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WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform to published
Wavetek specifications and are free from defects in materials and workmanship for a period
of one (1) year from the date of delivery when used under normat operating conditions
and within the service conditions for which they were furnished.

The obligation of Wavetek arising from a Warranty claim shall be limited to repalring, or
at its option, repiacing without charge, any product which in Wavetek's sole opinion proves
to be defective within the scope of the Warranty. In the event Wavetek is not able to modify,
repair or replace nen-conforming defective parts or components to a condition as
warrantied within a reasonable time after receipt thereof, Buyers shall be credited for their
value at the original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the Warranty
period and the affected product returned to Wavetek’s factory or {o an authorized service
center within (30) days after discovery of such defect or nonconformity.

For product warranties requiring return to Wavetek, proeducts must be returned to a service
facility designated by Wavetek. Buyer shall prepay shipping charges, taxes, duties and
insurance for products returned to Wavetek for warranty service. Except for producis
returned to Buyer from another country, Wavetek shall pay for return of products 1o Buyer.

Wavetek shall have no responsibility hereunder for any defect or damage caused by
improper storage, improper installation, unauthorized modification, misuse, neglect,
inadequate maintenance, accident or for any product which has been repaired or altered
by anyone other than Wavetek or its authorized representative and not in accordance with
instructions furnished by Wavetek.

Exciusion of Other Warranties

The Warranty described above is Buyer's sole and exclusive remedy and no other
warranty, whether writien or oral, is expressed or imptied. Wavetek specifically
disclaims the implied warranties of merchantability and fitness for a particular pur.
pose. No statement, representation, agreement, or understanding, oral or weitten, made
by an agent, distributor, representative, or employeé of Wavetek, which is not contained
in the foregoing Warranty will be binding upon Wavetek, unless made in writing and
executed by an authorized Wavetek employee. Under no circumstances shall Wavetek
be liable for any direct, indirect, special, incidental, or consequential damages,
expenses, losses or delays {inciuding loss of profits) based on contract, tort, or any
other legai theory.



SAFETY FIRST

Protect yourself. Follow these precautions:

Don't touch the outputs of the instrument or any exposediest wiring carrying the output
signals. This instrument can generate hazardous voltages and currents.

Don't bypass the power cord’'s ground lead with two-wire extension cords or plug
adaptors.

Don't disconnect the green and yellow safety-earth-ground wire that connects the ground
lug of the power receptacle to the chassis ground terminal (marked with @ or [?_\).

Don’t hold your eyes extremely close to an rf output for a long time. The normally
nonhazardous low-power rf energy generated by the instrument could possibly cause
aye injury.

Don’t piug in the power cord until directed to by the installation instructions.

Don't repair the instrument uniess you qualify and know how to work with hazardous
voltages.

Pay attention to the WARNING statements. They point out situations that can cause injury
or death.

Pay attention to the CAUTION statements. They peint out situations that can cause equip-
ment damage.

WARNING

DO NOTRECHARGE, SHORT CIRCUIT, DISASSEMBLE, OR APPLY HEAT TO THE
LITHIUM BATTERY INSIDE THE 650. VIOGLATING THIS RULE COULD RELEASE
POTENTIALLY HARMFUL LITHIUM, OBSERVE POLARITY WHEN YOU REPLACE
THE BATTERY.

CAUTION

The 650 can deliver up to 122 watts of output power. Always keep the out-
put signal levels within the power range of your load.
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GENERAL DESCRIPTION

FUNCTION/CAPABILITIES

1.1 FUNCTION AND CAPABILITIES

Function. The Wavetek Model 650 Variable Phase
Synthesizer generates multiple waveforms at controlled
. phase angles. Each channel's output signal maintains
anabsolutely fixed and precisely controllable phase rela-
tionship with the output signals of the other channeis.
Phase accuracy holds for fixed frequency, swept fre-
quency, and swept phase operation. Digital generation

SECTION
GENERAL DESCRIPTION

of the signals guarantees fixed accuracy across the
entire range of frequency and phase.

Capabilities. The following additional capabilities of the
650 support its primary role as a phase synthesizer and
enable it to serve a wide range of phase and non-phase-
related applications. Section 3 of this manual explains

these capabilities in more detail.

Sequential Sweep

Category Capabiiities
Non-Sweep Modes Continuous Sync Gated Waveform Hold
Triggered Async Gated AM
Burst Phase Lock
Sweep Choices Frequency Sweep Hold Sweep Sine Sweep
Phase Sweep Linear Sweep Random Sweep
Both Sweep Log Sweep AMIFMIPM

Frequency/Phasel
Both Sweep Modes

Reset/Hold

Continuous Sweep with Auto Reset
Continuous Sweep with Auto Reverse
Triggered Sweep with Auto Reset
Triggered Sweep with Auto Reverse
Triggered Sweep/Hold with Trig

Triggered Sweep/Hold with Trig
Reverse/Hold

Sequential with Triggered Steps

Sequentia!l with Continuous Stepping

Sequential with Triggered Single Pass

Channel Control 8ine, Triangle, Square,
Ramp, DC Waveforms
Cutput Impedance

Waveform Amplitude

Waveform Offset

Square Wave Duty Cycle
Phase Control
Frequency Multiplication

Amplitude Modulation
Sync Quiput

Delta Frequency
Ramp Duty Cycle

Triggering Irternal Front Panel
Exiernal GPIB
Modutation Frequency Modulation Amplitude Modulation
Phase Modulation Combined (FM/PM)
Shift Keving Synchronous Frequency Shift Keying (8-FSK)

Asynchronous Freguency Shift Keying (A-FSK)
Asynchronous Multipie Freguency Shift Keying
Asynchronous Multiple Phase Shift Keying

Sweep Progress Screen Sweep Monitor

Sweep Horizontal Out

Sweep Marker

Unit Control Front Panel

GPIB

MATE (optional)

Memory

25 Stored Instrument Setups

Lost-Power Instrument Setup

11
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LEARNING THE 650

1.2 LEARNING TO USE THE 650

Foliow this procedure to teach yourself operation of the
850:

First, learn basic operation of the controls. Run through
the initial checkout and operation verification procedure
exactly as written. You'll find this procedure in section
2 (installation and maintenance).

Second, learn more about each contrel. Hun through
the checkout procedure again, bui before you use each
control or menu, find and read the description of it in
section 4 (operation reference). Depart from the
checkout procedure and try some of the other functions
as you read about them.

Third, run the programming examples. The program-
ming charts insection 4.7 of the manual give keystroke-
by-keystroke examples that set up the six basic operating
modes of the 650. Run through several of these examples
to get familiar with the setup, operation, and capabilities
of these modes.

1.3 ACCESSORIES

The standard 650 contains two channels. You can pur-
chase four options:

¢ Two additional channeis per 650

= Multiple-850 systems that can generate up to 40
synchronized signals

+ MATE Interface

s Rack sfides

1.4 SPECIFICATIONS

1.4.1 Waveforms (Functions)

Programmable sine, square, triangle, ramp, de and
variable-duty-cycle-square and ramp.
Range
Sine, Square: 0.1 mHz to 2 MHz.
Ramp, Triangle: 0.1 mHz to 200 kHz.
Reselution: 10 digits or 0.1 mHz.
Accuracy: =5 ppm.
Stability: = 3 ppm.
Waveform Quality
Sine Wave:

Frequency Spurious Harmonics

<10kHz <€-70dBc <-60dBc
<100kHz <-~60dBc <-50dBc
<2MHz  <-50dBc <-40dBc

Square Wave:

Rise/Fall Time: €75ns.
Aberrations: €£5% Vp-p.

Duty Cycle: 2010 80% = 1%.

1-2

Triangle/Ramp:
Linearity: 299% <10kHz; 290% <200kHz,
Duty Cycle: 010 100% =+ 1%.

1.4.2 Primary Modes

Continuous, triggered, gated and burst.
Burst Count: 1 to 65535.

$1.4.2 Secondary Modes

Phase Shift
Phase Resclution: 5 millidegrees.
Phase Accuracy: For compared channels of equal
amplitude and compared channeis of unequal
amplitude with amplitude ratios up to 10.

Sine Wave Phase
Accuracy For
Egqual Unequal
Ampl Ampli
Frequency  Angle Angle

<1 kHz 0.005°  0.020°
<t0 kHz 0.030°  0.100°
<100 kHz  0.100°  0.500°
<1 MHz 0.500°  2.000°
<2 MHz 1.000°  5.000°

Phase Delay
Delay Resolution: 3 digits.
Delay Range: — 210 +2ms.
Phaselock
Phaselock Range: 40 Hz 10 2 MHz.
initial Lock Time: <4 sec,
Re-lock Time: 100 periods + 100 ms.
Delta Frequency
Range: — 1000 to + 1000 Hz.
Resolution: 3 digits but max 0.1 mHz.
Accuracy: 0.1% '

1.4.4 Triggering

Internail Trigger Signal
External Availability: Present at Marker Out connec-
{or in non-sweep modes.
Range: 2.5 miHz o 2200 kHz.
Resolution: 3 digits.
Accuracy: 0.1%.

External Trigger Signal
Frequency Range: 0 to 2200 kHz.
Ampiitude Range: + 10 to — 10V,
Level Setting Resclution: G.1V.
Level Accuracy: & 0.3V,
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SPECIFICATIONS

1.4.5 Moedulation

Amplitude Modulation
Range: 010 100%.
AM Bandwidth: ¢ to 20 KHz.
Modulation Gain (VCG): 10.
AM Input impedance: >10kR,
Protection: + 50 Vdc (Momentary).
Phase Modulation
Range: Programmabie 0 =+
£M Bandwidth: 25 kHz.
VYoltage Controlied Phase Modulation (VCPM): — 1V
to + 1V for fult modulation between programimed start
and stop phase with 8 bit resolution.
PM Input Impedance: 21MQ.
Protection: + 50 Vdc momentary.
Frequency Modulation
Programmable start and stop frequency in range
0.1 mHz to 2 MHz.
FM Bandwidth: 20 kHz.
Voltage Controlied Frequency Modulation (VCFM):
~1V to + 1V for full moduiation between pro-
grammed start and stop freguency values with 8 bit
resolution.
Frequency Shift Keying
Asynchronous (Async FSK) and Synchronous (Sync
FSK).
Max Rate of FSK: 40 kHz (25 us per step).
Max No. of Different Frequencies in FSK Mode: 100.
Switching Time Between Frequencies: <500 ns.
Phase Shift Keying
Max Rate of PSK: 65 kHz.
Phase Shilt Keying Capabilities: Dual Phase Shift
Keying {DPSK) and Quadrature Phase Shift Keying
(QPSK) through sequenced phase sweep mode.
Max No. of Different Phase Valuesin PSK Mode: 1C0.
Pulse Position Moduiation
Max Rate of PPM: 65 kiHz.
Max No. of Different PPM Values: 100.

1080°.

1.4.6 Channel Quiputs

Function
Sine, square, triangle, dc, ramp or programmabie duty
cycle square or ramp.
Amplitude Range, Resolution, and Accuracy
See table 1-1.
Oifset Range, Resolution, and Accuracy
See tabie 1-2.
DC

Maximum Range: = 12.5mV = 25V,
Range, Resclution, and Accuracy
See table 1-3.

Frequency Ratio
Each channel can deliver a frequency from 1 to 98
times the main frequency.

Output Impedance
Choices: 0Q, 5022, and OFF (output relay open). The
50Q impedance requires a 50Q termination.

1.4.7 Sweep

Frequency Sweep
Modes:
: Continuous with Reset,
- Continuous with Reverse.
- Triggered with Reset.
. Triggered with Reverse.
. Triggered with Hold and Reset.
: Triggered with Hold and Reverse.
: Synchronous FSK.
: Asynchronous FSK.
. Externally Triggered Sequence.,
10: Continuous {Looping) Sequence.
11: Stepped Sequence on Trigger.
12: External FM.
Range: 0.1 mHz to 2 MHz.
Resolution: 10 digits but max 0.1 mHz.
Accuracy: S5ppm + 10 uHz.
Sequenced Sweeps (Modes 9, 10, 11}
No. of Programmable Steps {Index): 1 to 100.
Frequency Switching Time: €500 ns.
Throughpui: Refer io table 1-4.

O ~N®mU D WRN

Phase Sweep
Modes:
13: Continuous with Reset.
14; Continuous with Beverse,
15; Triggered with Reset.
16: Triggered with Reverse.
17: Triggered with Hold and Reset.
18: Triggered with Hold and Reverse.
19: Externally Triggered Sequence.
20: Continuous (Looping) Sequence.
21: Stepped Sequence on Trigger.
22: Delia Frequency Sweep.
23: bExternal PM (Phase Modulation).
Range: — 108 to + 10°f degrees continuous.
Resolution: 10 millidegrees.
Accuracy: Refer {o table.
Sequenced Sweeps (Modes 19, 20, 21) Number ¢f
Programmable Steps {Index): 1 to 100.
Phase Switching Time: <500 ns.
Throughput: Refer 1o tabie 1-4,
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SPECIFICATIONS

1-4

Table 1-1. Ampiitude Range, Resolution and Accuracy
Output Accuracy
Impedance | Range {Vp-p} | Resolution <100 kHz <1 MHz <2MHz
0R 2.5-50 1 mv +0.5% +15% +3%
+2mV £2mv +2mvV
500 0.025—0.25 10wV (typ: £0.1% | (typ: £0.2% | (typ: £1.0%
&1 mV) + 1mv) + 1 my)
025-25 100uV
2.5-25 1mv
Tabie 1-2. Offset Range, Resolution and Accuracy
Output Range
impedance {Vp-p) Resolution Accuracy
0Q +25 1my 05% = 30mv
50Q +12.5 1mv 0.5% + 20 mV
+1.25 0.1 mv 0.5% + 10mvy
+0.125 10V 05% £ 5mv
{typ: 0.1% = 3mV)
Table 1-3. DC Range, Resolution. and Accuracy
Cutput Range
impedance (Vp-p) Resoclution Accuracy
0g + 25V 1my 03% £ 10mV
50Q +12.5v 1 mv 0.3% + 5mv
+1.25V 0tmy 0.3% £ 2mV
+0.125V 10uV 0.3% = 1TmV
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SPECIFICATIONS

Table 1-4. Seguenced Sweeps Throughput

Compensation
Sequence Mode On Off

9: Triggered Frequency 1.214 kHz 42 kHz
10: Continuous Frequency | 1.210 kHz 38 kHz
11: Stepped Frequency 1.209 kHz 37 kHz

19: Triggered Phase 1.228 kHz 70 kHz
20. Continuous Phase 1.225 kHz 61 kHz
21; Stepped Phase 1.224 kHz 58 kHz

26: Triggered Combined | 1.188kHz | 24 kHz
27: Continuous Combined | 1.186 kHz 23 kHz
28: Stepped Combined 1.183 kHz 22 kHz

Combined Frequency and Phase Sweep Modes:

24: Combined Simultaneous.
Frequency/Phase Sweep (with identical start/stop
frequency for all channels, except for ratio <>1,
but individuafly programmed start and stop phase
for each channel).

25: Triggered Combined Sweeps with Hold and Reset.

26: Externally Triggered Frequency/Phase Sequence.

27: Continuous {Looping) Frequency/Phase
Sequence.

28: Stepped Frequency/Phase Sequence on Trigger.

29: External Combined FM/PM.

Range, Resolution and Accuracy: Same as for Fre-

quency Sweep and Phase Sweep.

Sequenced Sweeps (Modes 26, 27, 28): Number of

Programmable Steps (Index): 1 to 100.

Switching Time: €500 ns.

Throughput: Refer to table 1-4.

Sweep Functions

Linear: Sweep progresses linearly from programmed

start 10 stop value.

Log: Sweepprogressesinalogarithmic fashion from

start to stop value.

Random: Swept parameter changes in a random

pattern uniformly distributed between start and stop

value.

Sine: Swept parameter (frequency, phase or both)

changes in a sinusoidal pattern from start to stop

value.

NOTE: Combined sweep modes 24 and 25 permi only the iinear
sweep function, .

Sweep Time
Range: 10 ms to 107 sec.
Resolution: 3 digits but max 1 ms,
Accuracy: 0.1%.
Sweep Resolution: Use the following fixed step rate
table to derive phase and frequency sweep resolution.
Fixed Step Rates: (For combinations of sweep func-
tion, swept parameter and compensation.) Refer to
the following table.

Fixed Step Rates
Compensation

Sweep On Off
Function (Steps/sec) (Stepsisec)
Frequency Sweep
Linear 1143 13,333
Log 962 4,167
Sine 1053 6,667
Random 1156 15,400
Phase Sweep -

Linear 1176 20,000
Log 1010 5,263
Sine 1064 7,143
Random 1183 22,200
Combined Frequency and Phase Sweep
Linear 1083 6,667
Modulation Sampling Speed
Module : Compensation

Mode On Off
12 Ext FM 1.179 kHz 20.8 kHz
23: Ext PM 1.190 kHz 25.0 kHz
29: Comb 1.004 kHz 5.1 kHz
FM + PM

1.4.8 GPIB Interface

Address Range
0 to 30 switch selectable. Rear panel switch
enables/disables front panel entry of address.
Subsets
SH1, AH1, TEQ, L4, RL1, PPC, DC1, CO, E2.

1.4.9 1O Connections

Reference Out
impedance: 50Q source.
Levei: TTL, <0.4V, >2.4V inio 508,
Fanout: 10 reference inputs.
Frequency: 10 MHz, =+ 5 ppm,
Protection: +5 Vdc momentary,

1-5
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SPECIFICATIONS

Reference In
impedance: >1kQ, ac coupled.
Level: >500 mVp-p, <50 Vdc.
Freguency: 10 MHz = 1%.
Protection: + 50 Vdc momentary.
Trigger input
impedance: >5 k.
Level: >500 mVp-p, <+ 10 Vdc.
Input: 0 fo >200 kHz, 20 ns min.
Protection: =+ 50 Vdc momentary.
Hold input
Impedance:; <1 kQ.
Level: TTL, active iow.
Protection: + 20 Vdc momentary.
Function: selectable sweep or waveform hold.
FMIPM Input
Impedance: >1 MQ.
Level: —1 to + 1V (for full range).
Protection: + 50 Vdc.
Sampling Speed:

Mode Comp Off Comp On

Ext FM 20 kHz 1kHz
Ext PM 25 kHz 1kHz
Ext FM/PM 5kHz 1kHz
Resolution 8mv
Accuracy + 5%

Marker Qut

impedance: 50Q source.
Level: TTL, <0.4V, >2.4V into 509Q.
Output: Low when freg/phase <marker.
Protection: + 20 Vdc momentary.

2.048 V Qut
Impedance: 1 kR,
tevel: 2.048Y = 5mV.
Output: Internal V ref cal test point,
Protection: + 50 Vdc momentary.

Phase Cai Input
The Phase Cal input externally calibrates a
master/stave pair or group or measures phase shift
through external circuits. Arelay connects the Phase
Cal tn BNC 1o the internai circuits for these
measurements and disconnects it at all other times.
Impedance: >300Q.
Level: 40 Vpp max.
Input: Slave channel for mufti-unit cal.
Protection: Unprotected when calibrating, protected
to £100 Vdc otherwise,

Horiz Qut
Impedance: 1 kQ.
Level: C to + 10 Vdc.
Output: % of sweep.
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Accuracy: +2%.
Resolution: 40 mv.
Protection: * 50 Vd¢ momentary.
Phase Out*
Impedance: <50Q.
Level: TTL.
Output: Sync puise for master/slave configuration.
Protection: None.
Phase Ciear*®
impedance: <50 ohm.
Level: TTL.
Output: Clear pulse for master/slava configuration.
Protection: None.

*Phase Out and Phase Clear only jock units together in a mastes/slave
pair or group.

Channel Func Out
Impedance: 50Q, 0Q selectable,
Level: —25Vio +25V.
Qutput: Main function output.
Protection: Current limit at 500 mA. Withstands
+ 60 Vdc indefinitely.
Sync Out
impedance: 50Q source.
Level: TTL, <0.4, >2.4 V into 50Q.
Catput: Sync in phase with sine wave. Phase
accuracy not specified.
Protection: + 20 Vdc momentary.
AM Input
impedance: >10 k.
Level: 010 +5 V.
inpuf: Modulation signal up to 20 kHz BW.
Protection: £ 50 Vdc momentary.

1.4.10 Environmental

Temperature Range: C° {o 50°C. 25° + 10°C for
specified performance.

Warm-up Time: 20 minutes for specified
performance.

Relative Humidity: 95% at 25°C and sea level
{nor-condensing).

Altitude: Sea levelto 10,00C t for operation. Sealevel
to 40,000 # for storage.

Dimensions: 44.5cm{17.5in.)wide; 13.3cm (5.3 in.)
high; 53.3 cm {21 in.} deep.

Weight: 16.3 kg (36 |b).

Power: 90 to 126, 190 to 252 Vac, 48 to 66 Hz,
250 watts.

1.4.11 Options

001: Two Additional Channeis
Two additional channels and the associated RAM
board mount inthe chassis for a total of four channels,
010: MATE Interface
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INTRODUCTION

2.1 INTRODUCTION

This section provides the following installation and
maintenance information:

Section Page
2.2 Step-By-Step installation 2-1
2.3 How to Receive and inspect Shipments 2-1
2.4 How to Return Equipment for Repair 2-1
2.5 Mechanical Installation 2-1
2.6 Electrical Installation 2-2
2.7 Initial Checkout and Operation Verification 2-4
2.8 System (Master/Slave) Installation 2-14
2.9 Battery Replacement 2-14
2.10 Scheduled Maintenance 2-16

2.2 STEP-BY-STEP INSTALLATION

Install your 650 with the procedure given below. Adapt
the steps as necessary 1o suit your requirements. The
sections given inthe reference columncovereach step
in detail.

Step Section

1. Unpack and inspect the 650 2.3
2. Verify the AC powerfiuse configuration 281
3. Set the. GPIB address switch (optional) 264

4, Verity operation 27
5. Rack mount the unit (optional) 25
8. Auto-calibrate the unit 73
7. Connect signal leads 282

8. Begin aperation 3,4, &5

2.3 HOW TO RECEIVE AND INSPECT SHIPMENTS

Follow these steps when you receive a shipment of
Wavetek equipment:

1. Inspectthe shipment. Before the driver leaves, check
the shipment for missing boxes and inspect each box
for damage. Have the driver describe the box damage
and list any shortages on the delivery bill.

SECTION
INSTALLATION AND MAINTENANCE

2. Unpack the boxes. After the driver leaves, unpack the
boxes. Save all the packing material.

3. inspect the equipment for damage. Inspect it
carefully, regardless of the condition of the shipping
boxes.

4. If necessary, file a damage claim. |f you find any
damage, call the shipper immediately (within 10 days)
and start the claim process.

5. Calf us. Call our customer service department
{619-278-2200) and tell us that the equipment arrived
damaged.

2.4 HOW TO RETURN EQGUIPMENT FOR REPAIR

Follow these steps when you return equipment 1o
Wavetek:

1. Save the packing material. Always return equipment
tousinits original packing material and boxes. [f you
use inadequate material, you'll have 1o pay to repair
any shipping damage as carrierswon't pay claims on
incorrectly packed equipment.

2. Call us and ask for a return authorization. Our
customer service representative will ask for your
name, telephone number, company name, equipment
type, and a description of the problem.

3. Pack and ship the equipment.

2.5 MECHANICAL INSTALLATION

Mounting. You can either put the 850 on a test bench
or rack mount it. Rack mounting requires either chassis
rails or rack slides (Wavetek part number 1000-00-0358).

Cooling. In bench and rack use, leave at least 3inches
behind the 650 so that cooling air can freely enter and
ieave the rear panel. in addition, rack mounting reguires
free flow of air through the rack.

2.6 ELECTRICAL INSTALLATION
This section covers the following topics:

2.8.1 Power Verification and Connection
2.6.2 Signal Connection

2-1
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ELECTRICAL

2.6.3 GP1B Connection
2.6.4 Setting the GPIB address,

2.6.1 Power Verification and Connection

NOTE

Unless you specified otherwise, your 650
requires 120 Vac and a ¥ amp fuse.
European units generally require
220~ 240 Vac.

Foilow this procedure to verify and, if necessary, change
the 650's input voltage.

t. Pull the power cord out of the power/fuse case onthe
rear panel.

2. Slide the plastic door 10 the left.

3. Rotate the FUSE PULL lever to the left, then pull out
the fuse.

4. Readthe voltage onthe voltage selection printed cir-
cuit card inside the power/fuse case. Leave the card
instalied if the number matches the voltage you need
(seethetable below). Tochange to a different voltage,
pull the card and reinsert it as shown in figure 2-1.

5. Compare the ampere rating on the fuse to the ampere-
ratings given in the following table for the range of in-
put voltages. If the fuse has the right rating, keep it.
if the fuse has the wrong rating, replace it.

Card Position Input VYac

100 or 120
220 or 240

Required Fuse

90 to 126 3.0 A, 250V, Slo-Blo
190 to 252 1.5 A, 250V, Sio-Blo

Figure 2-1. Voliage Selector and Fuse
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6. Rotate the FUSE PULL lever back into the normal posi-
tion, insertthe correct fuse, and close the cover daor.

7. Plug the power cord back into the power/fuse case,
then connect it to your local power source.

2.6.2 Signal Connection

Use RG58U or equivalent 50Q coaxial cable equipped
with BNC connectors to distribute signals.

Refer to section 4 of this manual for signal connector
informdtion. In that section, figure 4-2 locates the rear
panel connectors, table 4-1 gives their electrical
specifications, and table 4-2 states the function of each
one.

2.8.3 GPIB Connection

The IEEE-488 connector on the rear pane! allows an
external computer to control the 850 through the
General-Purpose interface Bus (GPIB).

Use standard pre-wired GPIB bus cables (available from
Wavetek in one and two meter lengths) to connect the
650 and the other instruments on the bus to your con-
troller. Table 2-1 names the signal carried by each pin
of the GPIB connector {Amphencl 57-10240 or
equivalent).

Tabie 2-1. GPIB Connector Pin Functions

Pin Signal Pin Signai

1 DM 13 DIOs

2 Dio2 14 DIOB

3 DiO3 15  DIO7

4 DIO4 16 DiO8

5 EOQI 17 REN

6 DAV 18  Signal Ground

7 NRFD 19 Signal Ground

8 NDAC 20  Signal Ground

g9 IFC 21 Signal Ground
10 SRQ 22  Signal Ground
11 ATN 23  Signal Ground
12 Chassis Ground 24 Signal Ground

2.6.4 Setting the GPIB Address

The controliing computer requires that you give a unique
address to each instrument on the GPIB bus.

Set the power-up address of the 650 with the rear-panel
Address Sefector switch as showninfigure 2-2. You can
override the rear-panel address by entering an address
at the front panel with the [EgE key. However, a power
loss or shut-down will erase the front-panel address.
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Address Selector

1 G
Front Panel Entry of GPIB Addresses ——m Front Panel Enabie (FPE)
Allow entry: Set to 1. Not used
Stop entry: Set to 0. Not used
16
8
4
2
1
Address 16 8 4 2 1
00 0 0 0 0 0 To dispiay the rear-panel address:
01 O o o 0 1 1. Turn the power on
02 0 0 © 1 0 2. Press
03 0 0 © 1 1 3. Press ADRS
04 0 0 1 0 o0 The displayed address will change as you change
05 0 0 1 0 1 the switches.
06 6 o 1 1 0
07 0 0 1 1 1 To enter a front panel address:
08 0 1 0 0 0 1. Press
09 o 1 0 0 1 2. Press ADRS
10 0 1 0 1 0 3. Key in the address number
11 o 1 0 1t 1 4. Press BT
12 o 1 1 60 0
13 o 1 1 0 1 Entering a front panel address will invalidate the
14 4] 1 1 1 0 rear panel address.
15 o 1 1 1 1 _
16 1 0 © 0 0 A power shut-down will erase the front panel address
17 1 c 0 0 1 and revalidate the rear panel address.
18 1 0 0 1 0
19 1 0 0 1 1
20 1 0 1 0 0
21 1 0 i 0 1
22 1 o 1 1 0
23 1 0 1 1 1
24 1 1 ¢ 0 0
25 1 1 G 0 1
26 1 1 0 1 0
27 1 1 ) i 1
28 1 1 1 0 0
29 1 1 1 0 1
30 1 1 1 1 0
3 1 1 1 1 1

Figure 2-2. GPIB Address Selection

2-3
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CHECKOUT

2.7 INITIAL CHECKOUT AND CPERATION
VERIFICATION

The initial checkout and operation veriication procedure
tests the hardware and the operationof every front panel
control. You can use it for twe purposes:

¢ Receiving Checkoui. The incoming inspection
department shouid run this procedure to verify that
the 650 hardware and controls work properly. The
650 left our factory in perfect condition. This pro-
cedure verifies that it received no shipping damage.

e  New Operator Training. If you've never operated a
650before, runthis procedure to learnbasic opera-
tion of the controls. See section 1.2 of this manual
{learning to use the 650) for self-teaching
instructions.

Power-Up Conditions. The B50 sets its parameters to
selected known values at power-up. For example, power-

up conditions include open output relays, the main fre-
guency set to 1000 Hz, and the sweep turned off. By
using many of these power-up conditions, the initial
checkout procedure avoids the additional steps reguired
toenter new conditions and remains as short as possible.

Time Required. About 20 minutes, excluding hook-up
time.

Equipment Reguired:
Oscilloscope, 2 channels
2 BNC feedthrough terminations, 5W, 509
(40W, 509 optionakh
2 BNC coaxial cables

CAUTION

The 850 can generate encugh power to
damage the 5W feedthrough termination.
Always keep the ocutput signal levels
within the range of your load.

Table 2-2. Initial Checkout and Operation Verification Procedurs

Step Aéﬁon

Screen Display or Response

1. Remove all cables {if any) from the rear
panel connectors.

2. Turn the power on,

3, Press the NI kev fo bring up the utility
menu.

4, Rotate the cursor knob 1o adjust the viewing
angle of the liquid crystal display to suit
yourself.

5. Press the TEST key (F&) te bring up the self
test menu.

WAVETEK MODEL 650
UARIABLE PHASE SYNTHESIZER
4 CHANNELS INSTALLED

(Ux.x)
LCD viewing angle: ## Deg chl
e e QTR i rorman - o e Hardware- - oo
beep backlt VIEW config cal test
L.CD viewing angle: 30 Deg chil
gt iroNment - e e = AP AR Qe e
beep backlt VUIEW config c¢al test

~self test-

chl

—eetrouble shoot-

start abort select
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Table 2-2.

Initial Checkout and Operation Verification Procedurs (Continued)

Step Action

Screen Display or Response

8. Press the START key (F1) to begin sequential
testing of the 650 circuils.

7. Wait until the test finishes (about 3 minutes
for two channels or 5 minutes for four
channeis).

8. if an error message (see table 5-6) appears,
press the START key (F1) to re-run self test.

9. Turn the power off, then back on.

10. Connect the 650 to the oscilloscope and set
the controls as shown in figure 2-3.

11,  Press the EIERIE] key o bring up the channel
menu for channel 1.

12.  Press the S8HIFT key (F1} tc transpose the
bottom two rows.

SELFTEST IN PROGRESS
oo TESTING [CIRCULT NAMET %%
—-self test- —trouble shoot-- -
START abort select

The name of the circuit currently under test will
appear on the second line of the display as the test
proceeds. Table 5-6 in section 5 lists all the circuit
name messages.

SELFTEST STOPPED
B KRR R PQSSED QLL TES}'S R KRR KR
~self test- wtrouble shoot- -
START abort select

If the error message repeats, the 650 will require
calibration or repair.

WAVETEK MODEL 650
VARIABLE PHASE SYNTHESIZER
4 CHANNELS INSTALLED

(V2.1)
amplitude: 05.000 Vpp ehl
01.767 Vrms
output ratio delay duty
shift AMPL  offset phase func
amplitude: 05.000 VUpp chi
01.767 Vrms
ampl offset phase func
shift output ratio delay duty
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Table 2-2. Initial Checkout and Operation Verification Procedure {Continued)

Step Action Screen Display or Response
19.  Press the (G000 key to bring up the channel lamplitude: 05.000 Vpp ¢h2
menu for channel 2. 01.767 Vrms
output ratio delay duty
shift AMPL offset phase func
20. Press the PHASE key (F5) to display the phase: ©,000,000.000 Deg ch2

phase of channel 2.

: output ratio delay duty
shift ampl offset PHASE func

21. Key in 180 on the keypad to start the phase phase: 180 ch2
entry process.

output ratio delay duty

shift ampl offset PHASE func
22, Press the ¥ key to give the 180 phase | phase: 0,000,180.000 Deg ch2
to channel 2. :
output ratio delay duty
shift ampl offset PHASE func
The channel 2 sine wave will change to 180° out of
phase with the channel 1 sine wave.
. E .
23. Press the [ key to cali the Main menu. | freguency: 001,000.0000 Hz ch?
[OOSR : 7 1§ JUNE 1T F 011 e
FREQ period mode burcnt
24,  Key in this number sequence 1o test the frequency: 123456789 .0E-2 ch2

keys: 123456789.0 BTN

2
FREQ period mode burcnt
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Table 2-2. Initial Checkout and Operation Verification Procedurs (Continued)

Step Action Screen Display or Response
25.  Pressthe key 1o erase the entry and E frequency: 001,000.0000 Hz ch2
return to the previous display.
| [ETSURPRIPRN -, 35 o SN | 118 £ 1§ L P
| FREQ period mode burcnt
268.  Key in this number sequence: EFrequency: G02,000.0000 Hz ch2
RTEN 3, then press IBERGEL
[RNRPRPRRSORIN | (1~ S B 1178 01 & R
FREQ period mode bhurcnt
The oscilloscope will display a 2000 Hz sine wave for
both channels.
E
27. Repeatedly press the left cursor arrow to frequency: 002,000.0000 Hz ch?2 l
maove the cursor to the thousands position. '
URRONRVIDNPURE « ¥~ By I+ B¢ (120 2 17 E Rt T el e
FREGQ period mode burcnt
H
28.  Press the up cursor arrow twice to change frequency: 0O04,000.0000 Hz chz
the frequency to 4,000 Hz.
[PPSR | 1 B ST 118 o 1§ P
FREQ period mode burcnt
The oscilloscope will display 3000 Hz then 4000 Hz
sine waves.
20,  Press the down cursor arrow twice to return | frequency: 002,000.0000 Hz ch2
© the frequency to 2000 Hz.
e e e e AL P TR FIL oo oo o
FREQ period mode burcnt
The oscilloscope will display 2000 Hz sine waves.
30.  Press the right cursor arrow twice to move l frequency: 002,000.0000 Hz ch2

the cursor to the tens position.

i IR | P N B 1115 M1 1 e T
] FREQ pericd mode burcnt
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2.8 SYSTEM (MASTER/SLAVE) INSTALLATION

Up to ten 850 units, each with four channeis, can inter-
connect to form a system that provides up to 40 phase-
coherent, phase-controiled signals. One unit, called the
master, serves as the phase reference for the other units,
called slaves.

Connect the units as shown in figure 7-5 in the caiibra-
tion section. Mount the units one above the otherina
rack and keep the cables as short as possibie. Afteryou
have finished Installing the units, calibrate the system
as described in section 7.5.

2.9 BATTERY REPLACEMENT

Aninternal lithium battery protects the auto calibration
data and stored settings of the 650. You can expect this
battery to last for about 5 years.

Effects of Data Loss. Loss of auto calibration data poses
no serious problem because the auto-cal procedure can
restore it easily. Loss of stored settings poses more of
a problem, but only if you store a lot of complicated
setups. Keep a writien record of your important setups.

Front Panel Warning. The 650 warns of low battery
voliage when you power up. Normally, the power-up
display looks like this:

WAVETEK MODEL 650
UVARIABLE PHASE SYNTHESIZER
4 CHANNELS INSTALLED
{(Ux. x)

A 650 with low battery voltage wiil power up with this
display:

‘ WAVETEK MODEL 650
w3y hattery is Tow: ### U ww¥
4 CHANNELS INSTALLED
(Ux.x)

GPIB Warning, If the 650 connects through the GPIB bus
to an instrumentation controller, it will also signal low
battery by sending an SRQ {service request) to the con-
troller and placing a /HE:2 LOW BATTERY =#.# V/
message in the SRQ buffer. See section 6 for further
GPIB information.

Voltage Ranges. The battery voltage falls into the foliow-
ing ranges. Once a battery drops below 2.4 volts, it
usually takes from 10 to 100 hours to drop into the data
loss region.

- 2-14

3.0Vto 2.4V Good battery. Normal voltage
operating range.

2.4V 10 2.0V Failing battery, Data remains pro-
tected, but the 650 will generate
low-battery warning messages.

2.0V io OV Dead battery. Data loss.

Battery Ordering. To get a new battery, order Lithium
Battery, 3V, Part Number 4000-02-0009 from Wavetek.

Tools Reguired:
Low-wattage printed circuit soldering iron
Solder extractor
Rosin-core solder
Screwdrivers

BATTERY REPLACEMENT PROCEDURE
NOTE

Removing the battery erases the auto-
calibration data and the stored setlings.

1. Record on paper your stored settings, if any.

2. Turnoff the 850 and puli the power cord out of its
rear-panel socket.

3. Remove the three screws at the top back that hold
the cover in place.

4. Remove the top cover by pulling it up at the back,
then siiding it to the rear.

5. Remove the three screws that hold the rear-panel
decal plate in place.

&. Remove the decal plate.

7. Remove the uP/Sample and Hold board(see figure
2-4),

8. Locate the lithium battery (see figure 2-4).

WARNING
DO NOT RECHARGE, SHORT CIRCUIT,
DISASSEMBLE, OR APPLY HEAT TO THE
LITHIUM BATTERY. VIOLATING THISRULE
COULD RELEASE POTENTIALLY HARMFUL
LITHIUM. OBSERVE POLARITY WHEN YOU
REPLACE THE BATTERY.

9. Use the low-wattage soldering iron and solder
extractor to unsolder the battery. Avoid excessive
heat.

10. insert the new battery and solder it in place. Avoid
excessive heal.

11. Put the uP/Sampte and Hold board back in the 650.

12. Replace the decal piate and the screws that hoid it
in place.
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13. Replace the iop cover and the screws that hold it 16. Re-enter your stored settings (if any) either manually
in place. or via the GPIB. You can re-enter them while the

internal temperature stabilizes.
14. Plug in the power cord and turn on the 650. The
standard power-up display shouid appear.

15. Wait 20 minutes to allow the internal temperature
to stabilize, then run auto calibration by pressing this
key sequence: BEIITICAL START.

§ 3felf
IRICh
§ jfelf
{ jlelf

@ @
© @
® @
@ |5

2|
e
@

=

HPISAMPLE AND HOLD BOARD

-~ BATTERY

Figure 2-4. Lithium Battery Location 2-15
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2,10 SCHEDULED MAINTENANCE
The 850 requires the foliowing periodic maintenance:

Period Action Reference
Weekly Run aute calibration 7.3
Monthly  Clean air intake 2101

6 Months  Check manual calibration, 1.2

re-calibrate if necessary.

