start and Stop frequencies.
F3: RATE - Défines the Sweep Rate.
F4: LIN/LOG - Sdects the Sweep Shape, LIN or LOG.

Freq:LOG S\WEEP
SWEEP RATE = 100 mS

START
STOP

Log Sweep Menu

3.6.7 MODULATION Key

Sdects the Modulaion mode AM or FM .
To sdect the output mode, press MODUL key, then press the function key that corresponds to the desired
menu option, as shown:

O

Freq:1.00000 KHz

Ampl .00 W Ofst: 0.00 W
Al FHl

Modulation Menu

If the AM is sdected, the following menu is available
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CONT N"lﬂu"“"“"u"u“mwﬂ“"""“"u"u‘*
Al

Freq:1.00000 KHz
Al %= 50 %

AM Menu

F1. ON/OFF - Sdects the Modulaion ON or OFF operating mode.
F2: % /SHAPE - Defines the modul ation depth (from 0 to 100%) and the modulation shape between

SINE, TRIANGLE or SQUARE .
F3: MOD-FREQ - Sdects the modulétion frequency, from 0.1Hz to 20.00KHz.
F4: EXT/INT - Sdects and enables the externd modulaion by an externd signd agpplied to the Modulation In

connector.

If the FM is sdected, the following menu is available

Fhd

Frec:1.00000 KHz
Fti WOD. SHAPE = TRI

EEH EEE |FREI.'.I | EE' |

FM Menu
F1: ON/OFF - Sdects the Modulation ON or OFF operating mode.

F2: DEV/ SHAPE - Ddfines the FM deviation frequency or the modulaion shape, between SINE, TRIANGLE
or SQUARE.

F3: MOD-FREQ - Sdects the modul ation frequency, from 0.1Hz to 20.00KHz.

F4: EXT/INT - Sdects and enables the externa modulaion by an externa signd goplied to the

Modulation In connector.

3.7 ON Key
Use these key to control the main output signd. When the output is active, an internd LED is illuminated.
3.8 Cursor Movement Keys

Use these keys to move the cursor (when visible) either left or right. They are used in conjunction with the rotary
input knob to set the step size of the rotary input knob.
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3.9 Rotary Input Knob

Use this knob to increase and decrease numeric vaues or to scroll through alist. The cursor indicaes the low-order
position of the displayed va ue which changes when you rotate the knob (for straight numeric entries only). For other
types of data, the whol e va ue changes when you rotate the knob.

3.10 Power-On Settings

At power-on, the waveform generator performs a diagnostic sdf-test procedure to check itsdf for errors. If it find an
error, and error code and text gppear in the display window. Other error codes gppear when you enter and invdid front-
pand setting. For more information on error codes, see the Error Indication section.

W hen the waveform generator finishes the diagnostic sdf-test routine, it enters the locd state (LOGS) and assumes
power-on default settings. Table 3-2 lists the factory default settings. You can program the waveform generator for any
settings you want a power on, as described earlier in this section.
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Table 3-2
Power-on Default Settings

Key Function Comments

FREQUENCY 100000 Hz Wave frequency

RATE(ARB) lus Sample time per point
AMPLITUDE 5.00Vv Pesk to pesk output amplitude
FUNCTION SINE Output waveform
OFFSET 0.00v Zero offset

REPETITION 10ms Internd trigger rate

MODE CONT Waveform mode

N-BURST 2 Waves per burst

START ADRS 1 Start memory address
WAVELENGTH 500 Number of points per waveform
TRIG SOURCE EXT Externd trigger source
OUTPUT OFF Output disabled

SWEEP OFF Sweep execution
MODULATION OFF Modulaion execution

3.11 Memory

T he waveform generator uses a Nonvolaile FLASH for storing arbitrary waveform data and front pand settings.
Up to 1000 points Arbitrary waveform and 20 front pane settings are stored.

Becauseit is impossible to 100% guarantee against 1oss of stored data, you should maintain arecord of the daa
stored in memory so that you can manudly restore such data, if necessary.

3.12 Displaying Errors
At power-on, the waveform generator performs a diagnostic routine to check itsdf for problems. If the diagnostic

routine finds an error, an eror message is displayed. The waveform generator dso displays error messages when front-
pand settings are either invadid or may produce unexpected results.

Error messages for Modd 4045

Message T ext Cause

Out of range Attempt to set variable out of instrument limits.
Setting conflict Can't have this parameter set with some other.
Trig rate short Interna trigger rate too short for wave/burst.

Empty location Attempt to restore non existent setting.

SCALE too high Attempt to set scdetoo high for current dot vaue
Protected RAM Attempt to write to protected RAM range.

RAM eror Error in testing RAM.

Save RAM New firmware insta led.

Must divide by 4 Predefined wave length must be divisible by 4.
Must divide by 2 Predefined wave length must be divisible by 2.
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3.13 Using The Model 4045

This section explains how to generate various waveforms and modify the output waveform, induding:

*  Gengaing a standard waveform

*  Credting an abitrary waveform

*  Generating a waveform output

*  Modifying waveform output

*  Storing and recdling a waveform generator setup

3.13.1 Selecting a Standard Waveform

You can sdect severd standard waveforms as. sine, triangle and sgquare. Creating a standard waveform requires
sd ecting the waveform type, parameters, modes, etc., and their settings that define the waveform.
Generating a standard waveform requires the following:

*  Sdecting the waveform
*  Setting the output frequency
*  Setting the output amplitude and offset

3.13.2 Setting the Output Mode

To sa the output mode:
1. Press MODE to display the Mode menu on the display window.
2. Pressthefunction key (FI to F4) that corresponds to the desired mode.