2.10.1  Air Filter Maintenance

Remove the lint from the wire screen air intake on the
rear panel of the 650 once every month or more often
if necessary.
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INTRODUCTION

3.1 INTRODUCTION

This section describes the capabilities of the Mode!
650 with a series of illustrations. Each illusiration
describes one capability and contains a waveform

SECTION
CAPABILITIES

drawing, a page number reference to the operating
instructions, and brief specifications. The capabilities
fall into these categories:

Catagory Capabiiities Page
Non-Sweep Modes Continuous Async Gated 3-2
Triggered Phase Lock
Burst Waveform Hold
Sync Gated
Sweep Choices Frequency Sweep Linear Sweep 3-4
Phase Sweep Log Sweep
Both Sweep Sine Sweep
Sequential Sweep Random Sweep
Hold Sweep
Sweep Modes Continuous Sweep with Auto Reset 3-8
Continuous Sweep with Auto Reverse
Triggered Sweep with Auto Reset
Triggered Sweep with Auto Reverse
Triggered Sweep/Hold with Trig Reset/Hold
Triggered Sweep/Hold with Trig Reverse/Hoid
Sequential with Triggered Steps
Sequentiat with Continuous Stepping
Sequential with Triggered Single Pass
Channel Control Waveform Choices Phase 310
Freguency Muitiplier Qutput impedance
Waveform Amplitude Amplitude Moduiation
Waveform Offset Sync Cut
Square Wave Duty Cycle Delta Frequency
Ramp Duty Cycle
Triggering internal Front Panet 3-13
External GPIB
Modulation Frequency Modutation Amplitude Modulation 314
Phase Modulation Combined (FM/PM)
Shift Keying Synchronous Frequency Shift Keying (8-F8K) 3-16
Asynchronous Frequency Shift Keying (A-FSK)
Asynchronous Multiple Freguency Shift Keying
Asynchronous Multipte Phase Shift Keying
Sweep Progress Screen Sweep Monitor Sweep Marker 317
Indicators Sweep Horizontal Out
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NON-SWEEP MODES

650

BURCNT BURCNT
CYCLES CYCLES
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CONTINUOUS
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TRIGGERED Select
Phase of Each Channel
CH3 (PHASE 180°)
s
_—— \ / / CH3 (PHASE 90°)
\/ \/
—— L—/\ / f CH2 (PHASE 30°)
BRY \V,
f\ CH1 {PHASE 0%}
it
\Vj \/
ssD
\
n TRIGGER INPUT
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Cycies

TRIG IN

Page 5-3




CAPABILITIES

NON-SWEEP MODES

SYNC GATED

- CH1-4
i 1
VALV
i 1
i {
650 \ |
L_“u:l ! | -
TRIG IN
{GATE SIGNAL)
Page 5-3
ASYNGC GATED
I v /E CHi-4
/|
! :
: H
3
i ' P
TRIG IN
(GATE SIGNAL) :
Page 5-3
PHASE LOCK
';“...E CHAN PHASE OFFSET
[
Wa
- . CH1~4
t
Y v
i
i
H
ssﬂ_i \FANVAN MAIN FREQ
L Vv,
i
E LOCKED
i
1
t
\V/\V/\ EXTERNAL 40 Hz to 2 MHz
REFERENCE .
oAl >500 mvp-p Page 53
WAVEFORM
HOLD I VA . 4; \ /\ CH1-4
oo
)
E HOLD SIGNAL AT
Hold Input BNC
Page 5-37
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CAPABILITIES

SWEEP CHOICES

FREQUENCY Sweep Freq Range:
SWEEP 0.1 mHz to 2 MHz
CHX
MAIN FREQ
Sweep Time Range:
7
850 001102 x 107 sec
CHY
(PHASE ADDED)
{ %
START FREQ STOP FREQ Page 5-22
PHASE REFERENCE PHASEI | START PHASE& ] STOP PHASEi
SWEEP =
/\ Vs CHX MAIN
// FREQUENCY

TWO CYCLES OF A
CONTINUOUS WAVE

SWEEP FlANG E>

(PHASE REFERENCE}

#; CHY AT
, START PHASE
rd
[(eso |
/"Iu P L]
/ N 4 \\ /.
V4 N ’/ \ s
/ s / \ V4
i N, \ ’
Ny wp g
7N PN V4
SN 4 N ; CHY AT
= 7 Y @ A .3 INTERMEDIATE
y S . 7 PHASES
7 \M_, -’
’,"'"\\ ’f‘ N ,/
/7 N rd % 7
7 & S ;
/ NS N /
-....// N p - _/
/\ p ’,
s CHY AT
/ STOP PHASE
..1/
Phase Sweep Range: Sweep Time Range:
— 10810 + 108 degrees 0.01to 2% 107 sec Page 5-22
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CAPABILITIES SWEEP CHOICES
BOTH
SWEEP START FREQ STOP FREQ
REF PHASE

REF PHASE

CHW
MAIN FREQ

{(SWEPT FREQ,
HELD PHASE”

, CHAN
650 — START
I PHASE
i
i
i
|
I
1 F %
LI\
/\ CHX, Y, Z
I - \ (SWEPT FREQ,
SWEPT PHASE)
% ¢
A ¢
START FREQ STOP FREQ
CHAN START PHASE CHAN STOP PHASE
\ SWEEP
TIME
“Select
Start Freq
Stop Freg

“CHW PHASE HELD AT 0°
(START PHASE = STOP PHASE = 0°)
TO SHOW PHASE REFERENCE FOR OTHER CHANNELS

Start Phases {One Per Channel)
Stop Phases {One Per Channel)
Sweep Time

Ranges: Same as Freqg and Phase

Page 5-23

LINEAR SWEEP

STOP &

GO L e PSR

SWEEP
TIME

Setect

Start freq or phase

Stop freq or phase

Sweep time

(Stop can be less than start)

TIME

Page 5-20, 21

3-5



START @

@ TIME

SWEEP
TIME

CAPABILITIES SWEEP CHOICES
LOG SWEEP Select
FRE
ORQ Start freq or phase
PHASE Stop freq or phase
z Sweep time
s5TOP (Stop can be less than start)
START
30-- TIME
SWEEP
TIME
Page 5-20, 21
SINE SWEEP
FREQ Select
OR Start freq or phase
PHASE

Stop freq or phase
Sweep time
(Stop can be less than start)

Page 5-20, 21

SEQUENTIAL SWEEP
FREQ
ANDIOR
PHASE

flp2
fips
fip6
_f/p1
fipa
03

TIME
5T

Select

Freq or phase of each step
{99 steps max)
Time per step

Page 5-27

3-6




CAPABILITIES SWEEP CHOICES

RANDOM SWEEP Select

Start (lower {imit) freg or phase
Stop (upper limit) freq or phase
Sweep time

START g~ -~ -~~~ o = - H
$— TIME
SWEEP
TIME
Page 5-20, 21
HOLD SWEEP
FREQ
OR
PHASE
]
STOP
e
START
850
A
HOLD SIGNAL
OR HOLD/RESUME KEY
Page 5-37




CAPABILITIES CHANNEL CONTROL
WAVEFORM SELECTION Any Channet
{FUNC) /\\//\\//\\ SINE
V/\V/\\ TRIANGLE
| T I
M RAMP
DeC
Page 5-7
FREQUENCY MULTIPLIER Chan Freq Max = 2 MHz
(RATIO) CH1(MAIN FREQ)  Ghan Freq =Main Freq X R
CH2 (MAIN FREQ
TIMES 3)
CH3 (MAIN FREQ
TIMES 8)
Page 5-7
AMPLITUDE 25 mV to 50Vp-p
/\ | (See Output)
\/ \/ AMPLITUDE
' Page 5-6, 9
OFFSET —25Vde to + 25Vde

Page 5-6, 9

3-10




CAPABILITIES

CHANNEL CONTROL

SQUARE WAVE

Duty Cycle: 20 80%

DUTY CYCLE 20% 80%
Lr_'::i’]*f'i‘ff_'
i Page 5-7
RAMP DUTY 0%  pury  100% Duty Cycle: 0~ 100%
"CYCLE
Page 5-7
PHASE ~108 to + 106 degrees
/L CH1
N
A4 CH2
s \/
VAR CH3
Page 5-6
OUTPUT 650
IMPEDANCE < e .
OFF QJ‘\D OPEN b
g LOAD
v
650 - _
50Q Ov;io ; 50¢ RSV, Vo =25mVio25Vpp
% Rg_ = 50Q
850
0-504  0Q ) V, = 2.5V to 50Vp-
0Q R v c - pp
Vp“’¢ . Lé} ° R, >50Q

Page 5-8
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CAPABILITIES CHANNEL CONTROL

AMPLITUDE
MODULATION

(AM} /\ /\ /\ CHX AM IN
| \VARN

CHX CUT
(100% MODULATION)

Page 5-47
SYNC OQUT
N\
i }\/ \./ CHX
] ]
| 650 | : '
e Ih (1] CHX SYNC OUT
Page 4-4
DELTA FREQUENCY
1<RATIO<99
0.1 mHz<DLTA-F<1000 Hz
R /\ f\ /\ /\ JAN MAIN GENERATOR
V V V U \_ FREQUENCY
E@ FREQoux = (RATIOqHyNFREQupaiN * DLTA-Foux)
V V VUV
™Y FREQguy = (RATIOGHYIFREQuaiy + DLTA-Fguy)
/\\/’\\/\vf chy
Page 5-35
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FRONT PANEL

TKEY

PUSH

RELEASE

S5

JCAPABILITIES TRIGGERING
BUS RECEIVER
Page 6-8
GPIB TRIGGER _n._rl__
COMMANDS - 865G Trigger
(Gate) Signal
EXTERNAL
EXTEANAL
TRIGGER i
OR GATE [LEVEL | // Page 4-4, 5-11
e
/ / / Specify
OUTPUT b il A
-1 o GATED ON Slope {+ or —)
verm o T
]
‘ Page 5-11
INTERNAL INTERNAL JUILIL  specity
TRIGGER = Freq
GENERATOR
KEY PROCESSOR
! ! Page 4-18

-
Marker Qut BNC

(FOR MAIN MODES 1-4,
AND SWEEP MODES 7-11,
19-21, AND 26-28.)

3-13




CAPABILITIES MODULATION
FREQUENCY Select
MODULATION Start Freqg Limit (for —1v)
(FM) —— —WUW CH1-4 Stop Freq Limit (for +1V)
+ 1V = 100% modulation
[ 850 | from stari to stop
frequencies.
M MODULATION
in =
-1 EZ SIGNAL Frin >100 uHz
Fraxee MHz
max Page 5-31
PHASE START | PHASE REFERENCE STOP
MODULATION (PM) : PHASE PHASE . MAINFREQ
/ /  (PHASE REFERENCE)
’, \/ .
4
’l
’I
i _CHY AT
~ START PHASE
”I \/ .
oy LAt
’I, \\\ /I \\ ,‘
A ,‘, “\ 7 )
\\ - /; \\ ,,f
- EAnES
VAR ;N / CHY AT
o 4 % A < £ INTERMEDIATE
4 \\ ’ \ ,/ PHASES
- ~ l’ \\ -’
‘,I \\‘ ’I \\ ,’
i ‘\\ ,’ \\ 7
4 h\_/’ \\“”
,I
/ \ S CHYAT
¢ STOP PHASE
(o] ; Y4
] - '
< MODULATION RANGE >
Select
| -1V PMSIGNAL +1V|  Start Phase Limit (for — 1V)
Stop Phase Limit (for +1V)
The 650 i trical  llustrati h START +276° =1V = 100% modulation
permits non-symmetrica ustration shows = from start to stop phases.
values such as START = 95° STOP = —270° PP
= 520° Page 5-31
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CAPABILITIES

MODULATION

COMBINED
MODULATION
(FAIPM)

START FREQ
REF PHASE

N

]
§

\V V

CHAN
START
PHASE

STOP FREG
REF PHASE

I/\ / S “

| CHAN
~—————i STOP
| PHASE

..

CHW
MAIN FREQ
(SWEPT FREQ,
4 HELD PHASE?)

CHX, Y, Z
— 1 (SWEPT FREQ,
l‘ SWEPT PHASES)
650 i
[
START FREQ STOP FREQ
START PHASE - STOP PHASE
-1V +1V
START FREQ STOP FREQ
CH1 START PHASE CH1 STOP PHASE
CH2 START PHASE Specify ——sl CH2 STOP PHASE
CH3 START PHASE CH3 STOP PHASE
CH4 START PHASE CH4 STOP PHASE
*ILLUSTRATION SHOWS CHW HELD AT ©°
{(START PHASE = STOP PHASE = 0°)TO
SHOW PHASE REFERENCE FOR OTHER CHANNELS.
Page 5-31
AMPLITUDE
MODULATION
(AM)
CH X OUT
{100% Moduiation)
CH X AM IN
Page 5-47
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CAPABILITIES SHIFT KEYING
SYNCHRONQGUS Select
SHIFT AA N CH1-4  High freq
KEYING =
o VATL/RV
i
e |
i ! .
] KEY SIGNAL
Page 5-26
ASYNCHRONGUS Select
FREQUENCY
Low freq
SHIFT CH1-4 Hi
SHIET N A M\/f\ igh freq
KEVING \TAVARV,
[est]
1 KEY SIGNAL
Page 5-26
ASYNCHRONOUS Sweep Mode § (Extr-Seq)
MULTIPLE
FREQUENCY (\ f,\ ﬁ ﬂ Select
SHIFT KEYING . U EU U \‘ Up to 99 frequencies
| in any order.
gsa E
3 i
[ 1 TRIGGER (POS OR NEG)
t
POS NEG
Page 5-29
ASYNCHRONOUS Sweep Mode 19 (Exir-Seq)
MULTIPLE ' i
PHASE SHIFT - N A Select
KEYING \/ V : Up to 99 phases in
! I : any order.
650 f : s
oo TRIGGER (POS OR NEG)
POS  NEG

Page 5-29
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CAPABILITIES

SWEEP PROGRESS INDICATCRS

SCREEN SWEEP

650

Specify
MONITOR [CURBENT VALUE]\ Monitor freg or phase.
SCREEN If phase, specify channel.
FREQ
ANDIOR |
PHASE
STOP&“ P}
i
i
i
1
i
1
1
_ i
START :
TIME | _ ivE _
Page 5-20
SWEEP
MARKER ] MARKER SWEEP | SPECIFY
: Freg Marker freq
FREQ : Phase Marker phase
ANDIOR !
PH ASCF)E : Both Marker freq
STOP [-—=-———5~-——~—
"
1
_______ i
: 1
t
MARKED |
VALUE
START @ f
SWEEP!
TME 2 o TimE Page 5-20
SWEEP SOV | = o o e
HORIZONTAL QUT oV /")-j/HOREZ ouT
FREQ t
ANDIOR |
PHASE |
{
STOP :
|
f
I
H
i
/ :
i
|
START |
I
L TIME
SWEEP
TIME
Page 4-4
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INTRODUCTION

41 INTRODUCTION

This section summarizes 650 operation. New operators

SECTION

OPERATION REFERENCE

operation, Experienced operators shoulduse itasaquick

should review this material 1o get an overview of reference guide.

Contents Function Page

4.2 Front Panel Locates and describes the front panel controls. 4-2

4.3 Hear Panei Locates, describes, and electrically specifies the rear panel 4-4
connectors and switches.

4.4 Operating Principles Shows how the 650 produces coherent waveforms and how the 4-6
primary menus relate to the production method.

4.5 Menu Keys Sheows the menu trees called by the menu keys, describes the soft 4-8
keys in the menus, and provides general operating information.

4.6 Function Keys Describes the function and operation of the non-menu keys. 416

4.7 Programming Charts Gives keystroke-by-keystroke exampies that set up the six basic 4-20

{(Examples)

operating modes.
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FRONT PANEL

4.2 FRONT PANEL

This part briefly describes the functions of the menu
keys, the function keys, the soft keys, the numeric
keypad, and the cursor conirois.

Menu Keys. Each menu key calls to the screen a single
menu or the first menu in a tree of menus. See section
4.5 for the full structure of each menu tree. The text
indicates menu key names with reversed type.

The BB menu tree (10 soft keys) determines the
main frequency and the malin operating mode (con-
finuous, triggered, gated, burst, phase lock).

The FhERE menu tree (17 soft keys, one tree per
channel) controls each channel's waveform,
amplitude, offset, phase delay, and ouiput
impedance.

The FIEEE menu tree (6 soft keys) sets the internal
trigger frequency and the voltage level and siope
response to an external trigger signal.

Thef
and estabhshes limits, time, and monitoring for the
28 modes of frequency and phase sweeping.

The [ menu tree (47 soft keys) controls display
readability, back-lighting, beep tone, master/slave
synchronization, calibration, self-test, and the func-
tion of the Held Input connector.

The EEE) menu tree (6 soft keys) sets the GPIB
address, displays the GPIB buffers and command set,
generates service requests, and returns control to
local operation.

The EBHCEIESHIES menu tree (4 soft keys)
storesfrecalls 25 instrument setups 1o eliminate
manual reprogramming of frequently used setups.

The BEEE menu tree (2 soft keys) resets the 850 to
the power-up condition or restores the output after
an overload disconnect.

Function Keys. Function keys perform when you press
them; they do not cali menus 1o the screen. See section
4.6 for a full description of each key’s action. The text
indicates function key names with reversed type.

The [EEhREREET function key selects a particular
channel menu tree for programming. Press el
EMERE, then the digit of the channel,

The TErREEEL function key triggers or gates the
650 from the frant panel.

The BRI function key holds sweeps from the
front panel.

The EREIETTEEL function key caiibrates the 650 for
the current instrument settings. This calibrationtakes
less than 5 seconds.

The 255N key allows the exponential entry of large
numeric values. For example, you can enter one
mitlion as 1000000 or as 1E6.

1E6 = 1E{xponent}s = 1 x 108

The BEEH kev erases unexecuted numbers (see the
jslET key description in section 4.6).

eni key tells the 650 to accept and use the
1ust—keyed number and all pending parameters {see
the TEEEAT key description in section 4.6).

Soft Keys. The “soft” keys (F1 through F6) have chang-
ing functions determined by labels displayed in the cur-
rent menu directly above the keys. The text indicates soft
key names with all capital letters. Pressing a soft key
either selects the current function or calis a new menu
with a new set of functions. The menus display non-active
functions in lower case and active functions in upper
case. Section 4.5 shows the menus and their calling
sequences.

Numeric Keypad. The numeric keypad allows youtokey
in positive or.negative numbers directly or in scientific
nofation, to erase incorrect numbers, and 10 execute
{enter) numbers.

The g keys aliow the entry of fixed numbers (such
as 5 or 14689.32). To continuously vary a parameter
{for example, from 5 1o 100), use the cursor knob or
arrows.

The EJ (decimal) key inserts the decimal point in
fractional numbers (such as 147.62).

The ¥3

key changes the sign of a numaeric entry.

Cursor Contrels. The cursor knob and direction arrows
can vary parameter values continuously and step
through numbered menu choices {(called modes of
operation). Both actions take effect {require no execu-
tion) as you make them.

Typical Operation. First, press a hard key, such as 25,
to call the MAIN menu. Second, press a soft key (such
as FREQ) to select a parameter from the menu. Third,
enter a number (such as 1000) with the number keys,
Finally, press IEane (o make the 650 start generating
a 1000 Hz main frequency. Optional: Rotate the cursor
knob to dynamically vary the main freguency.
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MENU KEYS

Menus

DISPLAY

Main Channei Trigger Sweapn

Utitity

Stored
Settings

Manua
Trigger,

Hold!
Resume

Channet
Number

7 a 9

Exponent Clear Execute

e FUNCTION KEYS

Cuisk

Galibrate

FUNCTION KEYS ——J

PARAMETER NAMESNMALUES, STATUS MESSAGES
PARAMETER NAMESNVALUES, ERRORISTATUS MESSAGES, PHASEIFREQ MONITOR

]C?ﬁ D

—————— MENU TITLES —————— =~~~ MENU TITLES - -- -
SOFT KEY NAMES  SOFT KEY  NAMES
E i 1 | | !

F F& Fg

£

CURSOR CONTROLS

Cursor Conirof of Numbered Modes

First, use the menus to select
one of the modes in a series,
Then, use the cursor as follows:

STEP
up

STEP
DOWN

STEP
up

Figure 4-1. 650 Front Panel

Cursor Control of Parameters

First, use the menus to select
the parameter. Then, use the
cursor as foliows:

DECREASE b INCREASE
DIGIT WITH DIGIT WiTH
CURSOR CURSOR
INCREASE
DIGIT WITH
CURSOR-

MOVE MOVE
CURSOR CURSOR
LEFT RIGHT
ONE DIGIT ONE DIGIT
DECREASE
DIGIT WITH
CURSOR
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4.3 REAR PANEL
This part describes the functions of, lists the

speciications for, and points to more information about
the rear panel connectors.

Table 4-1. Connector Electrical Specifications
Labet Type Vollage Limiis Impedance Protection Other Specifications
AM In Input 0V io x5V >10k@ + 50Vde
momentary
FMIPM In lnput | —1Vto +1V >1MQ +50Vde
' futl range
Func Cut Quiput | —25Vio +25V | 0Q or 0% + 80Vde Current limit: 500mA
500 mA max
Hold Input Input TTL 1kQ + 20Vde TTL low applies hold
<0.4V, >2.4V ' momentary
Horiz Out Cutput | OV to +10Vde 1kQ + 50Vdc Accuracy: 2%
momentary Resolution: 40mv
Marker Out Qutput | TTL into 509 500 + 20Vdc Ot}tput low when
<0.4V, >2 4V source momentary freg/phase < marker
Phase Cal In fnpUt 40Vp-p max >300Q + 100Vdce No overioad protection when
calibrating
Phase Clear Bi-dir TTL <50Q None Used In master/slave operation
<0.4V, >2.4V only
Phase Synec Bi-gir TT. <506 None Used in master/slave cperation
<0.4V, >2.4V only
Syne Qut Output | TTL into 502 50Q + 20Vde In sync with zero crossing of
<0.4V, >2.4V source momentary channel signal
10 MHz Input >500mVp-p >1kQ, * 50Vdc Input Freg: 10 MHz
Ref In X50Vdce ac coupted | momentary
10 MHz Output { TTL into 50Q 500 * 5Vde Output Freq: 1OMMHz + 5ppm
Ref Cut <0.4V, >2.4V source momentary Fan Out: 10 units max
Trig in Input >B00mVp-p >BkQ + 50Vde Freq: G to >200kHz, 20 ns
<t0Vde momentary minimum
2.048Y Qui Ouiput | 2.048V =5mV TkQ =+ 50Vdc
momentary

4-4



OPERATION REFERENCE REAR PANEL

Table 4-2. Connector/Switch Functions and References

Label Function : Page
AM In Amplitude modulates the channel’s cutput signal. 5-47
FMIPM In a. Frequency modulates all channels. 5-31
b. Phase modulates one selected channel, 5-31
¢. Simultaneously modulates frequency and phase of all channels. 5-31
Func Qut Supplies the main output signal of the channei. 57
Hoid Input a. Holds sweep. 5-37
b. Holds waveform. 5-37
Heriz Out Indicates % of elapsed sweep time. 3-17
IEEE-488 Acceptis conirot commands from an external computer. 6-1
Marker Qut a. Changes level when sweep reaches a preset value. 5-20
b. Supplies internal or external trigger signal. 5-16
Phase Cal In Measures/corrects phase shift in external units/circuits. 7-16
Phase Clear Synchronizes multiple units in master/slave operation. 7-13
Phase Sync Synchronizes multiple units in master/slave operation. 7-13
Status Out Applies to MATE interface (option 010). —
Sync Cut Channel sync signal. —
10 MHz Ref Qut Provides the master/slave frequency reference signal. 7-13
10 MHz Ref in Accepis a local standard or the master/siave frequency reference signal. 7-13
Trig In a. Triggers one cycle of output. 5.3
b. Triggers a burst of output cycles. 5-3
¢, Gates the ouiput on and off. 5.3
d. Accepts frequency input in phase lock mode. 5-3
e. Triggers sweep modes. 5-24.27
2.048V Qut Internal voliage reference output. —
Address Selector Determines GPIB address of instrument. 2-2
Time Meoter Applies to MATE interface (option 010). —

Phase FM/PM Trig Status
Ctear in tn

Phase Horiz 10 MHz
Syne Out Ref in Out

Elapsed
Tirne

Ch3
€
DR NN S e Selector
. IEEE-488 ﬂ
SR I SIS AN S ©) <@. ﬂ ﬂ

Figure 4-2. 650 Rear Panel
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4.4 OPERATING PRINCIPLES

Basic Operating Principie. The 850 stores waveforms
in RAM memory, then generates output signais by
reading through the RAM addresses in order. The
address-reading rate (10MH2) remains constant
because the phase engine must, between readings,
calculate and load the address register values for the
nextreading. Because the address-reading rate cannot
change, the 650 produces frequency-swept and phase-
swept waveiorms by skipping intermediate addresses.

RAM Memory. For simplicity, figure 4-3 shows a sine
wave stored as five points. In reality, the 650 stores the
waveform as 8192 points. This resolution allows great
latitude in skipping steps before the output signal suffers.
Qutput resolution decreases only for extremely wide and
fast sweeps.

Waveform Changes. To change a channel’'s output
waveform, the 850 simply loads a new waveshape inthe
RAM. Each channel can produce a different waveform
without affecting phase coherence between channels.

Equivalent Addresses. The “‘equivalent addresses”
shown with the RAM make the example easy to follow.
In actual operation, the phase engine loads the registers
with adjusted values that produce reai RAM addresses
instead of the equivalent addresses shown.

BAC/Filter. The digital-to-analog converter converis the
digital amplitude values emerging from the RAM into a
stair-step waveform. The 2MHz output filter removes the
1OMHz clock frequency and its harmonics to produce
a smooth analog waveform.

Simple Examples. Follow the table for each exampie to
see how the values loaded in the frequency and phase
control registers produce the fixed frequency, swept fre-
guency, and swept phase outputs shown.

Swept Phase lllustration. The swept phase illustration
shows three snapshots in the teftward progressionof a
sine wave. The wave begins in the position shown in the
top figure. The middle figure shows it after it jumps 80°
tothe left, and the bottom one shows it after another jump
90° to the left. in actual operation, these large jumps
would consist of thousands of very small jumps that
would produce a smooth sweep.

4-6

360°  1st
o Jstep

Realistic Exampie. The phase engine actually loads a
phase value (such as 0.9°) into the frequency control
register. The phase value accumulates in the summing
register at the fixed clock rate (10MHz for the 650}. This
phase accumulation controls addressing of the RAM
rmemory and therefore the frequency of the waveform.
To see more realistically how this phase accumulator
technigue works, assume a phase value 0f 0.8° and a
ciock rate of 10MHz:

09 10x 10° steps . loycle  9x 10% eycles
step 1 second 360° 360 seconds

= 25 kHz output.

360°  1step

X = 400 discrete steps in each cycie of a 25 kHz output.
cycle 0.g°

Next, assume a phase value of 9° and a clock rate of
1OMMz:

9°  10xi0°steps  1cycle x 10°% cycles .
— X i X y = %0 y = 250 kHz output.
step 1 second 380° 380 seconds

| o0 =40 discrete steps in each eycle of a 250 kHz output.
cycle

Main Menu. When you enter a frequency in the main
menu, the 650 loads the non-changing phase value that
will produce that fixed frequency into the frequency con-
trol register.

Sweep Menu. Whenyou enter START and STOP frequen-
cles inthe sweep menu, the 850 converis these into the
incrementing series of phase values that it loads
successively into the frequency control register as the
sweep progresses. All channels sweep frequency
simultaneously. Similarly, when you enter different
START and STOP phases for each channel inthe sweep
menu, the 650 converts these into a separate series of
incrementing values for each channel, then loads these
serles successively into the phase control registers of
the channeis as the sweeps progress. Each channel
sweeps phase independently.

Channel Menu. When you use the channel menu to select
a waveform for a channel, the 650 loads that waveform
into the channel's BAM. Similarly, when you enter an
amplitude and voltage offset for the waveform, the 650
loads these values into the channel’s amplitude and off-
set chreuits. Finally, when you enter a fixed phase shift
for a channel, the 650 loads the value that will produce
that shift into the channel's phase control register.



OPERATION REFERENCE : OPERATING PRINCIPLES

CHANNEL 1
PHASE
> GONTROL :
REGISTER r}1e]10 (201 21
1311491516 |17 EQUIVALENT
g il 12113 ADDRESSES
Tslety 819
+] Sil21al4]85 i+ aDDRESS
AMPLITUDE
DATA OFFSET FUN
\‘o‘, cuT
FAM MEMORY /\_/
PHASE FREQUENGY SUMMING
CONTRO
ENGINE :> REGISTE; REGISTER
CHANNEL 2
T7E18118120] 21
1311411818171 U EQuivALENT
s 11041112013 | ADDRESSES
_ i5i61718i8
4 1z} al4is le—apDRESS
Gara §1 o AMPLITUDE
BATA Wy, \‘ o oAC 2 NeHz freth s
PHASE : \‘/' :> FLTER T ORFSET 5%?'6
> CONTROL
v REGISTER FYYTEYTIvEY "Jl"i.\_,.r /‘\/
FIXED FREQUENCY, Freq Sum Register Phase ) FIXED FREQUENCY
FIXED PHASE Ctrl Ctrl RAM
EXAMPLE Reg Old New Rey Adr Time 2 §
{ +1 0 |= 1 + 1 = 2 jat| T1
1l =] 2 tel 1 I=] 3 laf T2 s . 4 \y
1 + | 2 | = 3 + 1 = 4 Jat] 713 ¥ i
i +1 3 = 4 + 1 = 5 Jati ™
1 +1 4 iz 5 + 1 = & jaty T8
T+l 5= 8 |+ 1 =] 7 |at| T8 3 g
T T2 13 T4 15 6 17
t t
Fixed Frecuancy Fixed Phase (80°}
SWEPT FREGUENCY, Freq Sum Register Phase SWEPT FREGUENCY
FIXED PHASE Ctrl Cir RAM
EXAMPLE Reg Oid New Reg Adr Time 8 w0
1 +] 0 {= 1 + G = 1 ati T1
2 + 11 | = 3 + ] = 3 jat: T2
3 + 13 1= 6 + 0 = | 6 jat] T3
4t 6 j= ] 101+ 0 (=110 lat] T4
5 j+ W0i=1]15 | +] 0 | =115 jat] T5
& + {15 21 + 0 =] 21 tat| T8
t ot
Swept Frequency Fixed Phase {0°)
SWEPT PHASE
SWEPT PHASE, Freq $um Register Phase
FIXED FREQUENCY Cirl Cird RAM
EXAMPLE Reg Otd Maw Reg Adr Time
T
1 +i 0= 1 + 1 = 2 Jati 11
i +p 1= 2 + 2 = 4 jat| T2
1 + 102 i= 3 + 3 = 8 jati 13
1 i+ 13 =14 |+ 4 =1 8 latl Ta T2
1 + 14 | = 5 + 5 =1 10 jati T5
T+l 5= 8 |+ 8 |=|12 |at] Te
T3
t 13
Fixed Frequency Swepl Phase

e [HRECTION OF SWEEP

Figure 4-3. How the 650 Generates Phase-Coherent Waveforms 4-7
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4.5 MENU KEYS

of menus. The following diagrams show the structure and
define the terms of each of the menu trees. The diagrams

The 650 has eight menu keys. kach of these keys calls appear in this order: Main, Trigger, Channel, Sweep,
to the screen a single menu or the first menu in a tree Utility, GPIB, Slored Settings, Reset.
MAIN
FREQ ENTER MAIN FREQUENCY CONT
pun ]
z ENTER MAIN FREQUENCY TRIG
gl | PERIOD |
[Main g IN TERMS OF PERIOD é
< | MODE st 1y | A-GATE
= b
0
ENTER NUMBER OF =
BURCNT CYCLES IN BURST > | SCGATE
3
BURST
The [JEL] key atfects all channels.
PHSLK
A-GATE MODE Selects asynchronous output gating.
BURCNT Enables entry of number of cycles generated in the BURST mode.
BURST MODE Selects a triggered burst output of BURCNT cycles.
CONT MODE Selects a continuous output.
FREQ Enables entry of a numeric value for output frequency.
MODE Causes display of main mode menu.
PERIOD Enabtes entry of a numeric value for output frequency in terms of period.
PHSLK MODE Locks the main frequency generator to an external signal.
S-GATE MODE Selects synchronous cutput gating.
TRIG MODE Allows external signal to trigger one cycle of output waveform.
TRIGGER
| FREQ w1 ENTER TRIGGER FREQUENCY
g
el
+~ { LEVEL e ENTER TRIGGER LEVEL
w | EXTRNL
o
3
@ | INTRNL
w | POS
o
9
v [ NEG
FREQ Enables entry of a frequency for the internal trigger.
LEVEL Enables entry of a numeric value for the trigger or gate threshoid voltage.
EXTRNL Selects external trigger source (external signal or FEETEGTERI key).
INTRNL Selects internal trigger source.
POS Selects triggering on rising slope of external trigger signal.
NEG Selects triggering on falling slope of external trigger signal.




AMPL

BC
DELAY
DUTY

FUNG (MENU)
OFE

OFFSET

ON-0Q

ON-509
OUTPUT (MENU)
PHASE

RAMP

RATIO

SHIFT
SINE
SQUARE
TRIANG

OPERATION REFERENCE MENU KEYS
CHANNEL
_ OFF
=
rd
LJ
=
SHIFT E | ON-500
1 i
- 5
2 )
2| ourput On-0Q
wd
w
z TTER FREG
ENT
3| PATIO 1 MULTIPLIER
SHIFT ol 5
8 N L T Y
o ENTER PHASE
2 L | DELAY *{ SHIFT IN SECONDS
Gl ampL ENTER WAVEFORM z
= T AMPLIT : -
i WDE ENTER DUTY
- pUTY %1  CYCLEIN %
=
< __[ENTER OFFSET
F
5 OFFSET VOLTAGE
m SINE
&
= ENTER PHASE 5
5| PHASE SHIFT IN DEGREES 2
Z £ ! TRIANG
s
1.9
FUNC - G
' % | sauare
=
=
5
21 ramp
'...
=2
o
DC

Enabies entry of a numeric value for amplitude in volts peak-to-peak. AMPL
dispiays value in volts p-p and rms.
Selects DC as the output waveform (voitage determined by OFFSET).

Enables entry of a numeric value in seconds for waveform phase shift.

Enables entry of a numeric value (in percent) for the duty cycle of square or
ramp waveforms.

Causes display of the output waveform menu.

Opens the channel output relays.

Enables entry of numeric dc offset for the selected waveform.

Selects 0 ohm output impedance.

Selects 50 ohm output impedance.

Causes display of the output menu.

Enables entry of a numeric value in degrees for the phase shift of the output.
Selects ramp output waveform (DUTY determines duty cycle).

Enables entry of a numeric integer from 1 to 99 that sets the frequency of
the channel to a multiple of the MAIN frequency.

Selects the four active soft keys of the eight soft keys displayed in the menu.
Selects the sinusoidal output waveform.

Selects the square output waveform (DUTY determines duty cycle}.

Selects the triangle output waveform.
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SWEEP
HOW TO SET UP A SWEEP

1} Select a sweep mode from the List of Sweep Modes (below).

2) Find the mode's column in the Sweep Mode Parameters Chart (overleaf),

3) Head down the column to determine the parameters required by the mode.

4) Enter the parameters using the sweep menu tree for guidance.

5) Start the sweep by stepping through the menu tree o the sweep mode number.

—Hjode Numbers—
Sweep Mode Freq Phase Both Brief Description
CONT-RESET 1 13 24 Continuous sweep with automatic reset.
CONT-REVERSE 2 14 — Continuous sweep with automatic reverse.
TRIG-RESET 3 15 — Triggered sweep with automatic reset.
TRIG-REVERSE 4 16 — - Triggered sweep with automatic reverse.
LIST GF TRIG-HOLD-RESET 5 17 25 Triggered sweep/hold, triggered resetinold.
SWEEP MODES | TRIG-HOLD-REV 8 18 e Triggered sweep/hold, triggered reverse/hold
SYNC-FSK 7 — o Frequency shifts on fiext zero crossing after trigger.
ASYNC-FSK 8 e e Frequency shifts immediately on trigger.
EXTH-SEQUENCE 8 19 26 Trigger causes fjump to next step in sequence.
CONT-SEQUENCE 10 20 27 Continuous stepping through sequence.
TRIG-SEQUENCE 11 21 28 Trigger causes one pass through sequence.
EXTERNAL-FM 12 - — External signal frequency modutates ouiput,
EXTEBNAL-PM e 23 — External signal phase modulates output.
EXTERNAL-FM/PM e — 29 External signat frequency and phase modulates output.
DELTAFREQ — 22 e Shifts frequency of one channel by DLTA-F.
FREQ modes sweep the frequency of all channels simultanecusly.
PHASE modes sweep the phase of one selected channel.
BOTH modes sweep both frequency and phase of all channels.

SWEEP MENU TERMINOLOGY

CENTER/SPAN  Enables entry of sweep limits in terms of CENTER/SPAN parameters.

COMP Selects compensation of amplitude and phase errors during sweep.

DELTA Shifts the output frequency of one channel by the amount DLTA-F.

FUNC Determines the sweep function: linear, log, random, sine.

INDEX Enables entry of a reference number for each phase or frequency step in a series
of discrete phase or frequency steps.

LIMIT Enables entry of a number that specifies the highest index number programmed in
a sequence of phase or freguency steps.

LIMITS Causes display of the sweep limits menu.

MARKER Enables entry of the phase or frequency value that wilf cause the Marker Out con-
nector to change level.

MODE Causes display of the sweep mode menus. Each mode generates a specific
sweep behavior. The 650 has 29 sweep modes (listed above).

MONIT Enables the display on-screen of the current value of the phase or freguency as a

sweep progresses.

STARTISTOP Enables entry of the sweep limits in terms of START and STOP parameters
{START can exceed STOP in value).

TIME Enables entry of a numeric value for sweep time for the continuous and triggered
sweep modes. Determines, with LIMIT, the time per step in sequenced modes.
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SWEEP

SWEEP SELECT MENU

OFF

FREQ

PHASE

BOTH

COMP

MONIT

SWEEP MONITOR MENU

PHASE | FREQ | OFF

=) ._[CONT FREQ SWEEP MODE MENU
MODE z| CONT RESET | AEVEFS
=
& 2 RIG _ [ TRIG FREQ SWEEP MODE MENU
= = 5 RESET [REVERS|[HLD/RSIHLD/RV
: gy oree ONO) ®
4 3 sgg:gs ._['FREQ SEQ MODE MENU |SEQ CONTROL MENU]
S 2 "V EXTRNL [ CONTT TRIG |INDEX]LIMIT | FREQ
et 1]
= E| exrev B @ |
o SAME
o PARAMETER
2 LTS T FREQ SWEEP LIMITS MENU
5 START | STOP |CENTER| SPAN
Z FUNCTION AND TIME APPLY
§ MARKER {——s={ ENTER MARKER FREQUENCY ] SIMULTANEOUSLY TO PHASE
1 - (oWEER RO AND FREQUENCY SWEEPS
b T LINEAR | LOG | SINE [RANDOM
TIME ENTER SWEEP TIME |
CONT CONT PHASE SWEEP MODE MENU
FUNC 2 RESET | REVERS
e Y L&) B
% a TRIG [ TRIG PHASE SWEEP MODE MENU
i= 2 " [ RESET JREVERSIHLD/RS{HLD/RV
2| MooE =it ® ® ®
i
g | seance PHASE SEQ MODE MENUISEQ CONTROL MENU
< y EXTRNL| CONT | TRIG |INDEX|LIMIT| PHASE
< <L
- &| DELTA [23)- 9 @ f
W EXT-PM RELATED '
= . PARAMETER
§ DLTA-F jusmd ENTER FREQ FOR DELTA MODE Jeend
I
& PHASE SWEEP LIMITS MENU
LIMITS =
START | STOP | CENTER | SPAN
MARKER —=!  ENTER MARKER PHASE |
COMBINED FREQ/IPHASE SWEEP MENU
CONT| TRIG | EXTSEQ] CNTSEQITRGSEQ[EXTRN
COMPENSATE AMPL/PHASE WHILE SWEEPf:)B;\\ SWEEP MODE
YES NO
! NUMBERS
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SWEEP

Chart
Function

Modes

Parameters

Exampie

FREG Modes

PHASE Modes

BOTH Modes

Parameter

Main Freguency
Start Frequency
Stop Frequency
Sweep Function
Sweep Time
Index/Frequency
Sequence Limit
Select Channel
Phase

Delay

Start Phase
Stop Phase
Dita-F
index/Phase

EXPLANATION OF THE SWEEP MODE PARAMETERS CHART

1) Gives the parameters required io set up each sweep mode, and
2) Distinguishes between system and channel parameters,

Builets (@) indicate each mode’s required parameters. Deltas (A) indicate each
mode’s optional parameters.

Each box represents one sweep mode parameter. Full-width-box parameters control
all channels simultanecusly. Narrow-width-box parameters control individual channels.

The builets in the column for modes 1-2 (CONT-F} teli you to enter a start frequency, a
stop frequency, a sweep function, a sweep time, and optionally, a marker frequency
and channel phases and delays.

ALL channels sweep frequency according 1o the active FREQ mode and the
parameters entered for that mode in the sysiem parameters table,

ONE channel (selected by the [P Toa key) sweeps phase according to the ac-
tive PHASE mode and the parameters entered for that mode in the parameters table
of the selected channel.

ALL channels simultaneously sweep frequency and ALL channels independently
sweep phase according to the active BOTH mode. The frequency parameters entered
in the system table define the frequency sweep, and the phase parameters entered in
the separate channel tables define each channel’s phase sweep.

To hold the frequency fixed while sweeping phase in all channels, set both START
FREQ and STOP FREQ to the desired frequency. To hold the phase fixed in a
particutar channel, set both START PHASE and STOP PHASE for the channet to the
desired phase or, for sequenced modes, set each step of the sequence to the desired
phase value.

Keystrokes Required

[E@ FREQ (Enter number)

Eaag FREQ LIMITS START (Enter aumber)

Bt FREQ LIMITS STOP (Enter number)

RN FREQ/PHASE FUNC (Choose LINEAR, LOG, SINE, or RANDOM)
Eiaad FREQ/PHASE TIME (Enter number)

g FREQ MODE SEQNCE INDEX/FREQ (Enter numbers)
FREQ/PHASE MODE SEQNCE LIMIT (Enter number)
EEALIT (Enter numbern)

RN PHASE (Enter number)

Pl SHIFT DELAY (Enter number)

Eiaaad PHASE LIMITS START (Enter number)

PHASE LIMITS STOP {(Enter number)

PHASE DLTA-F {Enter number)

PHASE MODE SEQNCE INDEX/PHASE (Enter numbers)

Frequency Modes |3 FREQ MODE {Choose mode)
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SWEEP
SWEEP MODE PARAMETERS CHART
Modes
Both Phase Freq
S\g cls 15125 |alcloale
HHEHEEEEEHREHE
HEAHEHHREHERHEE
x5 EI8|3| 8|8 E|S|u|8|5|5]8 Parameters
e & & @8 Main Frequency
® 8 e @&le Start Freguency
® @ ®'® Stop Frequency
@ 2 @ Sweep Function
& & @ el e @ ® e @ Sweep Time
[ ] Sequence Frequency Table
@ ® ® Sequence Limit
A Al A A A A Marker Freguency {Optional)
2 &' 0 @8 @2 8- &2 &2 Seiect Channel 1 Select Channel 2
AL A3 A%L A% AL AL A A | A | CH1 Phase (Optnl) CHz2 Phase (Optnl)
Al Al ARl A3 AR AL A A | A | CH1 Delay {Opinl) CH2 Delay (Optnl)
® el ele & @ CH1 Start Phase CH2 Start Phase
& ® @) @ & & CH1 Stop Phase CH2 Stop Phase
® CH1 Dlta-F CH2 Dlta-F
® ™ CH1 Seq Phase Table | CH2 Seq Phase Table
A AC AY A% CH1 Phase Marker CH2 Phase Marker
& @ &% @ ®° & @ ha——Trigger
@ % & e A O ULRTEON SigNA

€ BRequlred parameter.
A Optional parameter.
e ' Sclect and enter phase sweep parameters in all channeis.
® 2 Sslect and enter phase sweep paramelers in one channel.

43 The channel selected to sweep phase will ignore PHASE and DELAY.

44 The channel selected to sweep phase will drive Marker Cut.
85 Al sequence modes except 10, 20, and 27 require triggering.

L S31gvL SHILIWYHYL TENNVHD — b T1GY L SHILTWVYY D WILSAG——
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£ | SWEEP fa=f MAKES Hold Input CONNECTOR HOLD SWEEPS |
3
I | WAVFM *’{ MAKES Hold input CONNECTOR HOLD WAVEFORM VOLTAGE I MANUAL CAL PROCEDURE
g (USE CURSOR TO STER)
Z | INDEPN CONFIGURES THIS 650 AS STEP 1: 10 MHz REF
o AN INDEPENDENT UNIT
b STEP 2: AMPL ADJ
CONFIG g CONETGURES THIS 650 AS THE MASTER
g |MASTER = IIN A SYSTEM OF SYNCHRONIZED UNITS | STEP 3: DAC IMPEDANCE
L
z _ . I STEP 4: 1 kiHz DISTORTION
81 sLave b JCORTIGURES THIS 650 AS A SLAVE IN
© "{ASYSTEM OF SYNCHRONIZED UNITS | STEP 5: 50 WAVE AMPL ADJ
CONFIGURATION SELECTS MENU STEP 6: SINE WAVE AMPL ADJ
- M - ~
y § i STEP 7, WAVEFORM ABERRATIONS
MANUAL MANUAL MANUAL < § (PROVIDES INSTRUMENT SETUPS)
EXTANL EXTRNL EXTRNL je=] CALIBRATES EXTERNAL AMPS |
_ | ENABLE @ | ENABLE | || ENABLE fe MAKES THE 650 RUN CALIBRATED |
> = B
CAL = 2 c
2| DISBLE 3| orsBig Z| DISBLE o] MAKES THE 650 RUN UNCALIBRATED |
w ] vt a
o < = <
< o b 3]
z ¢| starT &1 START O START feed RUNS AUTO CALIBRATION |
[=] = = -
o = 5 2
% << = <
ABORT ABORT ABORT fe=] STOPS AUTO CALIBRATION |
&1 START e} RUNS SELF TEST (RUNS TESTS IN NUMBERED ORDER) }
E
@ | ABORT o] STOPS SELF TEST |
TEST
5 o |ROM TESTS ROM 1
-
o 23 | RaM TESTS RAM 2
[ o Lk
1 sELECT faf | SHMLD pep S5 | BATT a-§ TESTS BATTERY 4
% EX- R =1 TESTS GPIO 5
£ ¥ | AJODAC =] TESTS SAMPLE/HOLD DAGC 10
BVM TESTS DVM 3
PK-DET TESTS PEAK DETECTOR 18
— . 3 | PH-DET TESTS PHASE DETEGTOR 20°
BeEp CONTROLS BEEPER O 2
USH ONIHOFF g RFICAL [aned 5] E HMRF TESTS 10MHZ REFEF“ENCE 7
% 2 éfﬁ - | BXTTRG TESTS EXTERNAL TRIGGER e
. =
z CONTROLS DISPLAY :cu? £|PLL a=f TESTS PHASE LOCK LOOP 23
5| BACKLT LIGHT PUSH ON/ = @1 INTTR -
2 Poas OFE g G TESTS INTERNAL TRIGGER 24
P-4
m
& , PHENG JTESTS PHASEENGINE B
CONTROLS DISPLAY PHACC 2ok JESTS PHASE ACCUMULATOR 18
VIEW READABILITY (USE
CURSOR KNOB}
5 | WAVDAC TESTS WAVEFORM DAC 8
2 | FILTER TESTS WAVEFORM FILTER g
5 | AMPCTL TESTS AMPLITUDE CONTROL 1
& | ampcup w4 TESTS AMPLITUDE COMPENSATION | 12
DAC OUTleed B 1 X¥YMUL TESTS XY-MULTIPLIER 13
r OUTAMP sd TESTS OUTPUT AMPLIFIER 14
2 | latten =4 TESTS ATTENUATOR 15
£ |3 |pRoTEC ==q TESTS OUTPUT PRGTECTION 16
£ | ¢ |sasvMMm -] TESTS SQUARE WAVE SYMMETRY | 17
= SYNC TESTS SYNC OUT 22
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GPiB
o ADRS
O
S i smQBurE
>
3
% | LSNBUF
]
SYNTAX
o | LOCAL
I
LEd
? 1 sra
ADRS Enables programming of GPIB instrument address from the front panel {power loss will
cause reversion to rear-panel address).
LOCAL Returns instrument control from GPIB bus to front panel.
LSNBUF Causes scrolling display {use cursor knob) of ali commands received.
SRQ Sends service request to instrument controlier.
SRQBUF Causes scrolling display {use cursor knob) of all SRQ messages generated by the 650.
SYNTAX Displays complete list (use cursor knob) of all GPIB commands.
STORED SETTINGS
2 stone a]  ENABLES STORAGE OF
é INSTRUMENT SETUPS
u - ENABLES RECALL OF
g | RECALL INSTRUMENT SETUPS
.
[
w _ INACTIVATES STORED
g DISABL e SETUPS
it}
i
0 © REACTIVATES STORED
t | ENABLE - SETUPS
STORE Enables storage of the current instrument setup in any one of the 25 setup storage
locations. _
RECALL Enables recall of an instrument setup from any of the 25 storage locations and from the
lost-power location. _
DISABL Enables inactivation of any storage location. Inactivation does not change the instru-
ment setup stored in the location.
ENABLE Enables reactivation of a storage location.
- RESET |
PARAMS Resets all output parameters {o power-up conditions.
2 PARAMS QVLOAD Closes any output relay opened by the overload detector,
s
|
LLi
&
| OVLOAD
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4.6 FUNCTION KEYS

This section describes the function and keypad keys. their functions when you press them. The key descrip-
Rather than calling menu trees, these keys perform tions appear in front panel order.

Function: Selects one channel for programming or output generation.

Operation: 1) Press [EEahaiiesad key.
2) Press channet digit (1, 2, 3, or 4).
3) Press BTHEE key or any other menu or soft key,

Programming Qutputs

Select a channel
before entering The channel you select will:
these parameters.
Channel Ampt a) Display its channel number in the upper right corner of the
Channel Offset screen.
Channel Phase
Channel Func b} Sweep phase (if programmed to sweep in one of the phase
Channel Output sweep modes 13-23).
Channe! Ratio
Channei Delay c) Generate the signal for the Marker OQut connector if pro-
Channei Duty grammed to sweep in one of the phase sweep modes 13-18
Sweep Phase or 22-23.

Sequence Table
Sweep Phase Dita-F d) Display its phase offset or current phase on the screen if
Sweep Phase Limiis you have activated the phase monitor.
Sweep Phase Marker

Maniat
Frigger

Function: Allows you to trigger or gate waveforms or sweeps from the front panel.

Qperation: Set up the output you need, then press and release to generate a trigger,
or press-hold-retease to generate a gate.

Uses: Use the [ E BRG] key to:

a) Trigger generation of one cycle of the main output frequency in the TBRI TRIG
mode.

b} Gate the main frequency generator on and off in the [FEI A-GATE and BB
S-GATE modes.

c) Trigger generation of BURCNT cycles of the main output frequency in the [
BURST mode.

d} Trigger frequency sweeps in sweep modes 3-6.
e) Trigger phase sweeps in sweep modes 15-18,
f} Trigger both sweeps in sweep mode 25.

g) Trigger each jump to the next step in frequency andl/or phase in sequenced
sweep modes 9, 19, and 26.

h) Trigger one complete pass through the entire frequency and/or phase sequence
in sequenced sweep modes 11, 21, and 28,

i) Control the shift to the other frequency in FSK sweep modes 7 and 8.
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Function: Allows you to hold frequency, phase, or both sweeps from the front panel.

Operation: Set up and start the the sweep. Press EREEEERN (0 stop and hold the
sweep at any intermediate value. Press again to resume the sweep.

Uses: Use the BRELEEINT

key to:

a) Hold frequency sweep modes 1-8.
b) Hold phase sweep modes 13-18.
¢) Hoid both sweep modes 24-25.

w Function: Calibrates the current setup of the instrument to the highest possible
accuracy.

Auto-Cal Method: Auto-Cal takes calibration readings at fixed frequencies between 0
to 2 MHz, then interpolates between them to arrive at continuous calibration curves
for the instrument.

Quick-Cal Method: Quick-Cal calibrates the current setup of the instrurnent, rather
than relying on interpolated values,

When: Use ENERERTEGD when you want to eliminate the errors caused by recent
temperature changes and the possible minor errors caused by auto-calibration
interpolation.

Function: Allows you to enter numbers in scientific notation,

Scientific Notation: Scientific notation expresses a number in terms of its significant
digits multiplied by ten to the appropriate power. For example, 23,340 Hertz converis
t0 2.334 x 10*.

Operation: The following keystrokes series show how to enter numbers into the 650
in scientific notation:

23,340 Hz: EHG FREQ 23340 2
orfiEfl FREC 2.334 [STITET 4 By

Screen: 2.334E4

0.00004285 sec: A PERIOD 00004285 R0
o/ER PERIOD 4.285 By - 5 B9

Screen: 4.285E-5
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Function: Clears the currentiy displayed parameter from the screen and the pending

registers.

Action: The action of [g31§ depends on the contents of the parameter’s pending
register and the state of the screen display. The following table uses I FREQ to
demonstrate IR operation. TE discusses active and pending registers.

A = active register, P = pending register, S = screen display.

Condition 1 Keystrokes: B FREQ 1000 131351,

Register Contents: A =
Press [SI9g:

1000
1000

P = Empiy
P = Empty

S
S

frequency: 1,000 Hz
frequency: 1,000 Hz

Condition 2 Keystrokes:

Register Contents; A =

Press [EEEH: A=

1000
1000

P
P

[ FREQ 1000

i}

Empty
Empty

S
S

[EERT FREQ 500.

frequency: 500
frequency: 1,000 Hz

Condition 3 Keystirokes:

§E FREQ 1000

EErE FREQ 500 FREQ.

4-18

Register Contents: A = 1000 P = 500 S = frequency: 0,500 Hz
old: 1,000 Hz
Press B A = 1000 P = Empty S = frequency: 1,000 Hz
Condition 4 Keystrokes: [fEE FREQ 1000 FREQ 500 FREQ 100.
Register Contents: A = 1000 P =500 § = freauency: 100
Press [EI9: A = 1000 P =500 S = frequency: 0,500 Hz
old: 1,000 Hz
Press fg28R again A = 1000 P = Empty S = frequency: 1,000 Hz
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"1 Function: Controls parameter transfer into the active registers from the pending
registers and the screen.

Parameter: Any numerical value, such as main frequency or channel amplitude.

Active Registers: Each parameter has a separate active register that contains the
value currently controlling the output. For example, 1000 in the active main fre-
quency register would make the main frequency generator run at 1000 Hz.

Pending Registers: Each parameter also has a pending register that contains a
value for the parameter that will become active the next time you press the BN
key.

Screen: The screen display format of a parameter depends on the contents of the
parameter’s pending register. If the pending register contains no value, the screen
will display the active value of the parameter. If the pending register contains a
“value, the screen will display both the pending value (frequency: 500 Hz) and the
currently active value {oid: 1,000 Hz). Both displays will disappear when you start
keying in the new value for the parameter.

One-At-A-Time Loading: Press 28T immediately after keying in a new parameter
value {0 load that new value directly into the parameter’s active register.

Group Loading: Press any other menu key immediately after keying in a new
parameter value to load that new value into the parameter’s pending register. (For
the other menu key, press the first keysiroke In the series of keystrokes required to
bring the next parameter to the screen.) After you finish loading your entire next
setup into pending registers, press SN to simultaneocusly transfer all the pending
values into the active registers.

Automatic Execute. Selecting 2 mode of operation or a function will generate an
automatic execute. For example, pressing [TEIE MODE CONT, EEES FREQ MODE
CONT RESET, or [SEThE FUNC SINE will automatically transfer all your pending
values into their active registers. This action follows the normal programming prac-
tice of first entering all of a mode’s controlling parameters, then activating the mode.

Cursor Execute. The cursor controls automatically execute as they change the
numerical value of a parameter or as they select new modes of operation.
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4.7 PROGRAMMING CHARTS

Function, The programming charis provide step-by-siep
programming procedures for the six basic operating
maodes of the 8650:

Non-Sweep Operation
Sweep Frequency
Sweep Phase

@
]
@®
#® Sweep Frequency and Phase
® Sequence Frequency

®

Sequence Phase

Major Compenents. Each programming char! has
three parts labeled chart, example, and GPIB
example:

¢ The chart column gives the general keystrokes
necessary to set up the mode andindicates where
you must enter the numbers and choose the func-
tions that will customize the output to suit your
particular application.

¢ The example column gives every single keystroke
necessary to generate a demonstration output
signal. These keystrokes set up the mode, enter
specific numbers, and choose specific functions.

» The GPIB example gives the programming
commands necessary 1o produce the demonstra-
tion output.

PROGRAMMING CHARTS

Chart Uses. Use the programming charts for the follow-
ing purposes:

¢ For Training. Connect an oscilloscope (see figure
4-4) and run through some of these charts to get
familiar with machine operation. As you press keys,
follow along in the appropriate menu trees (given
in the menu keys overview section) o fix in your
mind the tree structures. You will learn how the
menus appear onthe screenandgain a feeling for
how the machine operates.

e ToGetihe BigPicture. Since these examplespro-
vide every single keystroke necessary to produce
anoutput, they tie together all aspects of machine
operation. To learn more about the functions of
particular keystrokes, refer to the menu trees or
o the detailed operation section.

¢ Programming Check. If you program a particular
mode that won't work, refer to the appropriate
chart to see if you left out any steps.

Chart Conventions. As you bacome more familiar with
the 650, you will notice that the charts contain some
redundant keystrokes that we included to fix in your mind
the programming process. For example, GEERs PARAMS
just returns the 850 to a known starting point. IBEESe
appears after every number in the chart because we
want to put the numbers into effect immediately (read
the T key description to see how 1o delay execu-
tion). Finally, we typically set up each channel parameter
as follows: Bl AMPL s eI FUNC SINE.
If a menu already displays the next parameter you need,
you den't have io recall the menu: [E¥hnEE AMPL 5
FUNC SINE.

The charts appear in the following order:

Paragraph Chart
4.71 How to Use the Programming Charts
4.7.2 Non-Sweep Operation
4.7.3 Sweep Freguency Operation
474 Sweep Phase Operation
475 Combined Sweep (Frequency and Phase) Operation
4.7.6 Sequence Frequency Operation
4.7.7 Sequence Phase Operation
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CAUTION

The 650 can generate enough power to
damage the 5W feedthrough termination.
Always keep the output signal levels
within the power range of your load.

OSCH.LOSCOPE

REQUIRED: 2 CHANNELS
Py SET: TRIGGER TO CH1
SWEEP 70 0.2 ms/DIV
AMPLITUDE TO 2 VIDIV
CH2 CH1 © O
@@ co0 @ o

50%, sW

COAX WITH BNC CONNECTORS 509, 5W FEEDTHROUGH
TERMINATION (CONNECTS
CENTER CONDUCTOR TO

GROUND THROUGH 509)

650 REAR PANEL

SET GPIB ADDRESS TO 09
FOR GPIB EXAMPLES
(SEE SECTION 2).

Figure 4-4. Oscilloscope Connection for Examples

4-21



OPERATION REFERENCE PROGRAMMING CHARTS

4.7.1 How Yo Use The Programming Charis _
This chart shows how to read and use the programming charts.

THE CHART COLUMN SHOWS YOU THE EXAMPLE COLUMN TEACHES CHART EXAMPLE
HOW TO CUSTOMIZE THE CHART YOU HOW TO GENERATE THE
FUNCTION TO MEET YOUR CHART FUNCTION.

SPECIFIC REQUIREMENTS.

CHART EXAMPLE

ouTPUY

\ et L\

C

\
(O miicates g [:] INDICATES
i
(@/ ALL-GHANNEL ALL [63 SINGLE-CHANNEL
PARAMETER : PARAMETER
CHANM

E

E

E

A

GUTPUTS PRODUCED
BY THE EXAMPLE

—

LARGE BLOCKS PROGRAM PARAMETERS
THAT AFFECT ALL CHANNELS

SMALL BLOCKS PROGRAM
INDIVIDUAL CHANNELS

!
1
1
1
i
1
1
i
[}
1
]
1
1
1
1
'
3
i
i
¥
t
t
L
1
1
1
i
1
1
1
i
]
i
4
}

ENTER KEYSTROKES IN THE
ORDER GIVEN BY THESE NUMBERS — o

TYPICAL EXAMPLE

HOW TO S |\
CH 2

ENTER — | N_/

KEYSTROKES T

1) PRESS THE IRl KEY TO CALL THE CHANNEL MENU.

2) PREES THE AMPL KEY (LABELED J3¢3 ON THE FRONT PANEL
AND “"AMPL” ON THE DISPLAY SCREEN) TO CHOQSE THE
AMPLITUDE FUNCTION.

3} USE THE KEYPAD TO ENTER A NUMERICAL VALUE FOR
THE AMPLITUDE.

4) PRESS THE JESLIER KEY OR THE NEXT FUNCTION KEY
TO ENTER THE NUMBER.

,
rd
N rey

(. SO Oy ——

L=

L
,
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4,.7.2 Non-Sweep Operation

This chart shows how to make the 650 produce phase-shitied non-sweeping outputs.

CHART

PARAMS

®

MODE
®
{Choose mode)}

FREQ

(3) (Enter fraguency)

EXAMPLE

CHARYT

{Enter 1}

_Channgl
SHIFT

l:sj oUTPUT

{Choose
output)

{Enter
amplitude)

[7] FUNC

{Choose
function)

PHASE

!:8:] {Enter

phase
shift}

EXAMPLE

CH 1

L ALL
CHAN

EXAMPLE

CHART

“Channef |
- Number |

= |
2f
o
[
=
o
[
—f

(Chogse

AMPL

(Enter
amplitude}

[] FUNC
12

(Choose
function}

Channel.
PHASE

E3] {Enter

phase
shift)

GPIB EXAMPLE

STEP COMMAND

RST 1
MO
FR 1000
CH 1
o1
AM 5
FNO
PH O
CH2
071
AM 5
FNO
PH 180

PROGHAM
WRITE@T7C9:"RST 1 M 0 FR 1000 CH 1 0T 1

AM 5 FN O PH O CH 2 EX”

SYMBOLS

O AlkChannel Parameters

D Single-Channel Parameters

QUTPUT

CH 1

NON-SHIFTED CHANNEL
{Triggers scope)

CH2

QUTPUT

L N,
N

PHASE-SHIFTED
CHANNEL
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4.7.3 Sweep Frequency Operation
This chart shows how {o make the 650 sweep freguency.

CHART EXAMPLE CHARY EXAMPLE CHART EXAMPLE
PARAMS
®
MODE SHIFT
Cz) CONT Ei} OUTPUT
(Choose {Choose
cutput} output)
Siweep. _Channel
FREG AMPL
(3) LIMITS oM 1 Ea CH 2
{Enter START and {Enter
SYOR limits) amplitude)
Chaniig
FUNC
® i
(Enter sweep {Choose {Choose
time) function) function}
5 FREQ PHASE PHASE
FUNC :]
Cﬁ El (Enter EG {Enter
{Choose sweep phase phase
function) shift) shift)
EET
FREQ GPIB EXAMPLE
(5> MODE
STEP COMMAND STEP COMMAND STEP COMMAND
(Ghoose | Swesp 1 RST1 5 SMD 1 12 CH2
meds) 2 Mo 7 GH1 13 0T1
3 S8TRTF1E3 8 OT1 14 AMS
STOPF 1E4 9 AMS5 15 FNO
4 SBTM 10 10 FNO 8 PH 180
5 SFNO 11 PHG
PROGRAM

WRITE@709:"RST 1 M 0 STRTF 1E3 STOPF 1E4 8STM 10 SFN 6 SMD 1 CH 1 CT 1
AMBFNOPHOCHZOT1 AMSFNOPH 180 EX"
{Sets up 650 and selecis sweep mode 1)
WRITE @ 709:SMD 2 EX" (Seiecis sweep mode 2
WRITE@709:“SMD 3 EX"' {Selects sweep mode 3}
WRITE@T709:"TRG EX”  ({Triggers sweeplavto-reset cycle)
WRITE@709:°SMD 4 EX” {Selects sweep mode 4)
SYMBOLS WRITE@T709:“TRG EX"  {Triggsrs sweeplauto-reverse-sweep cycle)

WRITE@709:"SMD 5 £EX” (Selects sweep mode 5)
WRITE@709:"TRG EX”  (Triggers sweep)
O All-Chancet Parameters WRITE @709 TRG EX”  (Triggers reset)
WRITE @ 70%:"8MD 6 EX" (Belects sweep mode 8)
D Single-Channel Parameters WRITE@70%:"TRG EX"" . (Triggers sweep}
WRITE@T09:"TRG EX"  {Triggers reverse sweep}
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CONTINUOUS
MODE
DEMONSTRATION

FREG

MODE

CONT
{Choose one)

+

RE§£T

OUTPUTS

START

®

i o 1 e

REVERS

FREQ

CHA

STGP
FREQ

{Steps 17 and 18
change the mode you
selected in step 6.}

TRIGGERED
MODE
DEMONSTRATION

| Sweep.
FREQ
MODE
TRIG
{Choose one)
q

¥

RESET

[

5TCRP
FREQ

RESEY

REVIEF!S
|
® |
}
i
i
{

Y

HLEIRS -

REVERSE SWEEP

Steps 11 and 16 hald the

hreguency-sweeping wave-

forms 180° aut of phase
{CH1 = 27 CH2 = 1809

CONTINUOUS SWEEP
WITH AUTO RESET
{Mode 1}

CONTINUOUS SWEEP
WITH AUTO REVERSE
{Mode 2)

TRIGGERED SWEEP
WITH AUTO RESET
(Mode 3}

TRIGGERED SWEEP
WITH AUTC REVERSE
{Mode 4)

TRIGGERED SWEEPIHOLD
WITH TRG RESET/HOLD
{Mode 5)

TRIGGERED SWEEPHOLD
WITH TRIG REVERSE/HOLD
{Mode 6)
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47.4 Sweep Phase Operation

CHART

PARAMS

> =

FREQ

<3> {Enter main

frequency)

G;) {Enter number
of channel to

be phase sweph

Lirs
C5> {Enter START and
STOP limits of
the phase sweep
for the chosen
channel)

'S 5
FPHASE

(5) TIME

{Enter sweep
time)

PHASE
(7) FUNC

{Choose functicn)

{Choose mode)

4-26

EXAMPLE

ALL
CHAN

, This chart shows how to make the 650 sweep phase.

CHART EXAMPLE CHART EXAMPLE

Channel
Nuiiber.

{Enter 1) (Enter 2
SHIFT SHIFT

Eéj ouTPUT 11’9 oUTPUT

{Choose {Choose
output} Outpist)

CH 1

AMBL " AMPL
[i (3
(Enter {Enier
amplitude) amplitude)
FUNC FUNG
[12] [16]
({Choose (Choose
functlon) fungtion)
SYMBOLS

O All-Channe! Parameters D Stngle-Channel Parameters

GPIB EXAMPLE

STEP COMMAND STEP COMMAND

1 R8TH g CHA1
2 MO 10 OT1t
3 FR1000 i1 AMS
4 CHz2 12 FNO
5 &TATPO 13 CH2
STOPP 180 14 OT1
6 STM2 B AMS
7 SFNQ B FNO
g SMD 13
PROGRAM

WRITE@709:"RST 1 M 0 FR 1000 CH 2 STRTP 0 STOPP 180 STM 2 SFN 0 SMD 13

CHIOTT1AMBFNOCH 20T 1 AM S FN § EX"

(Sets up 850 and selects sweep mode 13}

WRITE@709:"SMD 14 EX"' (Selects sweep mode 14)
WRITE @ 709:SMD 15 EX” (Selects swesp mode 15)
WRITE @700:“TRG Ex" {Triggers sweepiautoreset cycie)
WRITE @ 708:°SMD 16 EX" (Selects sweep moda 18)
WRITE @ 700" TRG EX™ (Triggers sweeplauto-reverse-sweep cycle)
WRITE @708:"SMD 17 EX™ {Selects sweep made 17)
WRITE@709:"TRG £X” {Triggers sweep)
WRITE @ 709" TRG EX {Triggers reset)
WRITE@709:"SMD 18 £X (Selects sweep mode 18)
WRITE @ 700:“TRG EX" (Triggers sweep)

WRITE @ 708:“TRG EX” (Triggers reverse sweep)

CH2
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CONTINUCUS CUTPYT
MODE
DEMONSTRATION NON-SWEPT
CH 1 CHANNEL
CHaiinel N (FRIGGERS SCOPE)
Number
(17) T oUTPUT
(Setects CH 2 -\/ * cHg PHASE-SWEPT
for sweeping) k/ \ 7 CHANNEL
\ -
| Sweep
PHASE
MODE
CONT
{Choose cne}
; SWEEP
HESET STOP CONTINUOUS SWEEP
@3) : PHASE WITH AUTO RESET
:I Mode 13
1
1
1
t
f
¥
I
¥
L] CONTINUGOUS SWEEP
REVERS WiTH AUTO REVERSE
{Mode 14}
{Normaity, you
select mode REVERSE SWEEP
in step 8.}
TRIGGERED
MODE
DEMONSTRATION
. Seep |
PHASE
MOBDE
TRIG
{Choose one}
)
¥ sSTOP
RESET TRIGGERED SWEER
! PHASE WITH AUTO RESET
i {Mode 15)
i
1
|
:
;
t
TRIGGERED SWEEP
REVERS WITH AUTC REVERSE
: {Mode 16)
i
i
Qg) : REVERSE SWEEP
]
t
f
HLLRS START STOP TRIGGERED SWEEPHOLD
; PHASE PHASE WiTH TRIG RESET/HOLD
. {Mode 17}
l RESET - TRIG
i
{
i
|
]
¢
L TRIGGERED SWEEPIHOLD
HLD{RY WiTH TRIG REVERSE/MOLD
3 {(Mode 18}
¥
o AEVERSE SWEEP
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4.7.5 Combined Sweep Operation

This chari shows how to make the 650 simultanecously sweep freguency and phase and how to make it independently

sweep phase in separate channels.

EXAMPLE (R)
SIMULTANEQUS
CHARY FREQIPHASE SWEEP
PARAMS
®
 Maio |

MODE

@) CONT

WEED
REG
LIMITS

3
C (Enter START and
STOP limits)

4) (Ee numer
of channs! to

be phase swept}

LIMITS

5) (Enter START and
STOP limits of

the phase sweep
far the chosen
channeb

Repeat steps
Cﬁ) and @ for each

channe! recuiring

phase sweeping

FAEQ (or PHASE)
<7 TIME

{Enter sweep time;
applies 10 both
sweeps)

BOTH

{Choose sweep mode)

EXAMPLE (B)
MULTI-CHANNEL

4-28

ALL
CHAN

CHART

Chahnsl

Numiber

2]
{Enter 1)
Channel

SHIFT
0 QUTPUT

[=1

{Choose
output)

{Enter
amplitude)

FUNC
[12]

{Choose
function)

P ChanTiel |

[13]

Nugnber

{Enter 2}

T SHIFT
@1 CUTRUT

{Choose
autput)

AMPL

(Enter
amplitude}

FUNC

e

Choose
function)

EXAMPLE EXAMPLE

®

CH 1t

Ch2
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EXAMPLE {A) OUTPUTS

CH 1t
\m/

CH2
N4

STARTING WAVEFORMS
{1t KHz and in phase}

EXAMPLE ou*rpu"rs

SWEEPING 360910 SEC

N/
NN

SWEEPING 380°/10 SEC

e

N/
Y

ACTUAL WAVEFORM

GPIB EXAMPLE

SIMULTANEOUS FREQIPHASE SWEEP

phase shift easier
1o see as the
sweep progresses.

ENDING WAVEFORMS
{10 KHz and 180° out of phase}

SCOPE TRIG CH 1
NO SWEEP

SWEEPING 720°/10 SEC

e rs———on oS

CHANGE

Y
—an| SCOPE

SWEEPING 720°/10 SEC TRIGGER

r\“"““‘“}“}‘:_ TOCH?2
I\

N/
\V

SCOPE TRIG CH 2
NO SWEEP

S

DISPLAYED WAVEFORMS

GPIB EXAMPLE

MULTIFCHANKEL PHASE SWEEP

WHRITE@ T09:"RST 1 M 0 STRTF 1000 STOPF 1000 CH 1 $TRATP O
STOPP - 380 CH 2STRTPOSTOPP 360 STM 10 SMD 24
CH1OT1AMS5FNOCH2O0T 1AM S5 FN 0 EX”

(Sets up 650 and selects sweep
mode 24}

STEP COMMAND STEP COMMAND
1 HRST1 1 RST1
2 M0 2 MO
3 STRTF 1000 3 STRTF 1000
STOPF tE4 STOPF 1000
4 CH2 4 CH1
5 SIRIPO % STRTPO
STOPP 180 STOPP - 360
6 -none-— 6 CH2
7 STM 10 STRTPO
8 GSBMD24 STOPP 360
9 CHI1 7T STM 10
10 GOT1 B8 SMD 24
1 AMS 8 CH1
2 FNO 10 OT1
13 CH2 11 AMS
14 071 12 FNO
15 AMS 13 CH2
16 FNO 14 OT1
18 AMS5
PROGRAM 18 FNO
WRITE@T09:"RST + M 0 STRTF 1000 STOPF 1E4 CH 2 STRTP & PROGRAM
STOPP 180 STM (0 SMD 24 CH t OT 1 AM S FN O
EX (Sets up 850 and selects sweep
SYMBOLS
O All-Channel Parameters D Single-Channel Parameters
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4.7.6 Sequence Frequency Operation

This chart shows how to make the 850 step through any sequence of frequencies.

CHART EXAMPLE

PARAMS

MODRE

(2) CONT

FREQ
MODE
3 SEGNCE

INDEY, —ag-—e~ FREQ

{enter {enter
index) | treq)
INDEX FREQ
Enter a series of frequen- N 1000 Hz
cies with INDEX and FREQ 02 2000 Hz
keys {99 steps maximum} 03 3000 Hz
04 A004 Hz
FREQ
MODE

(4) SEQNCE
LIMET

(Enter highest

index number

as the limit)

(5 (Enter total

sweep time}

|
f

Time per step T = SWEEP TIME T=88c = 2 secistep

LIMIT 4 steps
Skip Step & you
choose EXTRNL triggering
in step 6.

FREQ
(6) MODE
SEQNCE

{Choose sweep made)

4-30

ALL
CHAN

CHART EXAMPLE

Channel
Number

[

(Enter 1)

SHIET
[3 OUTPUT

{Choose
cutput}

CH1

_Channal
AMPL

{Enter
amplitude)

FUNC
[10]

(Choose
function)

" Charingl

{Enter 2)

SHIFT
EZ OUTPUT

{Choose
outputy

CH 2

{Enter
amplitude)

FUNC

{Choose
function}
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INDEX 0%
1000 Hz

MODE

2000 Hz

INDEX 02

et

INDEX 03
3000 Mz

INDEX 04
4000 Mz

PSS P S

INDEX 01
1000 Hz

DEMONSTRATION

FREQ
MODE
SEQNCE

NANN
SV

C

{Choose one)

- CH 1

{Normally, you
select mode
in step 6.

GPIB EXAMPLE

STEP COMMAND STEP COMMAND
1 RSTO 5 STM 8
2 MO & SMD 10
3 saQit 7 GH 1
SQF 1000 8 [SE
sQ12 g AM &
SQF 2000 0 FN O
5Q1 3 1 CH2
SQF 3000 12 C7 1
SCH 4 13 AM 5
SQF 4000 14 FNO
4 SQL4
PROGRAM

WRITE @708 RSTOM 0 8Q1 1 SQF 1000 SQI 2 SQF 2000
SQI3SOF30008Q1450F 4000 SGL 4
STMBSMD1OCH 10T 1 AMBFNO
CHZOT1TAMBFNOEX”

{Sets up 650 and selects sweep mode 10°

WRITE@T709:"SMD 11 EX”

(Selects sweep mode 11)

WRITE@709:"TRG £X"

{Triggers one pass through sequence,

WRITE@709:“SMD 9 EX”

{Selects sweep mode B)

WRITE@ 709" TRG X7
{Triggers jump to next frequency

in sequence:

SYMBOLS

Hold frequency until triggered
2
Holdg frequency for 2 seconds

M Triggered step [FEGIEN
{press key)

Auvtomatic step

E

O Al-Channgl Parameters

D Single-Channel Perameters
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4.7.7 Sequence Phase Operation

This chart shows how 10 make the 650 step through any sequence of phases.
CHART EXAMPLE CHART EXAMPLE

EXARMPLE

PARAMS

®

{Enter 1}

SHIFT SHIFT

MODE
(2) CONT [g]oureur E::,‘] oUTPUT
{Choose {Choose
output) output)

CH 1 CH 2

X AMPL
<3> {Enter Number Eﬂ
of chanrel fo
be sequenced) {Enter {Enter
amplitude)j amplitude)

PHASE
MODE
QD SEQNCE

INDEX stz PHASE

{Enter l {Enter

{Choose
funection)

(Choose
function)

index} freq}

/

Enter a series of phases UNCONVERTED CONVERYED
for the chosen channet VALUES VALUES
with the INDEX and B rnar] Lok e
PHASE keys (89 steps oy 3 S T

rraximumy.

ALL
CHAN GPIB EXAMPLE
SEQUENCE PHASE

AUTO CONVERSION - STEP COMMAND STEP COMMAND
The 650 automatically converts any value outside the 1 RSTH sQle
range - 180.00° to + 179.99° te an equivalent vaiue 2 MO SQP - 300
inside the range 3 CHH1 5 8QL6
4 &8Qi1 6 STM 12
; . SQP 0 7 SMD20
- B 5Q12 8 CH1
PHASE SGP - 60 g OT1
5 MODE SQ13 0 AMS
SEQNCE 5GP - 120 it FNO
LiMiT S0t 4 12 CH2
(&nter highest SQP ~ 180 13 0OT1
index number} SIS 14 AMS
SQPF - 240 15 FNO
(65 PROGRAM
(Enter total WRITE@703:  “RST 1 M0 CH 1 5501 1 50P 0 8Q1 2 S0P
sweep time) ~ 80 SQIISQF ~ 1208Q145QP ~ 1808QI
58QP - 2408016 8QP -~ 3008GLESTM
12SMD2CCH I CT1AMSEFNGCH 20T

TAMBFNOEX”

Time per step T:% T :;fjs;ﬂ 2 seclstep {Ssets up 650 and selects sweep mode 24}
o WRITE @ 709: "CH 2 EX”
Skip step 6 if you choose EXTRNL triggeting in step 16. {Enables channe! 2 as the sequencing
channel}

WRITE @ 768 “SMD 21 EX”
(Selects sweep mode 21)
WRITE @ 709: “TRG EX"”

E {Triggers one pass through sequence)}
(7) MODE WRITE @ 709: “SMD 19 EX”
SEQNCE {Setects sweep mode 19)
[Choose sdec;uence WRITE @ 709: “TRG EX"
mode

{Triggers jump to next phase in seqguence)
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EXPANSION OF EXAMPLE STEP

SYMBOLS

Hold phase until triggered
2
Hotid phase for 2 seconds

Triggered step RIEL

D—-—--D Automatic step

O All-Channel Parameters

D Single-Channel Farameters

MODE
DEMONSTRATION

{Selects CH 2
tor sequencing)

PHASE

MODE
SEQNCE
{Choose ong}

@ |
CO?NT/
i

TRIG o]
1

(Mo

{Normatly, you
select mode
in step 7.