3.13.3 Setting the Output

To sa the output channd, press the Output ON key. An internd LED is illuminated to indicate tha the Output is
ON.

3.14 Examples

3.14.1 Creating an Arbitrary Wav eform

You can cregte an arbitrary waveform using the following methods:

*

*
*
*

Enter individud data points
Draw lines between data points
Cregte a predefined waveform
Combine any of these methods

No need tot use dl 1,000 data points for one waveform. You can program any number of waveforms into waveform
memory, keeping in mind the addresses where one waveform ends and the other begins.

The waveform's frequency and amplitude are influenced by the number of data points and their vdue in the waveform.
For further information on how the number of data points influence the frequency and amplitude of a waveform in
execution memory, see the Setting the Frequency and Setting the Amplitude sections, respectively.
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3.14.2 Entering Individual Data Points

The most basic way to program an arbitrary waveform is to enter data points for the waveform, one datapoint & a

time. While this can become tedious the auto-increment function hel ps this process.

To enter individud data points into waveform memory, follow these steps:

Press ARB main key to display the sdection menu.

Press F4 :ARB to display the arbitrary menu.

Press F3:EDIT to display the Edit menu.

Press F1:POINT, to sdect the point by point programming mode.

Press F1:ADDRESS

Use the rotary knob or the numericd keys to enter the address.

Press F2:DATA.
Use the rotary knob r the numerica keys to enter the vdue for the data point. Vdid entries range
from —2047 to 2047.

Repeat steps 5 through 9 until you finish programming your arbitrary waveform.

N wWN R

©

NOTE
Each time you press ENTER to complete a data point entry in numerical mode, the
auto-increment address advances the "A= valu€e' by one.

3.14.3 Setting the Arbitrary Frequency

T he arbitrary waveform frequency is afunction of the number of data points used to run the waveform (the length
parameter in the ARBITRARY menu) and the waveform execution point rate. The waveform execution point rateis
the execution time between each point in the waveform. Thetotd time taken to run one period of the waveform is
given by:

number of points X rate
Because the output frequency is a function of the rate and the number of points beng executed, the output frequency
other waveform is:

frequency = 1
number of points X rate

For example, to set the output frequency to 1000Hz, given the number of data points used for the waveform output is
1000, cdculae

rae = 1 =| us
1000 points X 1000Hz

EXAMPLE: Setting the Output Frequency
To sa the output frequency of a 1000 point waveform in execution memory to 1000Hz, s&t therateto 1us:

ACTION KEYSTROKES
Step 1. Set the output rateto 1 us (equivdent to PARAMETER
1000Hz output frequency) F1:RATE
1
KHz/us

3.14.4 Setting the Amplitude
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T he following equation represents the rd ative output amplitude voltage re aionship between the front-pand
amplitude pesk-to-pesk setting and the daa point vaues in waveform memory:

output voltage = amplitude p-p setting x data point vaue + offset
4095

Where 4095 is the data point vaue range in waveform memory.

Table 3-4: Rdative Amplitude for Waveform Output (Exampl es)

Front-pand Reaive Output
Amplitude Setting  Daa Point Vdue Amplitude Voltage
5V pesk-to-pegk 2047 2.5V positive pesk
5V pesk-to-pegk 0 0V (offset voltage)
10V pesk-to-pesk 2047 5Vpositive pegk

3.14.5 Executing an Arbitrary Waveform
To load awaveform into execution memory, specify its starting address and length in the ARBITRARY menu.

1 Sdect the channd to ON.

2. Press the ARB key and sdect the F4:ARB function.

3. Press F1:START to se the address. Vdid entries range from 1 to 999.

4. Press F2:LENGTH to display the length of the waveform.

6. Use therotary input knob or the numericd keys to enter the waveform length. Vdid entries range from 2 to
1000.

3.14.6 Using Voltage Offset

T hrough the offset parameter you can add a positive or negative DC leved to the output waveform.

To s& voltage offset:

1. Press Waveform to display the menu.

2. Press F3 :OFST to display the offset setting.

3. Use therotary input knob or the numericd keys to set the voltage offset.

To turn the voltage offset OFF, repeat the steps above, but set the offset voltage leve to O.

3.14.7 Storing and Recalling a Waveform Generator Setup

You can store up to 20 front-pand setups in apat of nonvolaile Flash known as the settings storage memory. When
you recd| astored setup, the front-pand settings change to match the settings in the stored setup. T hese stored and
recdled settings indude the starting address and length of the arbitrary memory that is loaded in the execution
memory.

Storing Setups
To store the front-pand setup:
1. PressUTILITY to display the menu.
2. Press F2:STORE to sdect the Store mode.
3. Usetherotary input knob to sdect a buffer number. VVaid buffer numbers range from 1 to 19. Buffer O is aread-
only buffer that contains the power-on settings listed in Table 3-3.
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T he waveform generator does not warn you when you store a setup into a settings buffer that is dready occupied.

Recalling Setups. To recdl stored front-pand setup:

1. PressUTILITY to display the menu.
2. Press F1:RECALL to sdect the Recdl mode
3. Usetherotary input knob to sdect a buffer number. Vdid buffers numbers range from 0 to 19.

Buffer 0 is aread-only buffer tha contains the power-on settings listed in Table 3-3.
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Section 4

Programming

4.1 Overview

This section provides detailed information on programming the Mode 4045 viathe RS-232 interface

4.2 Device States

T he device may bein one of the two possible states described be ow.

4.2.1 Local State (LOCS)

In the LOCS the device may be operated from the front pand.