- 180°

VARV

- 120°

- BO°

+120°

-~ 120°

+80°

—6G°

CH 2






DETAILED OPERATION

INTRODUCTION

5.1

INTRODUCTION

SECTION

DETAILED OPERATION

This section provides detailed 650 operating information. The menu tree sections appear in front-panel order,

Section

52 B Key Menu Tree

53 Key Menu Tree

5.4 jiceed Key Menu Tree

55 Key Menu Tree

586 T Key Menu Tree

57 ey Key Menu Tree

5.8 ETEIENNEE Key Menu Tree
59 BTN Key Menu Tree

510 Amplitude Modulation

Topics Covered

Overall Operation
Soft Key Operation

Overall Operation
Soft Key Operation

Overall Operation
Soft Key Operation

Overall Operation

Soft Key Operation’
Continuous Sweeps
Triggered Sweeps

FSK Sweeps
Sequenced Sweeps

FM and PM Sweeps
Delta-Frequency Sweep

Configuration Menu
Hold-in Menu
Calibration Menus
Self-Test Menu
Troubleshoot Menu
Environment Menu

Overall Operation
Soft Key Operation

Overall Operation
Soft Key Operation

Overload/Parameter Resets

Inputs/Operation

Page

5-3
5-3

5-4
5-8

511
512

5-13
517
5-22
6-24
526
5-27
5-31
5-35

5-37
5-37
5-38
5-38
5-42
5-42

5-42
5-42

5-44
5-45

5-47

5-47
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MAIN

FREQ oo ENTER MAIN FREQUENCY CONT
=
z ENTER MAIN FREQUENCY TRIG
w1 PERIOD e o]
Main B 2 IN TERMS OF PERIOD g
< | MODE w1, | A-GATE
: g
ENTER NUMBER OF =
BURCNT = CYCLES IN BURST z | SGATE
5
BURST
PHSLK
The [IEX key affects ali channels.
A-GATE MODE Seiects asynchronous output gating.
BURCNT Enables entry of number of cycles generated in the BURST mode.
BURST MODE Selects a triggered burst output of BURCNT cycles.
CONT MODE Setects a continuous output.
FREQ Enables entry of a numeric value for output frequency.
MODE Causes disptay of main mode menu.
PERIOD Enables entry of a numeric value for output frequency in terms of period.
PHSLK MODE Locks the main frequency generator to an external signai.
S-GATE MODE Selects synchrenous cutput gating.
TRIG MODE Allows externatl signal to trigger one cycle of output waveform.

Figure 5-1. Main Key Menu Tree
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5.2 [NENE KEY MENU TREE

Thispartprovides detailed operatinginstructions iorthe
ELEE menu tree (see figure 5-1).

5.2.1 OQOverall Operation

The [EERE menu sets the main frequency of the 650 and
determines the non-sweep operating mode: continuous,
triggered, asynchronous gated, synchronous gated;
burst, and phase locked.

5.2.2 Soft Key Operation
FREQ AND PERIOD KEYS

Basic Freguency. In non-sweep operation, the FREQ and
PERICD keys determine the basic internal non-changing
frequency of the 850. All the channels supply waveforms
with this frequency, and ali the channels relate their
phase toit. You can enter the main frequency either as
frequency or as period, where Period = 1/Frequency.
For 1000 Hz, Period = 11000 Hz = 1 millisecond.

Frequency Modifications. You can: 1) shift the fre-
quency of any channef away from the main frequency
by £1000 Hz {see sweep mode 22, detta-frequency), 2)
make each channel suppiy an integer (non-fractional)
multipte of the main frequency {see BREEROFRATIO), or
3) lock the main frequency fo an externai signat (see
[ER-MODE-PHSLK).

MODE KEY

Function. The MODE key calis the main mode menu,
fromwhichyou can select one of the six main operating
modes discussed below.

Each of the main modes affects all channels
simultaneousiy. Tabile 5-3 {in section 5.5.1} shows how
each mode drives the Hariz Qut connector, the Marker
Out connector, the frequency monitor and the phase
monitor. See the EEEEE key description for more infor-
mation about triggering these modes.

CONT  The continruous mode produces a continuous
waveform, Choose CONT foranuninterrupted
output and for frequency or phase sweeping
of the output.

TRIG The triggered mode generates gne waveform
cycie for each irigger. Any of these sources

can 2r' ger the waveform: a) the front panel
. fd button, b) an external signal
a;}plled tothe rear panel Trig In connector, ¢)
the internaltrigger-generation osciliator, or d)
a trigger command sent via the GPIB bus.

BURST The burst mode generates a fixed number
{BURCNT) of waveform cycles for each trig-
ger. Foilow this sequence to set up the burst
mode: First, press [FEEE to bring up the main
menu. Second, press BURCNT to enable entry
of the burst count. Third, key in the number of
cycles you want in the burst. Forth, press
MODE to call to main mode menu. Fifth, press
BURST o0 activate the burst mode. Finally, use
any of the triggers describedinthe TRIG mode
above to trigger the burst.

A-GATE The asynchronously gated mode turns the out-
put waveiorms on and off instantly. Cpening
the gate starts the waveform atits zero cross-
ing; closing the gate cuts off the waveform at
the current point of its cycle. You can gate
three ways: 1) apply an external signal to the
Trig In connecior (L = gateclosed; H = gate
openy}, 2)send GATEON/GATEOFF commands
over the GPIB bus, or 3) press/release the

- Manual Trigger I8

S-GATE The synchronously gated mode turns the
output waveforms on and off in sync with the
output wavetorm. Opening the gate starts the
waveform at its zero crossing; closing the gate
forces the waveform 1o stop at the waveform's
next zero ¢crossing. You can gate three ways:
1) apply an external signal to the Trig In
connector {L — gate closed; M = gate open),

2) send GATEON/GATEOFF commands over
t?le GP%B bus, or 3) press/release the §IEERE

PHSLK Phase locks the main generator frequency to
an external signal (40 Hz to 2 MHz) applied to
the Trig In connector. I the reference fre-
guency changes more than % 10%, PHSLK
wili reset the main generator o the new fre-
guency. The initial lock takes iess than 4
seconds; relocks after frequency changes take
100 periods plus 100ms.
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KEY

Channel

5.5 [ehbl] KEY MENU TREE
This part provides detalled operating instructions for the
e menu tree shown in figure 5-3.

5.3.1 Overall Operation

Function, The [EIERT menu tree controls the shape and
electrical characteristics of a channel’s output
waveform. Figure 5-4 shows the eight channel
parameters and the effect of each one on the ouiput.

One Tree Per Channel. Each channel has a separate
menuiree. Setting a parameter for one channel does not
set or affect the corresponding parameter in another
channel.

How to Seiect a Channel. Use the [t lhnng key
as foliows to tell the 650 which channel you want to pro-
gram: First, press EEEEEREEE. Second, key in the

number of the channel you want to program. Third, press
Y. The number of the active channel will appear
inthe upper right corner of the screen. Once you select
a channel, ali the channel parameters that you set wili
apply only to that channel until you setect another. You
do not have to leave the channel menu 1o change o
ancther channel.

How to Shift the Menu. In order to display all eight
channel parameters in one menu, the screen displays
four active parameters next to the soft keys, and four
inactive parameters on the line above. The SHIFT key
swaps these two rows, To use the channel menu, press
the FEIENDEN ey to make the menu appear as shown in
the top part of figure 5-2, with amplitude, offset, phase,
andfunction controlled by keys F3-F6. Press the SHIFT
key to swap the rows and put output, ratio, delay, and
duty under the control of keys F3-F6.

QUTPUT  RATIC DELAY DUTY §ws—NON-ACTIVE
SHIFT AMPL OFFSET PHASE FUNG §~e— ACTIVE
i i i ] H
F1 F2 F3 = F5 Fé
AMPL OFFSET PHASE FUNC = NON-ACTIVE
SHIFT OUTPUT  RATIO DELAY DUTY J-=e—— ACTIVE
i I ] l 1
F1 F2 F3 Fa F5 F6

Figure 5-2. Channel Menu Shift Operation




DETAILED OPERATION

| KEY

CHANNEL

HECR Chariner Nuimbir RGag

OFF
=
=&
L
——J 2
SHIFT 5| onsoe
a.
=
5 =
5 I 5
L1 outeur ON-02
wond
i
2
ENTER FREQ
<
T | RATIO MULTIPLIER
SHIFT a
a R
o ENTER PHASE
5 LEL DELAY SHIFT IN SECONDS
E1 ameL o= ENTER WAVEFORM @
L AMPLITUDE
: ENTER DUTY
z DuTY CYGLE IN %
=z
z ENTER OFFSET
FESET
T | OFFsE VOLTAGE
5 SINE
m
& ENTER PHASE
= | PHASE SHIFT IN DEGREES %
2 S| TRIANG
3
FUNG i
I | SQUARE
-
<
2
The GERERERI key controis the channel selected by z | RAMP
5
)
ole!

AMPL

bDC
DELAY
DuUTY

FUNC (MENU)
OFF

OFFSET

ON-0%

ON-50Q
OUTPUT (MENU)
PHASE

RAMP

RATIO

SHIFT
SINE
SQUARE
TRIANG

Enables entry of a numeric value for amplitude in voits peak-to-peak. AMPL
displays value in volts p-p and rms.

Selects DC as the output waveform {voltage determined by OFFSET).
Enabtes entry of a numeric value in seconds for waveform phase shift,
Enables entry of a numeric value (in percent} for the duty cycle of square or
ramp waveforms.

{Causes display of the output waveiorm menu.

Cpens the channel output relays,

Enables entry of numeric dc offset for the selected waveform.

Selects O ohm output impedance.

Selects 50 ohm cutput impedance.

Causes display of the output menu.

Enables entry of a numeric value in degrees for the phase shift of the ouiput.

Selects ramp output waveform (DUTY determines duty cyclel.
Enables entry of a numeric integer from 1 to 89 that sets the frequency of
the channel to & multiple of the MAIN frequency.

Selects the four active soft keys of the eight sofi keys dispiayed in the menu.

Selects the sinuscidal cutput waveform.
Selects the square output waveform (DUTY determines duly cycle).
Selects the triangle output waveform.

Figure 5-3.

Key Menu Tree
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KEY

CHANNEL MENU

OUTPUT RATIO DELAY  DUTY
SHIFT AMPL OFFSET  PHASBE FUNC

v

{degrees)

{seconds)

CHANNEL
% 4 OUTPUT
SIGNAL

FREG
(SERVES AS PHASE (DELAY) REFERENGE)

THESE KEYS APPLY TO ALL FUNCTIONS
RATIOS, AND DUTIES.

OFF O

Figure 5-4. Channel Menu Functions

Func
Out
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Sl KEY

i {RATIO | |
1 2 3 oo 99
SINE
TRIANG

| | DUTY | |
6% 20% 100%
SQUARE
Jr’"’tj\
NOT ,'1 ! B NOT
AVAILABLE i ! AVAILABLE

[EES FREQ (SHOWN FOR PHASE REFERENCE)

Figure 5-4. Channel Menu Functions
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KEY

Channel

5.3.2 Soft Key Operation
AMPL Key

Function. AMPL sets the peak-to-peak amplitude of the
sine, triangte, ramp, and sauare functions {see figures
5-4 and 5-5). [t does not control the amplitude of the BC
function (see OFFSET).

Limits. O to 50Vp-p {-25V to +25V) for 0R cuiput
impedance; 010 25Vp-p (-12.5V o + 12.5V)for 50Q out-
put impedance. Figure 5-5 and the OFFSET and OUT-
PUT key descriptions explain the effecis of offset and
output on ampiitude.

DELAY Key
See PHASE key.
DUTY Key

Function. DUTY (expressed in %) modifies the shape
of the square and ramp waveforms as shown in figure
5-4. Duty cycle does not apply to the sine, triangle, or
DC functions.

Limits: 20% to 80% for a square wave; 0% to 100%
for a ramp. Entering fess than 20% or more than 80%
for a square wave will generate the error message ***
duty cycle 20-80% In square ***.

FUNC Key

Function. The FUNC key selects sine, triangle, square,
ramp, or DC as the channel's output waveform. See
figure 5-4.

OFFSET Key

Function. OFFSET determines 1) the centerline DC otf-
set voltage for the sine, triangle, square, and ramp
waveforms or 2) the voltage of the DC waveform.

Maximum Peak Values of Amplitude Plus Offset:
- 25VDC and + 25VDC for 02 oufput; - 12.5VDC and
+.12.5VDC for 508 output (see figure 5-5). If you enter
values slightly ouiside these limits, the 850 will clip the
waveform and display the *** ampl/ofst clipping limit **>
message. if you enier values oo far outside the iimits,
the 650 will open the overloaded channel’s output relay
and display the *** QUTPUT OVERLOAD DETECTED
¥ message. You cannot reset the overload until you
enter allowed values.

5-8

How to Determine the Correct Amplitude/Offset Values,
Use the graph in figure 5-5 to determine the maximum
amplitude allowed for any given offset.

OUTPUT Key

Function. OUTPUT applies signal to the FUNC OUT con-
neciors by opening and closing the ocutput relays as
shown in figure 5-4. Choose OFF, ON-02Q, or ON-50Q.

OFF. The 650 powers up with the relays open. You can
either ¢lose them immediately or wait until you have com-
pietely setupthe signal before applying it io your circuit.

ON-09. The 650 provides the 0 output impedance for
phase-critical applications. The unavoidable
capacitance found in coaxial cables combines with the
outputimpedance of the 650 to form a phase-shifting RC
circuit. Using the 0Q ouiputimpedance makes the cable
phase shift insignificant.

Whenyou select the ON-0€ output, the 650 wili generate
the exact voltage amplitude that you entered in the
channel menu. Because the internai impedance equais
0, all the voltage will appear across your external circuit
load. Figure 5-5 shows the combinations of amplifude
and offset permitted by ON-0Q.

ON-50Q. The 50 output provides the correctimpedance
for standard 50Q loads and 50Q coaxial cable. Althcugh
signal degradation usually poses no problem in the
relatively low-frequency 650, using the 50Q output with
a 509 load will produce the highest guality signal at
higher frequencies. Inadditicn, the internal 50Q resistor
helps proteci the 650 against any adverse effects from
the circuit under test.

When you select the ON-50Q output, the 850 will
generate twice the voltage AMPL that you enteredinihe
channel menu. Hall this voltage will appear across the
internal 50Q impedance and the other half wili appear
acrossthe external 502 load. Figure 5-5 shows the com-
binations of amplitude and offset permitted by ON-5082.

Overload. |f the output current exceeds 500ma, the out-
put relay will open and this message will appear:

***OUTPUT OVERLOAD DETECTED***
USE OVERLOAD RESET TO RESTORE QUTPUTS
—reset menu—
params ovioad

Correctthe cause of the overioad before using PARAMS
or OVLOAD to reset.
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NOTE

Failure to terminate the out-
puts wili degrade the
quality of high frequency
and square wave signais.

OFFSET
ouUTPUT

I, TAV SR, L S

AMPL = 30 Vp-p
OFFSET = -~ 10V
QUTPUT = 0Q

AMPL =
CFFSET
ouTPuT

+ 20V

H H

SHADING {INDICATES
ALLOWABLE VALUES
/ FOR 0Q QUTPUT-

SHADING INDICATES
ALLOWABLE VALUES

FOR 50@ OUTPUT

NEG COFFSET

e POS OFFSET
i
i

i
- 25V + 25V
MAX MAX
OFFSET OFFSET

Figure 5-5. Allowabie Combinations of Amplitude, Offset, and Output
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KEY

PARAMS {parameters) reset leaves the output relay open
and resets the other parameters (such as frequency and
amplitude) 1o their default values.

OVLOAD {overload) reset cicses the cutput relays but
leaves your instrument setup unchanged. Always deter-
mine and correct the cause of the overload in your test
setup before resetting the 650,

PHASE and DELAY Keys

Function. The PHASE and DELAY keys determine the
phase of a channel in relation to the phase of the main
frequency generator, Toputa channelinphasewiththe
rmain frequency generator, setits phase tozerg degrees
and its delay to zero seconds.

PHASE Key. The PHASE key sets and holds a fixed phase
relationship (in degrees) between the channel and the
main frequency generator. The 650 will hold the phase
relationship regardless of the frequency.

DELAY Key. The DELAY key sets and holds a fixed time
delay between the channel and the main freguency
generator, f the frequency changes, the 650 will adjust
the phase relationship as required to hoid the time delay

constant (Phase = Delay X ?—“requency)._ Use DELAY
to compensate for signal delays through external cables
and circuits.

Phase/Delay Relationship. To arrive at the final phase
relationship between the channel and the main fre-
quency generator, the 650 first converts the menu delay
value into a phase, then adds it to the menu phase value,
The 650 separates delay and phase so you can correct
for external cablefamplifier delay once, then forget it.
If the 650 only accepted phase, you would have to
recalculate the phase due to delay every time you chang-
ed the frequency.

Operating Restrictions. Aithough you can enter indepen-
dent phase and delay values in each channel, the 650
will apply or ignore them depending on the operating
mode and sweep compensation (on or off). Table 5-1 talls
when the 650 applies PHASE and DELAY.

Parameter Limits. Phase: + 10 million degrees. Delay:
+ 2msec.

Sign Conventions. Figure 5-6 gives the phase shift sign
conventions.

Table 5-1. PHASE and DELAY Appilication Condilions

Although you can enter different PHASE and DELAY parameters in each channel, the 650 will selectively apply or
ignore these parameters, depending on sweep mode, sweep compensation, and active channel.

Sweep Compensation On Sweep Compensation Off
Channels Phase Delay Phase Deifay
Sweep Mode Affected Parameters Parameters Parameters Parameters
Mode O All Channels Applied Applied Applied Applied
Sweep Off
Modes 1-12 All Channels Applied Applied Applied lgnored
Frequency Sweeps
Swept ignored Applied lgnored Ignored
Channel g op gnore gnore
Modes 13-23
Phase Sweeps Other : . .
Channels Applied Applied Applied lgnored
Modes 24-29 Al Channels tgnored Applied Ignored Ignored
Both Sweeps

510
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J KEY

RATIO Key

Funetion. The RATIO key makes the individual channel
generate a whole-number {no fractions) muitiple of the
main generator frequency as shown in figure 5-4. The
EEEl key determines the main generator frequency.

Parameter Limits. 1 {o 99. Ratio cannot make the chan-
nel frequency exceed 2MHz.

Errors. An ilegal ratio will generate one of these error
messages:

*** ratio; limit error ***
*** (freq X ratig) > 2 MHz***

" SHIFT KEY

See section 5.3.1 above.

5.4 FTEEEA KEY MENU TREE

This part provides detaited operating instructions for the
QiR menu tree (see figure 5-7).

5.41 Overall Operation

Trigger Types. The 650 accepis four types of input
triggers:

¢ Internal trigger (generated by the 650)
e External trigger (applied to the Trig In connector)

Manual trigger (press the FENMEESEEEE key)
GPIB trigger {sent over the GPIB bus; see section 6)

L]

External Triggers. The following table shows the three
types of external trigger signals accepted by the 650 and
the modes that require themn.

The Trig In connector
accepis these signals

To control these modes

Trigger signal Main TRIG and BURST modes

All triggered sweep modes

Gate (key) signal Main A-GATE and 5-GATE modes

Sweep $5-FSK and A-FSK modes

Phase lock signal Mairs PHSLK mode

SHIFTED WAVEFORM
LEADS
REF WAVEFORM BY
+ 9C DEGREES OR
-~ 250 MICROSECONDS®

M DIRECTION OF SHiFT

| f

N

/|

1
|

i
I
L /|
! }
1 k
P
I i
I ]

btz

SHIFTED WAVEFORM
LAGS
REF WAVEFORM BY
— 80 DEGREES OR
+ 250 MICRCSECONDS®

R bbb
SHIFTED WAVEFORM

REFERENCE WAVEFORM

e "
SHIFTED WAVEFORM

"Only for a 1KHz waveform,

Figure 5-6. Phase Shifi Sign Conventions
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Qutput Trigger Signals. The 650 provides an output copy
of the input trigger signal for triggering other instruments.
This output trigger appears at the Marker Gut connec-
tor and depends on the mode and the type of input trig-
ger as shown below. The Marker Quttrigger signaldoes
not reflect the trigger menu slope setting.

The Marker Out connector
provides these signals

As outpuls from these modes

Internat or Exierna!
Trigger Signal

Main modes 1-4

Frequency sweep modes 7-9
Phase sweep mode 18

Both sweep mode 26

Internal Trigger

Frequency sweep modes 10-11

5.4.2 Soft Key Operation

Action

Choose interpal trigger
Set internal trigger
frequency

Choose external trigger
Generate a front panei
trigger

Specify trigger signal
trip level

Specify trigger signal
trip siope

KEY
Keystrokes
GTEa INTRNL
ST FREG {enter

frequency)

Ereid EXTRNL

Press the BRI
key

§ERE LEVEL (enter
voltage level)

it e, then POS
{positive-going signal)
or NEG (negative-going

Signal Phase sweep modes 20-21 signal}
Both sweep modes 27-28
TRIGGER
@ | FREQ =3 ENTER TRIGGER FREQUENCY
5
0
~ | LEVEL ENTER TRIGGER LEVEL
w | EXTRNL
o
o
& | INTRNL
w | POS
0.
9
o | NEG
FREQ tnables entry of a frequency for the internal trigger.
LEVEL Enables entry of a numeric value for the trigger or gate threshold voltage.
EXTRNL Selects external trigger source (exiernal signal or EENEEEE keY).
INTRNL. Selects internal trigger source.
POS Selects triggering on rising stope of external trigger signal.
NEG Selects triggering on falling slope of external trigger signal.

Figure 5-7.

JiEd Key Menu Tree
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5.5 T KEY MENU TREE

This section provides detailed operating instructions for the EEERY key menu tree.

Section Function Page
5.5.1 Overall Operation Describes the aspects of sweep operation that affect several modes or 5-13
keys. Shows the sweepmenuiree, lists alithe sweep modes, defines the
meny terminology, and lists the mode-dependent output and monitor
functions.
5.5.2 Soft Key Operation Describes the CENTER/SPAN, START/STOP, COMP, FUNC, MARKER, 517
and MONIT keys.
5.5.3 Continuous Sweeps Describes the continuous sweep modes (1, 2, 13, 14, and 24}, 5-22
5.5.4 Triggered Sweeps Describes the triggered sweep modes (3-6, 15-18, and 25). 5-24
5.5.5 FSK Sweeps Describes the frequency-shift-keyed sweep modes (7 and 8). 5-26
5.5.6 Sequenced Sweeps Describes the sequenced sweep modes (9-11, 19-21, 26-28). 5.27
5.5.7 FM and PM Sweeps Describes the frequency modutated and phase modulated sweep 5-31
modes (12, 23, 29).
5.5.8 Delta-Freq Sweep Describes the delta-frequency sweep mode {22). 5-35

5.5.1 Overall Operation

This seciion provides an overview of sweep operation
and describes the aspects of sweep operation that affect
several modes or keys. Figure 5-8 shows the KR key
menu tree, while table 5-2 explains the sweep menu ter-
minoiogy and summarizes the 29 sweep modes.

Sweep Setup Procedure. See the K079 key descrip-
tion in section 4 ¢f this manual for the step-by-step pro-
cedure required o set up a sweep mode.

What Determines the Output Frequency? The fre-
quency entered in the EIR FREQ menu determines the
output frequency of all channeis in the main {non-sweep)
and phase-sweep operating modes. The start and stop
frequencies entered in the EEE FREQ LIMITS menu
determine the output frequency of all channeis in the
frequency-sweep and both-sweep modes.

How Does Sweeping Affect PHASE and DELAY? Some
combinations of sweep mode and sweep compensation
will not allow application of the BN PHASE and
DELAY parameters. Table 5-1 insection 5.3.2 tells when
the 650 applies PHASE and DELAY.

How Does Sweeping Affect Outputs and Monitors? The
sweep mode determines the specific outputs of the rear-
panel Horiz Out and Marker Out connectors and the
particular frequency and phase values displayed on-
screen by the EEY monitors. Table 5-3 lists the out-
puts and displays provided by each sweep mode.

How Do You Make the 650 Start Sweeping? After enter-
ing all the parameters for a sweep, start the sweep by
stepping through the sweep menu tree to the sweep's
mode number. Whenyoupress the last key inthe series,
the sweep will start. For triggered sweep modes, press-
ing the last key will make the sweep start accepting trig-
gers. For example, suppose you want to start mode 14
{continuous phase sweep with automatic reverse). First,
find mode number 14 infigure 5-8, the sweep menutree.
Next, enter the following keystroke series to step through
the tree to mode number 14: PR PHASE MODE
CONT REVERS.

How Do you Make the 650 Stop Sweeping? To stopone
sweep, start another. To stop all sweeping, enter this
keysiroke series: BT OFF,

5-13
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o CONT FREQ SWEEP MODE MENU
MODE =1z CONT RESET | REVERS
=
5 : © ®
e ———————
g 8 I TRIG FREQ SWEEP MODE MENU
b z 5 RESET |REVERS|HLD/RS[HLD/ARY
ore | |E Gy sre T ©® ©® ©®
¢ 3 Sggng (®)  [FREG SEG MODE MENU [SEG GONT RO ERt
g g EXTRNL | CONT | TRIG |INDEX]LIMIT | FREQ
<t &
FREQ |fro=f O £ exrev 119 ©w W
o SAME
W PARAMETER
= MITS FREQ SWEEP LIMITS MENU
5 START | STOP JCENTER| SPAN
z FUNCTION AND TiME APPLY
ué MARKER t——e~f ENTER MARKER FREQUENCY | SIMULTANEOUSLY TO PHASE
i e ST ST AND FREQUENCY SWEEPS
. " | LINEAR ] LOG | SINE [RANDOM
TIME ENTER SWEEP TIME i
CONT CONT PHASE SWEEP MODE MENL
FUNC 2 RESET !  REVERS
z z &) @
= % TIME Fa RIG _ | TRIG PHASE SWEEP MODE MENL
o = 2 RESET | REVERS|HLD/RS{HLD/RV
Z 2| mopE [—=1in ® ® ®
w ul [#H]
% ’g 2 "SEQNCE PHASE SEQ MODE MENUSEQ CONTROL MENU
S iace el 2 w EXTANL| CONT | TRIG pINDEX|LIMIT] PRASE
2 .
< = @ @
o &| DELTA 123)- Lm______
ul EXT-PM RELATED
= PARAMETER
§ DLTAF et ENTER FREQ FOR DELTA MODE fear-—
X
& PHASE SWEEP LIMITS MENLJ
LIMITS
START | STOP {CENTER]SPAN
MARKER f~——am]  ENTER MARKER PHASE |
BOTH COMBINED FREQ/PHASE SWEEP MENU
CONT| TRIG | EXTSEQ| CNTSEQ|TRGSEQ|EXTRN
cOMP L |COMPENSATE AMPLIPHASE WHILE SWEEPING? SWEEP MODE
ee 1 No NUMBERS
MONIT bl SWEEP MONITOR MENU
PHASE | FREQ | OFF
Figure 5-8. TG Kev Manu Tree
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Tabie 5-2. Sweep Menu Modes and Terminclogy

—Mode Numbers—
Sweep Mode Freq Phase Both Brief Description

CONT-RESET 1 13 24 Continuous sweep with automatic reset.
CONT-REVERSE 2 14 o Continuous sweep with aulomatic reverse.
TRIG-RESET 3 15 —_ Triggered sweep with automatic reset.
TRIG-REVERSE 4 16 - Triggered sweep with automatic reverse.

LIST OF TRIG-HOLD-RESET 5 17 25 Triggered sweep/hold, triggered reset/hold.

SWEEP MODES | TRIG-HOLD-REV 6 18 — Triggered sweepihold, triggered reverse/nold
SYNC-FSK 7 — —— Frequency shifis on next zero crossing after trigger.
ASYNC-F8K 8 s e Frequency shifis immediately on trigger.
EXTR-SEQUENCE 9 19 26 Trigger causes jump o next step in seguence.
CONT-SEQUENCE 10 20 27 Continuous stepping through sequence.
TRIG-SEQUENCE 1 21 28 Trigger causes one pass through sequence.
EXTERNAL-FM 12 — — Externail signal frequency modulates output.
EXTERNAL-PM — 23 e External signal phase modutates output.
EXTERNAL-FM/PM — e 29 Externat signa! frequency and phase modulates output.
DELTA-FREQ — 22 — Shifts frequency of one channel by DLTA-F.

FREQ modes sweep the frequency of ali channels simultaneousty.
PHASE modes sweep the phase of one selected channel.
BCTH modes sweep both freguency and phase of all channets.

SWEEP MENU TERMINOLOGY
CENTER/SPAN Enables entry of sweep limits in terms of CENTER/SPAN parameters.

COMP Selects compensation of amplitude and phase errors during sweep.

DELTA Shifts the output frequency of one channel by the amount DLTA-F.

FUNC Determines the sweep function: linear, log, random, sine.

INDEX Enables entry of a reference number for each phase or frequency step in a series
of discrete phase or frequency steps.

LIMIT Enables entry of a number that specifies the highest index number programmed in
a sequence of phase or frequency steps.

LIMITS Causes display of the sweep limits menu.

MARKER Enables entry of the phase or frequency value that will cause the Marker Cut con-
nector {o change level.

MODE Causes display of the sweep mode menus. Each mode generates a specific
sweep behavior. The 650 has 29 sweep modes (listed above).

MONIT Enables the dispiay on-screen of the current value of the phase or frequency as a

SWEED Progresses.

START/STOP Enables entry of the sweep limits in terms of START and STOP parameters
(START can exceed STOP in value).

TIME Enables entry of a numeric value for sweep time for the continuous and triggered
sweep modes. Determines, with LIMIT, the time per step in sequenced modes.
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Sweop DO

Table 5-3. Mode-Dependent Cutput and Monitor Functions

High: F = F Marker

Frequency Phase
Sweep Mode Main Mode Horiz Output Marker Output Monitor Monitor
1) Continuous
w 5y Phase Locked Low Phase Offset
§ of Selected
Z | gpoft ) Triggered oV internal or Main Channel
% 2} Async Gate External Trigger Frequency
= 3) Sync Gate Signat’
4) Burst
1 Cont-Reset Low: F < Friarker
2) Cont-Reverse High: F> F
3) Trig-Reset 0 to 10 V2 -1 PMarker Current
4) Trig-Reverse Frequency
@ 5} Trig-Hold-Rst
3 8 Trig-Hold-Rev
= Phase Offset
§' 7} Syn-Fsk internal or 0 Hz of Selected
E 8) Asyn-Fsk Don't Care External Trigger Channel
H 1
- Signal
& | 9} Extr-Seq ov
§_
E 10} Cont-Seq Internal Trigger’ Current
11} Trig-Seq Frequency
12} External-FM 0to 10 v? Low: F < Fprarker
High FaFMa!ker
13} Coni-Reset
14} Cont-Reverse Low: $<dpmarker
15} Trig-Reset b b
16) Trig-Reverse 0 to 10 v2 High: $>4marker
17) Trig-Holkd-Rst
2 | 18)Trig-Hold-Rev
k-]
Eq Current
o | 19) ExtrSeq Don't Care Int or Ext Main Phase of
] Trigger’ Frequency Selected
c% av Channel
£ | 20y Cont-Seq internal
£ | 21) TrigSeq Trigger’
. 3
22) Deita-Freq ot 1042 Low: ¢ < dyparker
o .
High: $2¢p1arker
23) External-PM
24) Cont-Reset Low: F < Fpaarker
. 2
o 25) Trig-Hold-Rst OTO 10V High: F 2 Fpyarker
3
= | 26) ExtrSeq int or Ext Trigger! Current Phase
& Don’t Care ov of Selected
% 27) Cont-Seq Internal Trigger' Current Channel
£ 28) Trig-Seq Freguency
0
= | 29) ext-EMIPM Low: F < Fparker
Oto 102

1) The Internal/External Trigger Signai at the marker cutput does not reflect the trigger's slope setting.

2) 0 1o 10 V for startparameter <stopparameter, 10 to 0 V for startparameter > stopparameter.

3} Delta frequency continuously sweeps phase over 360 degrees.
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5.5.2 Soft Key Operation

This section describes the CENTER/SPAN,
STARTISTOP, COMP, FUNC, MARKER, and MONIT
keys.

CENTER/SPAN and START/STOP Keys

Function. These four keys provide two ways 1o set the
sweep limits.

The CENTER and SPAN keys work together to set the
center frequency (or phase) and span of a sweep. For
example, a CENTER frequency of 5000 Hz and a SPAN
of 200G Hz wouild cause a sweep from 4000 Hz to
6000 Hz.

The START and STOP keys work together to set the start
and stop frequencies {or phases) of a sweep. For
exampie, aSTART frequency ¢f 2000 Hz and a STOP fre-
quency of 4000 Hz would cause a sweep from 2000 Mz
to 4000 Mz. The START frequency canexceed the STOP
frequency. For example, a START frequency of 8000 Hz
and a STOP freqguency of 5000 Hz would cause a sweep
from 8000 Hz to 5000 Hz.

COMP Key

Function. The COMP key dynamically compensates for
the channel-dependent and freguency-dependent
amplitude and phase errors caused by each channel’'s
iow-pass filter and output amplifier.

Cperation. The 650 powers up with compensation
active. Use the COMP key to turn it off and on.

When Should You Compensaie Sweeps? Amplitude
and phase errors increase with frequency. The follow-
ing table indicates how far the output amplitude and
phase can deviate from the programmed vahuies. Use
this table {0 determine if your application requires
compensation.

What Sweeps Require Compensation? Every sweep
mode that changes frequency during the sweep may
require compensation for frequency-dependeniersors,
Phase sweeps require compensation because you can
change the MAIN fregquency at any time during the
sweep. Only the SYNC-FSK, ASYNC-FSK, and DELTA-
FREQ sweeps (modes 7, 8, and 22) require no
compensation.

How Does the 650 Generate Sweeps? The 650 does not
continuousty vary frequency or phase. Instead, it delivers
a series of fixed frequencies or phases. This holds true
for continucus, sequenced, and moduiated sweeps.

Continuous Sweeps. Te sweep continucusly, the 650
delivers a series of frequencies or phases, each just
slightly larger {or smaller}than the last one. For example,
to sweep from 300 t0 400 kHz in one second, the 650
would first deliver 300,000 Hz for 75 microseconds, then
jump to 300,007.5 Hz for 75 microseconds, then jump
to 300,015 Mz for 75 microseconds, and so forth through
13,333 steps to 400 KHz.

Sequence Sweeps. To sweep through a sequence of fre-
guencies or phases, the 650 steps sequentially through
a table of frequency or phase values entered by the
operator. It holds each value inthe table for T seconds,
where T equals the total sweep time divided by the
number of steps {the sequence limit).

Moduiated Sweeps. To make the voltage leve! of an
external signal control the output frequency or phase,
the 650 samples that signal at a fixed rate. # converts
the voltage of the signal at each sample into a corre-
sponding frequency or phase, then delivers that fre-
quency or phase until the next sample. The operator
determines the correspondence by entering a START
phase or frequency for — 1 volis and a STOP phase or

frequency for + 1 volts.

Amplitude Phase

Uncompensated Compensated Uncompensated Compensated
Fregquency (Typical) (Specified) {Typical) {Specified)
10kHz +=1% +0.5% +0.1° +0.03°
100kHz + 3% +0.5% +1° + 0.1
1MHz *7% +1.5% +10° +0.5°
2MHz +10% +3.0% +20° +1.0°
Phase values assume equal channel amplifudes,
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SEE] KEY

What Eifect Does Compensation Have on Sweeps?
Compensation greatly reduces the number of steps in
a sweep. Without compensation, the 650 just needs to
determine the frequency or phase it must generate for
the next step. With compensation, the 650 must 1) deter-
mine the frequency or phase, 2) perform a iong series
of compensation calcutations, and 3) perform the
channel DELAY calculations.

How Can You Determine the Exact Resolution of a
Specific Sweep? Table 5-4 gives the uncompensated
and compensated step rates of all sweeps in terms of
steps per second. The following examples show how to
use the table to determine specific rates for specific
sweeps.

EXAMPLE 1 Sweep Mode 1: Linear frequency sweep
from 200kHz to 350kHz in 2 seconds.

Comp Off
350kHz ~ 200kHz - 150kHz = 5.6 Hzistep
{13.333 stepsisec)2 sec) 26666 steps

{1 second)/{13333 steps) = 75 microsecondsisiep

Comp On
350kHz — 200kiHz o 150KHZ 65.6 Hzistep
{1143 stepsisec)(2 sec) 2286 steps

(1 second)f{1143 steps) = 875 microsecondsistap

EXAMPLE2 SweepMode 14: Linear phase sweep from
60 to 180 degrees in 0.1 seconds.

Comp Off
180 — 80 degrees = 12C degrees _ 0.06 degreesistep
{20000 steps/sec)0.1 sec) 2000 steps

(* second)(20000 steps) = 50 microseconds/step
Comp On

180 — 60 degrees . 120 degrees

(1176 stepsisec)(C.1 sec) 117.6 steps

{1 second)/(1176 steps) = 850 microseconds/step

= 1.02 degrees/step

EXAMPLE 3 Sweep Mode 11: Triggered sequence of
frequencies. Upon receipt of a trigger,
step through a sequence table of 50 fre-
guencies in 0.02 seconds.

TimefStep =—SWEEPTIME 002 seconds
SEQUENCE LIMIT 50 steps

il

400 microseconds/siep
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Comp Off:
Comp On:

(1 second){37000 steps) = 27 microseconds/step
{1 second)/(1209 steps} = 827 microseconds/stes

Because the compensation calculations take 827
microseconds/step while the sweep time and sequence
limit atlow only 400 microseconds per step, the 650 can-
not compensate this sweep. If you turn compensation
on, the error message ** swptime 50 msec min when
compon ** wil appear. Asweep time of 50 milliseconds
woutd yield 1000 microseconds/step and give enough
time for the compensation calcuiations.

EXAMPLE 4 Sweep Mode 12: External-FM. Establish
the output frequency range of the 650 by
entering START and STOP frequency
values. Sweep between these values by
applying a 2V peak-to-peak modulation
signal to the FMIPM In connector. What
parameters will limit the maximum modu-
fation frequency?

Comp ON sample rate: 1,179 times per second
Comp OFF sample rate: 20,800 times per second

The 650 repeatedly samples the input modulation signal
and converts the voltage level at each sample into the
next step in output frequency. + 1V produces the siart
frequency, while -1V produces the stop frequency. Out-
put frequency resolution therefore depends on the
number of samples per cycle of the modulation signa,
the spread between the start and stop frequencies, and
the frequency of the moduiation signai.

Compensation ON. Assume that anapplication requires
atleast 10 samples per cycle of a sinusoidal modulation
signal. Therefore, the compensation ON sample rate
limits the modulation frequency to less than 118 Hz.
Because a sine wave changes from maximum amplitude
to minimum amplitude in one-half cycle, a modutation
signai of 118 Hz would make the 650 sweep fromthe start
to the stop frequency in five steps.

Compensation OFF. If the application still requires at
least 10 samples per cycle, then the compensation OFF
sample rate would iimit the maximum modulation fre-
guency to less than 2080 Hz. A modulation frequency
of 2080Hz would make the 650 output sweep from the
start to the stop frequency in five steps.
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Tabie 5-4. Step Rates of Compensated and Uncompensated Sweeps

Method of Determining the Next Freguency or Phase
Linear Log Sine Random Seqgnce ExtMod
fip - ilp fip fip fip
STOP —smm ooy : ?\/\/\A rrrrr )W\; J
START L | ?W\ A ﬂJ‘J—Lt ¢
SWEEP ST | sT || sT || o
TIME
Comp Comp Comp Comp Comp Comp
Mode Offion OHIOn OffIOn OffiOn CHIOn OfiOn
01 F:Cont-Reset 13333/1143 4167/962 6667/1053 | 154001156 — T
02 F:Cont-Reverse 13333/1143 4167/962 6867/1053 | 15400/1156 — —
03 F:Trig-Reset 13333/1143 41671962 6667/1053 | 154001156 — —
04 F:Trig-Reverse 133331143 4167/962 6667/1053 | 15400/1156 — e
05 F:Trig-Hld-Rst 13333/1143 4167/962 B667/1053 | 15400/1156 - —_
06 F:Trig-Hid-Rev 13333/1143 4167/962 6667/1053 | 15400/1156 — —
09 F:Extr-Seguence — — —— e £2000M1214 e
10 F:Cont-Sequence — — _— — 380001210 —
11 FTrig-Sequence e — — — 37000/1209 —
12 F:External-FM — . —— e — 208001179
13 P:Cont-Reset 2000011768 | 5263/101C 71431064 | 2220011183 e —
14 P:Cont-Reverse 200001176 | 526311010 71431064 | 22200/1183 — o
15 P:Trig-Reset 200001176 | 52631010 714311084 | 22200/1183 — —
16 P:Trig-Reverse 2000011178 | 526311010 71431064 | 2220011183 — —
17 P:Trig-Hid-Rst 2000011178 | 5263/1010 714311064 | 22200/1183 — —
18 P:Trig-Hid-Rev 20000/11768 | 5263/1010 714311084 | 22200/1183 — —
19 P:Extr-Sequence — — — — 70000/1228 —
20 P:Cont-Sequence — e — — 61000/1225 —
21 P:Trig-Sequence o — - — 580001224 —
23 P.External-PM — — — — — 2500011180
24 B.Cont-Reset 6667/1053 — — - — —
25 B:Trig-Hid-Rst 6667/1053 — e —— - —
26 B:Extr-Sequence — e —_ o 240001188 —
27 B:Cont-Sequence e — — — 230001186 —
28 B:Trig-Sequence — — — — 2200011183 —
29 B:Ext-FM/PM — — — e —_ 510071004
Units Steps/sec Steps/sec Steps/sec Steps/sec Steps/sec | Smples/sec
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How Does Compensation Guarantee Accuracy?

Manual calibration, automatic calibration, and compen-
sation work together as follows.

Manuai Calibration. Manuai calibration calibrates the
10 MHz reference osciltator and the reference voltage
source, The 10 MHz oscillator determines the frequency
and phase accuracy of the output signals; the reference
voltage determines the amplitude accuracy. Manual
callbration also brings the output amplitude and filier
flatness of each channel into the range of automatic
calibration.

Automatic Calibration. Auto calibrationuses the internal
voltmeter and phase detector to measure the amplitude
and phase errors ofeach channet at 13 frequency points
from 1568kHz to 2MHz. It then calcuiates compensation
values for these points and stores them in the compen-
sation table.

Compensation. Power-up activates the compensation
program. It remains active until you turn it off with the
COMPF key. When active, it interpoiates the autocal com-
pensation table to determine and apply separate
amplitude and phase correction values to every chan-
nel for every step of a sweep.,

FUNC KEY

The FUNC key determines the instantaneous rate of
change (of frequency or phase) as the sweep progresses
fromstart to finish, The linear, log, sine, and random rate-
change functions apply only to the sweeps listed in fable
5-5 and selectively to those sweeps as shown.

MARKER KEY

Function. The marker function tells you when a sweep
has reached a particular vaiue, For example, i your
application calls fora sweep from 1,000 Hz to 12,000 Hz,
you can ask the 650 to signal when the frequency
reaches 11,507 Hz.

HIGH {>2.4V)

LOW-TO-HIGH
SWEEP ——fpa Marker Qut
T_—__’ LOw
STARYT SWEEP MARKER FREQ/PHASE END SWEEP
e tre——— HIGH

HIGH-TO-LOW Marker Oul

SWEEP stim-

’ ’ ’ LOW {<0.4¥)
START SWEEP MARKER FREQ/PHASE END SWEEP
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The marker function consists of the MARKER key and
the Marker Qut connector. The MARKER key determinas
the “marked” frequency or phase within the sweep
range. The Marker Qut connector on the rear panel witl
change voitage levels when the sweep reaches the
marked frequency or phase.

Restrictions. The 650 provides the marker function for
the following sweep modes. Table 5-3 shows the outputs
of the Marker Gut connector for the other modes.

Modes 1-6 {continuous and triggered frequency
sweeps)

Mode 12 {externat-FM}

Modes 13-18 {continuous and triggered phase
sweeps)

Mode 22 (delta frequency)

Mode 23 (external-PM)}

Mode 29 (external-FM/PM)

Operation. Set up the sweep as usual, then enter a
marker frequency or phase with these keystrokes:

ey FREQ MARKER (enter marker frequency)
YT PHASE MARKER (enter marker phase)

MONIT KEY

Function. The monitor displays the instantaneous value
of frequency or phase as sweeps progress. The monitor
appears on the second line of the screen:

monitor freq: 000,000.0000 Hz
moniter phase: 0,000,000.000 Deg

Restrictions. The frequency menitor displays either the
mainfreguency or the current frequency, depending cn
the active main or sweep mode. The phase monitor
displays either the phase offset or the current phase of
the selected channel, depending on the active main or
sweep mode. {Seiect channels with the RS RTITE
key.) Table 5-3 shows the monitor display for each mode.

Operation. Turn the monitors on and off with these
keystrokes:

Freg Sweep Monitor On:
Phase Sweep Monitor On:
Either Monitor Off:

ST MONIT FREQ
SRR MONIT PHASE
ErE] MONIT OFF
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Table 5-5. Sweep Functions Available for Each Sweep Mode

Sweep Function

Linear

Log

Sine

Random

STOP—

START- .
Mode Name
01 Freq:Cont-Reset s ® ® s
02 | Freg:Cont-Reverse . . . N
03 Freq:Trig-Reset 2 @ e ®
04 Freg:Trig-Reverse ® e ® s
05 FreqTrig-Hold-Reset @ @ e ®
08 Freg:Trig-Hold-Reverse & ® ® s
13 Phase:Cont-Reset ® ® a o
14 Phase:Coni-Reverse e e o "
15 Phase:Trig-Reset ® . s o
16 Phase:Trig-Reverse ¢ ® ® s
17 Phase:Trig-Hold-Reset ® ® e ®
18 Phase:Trig-Hold-Reverse ® e P e
24 Both:Cont-Reset ® N/A N/A N/A
25 Both:Trig-Hold-Reset ® N/A N/A NJA
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5.5.3 Continuous Sweeps
This section describes the continuous sweep modes.

Action. Continuous sweeps begin sweeping when you
start them and run without stopping until you turn them
off.

Modes. The 650 provides five continuous sweep modes:

Mode Numbers
Freg Phse Both

Cont-Reset 1 13 24

Name Description

Continuous sweep
with automatic
reset.

Continuous sweep
with automatic
reverse.

Cont-Rev 2 14 —

Parameters. Enter continuous sweep parameters with
the following keystrokes. STOP can exceed START
{upsweep} or START can exceed STOP (downsweep).

START Frequency EFEER FREQLIMITS START (enter
start freguency)

ENEERrREQ LIMITS STOP (enter

stop frequency)

 Channel Number RSl Swecp [daltIS

LIMITS START (enter start phase)

STOP Freguency

START Phase

STOP Phase -Channel Number I Sweep Rualateis
LIMITS STOP {enter stop phase)

Sweep FUNC EMEE FREQ FUNC {choose linear,
log, sine, or randomy

Main FREQ R FREQ (enter main frequency)

Sweep TIME BT FREQ {or PHASE) TIME

{enter sweep time)

The following charts show the parameters required by
each continuous sweep mode. The large blocks that
span all channels identify parameters that control ail
channels simultaneously, while the channel-height
biocks identify parameters that conirol individual
channeis.

Continuous Frequency Sweeps. Modes 1 and 2
simultaneously sweep all channels between the START
and STOP freguency limits.

MODE 1-2 PARAMETERS

CH 1

CHZ | sTART | sTOP | sweep | sweep
ona | FREQ | FREQ | FUNC | TIME

CH 4
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MODE 1: FREQUENCY-CONTINUQUS-RESET

SWEEP
ALt CHAN > ALL CHAN
START STOP
FREQ FREQ
t RESEY ]

ALL CHANNELS CONTINUGUSLY SWEEP
FREQUENCY iN THIS PATTERN.

MODE 2: FREQUENCY-CONTINUOQUS-REVERSE

SWEEP

ALL CHAN
START
FRED

REVERSE SWEEP

ALL CHANNELS CONTINUOUSLY SWEEP
FREQUENCY 1N THIS PATTERN.

Continuous Phase Sweeps. Modes 13and 14 sweepone
selected channel between its START and STOP phase
limits. You can enter START and STOP phase limits in
the selected channel and sweep it, or you canenter limits
in all the channels and select them as needed, Select
channels with [EEERENERN X B,

MODE 13-14 PARAMETERS

CH 1 | START PHASE| STOP PHASE

CH 2 | START PHASE] STOP PHASE MAIN { SWEEP | SWEEP

CH 3 | START PHASE | STOP pHASE | FREQ| FUNC | TIME

CH 4 | START PHASE| STOP PHASE

MODE 13: PHASE-CONTINUOUS-RESET

SWEEP
Gkt X CH X
START > STOP
PHAGE PHASE
! RESET l

ONE SELECTED CHANNEL CONTINUOUSLY
SWEEPS PHASE IN THIS PATTERN.
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MODE 14: PHASE-CONTINUOUS-REVERSE

MODE 24 PARAMETERS

SWEEP

REVERSE SWEEP

ONE SELECTED CHANNEL CONTINUQUSLY
SWEEPS PHASE IN THIS PATTERN. |

CH 1 | START PHASE | 8TOP PHASE

"GH2 | START PHASE| STOP PHASE [sTartl sTop |swees
CH A3 | START PHASE | STOP pHasE | FTREQ| FREQ | TIME

CH 4 | START PHASE ] STOP PHASE

MODE 24: BOTH-CONTINUQUS-RESET

Continuous Both Sweep. Mode 24 simultanecusly
sweeps all channels between the START and STOP fre-
quency limits and, at the same time, individually sweeps
all channels between their respective START and STOP
phase limits. You must enter START and STOP phase
limits in every channel. Enter START = STOP = 0 (or
some other value)to make a channel not sweep phase.
For example, entering START = STOP = 120° would
make a channel not sweep phase and give it a fixed phase
of 120° with respect to the main frequency.

Starting the Sweep. After you have entered all the
parameters for a continuous sweep, start the sweep by
stepping through the sweep menus iothe correct mode
number as follows:

Mode Keystroke Series

1 ] FREQ MODE CONT RESET

2 Wrge FREQ MODE CONT REVERS
13 49 PHASE MODE CONT RESET
14 Eiaag PHASE MODE CONT REVERS
24 Efere BOTH CONT

Examples. Sections 4.7.3, 4.7.4, and 4.7.5 set up con-
tinuous sweeps step-by-step.

SWEEP
ALL CHAN > ALL CHAN
START STOP
EREG EREQ
RESET ]
SWEEP
CH 1 CH 1
START > STOP
PHASE PHASE
1 RESET ]
SWEEP
CH2 > CH 2
START STOP
PHASE PHASE
f RESET ]
SWEEP
CH 3 > CH3
START STOP
PHASE PHASE
{ RESET i
SWEEP
CH 4 > CH4
START STOP
PHASE PHASE
i RESET ]

ALL GHANNELS CONTINUOUSLY SWEEP
FREQUENCY IN THIS FREQUENCY PATTERN
AMD ALL CHANNELS CONTINUQUSLY
SWEEP PHASE IN THESE PHASE PATTERNS.
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5.5.4 Triggered Sweeps
This section describes the triggered sweep modes.

Action. Triggered sweeps perform their sweep action
when directed to by a trigger.

Allowable Triggers. The triggered sweeps accept front
panel triggering {(press the EERERERE key), external
signal triggering {connect to the Trig In connector), and
triggering over the GPIB bus. Because the same
oscillator provides both the internal trigger and the
sweep clock, you cannot internally trigger the triggered
sweep modes.

Modes. The 650 provides nine triggered sweep modes:

Mode Numbers

Name Freq Phse Both Description

Trig-Reset 3 15 — Triggered sweep
with automatic
reset.

Trig-Rev 4 16 — Triggered sweep
with automatic
reverse.

Trig-Hold- 5 17 25  Triggered sweep/

Reset hotd, triggered
reset/hold.

Trig-Hoid- 3] 18 - Triggered sweep/

Rev hotd, triggered

reverse/hold.

Parameters. Entertriggered sweep parameterswith the
following keysirokes. The 650 always sweeps from
START to STOP. You cansweep up(set START less than
STOPY or down (set START greater than STOP).

START Frequency B FREQ LIMITS START (enter
start frequency)

g FREQ LIMITS STOP {enter

stop frequency)

‘Channel Number B Sweep JRialatts

LIMITS START {enter start phase)

STOP Frequency

START Phase

STOP Phase s X Bd PHASE
LIMITS STOP (enter stop phase)

Sweep FUNC B FREQ FUNC (choose linear,
log, sine, or random)

Main FREQ BB FREQ {enter main frequency)

Sweep TIME e FREQ (or PHASE) TIME
(enter sweep time}

Trigger Niirrrag (enter irigger sefup as
required}

-Of- IR (press as required)
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The following charts show the parameters required by
each iriggered sweep mode. The large blocks that span
all channels identify parameters that conirol all channels
simultaneousty, while the channel-height blocks identify
parameters that controt individual channels.

Triggered Frequency Sweeps. Whentriggered, modes
3-6 simultaneously sweep all channels between the
START and STOPR frequency limits.

MODE 3-6 PARAMETERS

CH 1

CH 2
START | STOP | SWEEP | SWEEP | 1penrn
FREQ | FREG | FUNC TIME

CH3

CH 4

MODE 3: FREQUENCY-TRIGGERED-RESET

TRIG

SWEEP
ALL CHAN > ALL CHAN
START STOP
FREQ FREG
!

RESET E

WHEN TRIGGERED, ALl CHANNELS
SWEEP FREQUENCY IN YHIS PATTERN

MODE 4: FREQUENCY-TRIGGERED-REVERSE

SWEER
TRIG
T,
ALL CHAN ALl CHAN
STARY STOP
FREQ FREQ

AEVERSE BWEEP

WHEN TRIGGERED, ALL CHANNELS
SWEEP FREQUENCY N THIS PATTERN

MODE 5: FREQUENCY-TRIGGERED-HOLD-RESET

TRIG
SWEEP
ALL CHAN > ALLCHAN
STARY 5TOP
FAEQ EREQ
g TRIG
RESET ?

WHEN TRIGGERED, ALL CHANNELS
SWEEP FREQUENCY IN THIS PATTERN.
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MODE 8: FREQUENCY-TRIGGERED-HOLD-REVERSE

SWEEP

Q]‘KE’L?W

BTOP
FREQ
~ TRIG

REVERSE SWEEP

TRIG

ALL CHAN
START
FHREQ

WHEN TRIGGERED, ALL CHANNELS
SWEEP FREQUENCY IN THIS PATTERN.

Triggered Phase Sweeps. When triggered, modes 15-18
sweep one selected channel between its START and
STOP phase {imits. You can enter START and STOP
phase limits in the selected channel and trigger the
sweep, or you can enter fimits in all the channels and
sefectandtriggerthemas needed. Seiect channels with
Channel Number B Exacute §

MODE 15-18 PARAMETERS

CH 1} START PHASE | STOP PHASE

CH 2 | START PHASE | STOP PHASE Man | sweep [sweep] TRIGGER

FREQL Func | Time | (DRIVES

CH 3| STARY PHASE | STOP PHASE ONLY CH X}
CH 4 | START PHASE | STOP PHASE
MODE 15 PHASE-TRIGGERED-RESET
TRIG
SWEEP
> CH X
sToP
PHASE
RESET j
WHEN TRIGGERED, ONE SELECTED CHANNEL
SWEEPS PHASE IN THIS PATTERN.

MODE 16: PHASE-TRIGGERED-REVERSE

SWEEP

AEVERSE SWERP

WHEN TRIGGERED, ONE SELECTED CHANNEL
SWEEPS PHASE IN THIS PATTERN.

MODE 17: PHASE-TRIGGERED-HOLD-RESET

TRIG
SWEEP
’> CH X
STGP
PHASE
RESET ? TRIG

WHEN TRIGGERED, ONE SELECTED CHANNEL
SWEEPS PHASE IN THiS PATTERN

MODE 18: PHASE-TRIGGERED-HOLD-REVERSE

SWEEP

REVERSE SWEEP

WHEN TRIGGERED, ONE SELECTED CHANNEL
SWEEPS PHASE IN THIS PATTERN.

Triggered Both Sweep. When triggered, mode 25
simultaneously sweeps all channeis betweenthe START
and STOP frequency limits and, at the same time, in-
dividually sweeps alf channeis between their respective
START and STOP phase limits. You must enter START
and STOP phase limits in every channel. Enter START
= STOP = C©(or some other value) to make a channel
not sweep phase. For example, entering START = STOP
= 120° would make a channel not sweep phase and give
it a fixed phase of 120° with respect to the main
frequency.

MCDE 25 PABAMETERS

CH 1 |START PHASE | STOP PHASE

CH 2 [START PHASE |STOP PHASE START|STOP | sweep

TRIGGER
CH 3 | START PHASE [STOP PHASE FREQ [FREQ] TiME

CH 4 |START PHASE |STOP PHASE
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MODE 25: BOTH-TRIGGERED-HOLD-RESET

TRIG
SWEEP
ALl CHAN > ALL CHAN
START sTOP
FREQ FREQ
RESET , = TRIG
TRIG
SWEEP
> CH1
STOP
PHASE
RESET ?“"— TRIG
TRIG
SWEEP
> E
STOP
PHASE
RESET ? TRIG
TRIG
@ SWEEP
CH 3 CH 3
START > STOP
PHASE PHASE
et TRIG
RESET ?
TRIG
SWEEP
> CHa
STOP
PHASE
RESET ? = TRIG

WHEN TRIGGERED, ALL CHANNELS
CONTINUQUSLY SWEEF FREQUENCY

IN THIS FREQUENCY FATTERN AND
ALL CHANNELS CONTINUOUSLY SWEEP
PHASE IN THESE PHASE PATTERNS.

Starting the Sweep. After you have entered ail the
parameters for a triggered sweep, start the sweep by
stepping through the sweep menus to the correct mode
number as foliows, then apply the triggers as required
by each mode.
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Mode Keystroke Series

3 T FREQ MODE TRIG BRESET

4 oo FREQ MODE TRIG REVERS

5 ren) FREQ MODE TRIG HLD/RS

6 By FREQ MODE TRIG HLD/RY
15 ST PHASE MODE TRIG RESET
16 PN PHASE MODE TRIG REVERS
17 T3 PHASE MODE TRIG HLD/RS
18 i PHASE MODE TRIG HLD/RV
25 e BOTH TRIG

Examples. Sections 4.7.3 and 4.7.4 set up triggered
sweeps step-by-step.

§.5.5 FSK Sweeps

This section describes the frequency-shift-keyed sweep
modes,

Action. A key (irigger) signal makes all channels switch
between two operator-defined frequencies.

Modes. The 650 provides synchronous (sweep mode 7)

and asynchronous (sweep mode 8) frequency shift
keying.

Synchronous Frequency Shift Keying. S-FSK holds the
outputs at the START frequency uniil two events happen
inthis orger: First, the key signal (trigger) must change
levels. Second, the current waveform cycle must reach
its end (360°). When the waveform cycie ends, the out-
puts will shift jump) to the STOP frequency. S-FSK then
holds the outputs at the STOP frequency until two events
happenin this order: First, the key signal must returnto
the original level. Second, the current waveform cycle
must reach its end (360°). When the waveform cycle
ends, the cutputs will shift back to the START frequency.

Asynchronous Frequency Shift Keying. When the key
(trigger) signal changes levels, A-FSK immediately shifts
the outputs from the START to the STOP frequency.
When the key signal returns to the original level, A-FSK
immediately shifts the outputs back to the START
frequency.
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Allowable Keys. The FSK sweeps accept internal
osciliator keys (set up by the {IEEEE key), front panel
keys {press the TIG0LEL, y), and external signat
keys {connect to the Trig In connector}.

External Signal Keys. With external keys, the frequency
of the cutputs depends on three factors: START>STOP
or START<STOP, the choice of trigger slope (POSINEG)
for the external signal, and the state of the key signai
(HIGH/LOW). The following table shows the relationship
of these parameters. The numbers in parentheses pro-
vide exampies o make the table easier io undersiand.

Parameters. To specify the two frequencies of the FSK
output signal, enter a start frequency and a stop fre-
quency in the frequency sweep limits menu, The stop
frequency does nothave (o exceed the start frequency.
For example, an FSK sweep will accept either START
= 4,000 Hz and STOP = 2,000Hz or START = 2,000 Hz
and STOP = 4,000 Hz.

START Frequency
start frequency)
STOP Frequency EETR FREQ LIMITS STOP (enter stop
frequency)

i FREQ LIMITS START (enter

Starting the Sweep. After you have entered al the
parameters for an FSK sweep, start the sweep by step-
ping through the sweep menus to the correct mode
number as follows:

Mode Keystroke Series

7 FREQ MODE S-F8K
8 B FREQ MODE A-FSK

5.5.6 Sequenced Sweeps
This section describes the sequenced sweep modes.

Action. Sequenced sweeps step through a series of fre-
guencies or phases determined by the operator. Unlike
continuous sweeping, sequenced sweeps jump instan-
taneously from value o vaiue.

Modes. The 650 provides nine sequenced sweep modes:
Mode Numbers

Mame Freg Phse Both Description
Extr-Seq 9 19 26  Trigger causes
jump to next step
in sequence.
Cont-Seq 10 20 27  Continuous step-
ping through
seguence.
Trig-Seq 11 21 28 Trigger causes

one pass through
seguence.

Allowable Triggers. The exiernal sequence and trig-
gered sequence sweeps accept internal oscillator trig-
gering (set up by the §REEEA key), front panel triggering
{press the ERTERLLELE key), external signal triggering
{connect ¢ the Trig In connector), and triggering over
the GPIB bus. The continuous sequence sweeps do not
require triggering.

Parameters. To undersiand sequenced sweeps, you
must first understand sequence tables, index numbers,
the sequence timit, and time per step. The foilowing
paragraphs discuss these concepts in detail.

Sequence Tables. One freguency sequence table (for
allchannels) and up to four phase sequence tables (one
per channel) control the sequenced sweeps. Figure 5-9
shows the tables for a two-channel 850. Inthe frequency
and phase modes, the 650 steps through the appropriate
sequence table, then resets to the start (index 01). Inthe
“both’ frequency/phase sequence modes, the 650 fock-
steps (by index number) through all the tables
simultaneously, then resets to the start. '

INDEX Numbers. The index numbers determine the
order the 650 will follow through a seguence. You must
enter a frequency or phase for each index number up
16 the maximum in your series without skipping any
numbers. If you fail to enter a phase or frequency for a
particular index number, the 650 will use the default value
stored in that space.

START Freq < STOP Freqg START Freq > STOP Freq
If: {2kHz) {4kHz) {4kHz) (2kHz)
And: Trig = Pos Trig = Neg Trig = Pos Trig = Neg
Then key high will cause: STOP Freg START Freq STOP Freq START Freq
{4kHz) (2kHz) {2kHz) {d4kHz)
And key low will cause: START Freqg STOP Freq START Freq STOP Freg
{2kHz) {4kHz) {4kHz) {2kHz)
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ALL-CHAN CHANNEL 1 CHANEL 2 PROGRESSION
FREQ TABLE PHASE TABLE PHASE TABLE  THROUGH SEQUENCE
INDEX | FREQ INDEX | PHASE INDEX | PHASE

01 o1 o1 START |me——o
0z 0z 02

03 03 03

4 04

0 o STEPPING  RESET
05 05 05

06 06 05

CH 1 | PHASE TABLE

CH3 | PHASE TABLE | TABLE

CH4 | PHASE TABLE

CH 2 | PRASE TABLE IFREQUENCY|SEQUENCE] SWEEP
LIMIT TIME

THE PHASE TABLES APPLY TO
INDIVIDUAL CHANNELS, WHILE
THE FREQUENCY TABLE,
SEQUENCE LIMIT, AND SWFEP
TiME APPLY TO ALL CHANNELS.

Figure 5-8. Sequence Tables

How to Enter Frequencies and Phases. Tocreate a four-
step sequence with frequencies of 3000, 4000, 2000, and
1000 Hz, use these keystrokes:

Eitemd FREQ MODE SEGQNCE INDEX 1 FREQ 3000
INDEX 2 FREQ 4000 INDEX 3 FREQ 2000 INDEX 4
FREQ 1000

Tocreate a four-step sequence with phases of 10°,20°,
30°, and 40° for channel X, use these keysirokes:

ELEEEEET X B PHASE MODE SEQNCE
INDEX 1 PHASE 10 INDEX 2 PHASE 20 INDEX 3
PHASE 30 INDEX 4 PHASE 40

To review the contenis of a frequency or phase table,
use these keystrokes:

T FREQ MODE SEQNCE INDEX, then use
cursor conirols to step through table.

ELEETETE X B PHASE MODE SEQNCE
INDEX, then use cursor controls to step through table,

Entered vs. Actual Values. The 850 converts the entered
phase values from decimat to binary for internal opera-
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tion. The resolution of this process prevents exact con-
version for all values, with the result that some phases
will store a few millidegrees off from the value you
entered. The 650 produces the stored, rather than the
entered value; however, the phase accuracy remains
withinthe instrument specifications. If you enterthe 10°
through 40° phase sequence given above, then review
itwith the cursor keys, the 650 will disptay these values:

Entered Actual Stored
Index Value Value
o1 10° 9.997 Deg
02 20° 20.00C Deg
03 30° 29.898 Deg
04 40¢° 40.001 Deg

Sequence LIMIT. Determine the maximum number of
steps inyour sequence by entering a sequence Himit {see
figure 5-9). This limit applies to ali the sequence tables
simultaneously. If you fail ic enter a limii, the 850 will
use thedefault imitof 10. Use sither of the following two
keysiroke series to get ic and enter LIMIT parameter,

g FREQ MODE SEQNCE LIMIT-#Enter limit
g PHASE MODE SEQNCE LIMIT #Enter limit
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Time Per Step. In the continuous sequence modes (10,
20, and 27) and in the triggered sequence modes (11,
21, and 28), the 650 will hoid each step for T seconds,
where

KO8 FREQ (or PHASE) TIME
EPESR FREQ (or PHASE) MODE SEQNCE LIMIT

T=

Sequentiat Frequency Sweeps. Modes 9, 10, and 11
simuitaneously step all channels through a table of
frequencies,

MODE 9-11 PARAMETERS

Sequential Phase Sweeps. Modes 19, 20, and 21 step
one selected channel through its particular table of
phases. You canfiil out a table for just one channel and
step it, or you can fill out tables for all the channels and

step individual channels as needed. Select channels with

Channel Number [l Execuia

MODE 19-21 PARAMETERS

CH 1
CH2 | rrequeNcY | SEQUENCE SWEEP
TABLE LEMIT TiME
CHa
{(MODES
OH 4 10, 1%)

MODE & FREQUENCY-EXTERNAL-SEQUENCE

TRIG TRIG TRIG
1 2 3 L
STEP STEP STEP
TRIG
RESET

WHEN TRIGGERED, ALL CHANNELS STEP TO THE
NEXT STEP IN THE FREQUENCY SEQUENCE TABLE.

MODE 10: FREQUENCY-CONTINUGUS-SEQUENCE

1

STEP

STEP

STEP

RESET

ALL CHANNELS CONTINUQUSLY STEP THROUGH
THE FREQUENCY SEQUENCE TABLE.

MODE 11: FREQUENCY-TRIGGERED-SEQUENCE

CH1 | PHASE TABLE
CH2 | PHASE TABLE | gsequence SWEEP MAIN
o135 | PHASE TABLE LIMIT TIME FREQ
IMODES
CH 4 | PHASE TABLE 20, 21)
MODE 19: PHASE-EXTERNAL-SEQUENCE
TRIG TRIG TRIG
cHX b:_:‘> oHx h:.>
1 2
p{ STEP 2 Vsrer
RESET
WHEN TRIGGERED, ONE SELECTED CHANNEL STEPS
TO THE NEXT PHASE IN ITS SEQUENCE TABLE.

MODE 20: PHASE-CONTINUQUS-SEQUENCE

CH X
pi

STER

CH X

P2 I'srep

CH X
P3_Jster

CH X

HAESET

ONE SELECTED CHANNEL CONTINUOQUSLY STEPS
THROUGH T8 PHASE SEQUENCE TABLE.

MODE 21; PHASE-TRIGGERED-SEQUENCE

TRIG
_% f2 Tt 13 : fl,
] STEP STEP STEP
RESET

WHEN TRIGGERED, ALl CHANNELS MAKE-ONE

PASS THROUGH THE FREQUENCY SEQUENCE TABLE.

TRIG
CH X CH X CH X CH X
o1 P@ 02 03 —A L
STEP STEP STEP
RESET

WHEN TRIGGERED, ONE SELECTED CHANNEL
MAKES ONE PASS THROUGH TS PHASE SEQUENCE TABLE.
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Sequential-Both Sweep. Each of the sequential-both
sweep modes (26, 27, and 28) simulianecusly steps all
channels through the freguency seguence table and, at
ihe same time, individuatly steps all channels through
their respeclive phase sequence tabies. You must fill
out a phase sequence table for every channel. To makea
a channei not sweep phase, enter G° {or some ather
value) for every index value up to the LIMIT. For exampie,
entering 90° for every index number up to the LIMIT

MODE 26: BOTH-EXTERNAL-SEQUENCE

TRIG TRIG TRIG
CH 4 CH4- ;
pi p2
STEP STEP

RESET

WHEN TRIGGERED, ALL CHANNELS STEP TO
THE NEXT STEP IN THE FREQUENCY SEQUENCE
TABLE AND ALL CHANNELS STEP TO THE NEXT
STEP IN THEIR RESPECTIVE PHASE TABLES.

wouid make a channel not sweep phase and give it a fixed
phase of 90° with respect to the main frequency.

MODE PARAMETERS

CH 1 PHASE TABLE

CH2 | PHASE TABLE | preqUENCY | SEQUENGE | SWEEP

CH3 | PHASE TABLE TABLE LIMIT TIME
{(MCDES

CH 4 { PMASE TABLE 27,28

MQDE 27: BOTH-CONTINUOUS-SEQUENGE

ALL CHLeem JALL CH ALL CH e n JALL CH
1 e 12 m 13

e
] STEP STEP STEP
RESET
CH 1 CH 1 CH 1 CHA1
p? :> 02 p3 E— ok
STEP 8TEP STEP
RESET

CH 2 CH 2 Ch2 | CH2
b1 5 > o3 - L

STEP STEP STEP
RESET
CH3 CH 3 CH 3 CH3
p1 > p2 > p3 :M:D pL
STEP SYEP STEP
RESET
CH 4 CH 4 CH 4 CHa
b1 > R S s = L
[ STEP STEP STEP
RESET

ALL CHANNELS CONTINUQUSLY STEP THROUGH
THE FREQUENCY SEQUENCE TABLE AND ALL
CHANNELS CONTINUCUSLY STEP THROUGH
THE!R RESFECTIVE PHASE TABLES
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MODE 28: BOTH-TRIGGERED-SEQUENCE

TRIG
ALL CH ALL CH ALLCH AlL CH
l.t::) A sy il M. )
STEP STEP STEP
RESET
TRIG
CH 1 CH1 CH1 CH 1
_:1—#1:) b2 o i A oL
STEP STEP STED
RESET
TRIG
CH?2 CH 2 CH2 CH2
o1 br::::& n2 A b3 A L
l STEP STEP STEP
RESET
TRIG
CH3 CH3_.__4: CH3 — CH3
p1 pR p3 pL
STEP STEP STEP
RESET
TRIG
CH 4 CH 4 CH4 CH 4
pi p2 — p3 > pL
STEP STEP STEP
RESET
WHEN TRIGGERED, ALL CHANNELS MAKE ONE
PASS THROUGH THE FREQUENCY SEQUENCE
TABLE AND ALL CHANNELS MAKE ONE PASS
THROUGH THEIR RESPECTIVE PHASE TABLES.

Starting the Sweep. After you have entered all the
parameters for a sequence sweep, start the sweep by
stepping through the sweep menus to the correct mode
number as follows:

Mode Keystroke Series
ey FREQ MODE SEQNCE EXTRNL

10 g FREQ MODE SEQNCE CONT
11 Eiaad FREQ MODE SEQNCE TRIG
19 EiTra PHASE MODE SEQNCE EXTRNL

20 PHASE MODE SEQNCE CONT
21 Yy PHASE MODE SEQNCE TRIG
26  |EEEY BOTH EXTSEQ

27 BOTH CNTSEQ

28 BOTH TRGSEQ

Examples. Sections 4.7.6 and 4.7.7 set up sequenced
sweeps step-by-step.

5.5.7 FM and PM Sweeps

This section describes the frequency modulation and
phase modulation sweeps.

Action. The voltage level of an external signal applied
to the FMIPM In connector controls the frequency,
phase, or bath the frequency and phase of the output
sighals.

Modes. The 650 provides three modulated sweep
modes:

External-FM The external signal frequency

{(mode 12) sweepsalichannels between the
START and STOP firequency
limits.

External-PM The external signal phase sweeps

{mode 23) the selectedchannel between its

START and STOP phase limits.

External-FM/PM
{mode 29)

The external signa! frequency
sweeps all channels between the
START and STOP frequency limits
and simulianecusly phase
sweeps all channels between
their respective STARTand STOP
phase limits.

Input Signal Specifications. The FM/PM In connector
has an input impedance greater than 1MQ, protection
against overvoltages up to £ 50Vdc, and a moduiation
range of -1V to +1V. A signal that exceeds either
modulation limit will produce no further change in fre-

- guency or phasge.

Cutput Functions. Table 5-3 gives the Horiz Out, Marker
Out, frequency monitor, and phase monitor cutputs for
the modulation modes.

Parameters. The START and STOP frequency limits
determine how far the modulation signal will sweep the
frequency of all the channels. The separate START and
STOP phase limits of each individual channel determine
how far the modulation signal will sweep the phase of
each channel. START can exceed STOP or STOP can
exceed START. — 1V always forces the outputs 1o the
START frequency or phase and + 1V always forces them
to the STOP frequency or phase.

Enter the START and STOP parameters with these
keystrokes:

START Frequency EREERFREQLIMITS START {enter
START freguency)

T FREQ LIMITS STOP (enter

STOP frequency)

STOP Frequency
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Sween =

START Phase o g X B PHASE
LIMITS START (enter START phase)
.Channiet Nimbor Il Swoep Bdalatis

LIMITS STOP (enter STOP phase)

STOP Phase

Medulation Signal Processing. Figures 5-10 through
5-12 show how the external signal modulates frequency,
phase, or both frequency and phase. In each case, you
can’{ changethe sampie rate or the number of divisions
between the START and the STOP limits.

Starting the Sween. After you have entered the START
and STOP limits and applied the modulation signal. start
the sweep by stepping through the sweep menu to the
correct mode number as follows:

Example. Suppose a 1.4 voit peak-to-peak modulation
signal must sweep the frequency between 10kHz and

20kHz.

Voitage Range Known Values Calculated Values
+1.0V STOP 22,143 kHz
+07V 20 kHz

ov 15,000 kHz
-07YV 10 kHz
-~1.0V START 7,853 kHz

STOP Calcuiation
+0.7V - OV _ 20kHz — 15kHz

START Calculation
=07V - OV _ 10kHz ~ 15kHz

+1.0V - W 8TOP — 15kHz

- 1.0V ~ OV START ~ 1B8kHz

7 BkHz 7 « BkHz

10 STOP — 15kHz

10 START - 15kHz

Mode Keystroke Series
12 Eyveres CDEC MODE EXTEM 7STOP — 108kHz = 50kHz TSTART — 105kHz = ~ 50kHz
23 e PHASE MODE EXT-Pi 7STOP = 155kHz TSTART = + 58kHz
29 B BOTH EXTRN STOP = 22143 kHz START = 7.853 kkz
850 RESOLUTION DECREASES AS
FMIPM I8 HEBrTZ PER DIVISION
START-STOP
oS ) INCREASES.
—WTO + 1V —— —— ( 256 ) o
>1MQ IMPEDANCE
R DANCE v FREQ CTRL CIRGUIT FREQ VOLTABETOFRED
OVERLOAD PROTECTION CONVERSION
BTOR A — o s e e e e — &
| 7 SN
| “ b a_ ;
MODULATION ¥ ’ i
SIGNAL IV e e o — — w,___.____mm;,%’ !
+ 1V F ' I
/\ \ ; HﬂfM - DIVISIONS e E
* I I - £
.\ o \O}v— e - .{ E
S " A
\ / } o S :
- E ¥ a |
— Fod g I ! |
- e I !
o i I i |
o / | | i
T s ' i
|E A A
' i
AESGLUTION DECREASES AS i ! i ! ; )
MODULATION FREQUENCY ! I ] ; .
NEARS SAMPLE RATE. FIXED SAMPLE RATE E : : i ;
COMP SAMPLE RATE ST - E -t ——
OFF 20.8 KHz FREQ 4 ¢ : .i
ON 1.21 KMz CTAL i | i | |
voLTs! i { I
¥ ? { 1
FUNG ! | ! ] I
MAIN P | i { I
FREQ () 1 1 R
GEN (ALL
CHANY
M12

Figure 5-10. Frequency Modulation Signal Processing
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650

FM/PM IN

~IWTO +1v

>1MQ IMPEDANCE

+ 50 VDC MOMENTARY
OVERLOAD PROTECTION

MCDULATION
SIGNAL
+ 1V
\‘ P
N\ i
Y 7
NS

REEGLUTION DECREASES AS

MODULATION FREQUENCY
NEARS SAMPLE RATE.

COmP SAMPLE RATE

OFF 25.0 KHz

ON 1.22 KMz
MZ3

RESOLUTION DECREASES AS
DEGREES PEA DIVISION
START-STOP
("‘—2557“"""’) INCREASES.
PHASE CONTROL CIHCUIT PHASE VOLTAGE-TO-PHASE
CONVERSION
STOP A o e T e -9
1 -1 P
SAMPLING -~ F AN
i T _
. Vd
3 / I
e T TS T R ML e e o sttt e g e e 4|
T .
T 28 /
Fowisions e
E: // I
I A !
&+ rd |
T 7 !
e SN U |
1 el !
¥ 2 i
I A I |
T \ s I 1
START i ! ! '
i i | ! E
1 i | i
FIXED SAMPLE RATE ; ! ]
Wen s it — e é pr— -om';m —
PHASE ;
CTAL [
i
MAIN pﬁ:ée
g‘éﬁ: 1 sHIFT —"("}_h
CIRGUIT

FUNC OUT SHIFTS PHASE IN
REFERENCE TO THE MAIN
FREQUENCY.

Figure 5-11.

(HSCRETE STEPS)

Phase Modulation Signai Processing
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650 RESOLUTION DECREASES AS
Py, HERTZ/DEGREES PEA DIVISION
START-STOP
_ (T) INGAEASES.
e e FREGUENCY AND PHASE T FREQPHASE e T
>1MQ IMPEDANCE H VOLTAGE. TO-FREQIPHASE
+50 VDG MOMENTARY CONTROL CIRCUIT l CONVERSION
OVERLOAD PROTECTION O D swsa——— oy
| [sampime - Zin |
- -+ // 1
| ¥ e | I
MODULATION i S
SIGNAL W | “F //7
+V : ' T 256 7
\ . EMEM | L DIVISIONS S
\ /g N i s S I vj( { |
7 ©— I i' ¥ A | I
N7 + I {
\ / i - 3 T S i !
-y v | i ] ¥ S | |
| o ——— / i
vl | Lo o A R —— | |
~l_ | E i i |
. I - i | |
| I i i T + v | | i
b H ~—_ _F \ i i [
Lo —¥ I i '
i | | ! H START I i %
RESOLUTION DECREASES AS ‘ i I : i ‘
MODULATION FREQUENCY | | L 1
" NEARS SAMPLE RATE. FIXED SAMPLE RATE | | ] |
P - J— —_— fr o e R
COMP SAMPLE RATE B i | ! t
- i
OFF 6.1 Kz FREQ PHASE E ; 1
On 1.03 Ktz CTRL CYRAL i | {
VOLTS
| cH1 | | ’l
FUNC | ! |
CH1 |
| | i
AN PHASE o . | 4 L
GE SHIFT hy | [ ] { i
N CIRCUIT g I ! i {
| |
IR R e
I
1 L !
LOH2 | | : i
we /N N A
PHASE S i i ! i .
SHIFT &/ | I ! H
CIRGUIT , ; | ; i
| | i i |
1 I | H H
FUNC OUT OF EACH CHANNEL
M20 SHIFTS BOTH FREQUENGY AND PHASE

Figure 5-12. Simultaneous Frequency/Phase Modulation Signal Processing
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5.5.8 Delia-Freq Sweep

This section describes the delta-freguency sweep mode
{mode 22).