4.2.2 Remote State (REMS)

In the REMS the device may be operated from the RS232 interface. Actuating any front pand key will cause the
device stae to revert to the LOCS.

4.3 Message Exchange Protocol

T he device decodes messages using the M essage Exchange Protocol similar to the one defined in IEEE 488.2. The
following functions implemented in the MEP must be considered:

4.3.1 The Input Buffer

T he device has a 128-byte long cydic input buffer. Decoding of remote messages is begun as soon as the input
buffer is not empty, tha is, as soon as the controller has sent & least one byte to the device. Should the input
buffer be filled up by the controller faster than the device can remove the bytes and decode them, the bus handshake
(CTS/IRTS) is used to pause data transfer until room has been made for more bytes in the buffer. This prevents the
controller from overrunning the device with data

4.3.2 The Output Queue

T he device has a 100-byte long output queue in which it stores response messages for the controller to reed. If a
the time a response message is formated the queue contains previously formatted response messages, such tha
thereis not enough place in the queue for the new message, the device will put off putting the message in the queue
until thereis place for it.
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4.3.3 Response Messages
T he device sends a Response Message in response to avadid query. All queries return a single Response
Message Unit. In only one case is the Response M essage generated when the responseis read (as opposed to

when the responseis parsed), and this is when querying Arbitrary Waveform data All other queries generate
the Response M essage when they are parsed.

4.4 Instrument Identification

The *IDN? common query is used to read the instrument's identification string. T he string returned is as follows:

B&K PRECISION,MODEL 4045,0,vV0.1

The*" V0.1” reflects the firmware version number and will change accordingly.

4.5 Instrument Reset

The*RST common command effects an instrument reset to the factory default power up stae

4.6 Command Syntax

4.6.1 General Command Structure

A Program Message is defined as a string containing one Program Message Units, which is an instrument
command or query. The Program Message is terminaed by the Program Message T erminator.

T he Program Message T erminator consists of optiona white space characters, followed by the Linefeed (LF)
character (ASCII 0A);

T he Program Message Unit can be divided into three sections as follows:
a) Program Heeder

T he Program Header represents the operation to be performed, and consists of ASCII character mnemonics.
Two types of Progran Headers are used in the Modd 4045: Instrument-control headers and Common
Command and Query headers. Common Command and Query Program Heeders consist of a single mnemonic
prefixed by an asterisk (*').

T he mnemonics consist of upper - or lower-case d pha characters.
Example The command to s&t the frequency to 1IKHZ may be written in the following ways:

FREQ 1KHZ
FREQ 1000HZ
FREQ 1000
FREQ 1E3
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freq 1khz
freq 1000hz
freq 1000
freq 1€3

b) Program Header Separator

The Program Header Separator is used to separate the program header from the program daa It consists of one or
more white space characters, denoted as <ws>. Typicdly, it is aspace

¢) Program Daa

The Program Data represent the va ues of the parameters beng set, for example, the '1IKHZ' in the above
examples. Different forms of program data are accepted, depending on the command. T he Program Data types used
in the instrument are:

i) Character program data

This form of datais comprised of a mnemonic made up of lower - or upper-case dpha characters. As with Program
Heeder mnemonics, some Character Data mnemonics have short and long forms. Only the short or the long form

may be used.
ii) Boolean data

Boolean dataindicate that the parameter can take one of two states, ON or OFF. T he parameter may be character

type
ON or OFF

or numeric. A numeric vaueis rounded to an integer. A non-zero result is interpreted as 1 (ON), and a zero result
as 0 (OFF).
Queries return the vaues 0 or 1.

iii) NRf

Thisis adedma numeric datatype, where
NR1 indicates an integer number,

NR2 indicates afixed point red number, and
NR3 indicates afloaing point red number.

iv) Numeric vadue program daa

This data type defines numeric va ues, as wel as specid cases of Character Data Numeric va ues may be specified
in any of Integer, Fixed Point or Floating Point format. All parameters which have associated units accept a suffix,
which may be specified using upper or lower-case characters. When the suffix is not specified, the numeric vadueis
accepted in the default units, which are Hertz for frequency, Seconds for time, and Volts for voltage. To set the
frequency to 1KHz we can send one of the following commands:

FREQ 1000
FREQ 1E3

The specid forms of character data accepted as numbers are

MAXimum: sets the paameter to its maximum vdue
MINimum: sets the parameter to its minimum vaue
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For example, to set the frequency to it's maximum va ue we can send the command
FREQ MAX
vi) Arbitrary Block Data

The Arbitrary block datatypeis used to send arbitrary waveform data to the instrument. In this datatype,
the waveform points are specified in binary format, and each point consists of two bytes. Two types of
arbitrary block data are defined (by IEEE 488.2):

Definite Form

The Définite Form has the structure

-#-Byte Count Length - Byte Count - 8-bit byte

The Byte Count Length consists of asingle ASCII digit from 1 to 9. It tdls the parser how many digits
arein the Byte Count.

The Byte Count is adecimd integer made up of the number of digits specified in the Byte Count Length.
It tdls the parser how many 8-bit bytes are being sent.

Indefinite Form

The Indefinite Form has the structure

- #- 0— 8-hit byte— LF

Some Program Message Units ether require, or can accept, more than one data d ement. Program data d ements are
separaed from eech other by the Program Daa Separator. It is defined as optiond white space characters followed
by acomma(,"), which in turn is followed by optiond white space characters.
T here are two types of Program Message Units: Command Message Units and Query Message Units. A Query
differs from a Command in tha the Program Heeder is terminated with a question mark ('?"). For example, the
frequency might be queried with the following query:

FREQ?
Some Query Message Units accept data, giving the device more specific information about what is being queried.
In many cases the Query Message Unit may optiondly be supplied with the MIN or MAX mnemonics as data
This tdls the device to return the minimum or maximum va ue to which the parameter may currently be set. For
example,

FREQ? MAX

will return the maximum vdue to which the frequency may currently be set.