Action. The defta-frequency sweep shifts the frequency
of one selected channel away from the main freguency
by an amount DLTA-F.

Parameters. Because delta-frequency falls in the
category of phase sweeps, i shifts the freguency of only
the selected active channel. However, each channel can
store adifferent DLTA-F. The 650 limits the DLTA-F range
to £1000 Hz. in addition, you cannot enter a DLTA-F
smaller than £ 0.1mHz.

Effect of RATIO. Each channel's RATIO and DLTA-F
parameters modify the main frequency (MF) as follows
to determine the frequency of the channel:

FREQuux = (RATIOG)MF £ DLTAF, )

CHX CHX)
Entering DLTA-F. Follow these keystroke series t.o enter

a DLTA-F value in each channel:

EiEnaad 1 B PHASE DLTA-F (enter
channel 1 deita frequency)

5.6 [IMARY KEY MENU TREE

e -~ By PHASE DLTA-F (enter
channei 2 delta frequency)

P TI TS 2 g PHASE DLTA-F (enter
channel 3 delia freguency}

Channel Nuriber Bl Sweep,
channel 4 defta frequency)

PHASE DLYTA-F (enter

Starting the Sweep. Follow this path through the sweep
menu tree to select the delta-frequency channel and start
the sweep {shilt the channel’s frequency):

NS X BN PHASE MODE DELTA

Setting Up a Singie Channel. If you want to shift the fre-
quency of just one channel, follow this keystroke series
to select the channel, enter DLTA-F, and start the sweep:

s < iR PHASE DLTA-F
(enter delta frequency) MODE DELTA

Example, If you set the main frequency to 1000 Hz, enter
adelta frequency of + 500 Hz intochannel 2, and select
channel 2, then channel 1 will detiver 1000 Hz and
channel 2 will deliver 1500 Hz.

This part provides detalled operating instructions for the B menu tree (see figure 5-13). The utility tree branches

to six menus:

Section Function Page
5.6.1 Configuration Menu Configures the 650 as a master, slave, or independent uni. 5-37
5.6.2 Hold-In Menu Makes the Hold In connector hold sweeps or the waveform voltage. 5-37
5.6.3 Calibration Menus Controls automatic and manual calibration. 5-38
5.6.4 Seif-Taest Menu Runs the entire hardware diagnostic test series. 5-38
5.6.5 Troubleshoot Menu Selects and runs individual hardware diagnostic iests. 5-42
5.6.6 Environment Menu Controls the beep tone, screen light, and screen readability. 5-42
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£ | SWEEP dami MAKES Hold Ingut CONNECTOR HOLD SWEEPS ]
g
T | WAVFM *’{ MAKES Hald Input CONNECTOR HOLD WAVEFORM VOLTAGE I MANUAL CAL PROCEDURE
pu {USE CURSORA 70 STER)
z CONFIGURES THIS 650 AS STEP 1: 10 MMz REF
G | INDERN ""’lm INDEPENDENT UNIT
E STEP 2: AMPL ADJ
CONFIG = CONFIGUHES THIS 650 AS THE MASTER
@ | MASTER Bl SYSTEM DF SYNCHRONIZED UNITS STEP 3: DAC IMPEDANCE
L
z STEP 4: 1 kHz DISTORTION
a1 siave CONFIGURES THIG 650 A6 A SLAVETN
© A SYSTEM OF SYNCHRONIZED UNITS STEP 5. 8Q WAVE AMPL ADJ
CONFIGURATION SELECTS MENU STEP 6 SINE WAVE AMPL ADJ
T e am g e — == ~
¥ § ¥ STEP 7: WAVEFORM ABERRATIONS
MANUAL MANUAL MANUAL ~ (PROVIDES INSTRUMENT SETURS)
EXTRNL EXTRNL EXTRNL e CALIBRATES EXTERNAL AMPS |
_ {enaBLE & | ENaBLE 2| EMABLE fasl MAKES THE 650 RUN CALIBRATED |
¥ P &
CAL e 2 o
@ | DISBLE S| oiseie Z| DISBLE e MAKES THE 650 RUN UNCALIBRATED |
L ek ) i
[+ < &£ €
< O S 5
z O} START ol sTaRT o START fe=] AUNS AUTO CALiBRATION |
B e 4 e
© o B =)
< <« x <
ABORTY ABORT ABORT gmel STOPS AUTO CALIBRATION |
b | START len] RUNS SELF TEST (RUNS TESTS IN NUMBERED ORDER) |
=
ii| ABORT fe=f STOPS SELF TEST
TEST
5 o FROM wd TESTS HOM 1
wd
o Qo | RAM TESTS RAM 2
o L} L .
B eelecT Lo SHIHLD b =E BATT TESTS BATTERY 4
s E i R #~4 TESTS GPIO 5
Q 1k
5 G | AJODAG amd TESTS SAMPLE/HOLD DAG 1
DVM TESTS DVM 3
PK-DET TESTS PEAK DETEGTOR 13
e ——— Z | PH.DET TESTS PHASE DETECTOR 20
BEEP [=-{CONTROLS BEEPERE |2 2% | rommF TESTS 10MHZ REFERENCE
{CUSH ONIPUSH OFF] | < | RFICAL gamf 5 = 7
g g é& . | exTTRG TE6TS EXTERNAL TRIGGER 1
- o
z CONTROLS DISPLAY] | O Z| P TESTS PHASE LOCK LOGP 23
O | BACKLY jew=g LIGHT PUSH ON/ o “1iNTTRG ESTS INTERNAL TRIGGER
z PUSH OFF ® i aa 24
w PHENG ITESTS PHASE ENGINE
CONYROLS DISPLAY PHACC IESTS PHASE ACCUNMULATOR
VIEW READABHITY (USE
CLURSOR KNOB)
5 | wavpac TESTS WAVEFORM DAG 8
Z | FLTER s=f TESTS WAVEFORM FILTER 9
= | AamPCTL TESTS AMPLITUDE GONTROL 1
£ | AMPCMP wel TESTS AMPLITUDE COMPENSATION | 12
XYMUL TESTS XY-MULTIPLIER 13
T w
BAC OUTjes = OUTAMP w=d TESTS OUTPUT AMPLIFIER 14
> |gjaTTen TESTS ATTENUATOR 15
g 7 |PROTEC TESTS OUTPUT PROTECTION 16
% |9 [sosymm TESTS SQUARE WAVE SYMMETRY | 17
o SYNC TESTS SYNC QUT 22

Figure 5-13. [T Key Menu Tree
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5.6.1 Configuration Menu

Function. The configuration menu makes the 650 act
as an independent unit, as the master for a system of
up to ten synchronized units, or as one of the slaves in
the system, Section 2 (insiallation) tells how to connect
the units together; section 7 (calibration) tells how to
calibrate the system.

Synchronized Operation. Give all the units the same
main freguency.

Key Descriptions.

INDEPN Makes the 650 into an independent unit.
Because the 650 powers up as an indepen-
dent, you will use INDEPN only to change
the configuration back to independent from
master or slave. INDEPN also makes the
CAL key bring up the independent auto-cal
menu.

MASTER  Makes the 850 serve as the master phase
reference for up to nine slave units. Make
only ong of the interconnectied set into the
master unit. MASTER also makes the CAL

key bring up the masier auto-cal menu.

SLAVE Makes the 850 phase-referenceitselftothe
master unit. SLAVE alsomakes the CAL key

bring up the slave auic-cal menu.

5.8.2 Hoid-Int Menu

Function. The hoid-in menu makes the rear-pane! Hold
Input connector hold phase/frequency sweeps or the
waveform voltage.

Operating Conditions. Frequency sweep holds and
waveform voltage holds appiy to all channels
simuitaneously. Phase sweep holds apply only 1o the
active channel. ATTL low signal{<0.4V)applies the hoid;
a TTL high (>2.4V) releases it.

LS Key. The setting of the hold-in menu has no
effect on the action of the GRGIGESNNY key. The
ekeemue key holds waveform sweeps, but not
waveform voitages.

SWEEP Key. Makes the Hold input connector hold fre-
quency sweeps (see figure 5-14) and phase sweeps.

WAVFM Key. Makes the Hold Input connector hold the
waveform voltage (see figure 5-15).

SWEEP HOLD
OUTPUT | \
i
| i
| {
1
| SWEEPHELD |
HORIZONTAL : :
/ 1
HOLD IN

Figure 5-14. Freguency Sweep Hold

OUTPUT

HOLD N

WAVEFORM HOLD

WAVEFORM
HELD

Figure 5-15. Waveform Voliage Hold
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5.8.3 Calibration Menus

Function. The three configuration-dependent calibration
menus control manual, auiomatic, and external calibra-
tion for the B50.

Why Does the 850 Have Three Calibration Menus?
Calibration depends on configuration. Because the 850
has three configurations{independent, masier, or slave)
it has three separate calibration procedures. Each pro-
cedure has a separate menu. The configuration you
choose in the configuration menu determines which
calibration menu will appear when you press the CAL
key.

The three calibration menus differ only slightly. In fact,
only the function of the auto-cal START key varies from
menu o menu; ali the other keys perform configuration-
independent functions. Furthermore, START differs only
inthe auto-cal process that it starts: independent auto-
cal from the independent menu, master auto-cal from
the master menu, and slave auto-cal from the slave
menu.

All three auto-cal processes build compensation tables.
The values in these tables compensate for amplitude-
dependent amplitude and offset errors and for
frequency-dependent gain and phase errors. The master
and stave auvto-cai procedures differ from the indepen-
dent auto-cal procedure only in that they calibrate the
phases of slave units tothe reference phase of a master
unit.

Key Descriptions. The following descriptions briefly
describe the function of each calibration key. For com-
plete, step-by-step operating instruciions, see section
7 (calibration),

MANUAL  Calls the seven-step manual-calibration pro-
cedure. Manual calibration requires test
equipment and internal adjustments. Call-
ing any step tothe screenautomatically sets
the 650 to the parameters required for that
step. Section 7 gives the manual catibration
procedure,

EXTRNL  Measuresthe delayof anexternai amplifier.

Section 7 gives the full procedure.

5-38

ENABLE  Enables the auto-cal correction tables and
therefore makes the 650 run calibrated. The
650 powers up with the auto-cal correction
tabies enabled.

DISBLE Disables the auto-cal corraectiontables and

therefore makes the 650 run uncalibrated.

START Depending on the configuration, makesthe
850 run the independent, master, or slave
auto-calibration procedure. Auto-cal takes
one minute and construcis the tables of
correction data that the 650 applies during
all following operation. Section 7 gives the
crder of calibration for interconnected
master/slave units.

ABORT Stops the auto-calibration procedure inmig-
process. Stopping auto-cal puts defective
data in the auto-cal correction tables.
Always re-run auto-cal if you stop a run.

5.6.4 Self-Test Menu

Funection. The seif-test menu automatically runs, in
circuit-dependeniorder, ail 24 of the 650°s built-in hard-
ware diagnostic tests. The compleie run takes 2 to 4
minutes, depending onthe number of channels. Use self-
test to verify hardware operation or 10 find defective
circuits.

Operation. Figure 5-16 shows the operating flow chart
for seli-test. Table 5-6lists, in order of performance, the
progress, error, and suspect boards messages for sach
test. Self-test stops and displays an error message when
it finds a defective circuit. You can't test past the
message because defects make the following tests
generate misleading error messages.

Setup. Disconpect all cables from the rear-panel
connectors.

START Key. Starts self-test. If an error message
appears, repair or replace the defective circuit, then
restart the test.

ABORT Key. Stops self-test in mid-process. Expect a
deiay before the ** *interrupt*** message appears.
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SCREEN

% % TESTING CHRCUIT MESSAGES % %

SELFTEST IN PROGRESS

(SEE TABLE 5-6)

ABORT

SCREEN

SCREEN ¥

SELFTESYT ABORTED
Y INTERRUPT ***

CIRCUIT ERROR MESSAGE
***SUSPECT BOARDS MESSAGE"**

i

“ret PASSED ALLTESTS *****

SELFTEST STOPPED

Figure 5-16. Self-Test Operating Flowchart
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Table 5-6. Self-Test Messages

Y TESTING CIRCUIT MESSAGE%

CIRCUIT ERROR MESSAGE

***SUSPECT BOARDS MESSAGE*v**

% TESTING ROM %

Y% TESTING RAM %

%TESTING DVM %

Y% TESTING BATTERY %

Y% TESTING GPIC%

% TESTING PHASE ENGINE %

% TESTING 10 MHZ
REFERENCE %

% TESTING WAVEFORM DAC%

% TESTING WAVEFORM
FILTER%

%TESTING SAMPLE/HOLD
DAC%

% TESTING AMPLITUDE
CONTROL%

% TESTING AMPLITUDE
COMPENSATION %

% TESTING XY MULTIPLIER %

Y% TESTING QUTPUT
AMPLIFIER %

% TESTING ATTENUATOR %

Y% TESTING QUTPUT
PROTECTION %

% TESTING SQUARE WAVE
SYMMETRY %

% TESTING PEAK DETECTOR %

% TESTING PHASE
ACCUMULATOR%

% TESTING PHASE DETECTOR %

% TESTING EXTERNAL
TRIGGER %

% TESTING SYNC OUT%

% TESTING PHASE LOCK
LOOP %

% TESTING INTERNAL
TRIGGER %

ROM ERROR

RAM ERRCR

DVM ERROR

BATTERY ERROR

GPIQ ERRCR

PHASE ENGINE ERROR

10 MHZ REFERENCE
ERROR

WAVEFORM DAC ERROR

WAVEFORM FILTER
ERRCR

SAMPLE/HOLD DAC
ERROR

AMPLITUDE CONTROL
ERROR

AMPLITUDE
COMPENSATION ERROR

XY MULTIPLIER ERROR

CUTPUT AMPLIFIER
ERROR

ATTENUATOR ERRCR

OUTPUT PROTECTION
ERROR

SQUARE WAVE
SYMMETRY ERROR

PEAK DETECTOR ERROR

PHASE ACCUMULATOR
ERROR

PHASE DETECTOR ERROR

EXT TRIG AND TRIG
LEVEL ERROR

SYNC OUT ERROR

EXTERNAL PLL ERROR

INTERNAL TRIGGER
ERROR

**SAMPLE AND HOLD BOARD ERR**
**SAMPLE AND HOLD BOARD ERR**
«*****REF/CAL BOARD ERR* *****
*#wxu*SiH, REF/CAL ERR***** =
**SAMPLE AND HOLD BOARD ERR**
“**PHASE ENGINE BOARD ERR***+
#*» ¥ *REFICAL BOARD ERR*****+

#****PE, RAM DACOUT-N ERR****+
= s **DAG OUTPUT-N ERR*****#+

£* % * % *S/H,DACOUT-N ERR** *¥ % ++
#**+**DAC OUTPUT-N ERR* * #**++
******PE’DACOUT”N ERR********

** ¥ *DAC OUTPUT-N ERR**++ s+
****DACOUT-N, +/— 38 V ERR****

#rex e xDAC OUTPUT-N ERR***# %+
*r#**«DAC OUTPUT-N ERR* * * %%+

#*r**2xDAC OUTPUT-N ERR* *** ¥+

** ¥ % *REF/CAL BOARD ERR*** %+
*PHASE ACCUMULATOR BOARD ERR*

*****REF/CAL DACOUT-N ERR****
******REF/CAL BOARD ERR****¥*

* = ***REF/CAL BOARD ERR******
*¥#***REFJCAL BOARD ERR****¥+

*#+ %% *REFJCAL BOARD ERR*****+

Figure 5-17 locates the circuit boards and power supplies.

Each message above lists one or more
possibly defective boards. N indicates
the DAC Qutput board channe! number.

Note: The RAM ERROR message poinis to the RAM ¢ the Sample and Hold board. The WAVEFORM DAC ERROR.
message points to the RAM boards.
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SR <EY

RAM BOARD (CH1-2)
RAM BOARD {CH 3-4)
PHASE ACCUMULATOR BOARD

A
PHASE ENGINE BOARD DACIOUTPUT BOARDS

REFICAL BOARD e —
MAIN 1P/S & H BOARD CH1CH2CH3 CH4
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FRONT PANEL
FRONT PANEL

uP BOARD

Figure §-17. 650 Circuit Board and Power Supply Locations
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5.68.5 Troubleshoot Menu

Function. The troubleshoot menu selects and repeats
continuously any one of the hardware diagnostic tests.
Continuous repetition permits test instrument isolation
of defective components.

Setup. Disconnect all cables from the rear-panel
connectors.

QOperation. Press the soft keys as shown inthe menu free
(figure 5-13} to run a specific test. The 650 will display
the name of the test, but will not generate a pass or fail
message. To stop one festand start another in the same
test menu, just press the buiton for the next test. To
returntothe select-board menufrom a fest menu, press
BT TEST SELECT. If a repair passes an individual test,
run self-test to verify ali the hardware.

Key Descriptions. The following descriptions teli how to
select and start the individual tests. Figure 5-17 locates
the circuit boards.

SELECT  Calisthe seleci-board menu. Each ofthe five
keys either displays a test menu (for boards
with several tests)or starts a test (for boards
with one test).

SH/HLD  Calls the testmenu for the sample and hold
board. Tostart atest, press the appropriate
key.

RF/CAL Calls the test menu for the reference and
calibration board. To start a test, press the
appropriate key.

PHENG Starts the phase engine test; retains the
select board menu. To stop ihe test and
selectanother board, pressthe key for that
beoard.

PHACC Starts the phase accumuiator test; retains
the setectboard menu. To stop the testand
selectanoiher board, press the key for that
board.

DACOUT  Cails the test menu for the DAC/Cutput
boards. Any testyou select from this menu
witl run simultaneously on all the DAC/Out-
put boards. To start a test, press the ap-
propriate key.
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5.6.6 Environment Menu

Function. The environment menu controls the beep tone,
screen light, and screen readability.

BEEP Key. Controls the tone that sounds when you press
front panel buttons. Push on/push off.

BACKLT Key. Controls the display's backlight. Push
onfpush off.

VIEW Key. Controis the readabitity {(viewing angle) of the
display. Te adjust the angle, first press VIEW, then rotate
the cursor knob.

5.7 Feld:] KEY MENU TREE

This part provides an operating overview of the {15
menu tree shown in figure 5-18. Section 6 discusses
GPiB operation in detail.

5.7.1 Overall Operation
5.7.2 Soft Key Operation

5.7.1 Overail Operation

Menu Overview. The key menu tree allows you 1o
enter a GPIB address, regain control of the front panel
from the remote controller, display the command receipt
and error message buffers, send a “key-pressed”
service requesttothe controller, and display a list of the
850 GPIB commands.

5.7.2 Soft Key Operation

ADRS KEY

Function. The ADRS key enables entry of an alternate
GPIB address from the front panet.

GPIB Address. The GPIBbus address identifies the 650
tothe controller. The rear-panet Address Selector switch
determines the 650's power-up address, which aiso
serves as the operating address until an address entered
at the front panel (with the ADRS key) supercedes it. In
the command string WRITE @709:"CH 1 OT 1 EX”, the
digits 09 specify the 650 address.

Operation. Press the ADRS key (o display the current
GPIB address on the top line of the display. Key in the
new address on the number keypad, then press
EXECUTE. The decimal and binary versions of the new
address will appear onthe display. If the 650 loses power,
the address reverts to the rear panet address.
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KEY

ADRS

SRQBUF

LSNBUF

DISPLAY GPIB

SYNTAX

LOCAL

SEND

SRQ

ADRS Enables programming of GPIB instrument address from the front panel {power loss will
cause reversion to rear-panet address),

LOCAL Returns insirument control from GPIB bus to front panel.
LSNBUF Causes scrolling display (use cursor knob) of all commands received
SRQ Sends service request to instrument controller.
SRQBUF Causes scroiling display (use cursor knob) of all SRQ messages generated by the 650.
SYNTAX Displays complete list (Use cursor knob) of all GPIB commands.
Figure 5-18. [EE] Key Menu Tree
LOCAL KEY ing transmission, i1 stops accepting commands,

Function. The LOCAL key switches controf of the 650
from the GPIB bus to the front panel.

GPIB vs Front Panei Control. Receipt of any GPIB
command by the 650 disables the front panei to the
extent that you can call menus and read parameter
settings, but you cannot change modes or numbers,
Pressing the LOCAL key returns full controt to the front
panel. The universal GPIB command L1.O not only par-
tially disables the front panel, but also disables the
.OCAL key s0 you cannot return to full control. The
FRONTPANEL command completely disables the front
panel (no backlight, no menus, no beeps, and no reium
to fult control with the LOCAL key).

Operaticon. Pressthe LOCAL keytoreturncontrol of the
650 to the front panel.

LSNBUF KEY

Funciion. The LSNBUF key allows you to see all the
commands received by the 650 over the GPIB bus.

Listen Buffer. The 256-character last-in-first-out listen
buffer receives the commands from the GPIB bus and
stores them until the controller stops transmitting. After
the transmission ends, the 850 processes the
commands in the listen buffer. |f the buffer filis up dur-

distributes its contents 1o the pending registers, then
again accepts commands. The commands in the
pending registers will not become effective until an EX
command executes them. Old commands flow out the
high end of the LENBUF. New commands enter the low
{000} end.

Operation, Press the LSNBUF key to call the listen buffer
tothe screen, then scroil through itwith the cursor knob.
The buffer contents appear onthe topline of the display.

SRQ KEY

Function. The SRQ key allows the operator to send a
“key-pressed’’ service request o the controtler. For
exampie, the controlier could ask the operator tochange
the connections of the test setup, then press SRQ. When
the controller services the request and finds the ""key-
pressed’’ message, it knows that the operator hascom-
pleted the changes. See the detailed description of the
SRQ7? command and the SRQ Demonstration Program
in section 6 for more information,

Pressing the SRQ key also displays the status byte.

SRQBUF KEY

Function. The SRQBUF key allows you to see alt the
service request messages generated by the 650,
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Stored Settings €=

Service Hequest Buffer. The lasiin-first-out service
request buffer holds messages for the controller, These
messages describe programming errors, hardware
failuresinthe 850, and the occurrence of events. Slashes
(/) separate messages. If the SRQ buffer fills up, you will
lose any new messages. Reading the buffer empties i,
To avoid iosing messages, make a practice of reading
the buifer before it fills. See section 6.6 and figure 8-2
for more information.

Operation. Press the SRQBUF key to call the service
request buifer 1o the screen, then scroll through it with
the cursor knob. The buffer contents appear on the top
line of the display.

SYNTAX KEY

Function. To help you program, the SYNTAX key calls
a list of the GPIB commands to the 850's screen.

Other Sources of this Data. The HELP? command sends
acompletefist of the commands, argumenits, and limits
to the controlier. Table 6-2 in this manual atso tists al}
the commands, arguments, and limits and, in addition,
gives a brief functional description of each one.

Operation. Press the SYNTAX key to call the GPiB
command list, then scrolt through it with the cursor knob.
Get argument numbers from tabie 8-2 or call the
enumerated function’s menu to the 650 screen and read
its number (in parentheses) from the top line of the
display.

Display. SYNTAX displays commands as follows:
<full header>.<minimum form>

Examples: AMPLITUDE:AM
BURSTCOUNT:BR
CHANNEL:CH

RESET:RST

5.8 HEEIEESTNEE KEY MENU TREE

This part provides detailed operating instructions for the
e menu tree (see figure 5-19).

5.8.1 Overail Operation

The stored settings key allows you to store 25 complete
instrument setups for fast recall. An internal battery
saves the setups when you turn the instrument off. The
key does not erase stored setups.

Setup Contents. A setup includes all the settings of the

O EHSE R, and Y keys, but not those
of the or keys.

Setup Numbering. You store and recall setups by
number. The 650 numbers the setups from 1 to 25.

Current Setup. The 650 protects against power loss by
continuously storing the current instrument setup as
setup number G. You can recall, but not store, setup 0.

21 stome - ENABLES STORAGE OF
& INSTRUMENT SETUPS
@ . ENABLES RECALL OF
O -
T e A RECALL INSTRUMENT SETUPS
Stored Settings. E
L o INACTIVATES STORED
4| DisasL - SETUPS
&
o] REACTIVATES STORED
5 | ENABLE SETUPS
STORE Enables sto‘rage of the current instrument setup in any one of the 25 setup storage
locations.
RECALL Enables recall of an instrument setup from any of the 25 storage locations and from the
lost-power location.
DISABL Enables inactivation of any storage location. inactivation does not change the instru-
ment setup stored in the location.
ENABLE Enabies reactivation of a storage location.

Figure 5-18.

LRI Key Menu Tree
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Stored Settings J4=A

5.8.2 Soft Key Operation

The foliowing procedures use [brackets] to separate screen messages from the procedure text. The brackets do
not appear on the screen.

How to Store a Setup. Follow this procedure to store a setup.

Action

Step Response
1. Set up the instrument.
2. Press BrrEnnrd key. Screen: [--store setting menu-—~]
3 Press the STORE key. Screen: [setting XX last stored]
4, Key in the number of the storage location. Screen: [store setting: 12]
Allowable numbers: 1-25.
5. To store the setup, choose either step 5a or
step 5b.
5a. Press any other menu key. The 650 stores the setting, then displays the
' menu you selected.
5b. Press the [ZTTT] key.

The 850 stores the setling.
Screen: [setting 12 last stored]

How to Recall a Setup. Follow this procedure to recall a stored setup. if you try to recall a disabled setup, the screen

will fiash the message *** stored setting undefined ***,

Step Action Response
1. Press R key. Screen: [—store setting menu---]
2. Press the RECALL key. Screen: [no settings recalled] or

{setting XX last recailed]

3. Key in the number of the storage location Screen: [recall setting: 12]

containing the required setup. Allowable

numbers: O {{ost power location) and 1 to 25.
4. To recall the setup, choose either step 4a or

step 4b.
4a. Press any other menu key. The 650 recalis the setting, then displays the

menu you selected.

4b. Press the [S708 key.

The 650 recalls the setting.
Screen: [setting 12 last recalled]

5-45



DETAILED OPERATION

Stored Settings EN=ag

How to Disable a Stored Setup. The 850 skips disabled setups when you step through the setups with the cursor

controls. Foliow this sequence 1o disable a stored setup:

Step Action Response
1. Press EEEALog key. Screen: [—store setting menuy-]
2. Press the DISABL key. Screen: [no settings deleted] or
[setting XX last deleted]
3. Key in the number of the storage location Screen: [delete setting: 12]
that you want 1o disable.
4. To detete the setup, choose either step 4a or
step 4b.
4a, Press any other menu key. The 650 deletes the setting, then displays the
menu you selected,
4b. Press the |28 key. The 850 deletes the setting.

Screen: [setting 12 last deleted]

How to Enable a Stered Setup. Follow this sequence 1o enable a previously disabled setup:

Sten Action Response
1. LR Stored Settings L3R Screen; [—store setting menu--—]
2. Press the ENABLE key. Screen: [no seitings recovered] or
[setting XX last recovered]
3. Key in the number of the storage location Screen: [recover setting: 12]
that you want to enable.
4, To enable the setup, choose either step 4a or
step 4b.
4a. Press any other menu key., The 850 enables the seiting, then displays the
menu you selected.
4b. Press the [SEEMER key. The 650 enables the setting.
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EEER KEY

How to Change a Stored Setup. First, RECALL the setup,
Second, make the required changes in the instrument
settings. Third, STORE the changed setup.

How to Step Through Stored Setups. Stepping through
stored setups with the cursor arrows or knob allows you
to perform repetitive multiple-step testing without time-
consuming control changes between the steps. Disable
undefined setups before you begin stepping. Cursor
stepping returns to the beginning (excluding setup )
when you pass beyond the last setup.
To step through stored setups, follow this sequence:
1. Press the ERERETIRE key.
2. Press the RECALL key.
3. Key in the starting setup number.
4, Press Etng.
5. Use one of these incrementing methods to step:
UP CURSOR ARROW (steps through in increasing
numerical order)
DOWN CURSOR ARROW ({steps through in
decreasing numerical order)
ROTATE CURSOR KNOB (clockwise increases,
counterciockwise decreases)

| KEY MENU TREE

This part provides detailed operating instructions for the
B menu tree (see figure 5-2C).

Operation. Press the GEEY key to display the reset
menu, Anoverload (>500ma) will automatically display
the reset menu below the two overload message lines:

***OUTPUT OVERLOAD DETECTED* **
USE OVERLOAD RESET TO RESTORE OUTPUTS
—reset menu-
params ovlcad

OVLOAD Key. The OVLOAD {overload) key recloses the
ouipui relays after an output overload has opened them,
but leaves your instrument sefup unchanged. Always
determine and correct the cause of the overload inyour
test setup before resetting the 650,

PARAMS Key. The PARAMS (parameters) key opens the
output relays and resets the 650 parameters to the
following power-up values.

Main Parameters: Frequency 1000, mode 0 (continuous),
burst count 2, trigger source O (external), trigger slope
O(positive), trigger level 1.4 volts, trigger frequency 200,
sweep time 1, sweep mode 0, sweep function 0 (linear),
start frequency 1000, stop frequency 16000, marker fre-
quency 5000, sequence limit 10, configuration 0
{independent), hold input 0 {sweep).

Channel Parameters: Amplitude 5, offset 0, phase 0,
function 0 (sine), output 0 {off), ratio 1, duty cycle 50,
delay 0, start phase 0, stop phase 360, marker phase
180, delta frequency 0.

5.10 AMPLITUDE MODULATION

The 650 permits amplitude modutation of individual
channels.

inputs. The separate AM In connectors (one for each
channel) have >10KQ input impedance, + 50Vdc pro-
tection, and an operating range of =+ 5V,

Operation. Amplitude modulation has no menu controis.
To amplitude modulate a channel, set the channel’s
amplitude to the value required for your applicationand
connect the modulation signal to the channel's AM in
connector, Figure 5-21 shows the relationship between
channel amplitude and the modulation signal.

PARAMS
2 PARAMS OVLOAD
=
|.._
Lid
o
€| OVLOAD

Figure 5-20.

Resets all output parameters to power-up conditions.
Closes any output relay opened by the overload detector.

Key Menu Tree
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<100% 100 1007
MODULATION MOD MOD CLIPPED
+ 12.5V
+6.25V | _— S — i
1
e s q
l MAXIMUM
- B.25V — e — 151 ENVELOPE
AMPLITUDE
~12.5V l
L5V MAX POS AM iN
|
ENVELOPE CLIPPING REGION
N CLIPPING LIMIT
+1.25V (for this example)
AWA [\ oo
7 \j v \j AM IN (Vpp)
—1.25V CLIPPING LIMIT
hd V \ {for this example)
ENVELOPE CLIPPING REGION
~- 5V

MAX NEG AM IN

At 100% modulation, Maximum Envelope Amplitude = 2 4 ¢
Fixed AM Gain = 10

Max Envl Ampt 2 ( (IO
Fixed Gain

AM In (100%) =

For the exampie above, AM in (100%) =

Figure 5-21. Amplitude Modulation
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INTRODUCTION

6.1 INTROBDUCTION

This section tells how to control the 650 remotely over
the GPIB bus.

Section Page
6.2 General Procedure 6-1
6.3 650 Commands 6-1
8.4 Universal and Addressed Commands 6-9
8.5 Detailed Command Descriptions 6-9
6.6 Service Reguests 6-13
6.7 Displaying Messages on the 650 6-18
6.8 GPIB Menu Keys 6-19
6.9 Demonstration Programs 8-21

6.2 GENERAL PROCEDURE
Foliow these steps io controi the 650 over the GPiB bus:

1} Connect the 650 to the GPIB system with the
standard GPIB connector. lf you plan to use a printer,
connect it to the GPIB bus.

2} Setthe 650's GPIB address ¢ a unique identifica-
tion number with either the rear panet! switch (see
section 2} or the front-panel GPIBkey. The examples
in this manual assume a 650 address of 09, If you
have a printer, set its GPIB address.

3} Use your controller to write and execute a program
for the 650.

6.3 650 COMMANDS

This part discusses the 850 commands and the rules you
must follow to apply them.

6.3.1 Command Types
8.3.2 Command Syntax
6.3.3 Command List

6.3.1 Command Types

the 650 has four types of commands: parameter,
enumerated, direct, and query.

The foiilowmg text discusses each type of command
separately. The examples ierminate the commands with

SECTION
GPIB OPERATION

semicolons ([} or closing guotes (). See “terminators”
in section 6.3.2 for more information.

Parameter Commands. Parameter commands specify
a particular numerical value within a continuous range
of values.

Format: <header>SPACE<value>TERMINATION

The header specifies the parameter and the value
specifies the numerical value. Table 6-2 lisis the
parameter commands and their aliowable valug ranges.

Examples:

FREQUENCY 2E3; Selecis 2000 Hz frequency .

PHASE 387; Selects 387° phase

SWEEPTIME 2.39; Selects 2.39 second sweep
time

TRIGGERLEVEL 5.1; Selects 5.1 volt trigger level

Enumerated Commands. Enumerated commands pro-
vide a list of distinct choices.

Format: <header>SPACE<argument>TERMINATION

The header specifies the parameter and the argument
specifies the choice. You can use either a numberora
descriptive character string for the argument. Table 6-2
lists the enumerated commands and their arguments.

Example t FUNC 3or Selects the ramp
FUNC RAMP output function
Other BC 4
Arguments SINE 0
SQUARE 2
TRIANGLE 1

Example 2 MODE 4 or Selects burst

MODE BURST operation
Other ASYNCGATE 2
Arguments CONTINUOQUS 0
PHASELOCK 5
SYNCGATE 3
TRIGGERED 1

6-1
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650 COMMANDS

Direct Commands. Direct commands make the 650 per-
form an immediate acticn,

Format: <header>TERMINATION

The header specifies the action. Direct commands have
no value or argument. Table 8-2 lists all the direct
commands.

Exampiles:

RESET" Resets 850 parameters
TRIGGER” Triggers waveform or sweep
EXECUTE” Executespreceding commands in string

Guery Commands. Query commands tell the 850 to send
information to the controtler,

The 650 will not send the information when it receives
the command, but will wait until the controlier subse-
guently addressesit as atalker. You canonly send guery
commands one af a time. If you send two or moreina
command string, the 650 will respond only 1o the fast one.

Format: <header><7?>TERMINATION

The header specifies the type of information. Because
all parameter command headers (and most enumerated
command headers)can also serve as query headers, the
questionmark tells the 650to send (rather than receive)
the information. Certain other headers appear only in
gquery commands. Table 6-2 lists all the query
commands. See Query Commands in section 6.3.2 for
a sampla query program.

Parameter Header Exampiles

FREQUENCY?” Returns current frequency

PHASE?" Returns current phase

TRIGGERFREQ?" Returns current trigger
frequency

Enumerated Header Examples

FUNCTION?” Returns current output
waveform

MODE?" Returns current operating
mode

QUTPUT?” Returns current output
setting

Query Header Examples
MAINPARAMETERS?" Returns main parameters

SRQ? Returns contents of SRQ
buffer
STATUSBYTE?" Returns status byte

6.3.2 650 Command Syntax

Cemmands sent by an instrument controller to the 850
must follow the syntax given in table 6-1. The following

62

text discusses command operation, command
processing, semicoions, minimum unigueness, and ?
commands.

Command String Operation. The command string at the
top of the table (written to runon a Wavetek Model 6000
Instrumentation Controlier} works as follows:

WRITE @709:"FR 2E4.CH 1;0T 1;FN RM;FR;EX"

FR 2E4 sets the main frequency to 20kHz,

CH 1 selects channel 1 for programming,

0T 1 selects ON-50 chms as the output configuration
of channel 1,

FN RM selects a ramp waveform for channel 1,

FR tells the 850 to display the freguency menu, and

EX makes the 650 convert ali these commands to
a signal output.

How Does the 650 Process Commands? The 256-
character listenbuffer receives the commands fromthe
instrument controller. If it fills up before receiving an.
EXecute command, it will stop accepting commands,
distribuie its contents to the next-setup registers, then
again accept commands. The commands in the next-
setup registers will not take effect until the 850 receives
an EXecute.

The listen buffer accepts all commands regardless of
syntax errors. When the 650 processes the commands
in the listen buffer, it copies the defective commands
over into the SRQ butfer and labeis them with PE:Q to
indicate defective syntax. The parameters and functions
that the defective commands would have changed retain
their previous values. lf a command appears inthe SRQ
buffer, the 850 ignored it. See figure 6-2.

Terminators. A terminator tells the 650 that it has
reached the end of the current command. Although the
850 recognizes both semicolons () and spaces as ter-
minators, semicolons greatly simplify debugging. If you
use spaces, the 850 will copy {andignore) all commands
after the first defective command into the SRQ buffer.
With semicolons, the 650 wiil accept all good commands
and put only the defective ones in the SRQ buffer. Con-
sider these tweo examples with and without semicolons
{the defective command FR2E4 shouid read FR 2E4):

With Semicolons

WRITE @709:"FRZ2E4,CH 1,07 1.FN RM:FR.EX”
Message: SRQ = /PE.(Q FRZE4*/

Without Semicolons
WRITE @708:""FR2E4 CH 1 OT 1 FN RM FR EX”

Message: SRQ=/PE.0FR2E4* CH1 OT t FN RM
FREX/
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Minimum Uniqueness. The 850 will interpret the follow-
ing three command lines exactly the same. String 1 uses
the minimum character set each command requires,
string 2 uses longer abbreviations that contain each
command’'s minimum character set, while string 3
completely spells out each command. The expansion of
the function command (FN 3, FUNC RMP, and FUNC-
TION RAMP) demonstrates the use of numbers and
descriptive character strings in the argument of
enumerated commands.

WRITE @709:
“FR 2E4:CH 1:0T 1:FN 3;FREX" (1)

WRITE @ 709:“FREQ 2E4:CHAN 1,0UTP 1;FUNC RMP;
FREQ:EXEC™ (2)

WRITE @ 709:“FREQUENCY 2E4,CHANNEL 1;
OUTPUT 1:FUNCTION RAMP:FREQUENCY;
EXECUTE" (3)

Query Commands. Query commands (such as FR?)
make the 850 return the current setting of the parameter
asastring ofcharacters andrequire aprogramtomake
the controlier use the returned data. The following
Wavetek 6000 program requests the data, accepts it,
and writes it to the 8000's screen.

Program Statements

10 CLEAR
20 WRITE @ 709:""FR?”

Explanation

Clear screen

Write command to 850
{port 7, address 09)
Dimension string to 25
characters

40 READ @709:STRINGS Read returning string
50 PRINT STRINGS Print string to screen
60 END End program

30 DIM STRING$*25

6.3.3 650 Command List

Table 6-2 uses the following format to fist and briefly
describe the complete 650 GPIB command set. See the
detailed command descriptions section or the cor-
responding menu key description for more information
about each command.

Command Range/String Function
FRequency 100E-6 1o 2E6 Sets main generator
frequency
FRequency? FREQUENCY n  Returng main
generator frequency n
FuNction Otob Selects channel output
waveform
DC 4 DC output
RaMp 3 Ramp output
SiNe 0 Sine output
SQuare 2 Square output
TeSt 5 Manufacturing iest
function
TRiangle 1 Triangle output

Command Columin

1} Lists commands alphabetically by their fuli names
2} Indicates minimum uniqueness with capital letters
3) Indents command arguments

Range/String Column

1} Givesthe value range for each parameter command

2y Gives the argument number range for each
enumerated command

3} Liststhe arguments {names and numbers) for each
enumerated command

4) Givesthestring returnedin response to each query
command

Function Columin

1) States briefy the function of each command
2) Uses an asterisk {(*) to indicate further explanation
in the detailed command description section

Minimum Uniqueness. Capital letters (BuRstcount)
indicate the minimum letter combination required by the
6506. Use just the caps (BR), a longer abbreviation that
contains all the caps (BURSTC), or the entire command
(BURSTCOUNT).

Other Sources of this Data. The HELP? command and
the SYNTAX key provide less complete forms of the data
givenintable 8-2. HELP? sends a list of all the commands,
arguments, and ranges tothe GPIB coniroller, while the
SYNTAXkey dispiays (onthe 650 screen)the commands
without the arguments or ranges.
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Table 6-1. 650 Command Syniax

Typical Command Line: WRITE @709:"“FR 2E4;CH 1;0T 1:FN BRM:FR:EX"

Syniax

Explanation

WRITE @709:

Varies depending on the controller. This format, for the Wavetek 6000, telis the con-
troller to send the command string out port 7 (the GPIB port) to the 650 (at address 09
on the GPIB bus).

Enclose the command string in quotes. Either single or double quotes can serve as
string delimiters.

Separate commands with semicolons. See “terminators’ in the text for the reasons for
this requirement.

Use exponent notation to avoid entering long strings of zeros. For example, enter
20000 as 2E4 and 0.0005 as 5E-4, '

DL
DLY
DELAY

Use the minimum uniqueness version (DL), a longer version that contains the
minimum uniqueness letters (DLY), or the full version (DELAY) of each command in
your programming. Table 6-2 spells out the commands and indicates minumum unigue-
ness with capital letters {Delay). The text gives examples of full, partial, and minimum
unigueness command strings.

FN 3
FN RM

Enumerated commands that select a function (such as FN, select channel output wave-
form) allow you to select the function either by number (3) or by name (RM, ramp
waveform). Tabte 6-2 lists the enumerated commands and their arguments.

CMD;

Drop the numerical value of a parameter command to make the 650 display that
paramenter's menu. For example, ;AM; will display the channel menu of the currently

active channel. Use this feature in step-by-step operation to follow and verify program
operation.

EXM

Place an EXecute command at the end of a command string to make the 650 put the
commands inte effect. The 650 will accept commands and put them in the pending
setup registers, but it will not generate their output until you send an EX command. EX
also puts the 850 in the “listen for more commands’™ mode: therefore, do not put EX
after a query (7) command as it will prevent the 650 from returning the answer.

Replace the numerical value of a parameter command with a 7 to make the 850 return
the current setting of that parameter as a string of characters. Table 6-2 lists the guery
commands and shows the format of the returning strings. Query commands also make
the 650 display the menu of the requested parameter. The text gives a short program
that makes the controller accept and display the returning information. Do not use EX
after a ? command.
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Tabie 6-2. 650 Command Set
Command Range/String Function
AMplitude 25E-3 to B0 Sets channel output amplitude
AMplitude? AMPLITUDE n Returns channel output amplitude
AutoCal — Runs auto caiibration
AutoCalOFf — Disables autocal correction table
AutoCalON — Enables autocat correction table
Backlight Otot Controls display backlight
OFF 0 Turns display backlight off
ON 1 Turns display backlight on
BeeP —_ Turns beep tone on/off
BuRstcount 1 to 65.535E3 Sets number of cycles in burst
BuRstcount? BURSTCOUNT n Returns number of cycles in burst
CenterFrequency 100E-6 1o 2E6 Sets center frequency of sweep
CenterFrequency? CENTERFREQUENCY n Returns center frequency of sweep
CenterPhase + 9999999.995 Sets center phase of sweep
CenterPhase? CENTERPHASE n Returns center phase of sweep
CHannel 1104 Selects channel
CHannel? CHANNEL n Returns number of selected channel
CHnlParameters? CH n: parameters Returns channel parameters*
CONFiGuration 0to 2 Selects single/multi-unit operation
INdependent 0 Configuration for single unit
MaSter 1 Master phase reference unit
SLave 2 Slave unit
CONFIGuration? CONFIGURATION n Returns configuration
Delay -2E-3 10 2E-3 Sets waveform phase shift in seconds
Delay? DELAY n Returns waveform phase shift
DeltaFrequency -1E3 to 13 Sets delta frequency shift

DeltaFrequency?
DiSaBlesetting
DiSaBlesetting?
DuTycycle
DuTycycie?
ENaBieseiting
ENaBlesetting?
EXecute
EXTernalCal?
FRequency
FRequency?
FrontPanel

OFF

ON
FuNction

DC

RaMp

SiNe

SQuare

TeSt

TRiangle
FuNction?

DELTAFREQUENCY n
1to 25
DISABLESETTING n
0to 100
DUTYCYCLE n
1025
ENABLESETTING n
See detail text
100E-6 to 2E8
FREQUENCY n
0to1

0

1

Oto 5

4

3
0
2
5
1

F’

UNCTION n

Returns delta freguency shift
Disables a stored instrument setup
Returns disabled setup numbers
Sets duty cycle of squareframp waves
Returns duty cycle
Enables a stored Instrument setup
Returns number of last enabled setup
Executes command string
Calculate cable phase delay of select channel*
Sets main generator frequency
Returns main generator frequency
Controls access to front panel*

Turns front panel off

Turns front pane!l on
Setlects channe! output waveform

DC output

Ramp output

Sine output

Square output

Manufacturing test function®

Triangle output
Returns channel's outpui waveform

*Explaned further in Detailed Command Descriptions section.
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Table 6-2. 650 Coammand Set (Continued)
Command Range/String Function
GateoFf e Closes gate for A-GATE/S-GATE modes
(GateoN e Opens gate for A-GATE/S-GATE modes
HELP? See detail text Sends command list to controller*
Hol.D — Holds sweep or waveform (see RSM)
Hol DiNput Oto1 Selectis function of Hol.D command
SWeep 0 Makes BNC Hold Input hold sweep
WaVeform 1 Makes BNC hold waveform voltage
HolL.DiNput? HOLDINPUT n Returns function of hold command
MaiNParameters? See section 6.5.6 Returns all the main parameters*
ManualCal Oto7 Setlects the 7 manual cal steps
ManualCal? MANUALCAL n Returns current manual cat step
ManualTrigger e Triggers waveforms and sweeps
MarkerFrequency 100E-6 to 2E6 Sets marker frequency
MarkerFregquency? MARKERFREQUENCY n Returns marker frequency
MarkerPhase -10E6 to 10E6 Sets marker phase
MarkerPhase? MARBKERPHASE n Returns marker phase
Mode Otcb Selects main operating mode
AsyncGate 2 Asynchronous gating mode
BuRst 4 Burst mode
CoNtinouus 0 Continuous waveform mode
Phasel.ock 5 Phaselock mode
SyncGate 3 Synchronous gating mode
TRiggered 1 Triggered {one cycle) mode
Mode? MODE n Returns main mode
MONitorFreq? MONITOR FREQUENCY: n | Returns instantaneous frequency
MONitorPhase? MONITOR PHASE: n Returns instant phase of swept channel
OFfset - 25 t0 25 Sets waveform offset voitage
OFfset? QFFSET n Returns waveform offset voltage
OuTput Oto2 Sets channel output impedance
OFF 0 Opens channel output relay
ONfifty 1 Sets channel output impedance to 50 chms
ONZero 2 Sets channel output impedance o 0 ohms
OuTpui? QUTPUT n Returns channel cutput impedance
OVerloadraset — Closes output relays opened by overload
PeRiod 500E-9 1o t0E3 Sets period of main frequency
PeRiod? PERIOD n Returns period of main frequency
PHase + 9999999 995 Sets phase shift ¢f current channel
PHase? PHASE n Returns phase shift of selector channe!
CuiCkeal e Quick calibrates current setup
RaTio 11099 Sets freq mult of current channel
RaTio? RATIO n Returns current channel's freq mult
ReCal.isetting Qo025 Recalis specified stored setup
LaSt s Recalls tast stored setup
NeXt —_— Recalls next stored setup
ReCal.lsetting? RECALLSETTING n Returns number of last called setup
ReSeT — Resets all parameters to default*
ReSuMe e Resumes sweep or waveform (see HLD)
SelFTeST See detail text Tests hardware, identifies failures*

*Explained further in Detaileg Command Descriptions section.
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SeQuenceindex
SeQuenceindex?
SeQuencelimit
SeQuencelimit?
SeQuencePhase
SeQuencePhase?
SPANFreguency
SPANFreguency?
SPANFPhase
SPANPhase?
SRQ?
SRQMask
SRQMask?
STaRTFrequency
STaRTFrequency?
STaRTPhase
STaRTPhase?
S5TATUS
STatusByte?
STOPFreguency
STOPFrequency?
STOPPhase
STOPPhase?
SToResetting
SToResetting?
SweepCoMp

OFF

ON
SweepCoMp?
SweepFuNction

LiNear

LoG

RaNdom

SiNe
SweepFuNction?
SweepMoDe

OFF

FReQCoNTRST

FReQCoNTREY

FReQTRIGRST

FReQTRIGREV

FReQTRIGHoLDRST

FReQTRIGHGLDREY

FReQSYNCFSK

FReQASYNCFSK

FReQEXTSEQ

11099
SEQUENCEINDEX n
1to 99
SEQUENCELIMIT n
+ 8999899.995
SEQUENCEPHASE n
100E-6 to 2E8
SPANFREQUENCY n
+ 8999989.995
SPANPHASE n

SRQ = /messages/

0 io 255

SRQMASK n

100E-6 t0.2E8
STARTFREQUENCY n
+ 9999999.995
STARTPHASE n

Not 650 command
STB=n

100E-6 0 28
STOPFREQUENCY n
+ 9999999.995
STOPPHASE n
11025
STORESETTING n
Oto1

0

1

SWEEPCOMP n
0to3

0

1

3

2

SWEEPFUNCTION n
0to 28

W~ O R WN - O

GPIB OPERATION 650 COMMANDS
Table 6-2. 650 Command Set (Continued)
Command Range/String Function
SeQuencefreg 100E-6 to 2E6 Sets freq of current index number
SeQuenceFreg? SEQUENCEFREQ n Returns freq of current index number

Selects index number for value entry
Returns current index number
Sets maximum sequence number
Returns current sequence number limit
Sets phase of current index number
Returns phase of current index number
Sets frequency span of sweep
Returns frequency span of sweep
Sets phase span of sweep
Returns phase span of sweep
Returns contents of SRQ buffer*
Selects permitted service reguests*
Returns current SRG mask*
Sets start frequency of sweep
Returns start frequency of sweep
Sets start phase of sweep
Returns start phase of sweep
6000 serial poll status commang*
Heturns status byte*
Sets stop frequency of sweep
Returns stop frequency of sweep
Sets stop phase of sweep
Heturns stop phase of sweep
Stores 650 setup (specify location)
Returns location of last setup stored
Controls sweep error compensation

Turns error compensation on

Turns error compensation off
Returns sweepcomp status: 0-0ff, 1-on
Selects type of sweep function

Selects linear sweep function

Setlects log sweep function

Selects random sweep function

Selects sine sweep function
Returns current sweep function
Selects sweep mode (listed by number)

Turns sweeping off

Selects sweep mode 1

Selects sweep mode 2

Selects sweep mode 3

Selects sweep mode 4

Selects sweep mode 5

Selects sweep mode 6

Selects sweep mode 7

Selects sweep mode 8

Selects sweep mode 9

*Explained further in Detailed Command Descriptions section.
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Table 6-2. 650 Command Set {Continued)
Command HRange/String Function
SweepMoDe {cont) 0-29 Selects sweep mode {listed by number)
FReQCONTSEQ 10 Selects sweep mode 10
FReQTRIGSEQ 11 Selects sweep mode 11
FReQEXTMOD 12 Selects sweep mode 12
PHaSeCoNTRST 13 Selects sweep mode 13
PHaSeCoNTREV 14 Selects sweep mode 14
PHaSeTRIGRST 15 Selects sweep mode 15
PHaSeTRIGREV 18 Selects sweep mode 16
PHaSeTRIGHoLDRST | 17 Selects sweep mode 17
PHaSeTRIGHol.DREV | 18 Selects sweep mode 18
PHaSEeXTSEQ 18 Selects sweep mode 19
PHaSeCoNTSEQ 20 Selects sweep mode 20
PHaSeTRIGSEQ 21 Selects sweep moede 21
PHaSeDelTaFReQ 22 Selects sweep mode 22
PHaSEeXTMCD 23 Selects sweep mode 23
BoTHCONTRST 24 Selects sweep mode 24
BoTHTRIGHOLDRST 25 Selects sweep mode 25
BoTHEXTSEQ 26 Selects sweep mode 26
BoTHCONTSEQ 27 Selects sweep mode 27
BoTHTRIGSEQ 28 Selects sweep mode 28
BoTHEXTMOD 29 Selects sweep mode 29
SweepMoDe? SWEEPMODE n Returns current sweep mode
SweepTiMe 10E-3 to 10EB Sets sweep time
SweepTiMe? SWEEPTIME n Returns sweep time
TRiGger — Triggers waveform or sweep
TriggerFReQ 2.5E-3 to 200E3 Sets internal trigger frequency
TriggerFReQ? TRIGGERFREQ n Returns internal trigger frequency
TriggerLeVel -10 to 10 Sets response level to external trigger
TriggerLeVel.? TRIGGERLEVEL n Returns trigger response level
TriggerSLoPe Gto1 Selects response slope of external frigger
Negative 1 Respond to negative external trigger slope
Positive C Respond to positive external trigger slope
TriggerSLoPe? TRIGGERSLOPE n Returns selected trigger slope
TriggerSouRCe GCio1 Selects source of trigger
External 0 Selects external trigger source
Internal 1 Selects internal trigger generator
TriggerSouRCe? TRIGGERSCURCE n Returns selected trigger source
VeRSion? See detail text Returnsg 650 software version number*
ViewingAngle Oto 45 Sets viewing angle of display
ViewingAngle? VIEWINGANGLE n Returns viewing angle of dispiay

*Explained further in Detailed Command Descriptions section.
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6.4 UNIVERSAL AND ADDRESSED COMMANDS Command Type Section
Universal and addressed (U/A) commands make most CHniParameters? 850 6.5.6
GPIiBinstruments perform generally accepted standard DCL Univ 6.5.6
functions. Usually, universal commands controf all the EXTernaiCal? 850 6.5.1
instruments cn the GPIB bus, while addressed FrontPanel 850 £8.5.2
commands control individual instruments at specific FuNction TeSt 650 6.5.3
addresses onthe bus. The 850 accepts the following U/A GET Addr 654
commands: GTL Addr 6.5.2

HELP? 650 6.5.5

LLO Univ 6.5.2

Command Type Function MaiNParameters? 650 6.5.6
DCL Universal  Device clear ReSeT 650 6.5.6
GET Addressed Group execute trigger SDC Addr 6.5.6
GTL Addressed Go to local - SelFTeST 650 6.5.7
(L0 Universal  Local lock out command SRQ? 650 6.6.2
SDC Addressed Selected device clear SRQMask 650 6.6.2
SRQMask? 850 6.6.2

Section 6.5 (detailed command descriptions) discusses STATUS 6000 6.6.2
these UJA commands and selected 650 commands in STatusByte? 650 6.6.2
detail. VeRSion? 850 658

UlA Syntax. This manual uses generic names 1o iden-
tify the universal and addressed commands and the func-
tions they perform. individual controllers wilt use dif-
ferently named commands to perform these same func-
tions. See the manual for your controller to determine
the actual command names and the syntax they require.

6.5 DETAILED COMMAND DESCRIPTIONS

This section describes in detail the 650 commands that
perform functions not performed by menu keys and the
GPIB universal an¢ addressed commands recognized
by the 650. The text groups the commands into func-
tionally related sections. Use the list in the next column
to find the section that describes a specific command.

§.5.1 EXTERNALCAL? Command

The EXTERNALCAL? command measures the signal
delay through an external amplifier. Section 7.6, exter-
nal calibration, explains the process in detail. With the
proper amplifier setup, EXTERNALCAL? will return the
following string over the GPIB bus:

EXTERNAL PHASE: W DEG AT X HZ
(CHY DELAY Z SEC FROM CH1)

The returned variables W degrees, X Hz, channel Y, and
Z seconds depend on your test setup and the amplifier
under test. :

6.5.2 FRONTPANEL, LLO, and GTL Commands

The 650 limits the operator's use of the front panel with
three levels of increasing restriction as shown below:

IF YOU LIMIT FRONT PANEL OPERATION WITH— GPIB LLO FP
NOTHING | CONTROL | COMMAND | COMMAND
THEN, SEE THE SCREEN DISPLAY? YES YES YES NO
CAN THE
OPERATOR: | DISPLAY MENUS AND
PARAMETERS? YES YES YES NO
TAKE CONTROL BACK FROM '
ligutived YES YES NO NO
CHANGE PARAMETERS? YES NO NO NO
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GPIB Control. The 650 switches to GPIB control when
the controller asserts the GPIB REN (remote enable) line
and sends the 650 its listen address. The Wavetek 6000
controller command string WRITE @ 709:“*-command
string-"" automaticafly performs these two actions. GPIB
control restricts further front panel operation as
described in the above table. The 650 will remain under
GPiB control until the operator presses the
i}l OCAL key sequence.

LLO Command. All instruments onthe bus recognize the
universalcommand LLO; you cannot direct it to just one
instrument. LLO restricts operation of the 650 fronit panel
as described in the above tabie. For the Wavetek 6000
controiler, LLO has the format LLO @7, where 7
specifies the GPIB bus port of the controller. The 650
will not make the local lock out effective until it receives
another command. The following program demonstrates
LLO use:

Program Statements
{Explanation)

10LLO @7
{(Sends the LLO to ali instruments on the GPIB bus)
20 WRITE @ 709:7EX"
(Makes the 650 apply the LLO (any other command
will also make the 650 apply the LLOY
30END
{Ends the program)

GTL Command. GTL canceis the LLO command and
returns the 850°s front panei 1o full operator controt. Al
instruments on the bus recognize the addressed
command GTL; however, you must send it to each
instrument individually. The Wavetek 6000 instrument
controller uses the LCL command io issue GTL
commands. LCL @7 sends GTL commands to all the
instruments onthe bus, while LCL. @ 709 sends the GTL
1o fugt the specified instrument. In these command for-
mats, 7 specifies the GPIB bus port of the controlier and
09the address of a particutar instrument onthebus. LCL
becomes effective on receipt; the 650 does not require
that you foilow it with another command.

FRONTPANEL Command. The 650 FP command turns
the front panel completely off: no dispiay of menus or
parameters, no keys active (except the power switch),
no display backlight, no key beeps, no return to local con-
trol. Send the FP command tc the 850 as follows {FP
requires no EXECUTE command):

6-10

Program Statements
{Explanation).

WRITE @709 FRONTPANEL 0"
(Turns the front panel off)

WRITE @ 709:"FRONTPANEL OFF"
{Turns the front panet off)

WRITE @709:"FRONTPANEL 1”
{Turns the front panetf on)

WRITE @ 709:"FRONTPANEL ON"
{Turns the front panel on)

8.5.3 FUNCTION TEST Command

The FN command selects the output waveshape for the
currently selected channel. Except for TEST, alithe menu
names(DC, RAMP, SINE, SQUARE, TRIANGLE) describe
their waveform. TEST produces a square wave with a
frequency of 4096 times the main frequency. We use
TEST at the factory to calibrate the lower frequency
ranges.

6.5.4 GET Command

The GET command triggers whatever trigger function
you have set up within the 850. All instruments on the
bus recognize the GPIB addressed command GET
{group execute trigger); however, you cansend it to just
one instrument at a ime. For the Wavetek 6000 con-
trotter, the TR(G command sends the group execute trig-
ger to individual instruments on the GPIB bus. TRG has
the format TRG @ 709, where 7 specifies the GPIB bus
port of the controller and 09 the address of a particular
instrument on the bus. The 850 triggers the selected
function immediately on receipt of the TRG command.

6.5.5 HELP? Command

The HELP? command makes the 650 return a list of the
650's primary and secondary commands and their Emits
asastringtothe controller. HELP? requires you to write
a program 1o make the controller accept and print the
returned list. The following Wavetek 6000 program
requests the list, accepts it, and sends itto a printer con-
nectedto the GPIB bus. Te make this program work, set
the address switches of your printer to 04. Table 8-2 pro-
vides the same information as the st this program prints.

Program Statements
{Explanation)

10 CLEAR
{Clear screen)
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20 DIM HELP%*255
{Dimension string t¢ 255 characters)
30 PRINTER IS @704
{Print to address 04 on GPIB bus [port 7))
40 WRITE @709; ““HMELP?"
(Write MELP? to 650 [port 7, address 09])
50 FOR INDEX = 1 to 200
{Repeat lines 50-8C 200 times)
60 READ @ 709:HELPS
(Read string to next carriage return)
70 PRINT HELF$
{Send iine to printer buffer)
80 NEXT INDEX
(End of index loop)
80 PRINTER IS @0
(Return printing to controlier screen)
100 PRINT “HELP PRINT COMPLETE"
(Display message on controller screen)
110 END
(End program)

Running the above program will produce the following
200-line printout. A “HELP PRINT COMPLETE " message
will appsear on the 8000’s screen when the controller
finishes sending the HELF file to the printer’s buffer and
not when the printer finishes printing. The zeros appear-
ing at the end of the printout complete 200 cycies through
the INDEX loop.

HELP FILE PRINTOUT
1 AMplitude 25E-3 80 -
2 AMplitude?
4 AutoCal
4 AutoCalON
4 AutoCalOFf
1 BuRstcount 1
L]
. 200
° ~ LINES
®
2 ViewingAngie?
2 VeRSion?

65.535E3

[om B on B on i en

6.5.6 MAINPARAMETERS?, CHNLPARAMETERS?,
DCL, SDC, and RESET Commands

The following text explaing the parameter and reset
commands, then uses the parameter commands o
display the power-up conditicns of the 650,

MAINPARAMETERS? Command. The MNP? command
makes the 650 return the current setting of the 850’s
main parameters as a siring to the controller.

CHNLPARAMETERS? Command. The CHP? command
makes the 650 return the parameters of the currently
selected channel as a string to the controlier,

The MNP? and CHP? commands make the 650 send a
valid command string o the controller. The controiler
can save this string, then send it back to the 650 at a
later time to restore the parameters to their previous
values. :

DCL and SDC Commands. The DCL and SDC commands
reset the 650 {0 the power-up conditions, but leave it in
the remote {GPIB-controlied) mode. Alt instruments on
the bus recognize the GPIB universal command DCL
{device clear). Individual instruments recognize the GPIB
addressed command SDC {selected device clear). For
the Wavetek 6000 controler, the DCL command issues
BCL and SDC. To reset everything on the bus, use DCL
@7, where 7 specifies the GPIB bus port of the controller.
Toreset just one instrument, use DCL @ 709, where 09
specifies the instrument address. The 650 reseis itself
immediately when it receives either command.

RESET Command. The RST command resetsthe 85010
the power-up conditions.

Demonstration Program. Both MAINPARAMETERS?
and CHNLPARAMETERS? require a program to make
the controller use the returned data. The following
Wavetek 6000 program first resets the 6500 the power-
up conditions, then requests, accepts, and writes both
the main parameters and the channel parameters to the
8000's screen.

Program Siatements
{Explanation)

100 CLEAR
{Clear screen)

~110 DIM STRING$*255

(Dimension string to 255 characters)
120 WRITE @ 709:"'"RST:EX"

{Write RESET to 650 [at address 709])
130 WRITE @ 709 ' MNP?"

(Write MAINPARAMETERS? 10 650 [at address 709])
140 READ @ 709:STRINGS

{(Read string returning from address 709)
150 PRINT STRING$

(Print string [main parameters] to screen)
160 PRINT

(Separate data strings with a blank line)
170 WRITE @ 709:“CH 1"

{Select channel 1 for parameters inquiry)
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180 WRITE @ 708:“CHP?" ,
{Write CHNLPARAMETERS? to 650[at address 708}
190 READ @709:STRINGS
(Read string returning from address 709)
200 PRINT STRINGS
(Print string (CH1 parameters) to screen)
210 PRINT
(Separate data strings with a blank line)
220 WRITE @709:"CH 2”
{(Select channel 2 for parameters inquiry)
230 WRITE @709:"'CHP?"
{Write CHNLPARAMETERS? to 650[at address 709))
240 READ @709:STRINGS
{Read string returning from address 709)
250 PRINT STRINGS
{Print string [CH2 parameters] 1o screen)
260 END
{End program)

Running the above program wilt produce the following
display:

FR 1E3.M 0,BR 2,TSRC 0,TSLP 0, TLVL 1.4 TFRQ
200,5TM 1,SMD 0, SFN 0,STRTF 1E3,STOPF
10E3,MF 5£3,5QL 10,CONFIG O,HLDN O

CH 1: AM 5,0F 0,PH 0,FN 0,0T O,RT 1,DT 50,0L
0,8STRTP O, STOPP 360.MP 180,DF ¢

CH 2: AM 5,0F 0,PH O,FN 0,07 O,RT 1,DT 50,DL
0,STRTP O, STOPP 360,MP 180,DF O

By using table -2, we can expand the abbreviations
above into the full parameter names as follows:

FREQUENCY 10006, MODE 0 (CONTINUOUS),
BURSTCOUNT 2, TRIGGERSOURCE O(EXTERNAL),
TRIGGERSLOPE 0 (POSITIVE), TRIGGERLEVEL 1.4
(VOLTS), TRIGGERFREQ 200, SWEEPTIME 1,
SWEEPMODE 0, SWEEPFUNCTION 0 (LINEAR),
STARTFREQUENCY 1000, STOPFREQUENCY
10000, MARKERFREQUENCY 5000, SEQUENCE-
LIMIT 10, CONFIGURATION O (INDEPENDENT),
HOLDINPUT C (SWEEP)

CHANNEL 1: AMPLITUDE 5, OFFSET 0, PHASE 0,
FUNCTION 0 (SINE), OUTPUT 0 (OFF), RATIO 1,
DUTYCYCLE 50, DELAY 0, STARTPHASE 0, STOP-
PHASE 360, MARKERPHASE 180, DELTAFRE-
QUENCY D

CHANNEL 2: AMPLITUDE 5, OFFSET 0, PHASE 0,
FUNCTION G {SINE), CUTPUT 0 (OFF), RATIO 1,
DUTYCYCLE 50, DELAY 0, STARTPHASE 0, STOP-
PHASE 360, MARKERPHASE 180, DELTAFRE-
QUENCY 0

6.5.7 SELFTEST Command
The SELFTEST command tests the circuitry of the 650,

-1t allows a controller to test the 850 at the beginning of

the week, at the start of each day, justbefore anextended
operating cycle, or at any other time, then continue or
not, depending on the results of the test.

The SELFTEST command performs the same series of
24 hardware tests as the self-test function of the utility
men tree. Testing proceeds until a test fails or all tests
pass. Atest failure aborts all following tests. SELFTEST
reports only the first error. It does not report all errors.

The 650 wili report the results of SELFTEST to the con-
trofler only if you have enabled EV (event) messages with
the SROMASKcommand. SELFTEST reports to the con-
troller by generating an SRQ (service request) and
loading one of 25 possible messages in the SRQ buffer.
Themessage EV:6:0indicatesthat ali tests passed. The
message EV.6.## indicates a failure (## identifies the fail-
ing test). The controller determines the resulis of
SELFTEST by reading the SRQ buffer. Tabie 6-5, SRQ
Event Messages, gives the complete list of SELFTEST
messages.

6.5.8 VERSION? Command

The VRS? command makes the 650 return the software
version of the 850 as a string of characters. VRS?
requires a program to make the controller use the
returned string. The foilowing Wavetek 6000 program
requests the version, accepts it, and writes it to the
6000's screen.

Program Statements
{Explanation)

10 CLEAR

(Clear screen)
20 WRITE @ 709:"VRS?"

(Write VERSION? to 650 [port 7, address 09))
30 DIM VERSIONS*50

(Dimension string to 50 characters)
40 READ @ 709:VERSIONS

(Read returning string)
5C PRINT VERSIONS

{Print string to screen)
80 END

{End program)

Running the above program will produce the following
display:

WAVETEK MODEL 650 (Vx.y) (z CHANNELS)
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In this dispiay, x gives the version number, y gives the
revision number, and z gives the number of instatied
channels.

6.6 SERVICE REQUESTS

This part discusses the concepts of service reguests,
describes the commands associated with them, then
lists the service request messages the 650 generates.
See section 6.9 for a program that demonstrates the prin-
ciptes discussed in this part.

6.6.1 SRQ Concepis

The following text discusses the service request, the
status byte, the SRQ buffer, and the SRQ key.

What Does the Service Reguest Tell the Controller? The
850 service request tells the controlier that the 650 wants
attention. The 650 makes the request by asserting the
SRQ line of the GPIB bus. Because any instrument on
the bus canassert this ling, the controller must read the
status byte of each instrument in turn to determine which
one requested attention.

What Does the 650 Status Byte Teil the Controlier? The
650 uses four of the eight bits in its status byte. One telis
the controller if the 650 requested service. The others
indicate the type or types of messages (programming
error, hardware error, or event compiete) the 650 wants
to send. Figure 6-1 shows the format of the 650 status
byte. |f the controiler wants to know the specific message
within the category, it must read the 650’s SRQ buffer.

What Does the §50’s SRQ Buffer Tell the Controiler?
The 650’s SRQ huffer stores the programming error
messages, hardware error messages, and event com-
plete messages until the coniroller can read them.
Tables 6-3, 6-4, and 6-5 list all the SRQ messages.

SRO Key. The SRQkey (dispiayed as menu key F6when
you press the J8a1g front panel key) allows the operator
to send a service request to the controiler from the front
panel. For exampie, the controlier could ask the
operator t¢ change the connections of the test setug,
then press SRQ.

6.6.2 SRQ Commands

The following text discusses the commands related to
the service request mask, the status byte, and the
service request messages.

SROMASK Command. The SROQM command makes the
650 selectively ignore one or more of the three types of
conditions that make it produce service requests. For
exampie, if you masked out programming errors, the 650
would not load messages for specific programming

SERVICE REQUESTS

errors into the SRQ buffer and it would not set the PE
and service request bits in the status byte. Figure 6-1
shows the bit positions and the corresponding decimat
mask values required to block out PE, HE, and EV
messages.

SRAMASK? Command. The SROM? command makes
the 650 returnthe current mask setting to the controller.

The 650 sends the SRQ mask setting as the character

string SROMASK #, where # gives the decimat equivalent

of the binary mask bits. To use SROMASK?, write a pro-.
gram that first asks the 650 to send the mask, then tells

the controller how to receive and process the returning

string.

STATUS Command. STATUS (a command of the
Wavetek 6000 controlier) enabiles the 6000 to determine
what Instrument on the GPIB bus requested service
(other contrallers may or may not have an equivalent
command). STATUS has the format STATUS
@709:STATUSBYTE, where 7 specifies the GPIB port
of the 6000, 09 specifies the setting of the address
switches of a specific instrument, and STATUSBYTE
specifies an arbitrary name for the storage iocation
where the controller will store the status number. A
typical programwili use a series of STATUS commands
(one for each instrument on the bus) to conduct a serial
poll to determine which instrument requested service.
STATUS reads, then resets, the status byte of the 650,
Inresponse to the STATUS command, the 650 sends the
decimal equivalent of its status byte. To use STATUS,
you must wyite a program that first asks the 650 to send
the status byte, then tells the controller how to receive
and process the returning numerical vaiue.

STATUSBYTE? Command. The STB? command makes
the 650 send its current status byte to the controlier over
the GPIB bus. The 650 sends its status byte as a string
of characters with the format STB = ##, where ## glves
the decimal equivalent of the status byte. STATUSBYTE?
reads, but does notreset, the status byte of the 650. To
use STATUSBYTE?, you must write a program that first
asks the 650 t0 send the status byte, then tells the con-
troller how to receive and process the returning string.

SRQ? Command. The SRQ? command makes the 650
send the contents of the SRQ buffer to the controller over
the GPIB bus. The 650 sends its SRQ buffer contents as
a string of characters with the format
SRC = MESSAGES, where MESSAGES represents a
string of messages. Reading the SRQ buffer empties it
To use SRQ7, you must wriie a program that first asks
the 65010 send the SRQ buffer messages, thentetils the
controlier how to receive and process them.
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—— RSV INDICATES THAT THE 650 REQUESTED SERVICE BECAUSE IT HAS

—~— EV EVENT MESSAGES,

HE HARDWARE ERROR MESSAGES, ANDIOR

PE PROGRAMMING ERROR MESSAGES
WAITING IN THE SRQ BUFFER.

X |psvl x | x | x| Bv|HE|PE SRQ STATUS BYTE
x P x !t x| x1 x}ev|ue|re SRQ MASK BYTE
71els]a|3]l2i1]o BIT POSITION
128 64|32 | 16} 891 4121 BIT WEIGHT
PERMISSABLE SRO MASK BYTES COMMAND ENABLES
slotoloe|loloieio SRQMASK 0 NOTHING
0o lo]ololo o ol]1 SRQMASK 1 PE
ololo|o]|olo]l+1]oe SRAMASK 2 HE
o lolo|o o o] 11 SRQMASK 3 HE-PE
o foloto|oi1lo]o SROMASK 4 EV
o iololo|lo i1 ol 1 SRQMASK 5 EV-PE
0o lo]oloto 1 ]1]o0 SRQMASK 6 EV-HE
o o leloto {1113 SRQMASK 7 EV-HE-PE
[ o] [ 0 ] 0 1 0 I o | 1 l 0 j EXAMPLE SRQ STATUS BYTE

The above status byte teils the controller that the 650 requested service because of a hardware error.

Figure 6-1,

650 Status Byte and SRQ Mask
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6.6.3 SRQ Messages

SRQ Message Format. The 850 puts messages in the
SRQ buffer in this general format.

SRQ = /PE:n Description//HE:n Description//
EV:n Description/

Stashes (/) enclose each message. PE identifies a pro-
gramming error message, HE a hardware error

message, and EV aneventcomplete message. “'n” iden-
tities a specific message within the type. This fixed-
format header aliows a computer o easily parse
{decode) the message. "'Description’” describes the
error in English for the benefit of human readers. Table
6-3 lists all the SKRQ programming error messages, table
6-4 lists all the SRQ hardware error messages, andtable
6-5 tists all the SRQ event messages.

Table 6-3 (Part 1). 3RO Programming Error Messages

FORMAT: SRQ = /PE:0 SYNTAX//PE:T LIMIT//PE.2:n CONFLICT/PE:3 STORED SETTING/

/PE:t CENTERPHASE ERROR/
PE: T CHANNEL ERROR/

/PE1T CONFIGURATION ERROR/
/PE:1 DELAY ERROR/

/PE:1 DELTAFREQUENCY ERROR/
/PE:1 DISABLESETTING ERROR/
/PE:1 DUTYCYCLE ERROR!
IPE: ENABLESETTING ERROR/
PE:1 FREQUENCY ERROR/
PE1 FUNCTION ERRCOR/

/PE: 1 HOLDINPUT ERRCR/
IPE:1 MANUALCAL ERROR/

{PE:1 MARKERPHASE ERROR/
{PE1 MODE ERRCR/

/PE:1 OFFSET ERROR/

/PE:T GUTPUT ERROR/

/PE:1 PERIOD ERROR/

/PE:1 PHASE ERROR/

/PE:1 RATIO ERROR/

PE:Q [PE.0 defective command string/

SYNTAX

PE:1 IPE:1 AMPLITUDE ERROR/ /PE:1 RECALLSETTING ERROR/
LIMIT fPE:1 BURSTCOUNT ERROR/ /PE:1 SEQUENCEFREG ERROR/

/PE:1 CENTERFREQUENCY ERROR/

PET MARKERFREQUENCY ERROR/

IPE:1 SEQUENCEINDEX ERROR/
{PE:1 SEQUENCELIMIT ERROR/
/PE:1 SEQUENCEPHASE ERROR/
/PE:1 SPANFREQUENCY ERROR/
IPE:1 SPANPHASE ERROR/

/PE:1 SROMASK ERROR/

{PE:1 STARTFREQUENCY ERRCR/
{PE:1 STARTPHASE ERROR/
{PE:1 STOPFREQUENCY ERROR/
/PE:1 STOPPHASE ERROR/

{PE:1 STORESETTING ERROR/
{PE:1 SWEEPCOMP ERROR/
{PE:1 SWEEPFUNCTION ERROR/
/PE:1 SWEEPMODE ERROR/
{PE:1 SWEEPTIME ERROR/

{PE:1 TRIGGERFREQ ERROR/
{PE:1 TRIGGERLEVEL ERROR/
{PE:1 TRIGGERSLOPE ERROR/
/PE: 1 TRIGGERSOURCE ERROR/
IPE:T VIEWINGANGLE ERROR/

815
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Table 6-3 {Part 2). SRQ Programming Error Messages

PE.2
CONFLICT

/PE:2:0 *** ampl/ofst ratio warning ***/

IPE:2:1 *** ampl/ofst clipping limit ***/

IPE:2:2 *** min ampi 0.25v in zerc ohm ***/

IPE:2:3 *** 200 KHz max in trig mode ***/

{PE:2:4 *** 200 KHz max in triframp ***/

[PE:2:5 *** duty cycle 20-80% in square ***f

[PE:2:8 *** {freq x ratio) > 2 MHz ***/

JPE:2:7 *** int trig not allowed ***/

JPE:2:8 *** cannot sweep in phase lock ***/

fPE:2:9 *** CH1-DC not allowed in PLL ***/

{PE:2:10 *** time .2 sec min in nonlinear ***/

fPE:2:11 ** swptime 50 msec min when comp on **/

IPE:2:12 ** int trig not allowed in sweep mode **/

{PE:2:13 ** sweep cnir/span phase conflict **/ (with phase starf)
/PE:2:14 ** sweep cnirfspan freq conilict **/ (with freq start)
/PE:2:15 ** sweep cnirfspan phase conflict **/ {(with phase stop)
/PE:2:16 ** sweep cnir/span freq conflict **/ (with freq stop)

13-18: Converting your center/span parameters into start/stop values resulted in a start or

‘stop that exceeds the 650's limits.

PE:3
STORED
SETTING

{PE:3 STORED SETTING ERROR/
{(indicates faulty data or an attempt to recall a disabled or emply setting)

Tabie 6-4. SRQ Hardware Error Messages

FORMAT: SRQ = /HE:n MESSAGE/

HE:n
HARDWARE

/HE:0 QUTPUT PROTECTION ACTIVATED/
fHE:1 PLL NOT LOCKED/
/HE:2 LOW BATTERY =X X V/

3.0V 1o 2.4V Good battery. Normal voltage operating range.

2.4V 10 2.0V Failing battery. Data remains protected, but the 650 will generate
low-battery warning messages. The battery will decline from 2.4 to
2.0 voits in 10 1¢ 100 hours,

2.0V to OV Dead battery. Data loss.

HE:3 AUTO CAL DATA ERROR/
{Checksum error detected in stored auto cal data at power up. Rerun autocalibration.)