Not dl Program Message units have query forms ( for example, SAV), and some Program Message Units might
have only the query form (for example IDN?).

Theinstrument puts the response to the query into the output queue, from where it may be read by the controller.

4.7 Status Reporting

Theinstrument is cgpable of reporting status events and errors to the controller.
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4.7.1 The Error Queue

The error queueis used to store codes of errors detected in the device It isimplemented as a cydic buffer of
length 10. The error queueis read with the following query:

ERR?

Thefirst error in the queueis returned, and the queue is advanced.

4.7.2 Error Codes

T he negative error codes are defined by SCPI. Positive codes are specific to the instrument.
T he error message is returned in the form

<error number>,"<error description>"

A table of error numbers and their descriptions is presented here.

No error reported

0 - No etor

Command Errors

A command eror is in the range -199 to -100, and indicates that a syntax error was detected. This indudes the
case of an unrecogni zed heeder.

-100 Command Error
-101 Invdid character
-102 Syntax error
-103 Invaid separator
-104 Datatype error
-108 Parameter not dlowed
More parameters than dlowed were received
-109 Missing parameter
Fewer parameters than necessary were received
-110 Command header error
-111 Heeder separator error
-112 Program mnemonic too long
T he mnemonic must contain no more than 12 characters.
-113 Undefined header
-120 Numeric data error
-121 Invdid character in number
-123 Exponent too large
-124 Too many digits
-128 Numeric data not dlowed
A different datatype was expected
-131 Invdid suffix
-134 Suffix too long
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-138
-140
-141

-148
-158
-161

-168
-178

Suffix not dlowed

Character data eror.

Invaid character data

Incorrect character data were received.
Character datatoo long

Character data may contain no more than 12 characters.
Character datanot dlowed

String data not alowed

Invaid block data

An eror was found in the block data
Block datanot alowed

Expression data not alowed

Execution Errors

An execution error indicates tha the device could not execute a syntacticdly correct command, ether since
the datawere out of the instrument's range, or due to a device condition.

state to

-200

-211

-220

-221

-222
-223

-224

Execution eror

An atempt was made to RECALL the contents of an uninitidized stored setting buffer.

Trigger ignored.

The*TRG common command was ignored due to the device not being in the correct

execute the trigger.
Parameter eror.

A parameter is in the correct range, but conflicts with other parameters.

Settings conflict.

The parameter is out of range due to the current instrument state.

Dataout of range.
Too much daa

The arbitrary waveform memory limit has been exceeded.

[llegd parameter vaue

The parameter vdue must be sdected from afinite list of possibilities.

Device-Specific Errors

An error specific to the device occurred.

-315

-330
-350

Configuration memory lost.
Device memory has been lost.
Self-test failed.

Queue overflow.

Error codes have been lost due to more than 10 errors being reported without being reed.

Query Errors

A query error indicates that the output queue control has detected a problem. This could occur if either an
atempt was made to read data from the instrument if none was available, or when data were lost. Data could
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be lost when a query causes datato be formatted for the controller to be read, and the controller sends more
commands without reading the data

-410 Query INTERRUPTED.
Data were sent before the entire response of a previous query was reed.
-420 Query UNTERMINATED.

An atempt was made to read a response before the compl ete program message meant to
generate that response was sent.

Warnings

T he execution of some commands might cause an undesirable instrument state. The commands are executed,
but awarning is issued.

500 Trigger rae short
510 Output overload

"Trigger rate short" means tha the period of the waveform is larger than the vdue of the internd trigger rate.
Thus not every trigger will generate acyde (or burst) of the waveform.

4.8 COMMON COMMANDS

4.8.1 System Data Commands
a) *IDN? - Identification query

Theidentification query enables unique identification of the device over the GPIB. This query should dways be
the last in a program message. It returns a string with four fidds:

Manufacturer name

Modd name

Serid number (0 if not rd evant)
Version number

Command
Type Common Query
Syntax: *IDN?

Response: B&K PRECISION, MODEL 4045,0,V1.1

4.8.2 Internal Operation Commands

a) *RST - Reset command
The Reset command performs a device reset. It causes the device to return to the factory default power up state.

Type Common Command
Syntax: *RST

4.8.3 Device Trigger Commands

a *TRG - Trigger command
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This command is andogous to the IEEE 488.1 Group Execute Trigger interface message, and has the
same effect. It is used to trigger the device to output awave, and is accepted only when the trigger mode
is set to Trigger, Gate or Burst, and the trigger sourceis set to BUS.

Type Common Command
Syntax: *TRG

4.8.4 Stored Settings Commands

a *RCL - Recdl instrument state

This command is used to restore the state of the device to that stored in the specified memory location.

Arguments

Type <NRf>

Range 0 to 49. Non integer va ues are
rounded before execution

Type Common Command

Syntax: *RCL<ws><NRf>

Example *RCL 0 (Recdl default state)

*RCL 49
Stored setting location 50 stores the last instrument setting before power down.
b) *SAV - Save instrument stete

This command is used to store the current instrument state in the specified memory location.

Arguments

Type <NRf>

Range 1 to 49. Non integer vdues are rounded before execution
Type Common Command

Syntax: *SAV<ws><NRf>

Example *SAV 25

Stored setting location O stores the factory defaults, and is aread-only location. Location 50 stores a copy of the
current instrument setting, and it, too, is read-only.

4.9 INSTRUMENT CONTROL COMMANDS

Instrument control commands are grouped into logica subsystems according to the SCPI instrument Modd. The
commands are comprised of mnemonics indicating the subsystem to which the command bedongs, and the
hierarchy within that subsystem. When the command is to be referred to the Root node, it should be prefixed with
acolon (). Mnemonics appearing in square brackets [...] ae optiond. The'|' character is used to denote a choice of
specifications. The '<ws>' is used to denote a white space character.
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4.9.1 Default Subsystem

T he Source Subsystem controls the frequency, voltage, amplitude modul aion and dock source. The command
structureis as follows:

FUNCtion SINusoid|SQUarg TRlangl €| ARBitrary
FREQ uency <numeric vaue>

AMPLitude <numeric vaue>

OFFSet <numeric vaue>

DCYCle <numeric value>

MODE CONT/TRIG/ GATE/ BRST
TRIG INT / EXT

TRAte <numeric value>

BURSt <numeric value>

MO DULation OFF/AM/FM/INT/EXT
MO DFReguency <numeric value>
MODSHape S9N/TRI/ QU

DEViation <numeric value>
DEPTh <numeric value>
SW STATrt <numeric value>
SWSTOp <numeric value>
SWRAte <numeric value>
SW Eep ON/OFF/LIN/LOG

49.1.1 Frequency

FREQuency <frequency>

T he frequency command control s the frequency of the output waveform.

Arguments
Type Numeric.
Units: MHz, KHz, Hz (default)
Range For SIN and SQU - 10uHz to 31MHz,
For TRI — 10uHz to 500K Hz,
For ARB - Dependent on the Point Rate and Wave ength.
Fmax = 1/(20nS * Wave ength)
Fmin = 1/(50S * Wavdength)
Rounding: Thevdueis rounded to 10 digits (DDS) or 4 digits (ARB).
Command Type Setting or Query
Setting
Syntax: FREQuency<ws><frequency>[units]

FREQuency<ws>MINimum|MAXimum
Examples. FREQ 5KHZ

FREQ 5E3

FREQ MAXIMUM

FREQ MIN
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Query

Syntax: FREQuency?[<ws>MAXimum|MINimum]
Exampless FREQ?
FREQ? MAX

Response: NR3

Considerdtions:
1) The MIN | MAX arguments should be used for ARB waveform only in a Program Message that does
NOT contan Program Message Units specifying Arbitrary Point Rate or Wave ength, since the
MAXimum or MINimum vaueis cdculaed a the time the command is parsed.

2) The MIN and MAX arguments refer to currently settable minimum or maximum.
3) FIXedisdiasfor CW.

4.9.1.2 Point Rate

RATE <point rae>

This command is used to set the point rate. It is coupled with the frequency of the waveform by the relaion:
Frequency = 1/(Point Rate * Wavdength)

T hus changing the point rate will result in a change in frequency.

Arguments
Type Numeric
Units: S, Ms, Us, ns
Range: 20ns to 50s
Rounding: to 4 digits
Command Type Setting or Query
Setting
Syntax: RAT E<ws><point rate>[units]

RAT E<ws>MINimum|MAXimum
Examples: RATE 100NS

Query
Syntax: RAT e?[<ws>MINimum|MAXimum]
Response NR3

Note You can dternatdy use the :ARB:PRAT e command.

4.9.1.3 Amplitude

AMPLitude <p-p amplitude>

T he amplitude command is used to set the pesk-to-pesk amplitude of the output waveform. Note that the
amplitude and the offset are limited by the rdaion

Pesk Amplitude + |Offset] <= 5V

Arguments
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Type Numeric

Units: V, mV, VPP, mVPP

Range: 10mV to 10V

Rounding: ImV from 10mV to 999mV. 10mV from 1V to 10V.
Command Type Setting or Query

Setting

Syntax: AMPLitude<ws><amplitude>[units]

AMPLitude<ws>MINimum|MAXimum
Exampless AMPL 2.5

AMPL 2.5V

AMPL MAX
Query
Syntax: AMPLitude? <ws>MINimum|MAXimum]
Examples: AMPL?

AMPL? MAX

Response  NR2
Considerations:

1) The MAXimum amplitude is dependent on the offset.

2) The MAX and MIN arguments should not be used in a program message containing an OFFSet
command, since these vaues are evauated during parsing, based on the current va ue of the offset.

4.9.1.4 Offset

OFFSe <offset>

The offset command is used to set the DC offset of the output waveform. Note that the amplitude and the
offset are limited by the rdation

Pesk Amplitude + |Offset| <5V

Arguments
Type Numeric
Units: Vv, mV
Range: 10mV to 4.5V
Rounding: to 10mV
Command Type Setting or Query
Setting
Syntax: OFFSet<ws><offset>[units]

OFFSet<ws>MINimum|MAXimum
Examples: OFFS 2.5

OFFS 2.5V

OFFS MAX
Query
Syntax: OFFSet?[<ws>MINimum|MAXimum]
Examples: OFFS?

OFFS? MAX

Response  NR2
Considedions:

1) The MAXimum offset is dependent on the amplitude.

2) The MAX and MIN arguments should not be used in a program message containing an AMPLitude
command, since these vaues are evauated during parsing, based on the current va ue of the amplitude
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4.9.1.5 Function

FUNCtion
T he function command is used to set the type of waveform to be generated by the instrument.

Command Type: Setting or Query
Setting Syntax: FUNCtion<WS><OPT ION>

Examples: FUNC SIN

FUNC ARB
Query Syntax:  FUNCtion?
Examples: FUNC?
Response SIN|TRI|SQU|ARB

Considerdtions:
T he following functions are avalable

SINusoid,SQUare, TRIangle, ARBitrary

4.9.1.6 Modulation
T he following commands control the modulaion:

MODULation

This command activates or deectivates modul aion:
Command Type Setting or Query

Setting
Syntax: MODULaion OFF|AM|FM|INT|EXT
Examples: MODULation FM
MODULéion OFF
Query
Syntax: MODULation?
Response OFF |
AM INT |
AM EXT |
FM INT |
FM EXT
DEPTh
This command sets the AM modulaion depth in %
Arguments
Type Numeric
Units: none (implied %)
Range: 0to 100
Rounding: To integer
Command Type Setting or Query
Setting
Syntax: DEPT h<ws><percent depth>

DEPT h<ws>M INimum|MAXimum
Examples: DEPTh 50

Query
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Syntax: DEPT h?[<ws>MINimum|MAXimum]
Response: NR3
MODFReqguency
This command sets the AM and FM modul aing waveform frequency
Arguments
Type Numeric.
Units: MHz, KHz, Hz (default)
Range: Fmax = 20 KHz
Fmin= 0.01 Hz
Rounding: Thevadueis rounded to 4 digits.
Command Type: Setting or Query
Setting
Syntax: M ODFR<ws><frequency>[units]
MODFR<ws>MINimum|MAXimum
Examples: MODFR 5KHZ
MODFR 5E3
MODFR MAXIMUM
MODFR MIN
Query
Syntax: MODFR?[<ws>MAXimum|M INimum]
Examples: MODFR?
MODFR? MAX
Response: NR3
MODSHape
This command sd ects the modul ating waveform shape
Arguments
Type Character
Options: SINusoid, TRIangle, SQUare
Command Type Setting or Query
Setting
Syntax; M OD SHape<ws><SIN|TRI|SQU>
Examples: MOD3Hape SIN
MODSHape TRI
Query
Syntax: MODHape?
Response SIN|TRI|SQU
DEViation
This command sets the FM modul aion deviation
Arguments
Type Numeric.
Units: MHz, KHz, Hz (default)
Range Dependent on the carrier frequency, up to 1.56MHz.
Fmax = carier frequency
Fmin = 10 uHz

Rounding: Thevaueis rounded to 4 digits.
Command Type Setting or Query
Setting
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49.1.7

Syntax: DEViation<ws><frequency>[units]
DEViaion<ws>MINimum|MAXimum
Exampless. DEV 5KHZ

DEV 5E3

DEV MAXIMUM

DEV MIN
Query
Syntax: DEVidion?[<ws>MAXimum|MINimum]
Examples. DEV?

DEV? MAX

Response NRS3

Sweep control
T he following commands control the sweep functiondity:

SWEep

This command activates or deactivates sweep:
Arguments

Type Boolean
Command Type Setting or Query
Setting
Syntax: SWE<ws>ON|OFF|LIN|LOG
Examples: SWE ON
SWE LIN
Query
Syntax: SWE?

Response OFFLIN|LOG
Note: Sweep cannot be activated in ARB or if FM is active

SWRAte

This command sets the time for one compl ete sweep:
Arguments

Type Numeric
Units: S, mS, uS, nS
Range: 10mS to 500S

Rounding:  to 4 digits
Command Type Setting or Query

Setting

Syntax: SWRAte<ws><time>[units]
SWRAte<ws>MINimum|MAXimum

Examples: SWRAte 50MS

Query

Syntax: SWRAte?[<ws>MINimum|MAXimum]

Response NR3
SWSTATnt

This command sets the start frequency of the sweep:
Arguments
Type Numeric.
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Units: MHz, KHz, Hz (default)

Range Dependent on the frequency range of the current function.
Rounding: Thevdueis rounded to 4 digits.

Command Type Setting or Query

Setting

Syntax: SWST Art<ws><frequency>[units]
SWST Art<ws>MINimum|MAXimum

Examples: SWSTAnt 5KHzZ
SWSTAn 5E3
SWSTArt MAXIMUM
SWSTArt MIN

Query

Syntax: SWST Art?[<ws>MAXimum|MINimum]

Examples: SWSTATn ?
SWSTATr ? MAX

Response: NR3

SWSTOp

This command sets the stop frequency of the sweep:

Arguments

Type Numeric.

Units: MHz, KHz, Hz (default)

Range Dependent on the frequency range of the current function.

Rounding: Thevdueis rounded to 4 digits.

Command Type Setting or Query

Setting

Syntax: SW ST Op<ws><frequency>[units]
SWST Op<ws>MINimum|MAXimum

Examples: SWSTOp 5KHZ
SWSTOp 5E3
SWSTOp MAXIMUM
SWSTOp MIN

Query

Syntax: SWST Op?[<ws>MAXimum|MINimum]

Examples: SWSTOp ?
SWSTOp ? MAX

Response: NR3

4.9.1.8 Duty Cycle

DCYCle <duty cyde vdue>

This command is used to set the duty-cyd e of the square wave or the symmetry of triangular wave. The vdue
is given in percent .

Arguments Type Numeric

Units: None (percent implied)

Range: 20to 80

Rounding: To integer

Command Type: Setting or Query

Syntax: DCYCle <ws><duty cyde vaue>
DCYCle <ws>MINimum|MAXimum

Query Syntax: DCY Cle?[<ws>MINimum|MAXimum]

Response NR3
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4.9.1.9 Output State
:OUT <state 0,1>

This command controls whether the output is ON or OFF.

Arguments
Type Boolean
Command Type Setting or Query
Setting
Syntax: :OUT <ws>ON|1|OFF|0
Examples: :OUT ON
:OUT OFF
Query
Syntax: :OUT?
Response: 0|1

4.9.1.10 Trigger Mode

MODE <trigger mode>

This command is used to set the trigger mode.

Arguments
Type Character
Options: CONT inuous
TRIGger
GATE
BURSt
Command Type Setting or Query
Setting
Syntax: M ODE<ws><option>
Exampless MODE CONT
MODE BURS
Query
Syntax: MODE?
Response CONT|TRIG|GATE|BURS

4.9.3.2 Trigger Source

TRIGger<trigger source>

This command is used to sdect the trigger source, for use in the Trigger, Gate and Burst trigger modes.

Arguments
Type Character
Options: INTend - Internd trigger

EXTernd - Externd trigger
Command Type: Setting or Query

Setting
Syntax: TRIGger<ws><option>
Examples: TRIG EXT

TRIG INT
49



Model 4045 — Operating Manual

Query
Syntax: TRIGger?
Response: INT|EXT

4.9.3.3 Burst Count

BURSt <burst count>

Used to set the number of cydes to be output in the BURST mode. It is not astandard SCPI command.

Arguments
Type Numeric
Range: 2 10 65535
Rounding: To integer vdue
Command Type Setting or Query
Setting
Syntax BURSt<ws><vdue>
Examples BURS 100

BURS MAXIMUM
Query
Syntax: BURSt?[<ws>MAXimum|MINimum]
Response: NR1
Examples: BURST?

BURS? MAX

4.9.3.4 Internal Trigger Rate

T RAte <trigger rate>

Sets the rae of the internd trigger.

Arguments
Type Numeric
Units: S, mS, uS, nS
Range: 1E-6S to 100S
Rounding: to 4 digits
Command Type Setting or Query
Setting
Syntax: TRAte<ws><vdue>[units]
TRAte<ws>MINimum|MAXimum
Examples: TRAte 10E-6
TRAte MIN
Query
Syntax: TRAte?[<ws>MINimum|MAXimum]
Response: NR3
Examples: TRAte?
TRAte? MIN

4.9.4 Arbitrary Subsystem
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T he Arbitrary subsystem is not part of the SCPI standard. It was devel oped to suit the needs of the instrument.
Within this subsystem are found commands to:

1) control the point rate, start address, wave ength, and synchronization pul se address;

2) set vaues of the arbitrary waveform, ether discretdy or using predefined, copy or draw functions;

3) protect an area of waveform memory;

4) st the stete of the automatic updae and increment fegtures;

5) update the waveform.

T he following shows the structure of the ARBitrary subsystem:

:ARBitrary
:PRAT e <numeric vaue>
:ADDRess <numeric va ue>
:DATA <numeric vdue>|<abitrary block>
:DRAW <numeric vadue>,<numeric vaue>
:PREDefined <shgpe>,<start address>,<length>,<scd e>
:STARt <numeric vdue>
:LENGth <numeric vaue>
:SAVe

4.9.4.1 Point Rate

ARBitrary:PRAT e <point rate>

This command is used to set the point rate. It is coupled with the frequency of the waveform by the reaion:
Frequency = 1/(Point Rate * Wavd ength)

Thus changing the point rate will result in achange in frequency.

Arguments

Type Numeric

Units: S, mS, uS, nS

Range: 20nS to 50S

Rounding: to 4 digits

Command Type Setting or Query

Setting

Syntax: :ARBitrary:PRAT e<ws><point rate>[units]
:ARBitrary:PRAT e<ws>MINimum|MAXimum

Examples: :ARB:PRAT 100NS

Query

Syntax: :ARBitrary:PRAT €?[<ws>MINimum|MAXimum]

Response: NR3

Note: You can dternatdy use the RATE command.

4.9.4.2 Address

:ARBitrary:ADDRess <address>

This command sets the current address of the waveform. It is used to determine to where arbitrary data are to be
written.
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Arguments
Type

Range:
Rounding:
Command Type
Setting

Syntax:

Examples:
Query
Syntax:
Response:

4.9.4.3 Data

Numeric

1to0 1,000
to integer vdue
Setting or Query

:ARBitrary: ADDRess<ws><address>
:ARBitrary: ADDRess<ws>MINimum|MAXimum
:ARB:ADDR 100

:ARBitrary: ADDRess?[<ws>M INimum|MAXimum]
NR1

:ARBitrary:DATA <data>

This command is used to set the vd ues of the waveform.

Arguments
Type

Numeric Range
Rounding:
Command Type
Setting Syntax
Numeric:
Example

Query

Syntax:
Response
Considerdtions:

4.9.4.4 Line Draw

Numeric. Definite form arbitrary block. Indefinite form arbitrary block
-2047 to 2047 ASCII

to integer vdue

Setting or Query

:ARBitrary:DAT A<ws><numeric>{ [,<numeric]}
:ARB:DATA 100,200, 1000,2000,-2000

:ARBitrary:DAT A?<ws><number of points>[, ASCii]
Data are returned in the decimd numeric form.

:ARBitrary:DRAW <stat address>,<end address>

This command is used to generae a straight line between two points in the arbitrary waveform memory.

Arguments

Type: Numeric.

Range: 1 to 500,000

Rounding: to integer velue

Commeand Type Setting only

Setting

Syntax: :ARBitrary:DRAW<ws><start address>, <end address>
Example :ARB:DRAW 1,1000

Consideations:

1) Thevdueof the daaa the stat and end points must first be set by the user, using the
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:ARB:DATA command.
2) Therange of the straight line cannot overlap with protected memory.
3) The end address must be greater than the stat address.

4.9.45 Predefined waveforms
:ARB:PRED <shagpe>,<stat address>,<length>,<scd e>

This command is used to load the waveform memory with a specific type of waveform.

Arguments
Shape
Type Character
Options: SINusoid
SQUare
TRlangle
NOISe (Pseudo-Random Noise)
ANOQise (Noise added to the current waveform)
Stat Address
Type Numeric. The MIN and MAX forms both set the address to 1

Range: 1to 1000
Rounding: to integer vdue

Length
Type Numeric.
Range
SIN: 16 to 1000; divisible by 4
SQU: 2 to 1000; divisible by 2
TRI: 16 to 1000; divisible by 4
NOIS: 16 to 1000,
ANO: 16 to 1000,
Rounding: to integer vdue
Scde
Type Numeric. MIN sets the scdeto 1; MAX sets the scdeto 100
Range 1 to 100 (See consideraions)
Rounding; to integer vdue
Command Type Setting only
Setting
Syntax: :ARBitray:PRED€fined<ws> <shgpe>, <stat>, <length>,<scde>
Examples: :ARB:PRED SIN,1,1€3,100

Considerdtions:
1) The stat address and the length must meet the specification that. Start address + Length - 1 <= 1,000

2) The'scd€ refers to the scding of the waveform as a percentage of full scde. A scde of 100% will, under the
correct conditions, generate a waveform whose data va ues range from -2047 to +2047. T hese 'correct conditions
are st by the 'offst’ vdue. This offst is the vdue of the data a the start address, and determines the maximum
scd e settable. The following table shows the data vad ues required in order to achieve maximum scde.

SHAPE DATA
SIN 0

SQU 0

TRI 0
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NOIS 0

4.9.4.6 Start Address

:ARBitrary:STARt <stat address>

This command sets the start address of the waveform to be run.

Arguments

Type Numeric

Range: 1to 999

Rounding: to integer vaue

Command Type Setting or Query

Setting

Syntax: :ARBitrary:ST ARt<ws><start address>
:ARBitrary:ST ARt<ws>MINimum|MAXimum

Example :ARB:STAR 100

Query

Syntax: :ARBitrary:ST ARt?[<ws>MINimum|MAXimum]

Examples: :ARB:START?
:ARB:STAR? MIN

Response: NR1

Considerdtions. T he start address and length must meet the condition:
Start Address + Length - 1 <= 1000

4.9.4.7 Wavelength

:ARBitrary:LENGth <length>

This command sets the length of the waveform being run.

Arguments

Type Numeric

Range: 2 to 1000

Rounding: to integer vaue

Command Type Setting or Query

Setting

Syntax: :ARBitrary:LENGth<ws><length>
:ARBitrary:LENGth<ws>M INimum|MAXimum

Example :ARB:LENG 1E3

Query

Syntax: :ARBitrary:LENGth?[<ws>MINimum|MAXimum]

Example :ARB:LENG?

Response: NR1

Considerations: 1) Changing the wavd ength will change ether the frequency.
2) The minimum waveength is 2.

49.4.8 Save
:ARBitrary:SAVe
This command is used to save dl unsaved arbitrary waveform data into non-volatile memory..

Arguments
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Type none

Command Type Setting only

Setting

Syntax: :ARBitray: SAVe

4.9.5 Error Queue Reading

ERRor?
This query returns the first entry in the error queue, and removes tha entry from the queue.

Command Type Query only

Query

Syntax: ERRor?

Response <Error number>, "<error description>"
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4.10 RS-232 Programming

4.10.1 General

The INSTALLATION section of this manud describes the RS-232-C connection for the instrument.

EIA standard RS-232-C specifies the dectricd characteristics and pin out of a serid communication standard for
connecting "datatermina equipment” (DT E) to "data communication equipment” (DCE). Daatermina eguipment
is usualy devices such as terminds, computers, or printers tha are the find destination for data Data

communi cation equipment, on the other hand, is usudly amodem or other device that converts the datato another
form and passes it through. T he instrument can be configured only as a DCE, so in most cases it can be connected
with a straight-through cable to a computer, but would require specid cabling to connect to another DCE device

The baud rateis the bit rate during the transmission of aword in bits per second. Different devices use many baud
rates, but the baud rates of the two devices that are connected must be the same. The instrument is s&t to afixed
baud rates of 19200 as described in Section 3, Operating Instructions.

Datasignds over the RS-232-C use avoltage of +3V to +25V to represent a zero (cdled a space) and a voltage of -
3V to -25V to represent aone (cdled a mark). Handshake and control lines use +3V to +25V to indicate atrue
condition and -3V to -25V to indicate a fd se condition.

When no datais being transmitted, theidle state of the data lines will be the mark state. To transmit a byte, the
transmitting device first sends a start bit to synchronize the receiver.

4.10.2 RS-232-C Operation

The RS-232-C standard is not very specific dbout many of the handshaking signds and it is therefore usud ly
necessary to refer to the manuds for both of the devices being connected to determine the exact pin out, signd
definition, and signa direction for the devices.

Theinstrument is programmed by sending ASCII coded characters to the instrument.

When the instrument is in the remote mode remote command input has priority over any front pand control.
T herefore, as long as the serid interface is continuously supplied with data, the keyboard will gppear to be
inoperdiveto the user.

Theinstrument accepts a carriage return (CR) as an end of string (EOS) terminator and sends both aCR and LF as
the EOS terminator.
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