68-16
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Table -5 (Part 1). SRQ Event Messages

FORMAT: SRQ = /[EV:n MESSAGE/

EVin /EV:0 BURST COMPLETE/
GENERAL JEV:1 SWEEP COMPLETE/
EVENTS JEV:2:00 QUICK CAL COMPLETEL/ {no errors in any channel)
£V:2:n1 QUICK CAL COMPLETED/ {channel n amplitude error)
/EV:2:n2 QUICK CAL COMPLETED!/ {channel n offset error)
/EV:2:n3 QUICK CAL COMPLETED/ {channel n phase error)
/EV:3 EXECUTE COMPLETE/ {command string executed)
/EV:4 FRONT PANEL/ {operator pressed SRQ button)
EVS /EV:5: HHHHEHEHR AUTO CAL COMPLETE
AUTO CAL ocooco00 No errors in any channel.

HH- - - - - - CH1 Auto Cal Hexadecimal Error Number
- -HH- - - - CH2 Auto Cal Hexadecimal Error Number

- -HH- - CH3 Auto Cal Hexadecimal Error Number
------ HH CH4 Auto Cal Hexadecimal Error Number

BINARY EQUIVALENT BINARY EQUIVALENT
HH X X X F P S O A HH X X X F PS8 OA
060 000 0O0CO0C0CO 10 60010000
0 00 00CO0O0O0 1 11 60010001
02 00 00C0O01Q0 12 00010010
03 00000011 1300010011
64 00 00CO010RQ 14 00010100
66 60 00 C O 101 15 00010101
66 60000110 16 00010110
07 00000 1T t 1 17 600101 11
08 0 0001 0O0OC 188 00011000
00 000 010 01 1 00011001
OA0 000101t O iAO 0011010
0B 000601011 iIBOO0OOGC1T10 11
oC 0 0CO011t0Q0 o001 1100
ob 00001 101 Mooo1 1101
CE OCOCO1 10 tiE 00O 11110
OF 060001 1 11 W 00011111

Amplitude compensation error
Filter compensation error
Offset compensation error

Phase compensation efror
Symmetry compensation error
= Not used

ONny
TR
> o
i

Example: 001AC000 indicates filter, phase, and offset compensation errors in channel 2.
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Table 6-5 (Part 2).

FORMAT: SRQ=/EV:in MESSAGE/

SRQ Event Messages

EV.6 JEV:6:0 SELF TEST COMPLETE, PASSED ALL TESTS/
SELFTEST JEV:6:n SELF TEST COMPLETE, TEST FAILED/
EVENTS
1 ROM Test
2 RAM Test
3 DVM Test
4 Battery Test
5 GPIO Test
6 Phase Engine Test
7 10 MHz Ref Test
8 DACOUT Test {Waveform DAC)
9 6-Pole Filter Test (Waveform Filter)
10 Sample/Hold DAC Ampi/Ofst Test
11 Amplitude Test on DACOUT Board (Amplitude Control)
12 Amplitude Compensation Test
13 XY-Multiplier Test
14 High-Voltage Amp Test (Ouiput Amplifier)
15 Attenuator Test
16 Cutput Protection Test
17 SQW Symmetry DAC Test (Square Wave Symmetry)
18 Peak Detector Test
19 Phase Accumulator Test
20 Phase Detecior Test
21 TRLV and EXT TRIG Test (External Trigger}
22 Channel 1 Sync Qut Test (Sync Out)
23 Phase Lock VCO Test {Phase Lock Loop)
24 internal Trigger
25 End of Test Table
EV:7 JEV:7 EXTERNAL PHASE CAL COMPLETE/
EXTERNAL
PHASE CAL
EVENTS

6.7 DISPLAYING MESSAGES ON THE 650 SCREEN

The 658 can accept messages from the GPIB bus and
display them on the screen. Use this feature to give
instructions to an operator or digplay information.

Command Format. Send messages in thig format:
WRITE @708 "LINE1/LINEZ/LINES/LINE4"

The standard double guotes (') identify the command
string.

The single quotes ("} identify the contents as a message
rather than commands.

The slashes (/) indicate new lines.

Messages do not require an EXecute command.,

8-18

Although the 650 accepts either singie or double guotes
as string delimiters, the Wavetek 6000 interprets the
double quotes asits own program string delimiters. This
restricts you to single quotes for 650 display strings when
using the 8000. Other controllers might reverse this
situation,

Message Size. The screen will allow a maximum
message size of fourlinesof 40charactersperline. The
650 wili ignore any lines or characters beyond these
limits.

Erasing. Press any menu key or send another GPIB
command siring to return to normal 650 displays. Te
erase the previous message, send a new message.
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Example 1. The following message command will create
the display shown. The periods () indicate biank spaces.

WRITE @ 709:" 'FRONT PANEL LINE 1/.FRONT PANEL
LINE 2/ FRONT PANEL LINE 3/..FRONT PANEL
LINE 4" 7

(4 lines,
40 charactersiling)

Exampie 2. The following message command will create
a compietely blank screen,

WRITE @709 Jif

6.8 GPIB MENU KEYS

This part describes the operation of the six keys in the
GPIB menu. Press the @RI key to bring the GPIB menu
to the screen.

6.8.1 ADRS Key

Funectien. The ADRS key enables eniry of an aliernate
GPIB address from the front panel.

GPIB Address. The GPIB bus address identifies the 650
tothe controller. The rear-panel Address Selector switch
determines the 650’s power-up address, which also
serves as the operating address unti an address entered
at the front panel(with the ADRS key) supercedesit. The
Front Panel Enable toggle on the Address Selector
switch can enable and disable front panel address entry.
inthe command string WRITE @709:"CH 1 0T 1 EX",
the digits 09 specify the 650 address.

Operation. Press the ADRS key to display the current
GPIB address on the top line of the display. Key in the
new address on the number keypad, then press
). The decimat and binary versions of the new
address will appear on the display. If the 850 loses
power, the address reverts to the rear panel address.

6.8.2 LOCAL Key

Function. The LOCAL key switches control of the 650
from the GPIB bus to the front panel,

GPIB vs Front Panel Conirel, Receipt of any GPIB
command (if the controller simultanecusly asserts the
REN line of the GPIB)by the 650 disables the front pane!
tothe extent that you can call menus and read parameter
settings, but you cannot change modes or numbers.
Pressing the LOCAL key returns full control to the front
panel. The universal GPIB command LLO not only
partially disables the front panel, but aiso disables the

LOCAL key s0 you cannot return to full control. The
FRONTPANEL command completely disables the front
panet (no backlight, no menus, no beeps, and no return
to full controt with the LOCAL key).

Operation. Press the LOCAL key toreturncontrol of the
650 1o the front panel,

6.8.3 LSNBUF Key

Function. The LSNBUF key aliows you to see all the
commands received by the 850 over the GPIB bus.

{isten Buffer. The 256-character last-in-first-out listen
buffer receives the commands from the GPI8 bus and
stores them unti the controtier stops transmitting. After
the transmission ends, the 650 processes the
commands in the listen buffer. If the buffer filis up dur-
ing transmission, it stops accepting commands,
distributes its contents to the pending registers, then
again accepts commands. The commands in the pend-
ing registers will not become effective until an EX
command executes them. Old commands flow out the
high end of the LENBUF. New commands enter the low
{000) end.

Operation. Press the LSNBUF key to call the listen buffer
tothe screen, then scroli through it with the curser knob.
The buffer contents appear onthe top line of the display
in the format shown in figure 6-2.

Non-Printing Character. Non-Printing characters in the
listen buffer appear as follows on the 650 screen.

®s ae T T

] % & -] ®

@ s 8 1] & =
nmw HE WE ¥ mew T T
£ = ] 8 @
.1 & 5 2828
B LT LT ®

Carriage Device End of Group

Return Clear ldentity Execute
. Trigger

o # wE T

1] ] ® & -

6 RBE ] .1

o 8 T 8 wos T

] ® & Ba
] ] " W ow
] LT a ]

Line Local Remote Talk

Feed

6.8.4 SRQ Key

function. The SRQ key aliows the operator to send a
“key-pressed’’ service reguest to the controller. It also
displays the siatus byte (see section 6.8, service
requesis).
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/ NUMBER CF LOWEST DISPLAYED CHARACTER SPACE

LISTEN BUFFER DISPLAY

CHARACTER
CHARACTER MOVE WINDOW sa;gé: .
SPAGE THROUGH BUFFER
255 WITH CURSOR
freTsssEsaaan A e s sy
= 1
Vi yd F :
feooocsocd Huoovunsonnonvananscasenc™FF SOORICH 13FH L5FMESOF 2507 11E45 5
I ! ¥ E
LISTEN BUFFER e WINDOW e oo oo e i
ALL
COMMAND STRING oPis[g COMMANDS |
COMPUTER {—=~{WRITE 6709:"FR 30005CH 13FN 1:AM6;0F 2301 L;EX =] "o COMMAND
DEFECTIVE
DEFECTIVE COMMAND COMMANDS
(CORRECT: AM 6)
CHARACTER
SPACE DISPLAY SUPPRESSES
255 BLANKS
1 .»-m-———-j——- WINDOW == = e .
/g : +
hﬂﬂﬂﬁﬁn“é éﬂﬂﬂﬂﬂnmnnﬁnnununununuunnnnnuuuﬂlnnaﬂm!ar:uunununnnun--‘"?".}?” Bt e *g}ﬂ-
7 / ] H
SRQ BUFFER R 25 . W B
MOVE WINDOW
THROUGH BUFFER
WITH CURSOR CHARAGTER
SPACE
000

/ NUMBER OF LOWEST DISPLAYED CHARACTER SPACE

SRQ BUFFER DISPLAY

Figure 8-2. How the 650 Displays the Listen and $SRQ Bufiers
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Typical Application. Occasionally, automatic testing
must stop while the operator changes the test setup. In
such a case, the controller could ask the operator to
make the changes, then press SRQ. When the controller
services the resulting request and finds the “key-
pressed’’ message, it knows that the operator has
finished. See the detailed description of the SRQ?
command and the SRQ Demonstration Program for more
information.

6.8.5 SRQBUF Key

Function. The SRQBUF key aliows you to see all the
service request messages generated by the 650,

Service Request Buffer. The last-in-firsi-out service
request buffer holds messages for the controlier. These
messages describe programming errors, hardware
. failures inthe 650, and the occurance of events. Slashes
{/yseparate messages. If the SRQ buffer fills up, you will
lose any new messages. Reading the buffer empties it.
To avoid losing messages, make a practice of reading
the buffer before it fills up. See section 6.6 and 1ables
6-3, 6-4, and 6-5 (SRQ Messages) for more information.

Cperation. Press the SRQBUF key to call the service
request buffer {o the screen, then scroli through it with
the cursor knob. The buffer contents appear on the top
line of the display in the format shown in figure 6-2,

6.8.6 SYNTAX Key

Function. To help you program, the SYNTAX key calls
alistof the primary GPIB commands to the 850’s screen.

Other Sources of this Data. The HELP? command sends
acomplete list of the commands, arguments, and limits
to the controller. Table 6-2 in this manual also lists ali
the commands, arguments, and limits and, in addition,
gives a brief functional description of each one.

Operation. Press the SYNTAX key to call the GPIB
commmand list, then scrol through it with the cursor knob.
Get argument numbers from iable 6-2 or call the
enumerated function’s menu tothe 650 screenand read
its number (in parentheses) from the top line of the
display.

SYNTAX Format: <full header> <minimum form>

AMPLITUDE:AM

BURSTCOUNT:BR

CHANNEL:CH
RESET:RST

Examples:

6.2 DEMONSTRATION PROGRAMS

The following programs demonstrate operation of the
650 over the GPIB bus.

Section Title Page

6.9.1 Triggered Frequency Sweep 6-21
GPIB Demonstration Program
(Wavetek 6000)

6.2.2  Triggered Frequency Sweep 6-22
GPI1B Demonstration Program

: {BM PC/National)

6.9.3  SRQ GPIB Demonstration Pro- 68-23

gram (Wavetek 6000)

6.9.1 Triggered Frequency Sweep Demonsiration
Program (Waveiek 6000)

Funetion. This program uses a Wavetek 6000 Instrumen-
tation Computer to make the 650 produce a triggered
frequency sweep. Section 6.9.2 shows how to produce
the same triggered sweep with an IBM PC.

Program Conventions. in the following program, the
number 709 tells the Wavetek 6000 two things: 1) to read
and write through port 7 (the 6000's GPIB port) and 2)
to write to and read from the instrument (the 850) at
address 09 on the GPIB bus. Set the GPIB address of
the 650 to (09 with its rear panel swiiches or with the
EGE) ADRS key.

Code. The following code lines appear as you should
write them on a Wavetek 6000 to produce a triggered
frequency sweep.

10 WRITE @709:"MODE O;STRTFREQ 1E3;
STOPFREQ 1E4,SWEEPTIME 10;
SWEEPFUNCTION 0;SWEEPMODE 3"

20 WRITE @709:"'CH 1;0UTPUT 1;AMPL 5;FUNC 0;
PHASE O,EXECUTE”

30 WRITE @ 709" TRIGGER"

40 END

Explanation of Code. The following text explains the
code line-by-line. The indented description below each
command states in English the task the command orders
the computer to perform.

10 WRITE @709:""MODE 0;STRTFREQ 1ES3;
STOPFREQ 1E4,SWEEPTIME 10;
SWEEPFUNCTION 0; SWEEPMODE 3"

Send the series of commands enclosed in quotes
over the GP1Bbus{port 7 of the 6000} to the instru-
ment thai has its address switches set to 09(in this
case, the 650). The commands in the string give
the 650 the following operating parameters:
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MODE 0: Continuous ocuiput waveform,

STRTFREQ 1E3: Start the sweep at 1000 Hz.

STOPFREG 1E4: Stop the sweep at 10,000 Hz,

SWEEPTIME 10: Sweep time of 10 seconds.

SWEEPFUNCTION O Linear sweep function.

SWEEPMODE 3: Sweep mode 3 (iriggered fre-
guency sweep with automatic reset).

20 WRITE @709:CH 1;0UTPUT 1,AMPL 5;FUNC G;
PHASE O,EXECUTE"

Send the series of commands enclosed in quotes
{0 the 850. The program requires this second line
of commands because of the 6000’s limit on string
lengths. The commands in the string give the 650
the following operating parameters:

CH 1: Give the following parametersto channel 1,

OUTPUT 1: 50 ohm output impedance.

AMPL 5: 5 volis peak-to-peak amplitude.

FUNC 0: Sine wave output.

PHASE 0: 0° phase shift.

EXECUTE: Make all the conditions from both
WRITE lines take effect.

30 WRITE @708 "TRIGGER”
Send a trigger command to the 650.

40 END
£nd execution of the program.

QOperation. Enter the above program into a 8000 con-
iroller, turn on the 650, then press the 6000’s RUN key.

6.9.2 Triggered Frequency Sweep Demonsiration
Program {(IBM-PCINational)

Function. This program uses an 1IBM PC filted with a
National Instruments GPIB card to make the 650 produce
atriggered frequency sweep. Section 6.9.1 shows how
to produce the same triggered sweep with a Wavetek
8000 Instrumentation Controlier.

GPIB Card. National Instrumenis of Austin, Texas
manufactures the GPIB-PCR2A circuit card and the soft-
ware that supports it.

Program Conventions. This example {(written in BASICA)
assumes that youhave instalied the National carg in your
IBM PC according 10 their instructions. Your choice of
options during National's instaiiation procedure can vary
the code. For example, we did not change National's
default device names. Hence, the code uses DEVY o
reach the instrument {the 650} at address 09 onthe GPIB
bus. Set the GPIB address of the 650 to 08 with its rear
panel switches or with the BRI ADRS key.
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Code. The following code lines appear as you should
write them on the IBM-PC/Nationai to produce a trig-
gered frequency sweep.

{Lines 1-99: File DECL.BAS)

10C BDNAMES = “'DEVY"

200 CALL IBFIND (BDNAMES,DEVI %)

300 IF DEVS% < 0 THEN GOTO 800

400 WRTS = “MODE O0;3TRTFREQ 1E3;
STOFPFREQ 1E4;SWEEPTIME 10;
SWEEPFUNCTION 0;SWEEPMODE 3,CH 1;
OUTPUT 1 AMPL 5,FUNC O;PHASE O;EXECUTE”

500 CALL IBWRT (DEVO%: WRTS)

800 CALL IBTRG (DEV9%)

700 STOP

800 PRINT “IBFIND ERROR"

900 STOP

Explanation of Code. The foliowing text explains the
code line-by-tine. The indented description below each
command states in Engtish the task the command orders
the computer to perfarm.

{Lines 1-99: Fiie DECL.BAS)

National requires that programs begin with 99lines
of initialization code. They supply the code as file
DECL.BAS ontheir software diskette. Their instruc-
tions tell you how to modify the code to suit your
system.

100 BDNAMES$ = "DEV9”

Assign the name DEVS to the instrument (in this
case, the 650) at address 09 on the GPIB bus.

200 CALL IBFIND (BDNAMES,DEV9%)
Open DEVY and return the number that the system
will use internaliy to identify the instrument.

300 IF DEVS% < 0 THEN GOTO 800

Check the returning instrument identity number. A
number less than 0 indicates an error,

400 WRTS = “"MODE O;STRTFREQ 1ES3:

STOPFREQ 1E4;SWEEPTIME 10;
SWEEPFUNCTION 0;SWEEPMODE 3;CH 1;
OUTPUT 1 AMPL 5,FUNC O;PHASE 0;EXECUTE"

Assign to the string WRT$ the 650 commands
enclosedinguotes. String WRTS, when sent, will give
the 850 the following operating parameiers:

MODE 0: Continuous output waveiorm.
STRTFREQ 1E3: Start the sweep at 1000 Hz.
STOPFREQ 1E4: Stop the sweep at 10,000 Hz.
SWEEPTIME 10; Sweep time of 10 seconds.
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SWEEPFUNCTION 0: Linear sweep function.

SWEEPMODE 3. Sweep mode 3 (triggered fre-
guency sweep with auto reset).

CH 1: Give the following parameters to channel 1.

OQUTPUT 1 50 ohm output impedance.

AMPL 5: 5 voits peak-to-peak amplitude.

FUNC 0: Sine wave output.

PHASE 0O: 0° phase shift.

EXECUTE: Make all the above conditions take effect.

500 CALL IBWRT (DEV9% ,WRT$)

Send the string WRT$ over the GPIB bus to the
instrument that has its address switches set to 09
{in this case, the 650). When the 850 receives the
EXECUTE command, it will make ali the commands
in the string take effect.

600 CALL IBTRG (DEV9%)
Trigger DEVS.

700 STOP
Stop execution of the program.

800 PRINT “IBFIND ERROR"”
Printthe message in quotesif directed to by line 300.

900 STOP
Stop executicn of the program.

Operation. Enter the above program into the |IBM-PC/

National, turn on the 850, then press the iIBMRUN key.

6.9.3 SRQ GPIB Demonstration Program
{(Wavetek £000)

Function. This program demonstrates operation of the
service request, the statusbyte, the SRQ buffer, the SRQ
key, and the SRQ?, SRQMASK, SRQMASK?, and
STATUS commands.

Frogram Conventions. In the following program, (written
for the Wavetek 6000 instrumentation Compuier) the
number 709 tells the 6000 two things: 1) to read and write
through port 7 (the 6000's GPIB port) and 2) to write to
and read from the instrument (the 650) at address 08 on
the GPIB bus. Modify the program commands as
required to suit your controller's conventions. Set the
. GPiB address of the 850 t0 09 with its rear panel switches
or with the [EIE ADRS key.

Structure. The four parts of the SRQ program per?o;fm
the specific-functions listed below:

Part 1, Set and read SRGMASK
¢ Demonstrates SRQMask (set mask) command

* Demonstrates SRQMask? (read mask) command

e [Extracis the mask number from the text iabel
sent with it

@ Converts the mask number into binary form

Part 2: Read initial status and SRQ

¢ Demonstrates the STATUSBYTE? (read status)
command

¢ Demonstrates the STATUS (serial poll status)
command _

¢ Converts the status byte into binary form

¢ Demonstrates the SRQ? (read SRQ buffer)
command

Part 3: Reread above after format error command
* Sends a defective 650 string, then repeats the
steps of part 2:
Reads new status byte with STATUSBYTE?
command
Reads new siatus byte with STATUS
command
Converts new status byte into binary form
Reads new contents of SRQ buffer
Rereads status byte to show that reading it
with STATUS reset it
Rereads SRQ buffer to show that reading it
with SRQ reset it

Part 4: Demonstrate SRQ and SRQ button

¢ Setis up SRQ handling

¢ Waits for SRQ (caused by operator pressing SRQ
button)

* Reads SRQ buffer, then searches far the “putten
pressed’’ message

® Prints ''‘Button Pressed’ to screen if search finds
the button message

» Demonstrates how to handie other (non-button)
messages

Code. The following code lines appear exactly as you
should write them on a Wavetek 6000 to produce an
operating program.

100 CLEAR

116 PRINT “SRQ DEMONSTRA?ION PROGRAM”
120 PRINT

1301

140 PRINT “PART 1: SET AND READ SRQMASK”
150 WRITE @ 709:'SRQMASK 7"

160 WRITE @708:"'SROMASK?”

170 READ @709:SROMASKS

180 PRINT SROMASKS

190 LET LENGTH = LEN(SRQMASKS$)

200 LET MNUMBERS = SRQMASK$(9:LENGTH)

210 LET MNUMBER = VAL(MNUMBERS$)
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220 PRINT “BINARY SRQMASK™;
BSTR$(MNUMBER.8)

230 PRINT

240 |

250 PRINT “PART 2: READ INITIAL STATUS AND
SRQ"

260 WRITE @ 709:"STATUSBYTE?"

270 READ @709:STATUSBYTES

280 PRINT STATUSBYTES

290 STATUS @ 709:STATUSBYTE

300 PRINT “DECIMAL STATUSBYTE ".STATUSBYTE

310 PRINT “BINARY EQUIVALENT";
BSTR$(STATUSBYTE 8)

320 DIM SROMESSAGESS*255

330 WRITE @ 709:"'SRQ?"

340 READ @ 709:.SRQMESSAGESS

350 PRINT SRQMESSAGESS

360 PRINT

370

380 PRINT ""PART 3: REREAD ABOVE AFTER
FORMAT ERROR COMMAND™

390 WRITE @ 709:*‘CH 1;PH180;EX"

400 WAIT DELAY .1

410 WRITE @ 709: " STATUSBYTE?"

420 READ @709:STATUSBYTES.

430 PRINT STATUSBYTES

440 STATUS @ 709:STATUSBYTE

450 PRINT “DECIMAL STATUSBYTE "";STATUSBYTE

460 PRINT “BINARY EQUIVALENT '
BSTR$(STATUSBYTE,8)

470 WRITE @ 709:'SRQ?”

480 READ @ 709:SROMESSAGESS

490 PRINT SRQOMESSAGESS

500 WRITE @ 709:"STATUSBYTE?"

510 READ @709:5TATUSBYTES

520 PRINT STATUSBYTES

530 WRITE @ 709:"SRG?”

540 READ @ 709:SRQMESSAGESS

550 PRINT SROQMESSAGESS

560 PRINT :

570

580 PRINT "PART 4: DEMONSTRATE SRQ AND
SRQ BUTTON™

590 PRINT “WAITING FOR OPERATOR TO PRESS
SRQ BUTTON”

600 STATUS @ 709.DUMMY

610 PROCESS EVENT SRQ" @07,02"

620 CONNECT EVENT SRQ

63C 'WRITE @ 709:"'CH 1,PH180:EX"

- 640 WAIT EVENT SRQ

850 WRITE @709:"SRQ?"

660 READ @709:SRQMESSAGESS

670 PRINT SRQMESSAGESS

624

680 LET EVENTPOSITION = POS
(SROMESSAGESS,"EV:4"',1)

690 IF EVENTPOSITION>0 THEN

700 PRINT “OPERATOR HAS PRESSED SRQ
BUTTON"

710END IF

720 JF EVENTPOSITION = 0 THEN

730 PRINT “OTHER SRQ MESSAGE RECEIVED"

740 END IF

750 STATUS @709 DUMMY

780 END

Explanation of Code. The following texi explains the
code line-by-line. The indented description below each
command states in English the task the command orders
the computer to perform.

100 CLEAR
Clear the screen of the controller.

110 PRINT “SRQ DEMONSTRATION PROGRAM"

Print the message in quotes on the first line of the
controller screen,

120 PRINT
Print a blank line on the second tine of the screen,

130 ¢

lgnore this comment line (blank comment lines
visually separate the major parts of the code).

140 PRINT "PART 1: SET AND READ SRQMASK”

Print the message in quotes on screen as the title
for part 1 of the program.

150 WRITE @709:"SRQMASK 7

Send the command SRQMASK 7 over the GPIB bus
{port 7 of the 6000) to the instrument that has its
address switches set to 09 (in this case, the 650).
The command SRQMASK 7 tells the 650 to seft all
three lower bits of its status mask to 1 to permit
transmission of all error categories (see figure 6-1).

160 WRITE @709:"SRQMASK?"

Send the command SRQMASK? 1o the 850.
SRQMASK? makes the 650 send back the current
setting of its SRQ mask as a string of characters with
this format: SROMASK #, where # gives the decimal
vaiue of the current setting.
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170 READ @ 709:5RQMASKS

Store the string sent back by instrument 0% in string
location SROMASKS.

180 PRINT SRQMASKS

Print on screen the contents of string location
SROMASKS.

190 LET LENGTH = LEN(SRQMASKS)

Set the value of the numerical variable LENGTH o
the length of the SRQMASKS string. For the string
“SROMASK 7", LENGTH would equal 8. {This and
the next two commands extract the SRQ mask
number from the SRG mask string.)

200 LET MNUMBER$ = SRQMASK$(9:LENGTH)

Extract from the string stored in string location
SRAOMASKS the substring beginning at location 8

and ending at location LENGTH. Store this substring

in string location MNUMBERS. For the string
"SRQMASK 7", MNUMBERS wouid get the string
BN

210 LET MNUMBER = VAL(MNUMBERS)

Convert the string stored in location MNUMBERS
into the numeric value it represents.

220 PRINT “BINARY SROMASK'";BSTR§MNUMBER,8)

Print the heading BINARY SROMASK on the con-
trolier screen, then print after it onthe sameline in
an 8-bit string format the binary equivalent of the
number stored in location MNUMBER.

230 PRINT
Print a blank line on the screen.

240 1

tgnore this comment line (blank comment lines
visually separate the major parts of the code}.

250 PRINT “'PART 2: READ INITIAL STATUS AND SRQ"

Print the message in quotes on screen as the title
for part 2 of the program.

260 WRITE @ 709:"STATUSBYTE?”

Send the command STATUSBYTE? to the 650. The
command STATUSBYTE? makes the 850 send back
is status byte asa string of characters with this for-
mat: STB = ##, where ## gives the decimal
equivalent of the status byte.

270 READ @709:STATUSBYTES

Store the string sent back by the 650 in string loca-
tion STATUSBYTES.

280 PRINT STATUSBYTES$

Print on screen the contents of string location
STATUSBYTES.

290 STATUS @709:STATUSBYTE

Make the 650 send the numerical value of its status
byte back to the controller. Store the value In
numeric location STATUSBYTE. Reset the 650's
status byte 10 zero.

300 PRINT "DECIMAL STATUSBYTE ", STATUSBYTE

Print the heading DECIMAL STATUSBYTE on the
controller screen, thenprint after it onthe same line
the number stored In location STATUSBYTE.

310 PRINT “BINARY EQUIVALENT ;
BSTR$(STATUSBYTE,8)

Print the heading BINARY EQUIVALENT onthe con-
troller screen, then print after it on the same line in
an 8-bit string format the binary equivalent of the
number stored in location STATUSBYTE.

320 DIM SRQMESSAGES$*255

Assign alength of 255 characters to the string loca-
tion SROMESSAGESS. (This locationwill receive the
contents of the SRQ buffer, which can hold a
maximum of 255 characters.)

330 WRITE @709:'SRQ?”

Send the command SRQ7? to the 650. The command
SRQ? makes the 650 send back the contents of its
SRQ buffer as a string of characters with this for-
mat: SRQ=MESSAGES. In operation, the
alphanumeric string of message numbers and their
translations will replace the word MESSAGES.

340 READ @709:SROMESSAGESS

Store the string sent back by the 650 in string loca-
tion SROMESSAGESS.

350 PRINT SROMESSAGESS

Print on screen the contents of string location
SROMESSAGESS.

360 PRINT
Print a blank line on the screen.
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3701

ignore this comment line {biank comment lines
visually separate the major parts of the code).

380 PRINT "PART 3: REREAD ABOVE AFTER FORMAT
ERROR COMMAND"

Print the message in guotes on screen as the title
for part 3 of the program.

380 WRITE @ 709:"'CH 1;PHI80EX"

Send the format error command string enclosed
between the quotation marks to the 650. The
command CH 1 (ok) tells the 650 that the following
commands in the string apply to channet 1. The for-
mat error command PH180(correct version: PH 180)
telis the 650 to set the phase shift of channel 1 to
180 degrees. The command EX tells the 650 to
execute the command string (change the outputs
to the settings given).

400 WAIT DELAY A

Wait for one tenth of a second before going to the
next command. This delay gives the 650 enough
fime to receive the command siring, set the status
byie, and toad the SRQ buffer. Normal programs
would handle service requests with an SRQ
handiing routine and would not reguire this delay
command.

410 WRITE @ 709" STATUSBYTE?”

420 READ @709:STATUSBYTES

430 PRINT STATUSBYTES

440 STATUS @ 709:STATUSBYTE

450 PRINT “DECIMAL STATUSBYTE " STATUSBYTE

460 PRINT “BINARY EQUIVALENT **;
BSTRH(STATUSBYTE,8)

470 WRITE @709:"'SRQ?”

480 READ @ 709:SRQMESSAGESS

490 PRINT SROMESSAGESS

Read and print the status byte and SRQ buffer to
show the effect of the defective command string.
These commands duglicate commands 260
through 350 in part 2.

500 WRITE @709:""STATUSBYTE?"
510 READ @709:STATUSBYTES
520 PRINT STATUSBYTES

Reread and display the status byte. This shows that
the STATUS command in line 440 reset the status
byte.

530 WRITE @709:"'SRQ?”
540 READ @709:5RGMESSAGESS
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550 PRINT SRQMESSAGESS

Reread and display the SRQ buffer. This shows that
the SRQ? command in line 470 emptied the SRQ
puffer.

5680 PRINT
Print a blank line on the screen,

570 1

ignore this comment line (blank comment lines
visually separate the major parts of the code).

580 PRINT “PART 4; DEMONSTRATE SRQ AND SRQ
BUTTON"

Print the message in quotes on screen as the title
for part 4 of the program.

590 PRINT “WAITING FOR OPERATOR TO PRESS
SRQ BUTTON” :

Print the message in quotes on the screen.

600 STATUS @ 709:DUMMY

Reset the 650's status byte to 0. The non-used
storage location DUMMY completes the format
requirements of the STATUS command.

610 PROCESS EVENT SRQ"@07,02"

The PROCESS EVENT command defines an exter-
nal event which will interrupt and control some part
of the program’s operation. This particular
command assigns the event name SRQ to the
setting of bit 02 of interface 07 {the GPIB port of
the 6000}. Bit two corresponds to a service request
by an instrument on the bus. '

620 CONNECT EVENT SRQ

Enable the controller to report o the program when
EVENT SRQ occurs (the PROCESS EVENT
command defined this event).

630 IWRITE @709:"CH 1,PH180EX"

Ignore this command because the exclamation
point that precedes it makes it into a comment line,
{Later, the operator will remove the exclamation
point to show how the following code handles
unexpected SHQ messages.)

640 WAIT EVENT SRQ

Stop execution of the program until event SRQ
occurs. Inthis case, wait for the operator to press
the front panel SRQ key. Go to the next step when
the event occurs.
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650 WRITE @ 709:"SRQ?"
660 READ @ 709:SRAQMESSAGESS
670 PRINT SRQMESSAGESS

Read and dispiay the messages in the 650's SRQ
buffer.

680 LET EVENTPCSITION = POS(SROMESSAGESS,
"EVI4T )

Search through the string stored in string location
SRQOMESSAGESS for the subsiring contained in
quotations ("EV:4’}). Begin searching at the first
character of the string. Store the numerical value
of the substring’s starting position in numeric loca-
tion EVENTPOSITION. If no EV:4 exists, store 0 in
EVENTPOSITION. EV:4 in the SRQ buffer's
messages indicates that the operator pressed the
front panet SRQ button. Search for EV:4 10 make
sure that some other unexpected probiem did not
cause the 650 to send a service request to the
controtler,

690 {F EVENTPOSITION>0 THEN

700 PRINT "OPERATOR HAS PRESSED SRQ
BUTTON"

710 END IF

If the variable EVENTPOSITION exceeds zero, the
substring EV:4 appears in the SRQ buffer
messages. Therefore, display the message
QOPERATOR HAS PRESSED SRQ BUTTON on the
screen.

720 IF EVENTPOSITION =0 THEN
730 PRINT “OTHER SRQ MESSAGE RECEIVED”
740 END IF
 f the variable EVENTPOSITION equais zero, the
substring EV:4 does not appear in the SRQ buffer
messages. Therefore, dispiay the message OTHER
SRQ MESSAGE RECEIVED.

750 STATUS @709:DUMMY

Reset the 650’s status byte to 0. The non-used
storage location DUMMY completes the format
requirements of the STATUS command.

760 END
Stop execution of the program.

Operation. Enter the above program into a 6000 con-
trolier, turn on the 650, then press the 6000's RUN key.
The foliowing screen display will appear:

SRQ DEMONSTRATION PROGRAM

P e

PART 1: SET AND READ SROMASK 3

SROMASK 7 4
BINARY SRQMASK 00000111 5
8
PART 2: READ INITIAL STATUS AND SRQ 7
STB=0 8
DECIMAL STATUSBYTE O 9
BINARY EQUIVALENT 00000000 10
SRQ= 11
12
PART 3: REREAD ABOVE AFTER FORMAT 13
ERROR COMMAND
STB=69 14
DECIMAL STATUSBYTE 69 15
BINARY EQUIVALENT 01000101 16
SRQ =/PE:Q PH180*//EV:3 EXECUTE COMPLETE/ 17
STB=0 18
SRQ= 19
20
PART 4; DEMONSTRATE SRQ AND SRQ 21
BUTTON
WAITING FOR OPERATOR TO PRESS SRQ 22
BUTTON

To continue, press the BRI key on the 650, then press
the SRQ key. The following lines will appear:

5RQ =/EV:4 FRONT PANEL/ 23
OPERATOR HAS PRESSED SRQ BUTTON 24
Next, foliow these steps:

Step Action

1) Press the 650's SRQ
button three more
Hmes.

Response

N response on the
68000's screen.

2 Press the 6000's Display tines 1-22
RUN key to rerun the  wil! reappear with
program. lines 7-11 changed

as foliows:

PART 2: READ INITIAL STATUS AND SRQ 7
STB=68 8
DECIMAL STATUSBYTE 68 9
BINARY EQUIVALENT 01000100 10
SRQ =/EV:4 FRONT PANEL/EV:4 FRONT 11
PANEL/EV:4 FRONT PANEL/

PART 3: REREAD ABCVE AFTER FORMAT 13
ERROR COMMAND
STB=69 14
DECIMAL STATUSBYTE 69 15
BINARY EQUIVALENT 01600101 16
SRQ = /PE:Q PH180*//EV:3 EXECUTE COMPLETE/ 17
STB=0 18
SRG= 19

627
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The initial status has changedbecause you pressed the
SRQ buttonthree times before running the program the
secondtime. Lines 13-19 read the same as they did for
the first run of the program because reading the status
for disptay line 9 reset the status byte and reading the
error messages for display line 11 emptied the SRQ
buffer.

Next, we will demonstrate how the program handies
unexpected SRQ messages as it waits for the operator
to press the SRQ button. First, call up the program listing
on the 6000 coniroller. Go to code line 830 and remove
the | to change 830 from a comment line to an active line:

630 IWRITE @709:"'CH 1,PH180;EX" (Before)
630 WRITE @709:""CH 1,PHIBOEX" (After)

Pressthe 6000's RUN key torunthe program. Codeline
630 wili now force part 4 of the code to process the PE:0
{programming error) and EV:3 (event) messages rather
than the EV:4 message it expects. All the display lines
on the 6000 screen will appear as shown above for the
tirst time you ran the program, with the exception of lines
23 and 24:

PART 4: DEMONSTRATE SRQ AND SRQ - 21
BUTTON

WAITING FOR OPERATOR TO PRESS SRQ 22
BUTTON

SRQ=/PE.C PH180*//EV:3 EXECUTE COMPLETE/ 23

OTHER SRQ MESSAGE RECEIVED 24
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7.1 INTRODUCTION

The 650 has five types of calibration. This introduction
shows how they relate to one another; the sections give
step-by-step procedures for each one. The detailed
[ key description in section 5 describes the calibra-
tion menus.

Section Page
7.2 Manua! Calibration 7-2
7.3 Auto Calibration 7-10
7.4 Quick Calibration 7-11
7.5 System Calibration 7-12
7.8 External Calibration 7-15

Manual Calibration. Manual calibration performs three
major functions.

» |t calibratesthe 650’s 10 MHz reference oscillator
and buift-in digital voitmeter. The 10MHz oscitiator
determines the frequency accuracy of the 650,
while the digital voitmeter enables auto-cal and
quick-cal to calibrate the 650.

¢ |t adjusts the purity of each channel's output
waveforms. Purity adjustments minimize distortion
inthe sine wave cutput and aberration in the square
wave output.

& [tbringsthechannelsintothe range of auto calibra-
tion by flattening each channel’s freguency
response and calibrating each channel's output at
one ampliti:de and one frequency.

Manual calibration requires external test equipment and
the adjustment of iniernal controls.

Auto Calibration. To complete 650 calibration,
automatic calibration performs two functions on each
channel.

* it measures and stores (in amplitude correction
tables) each channel’s offset and amplitude
corrections at fixed points along the amplitude and
offsetf ranges.

¢ Itmeasures and stores (in gain and phase correc-
tion tables) corrections for each channel at
discrete frequencies from 156kHz to 2MHz.

SECTION
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During operation, the 850 interpdlates between the values
in the tables and applies the results to keep the output
within specification regardiess of the amplitude, offset, and
frequency settings. Auto calibration automatically corrects
for temperature changes and component aging.

Auto calibration requires no test equipment and takes less
than 2 minutes.

Quick Calibration. Quick calibration gives the highest
possible accuracy by measuring the errors and calculating
corrections for the exact amplitude, offset, and frequency
settings of the 650, rather than interpolating between auto
calibration's measured values. This method eliminates any
minor interpolation errors and corrects for very recent
temperature changes. Calibration reverts to the auto-cal
values if you change any setting. Quick-cal requires no
external equipment and takes less than 5 seconds.

System Catibration. Up to ten Model 650 units can inter-
connect to provide up to 40 channels of synchronized
signals. Each individual 650 requires a standard manual
calibration, then the interconnected system of units
requires a special auto calibration procedure.

External Catibration. In many applications, the 850 must
drive equipment through externa! amplifiers. Such
amplifiers can add unacceptable phase delay 1o the
signals. External calibration allows you to measure and
compensate for these delays.

Frequency. Run manual, auto, quick, and system calibra-
tion as follows:

Calibration Frequency

Manual Check every 6 months, calibrate if required
Autc Every 6 months or less as required
Quick As required for highest possible accuracy
Systemn Same as manual and auto calibration

NOTE

The calibration procedures return the 650 to cor-
rect alignment. CALIBRATION LIMITS AND
TOLERANCES ARE NOTINSTRUMENT SPECI-
FICATIONS. Section 1 gives the instrument
specifications.
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7.2 MAMNUAL CALIBRATION

This sectionfirst provides anoverview of manuai calibra-
tion, then gives the step-by-procedure.

7.2.1 Overview

Manual calibration consists of the seven major adjust-
ment steps givenintable 7-1. Steps 3, 5, and 6 bring the
650 into the range of auto calibration, which then finishes
the calibration.

Table 7-1. Manual Callbration
Mazjor Adjustment Steps

Step Function Reguired

1. 10MHz Ref Frequency Ref { Once for all channels

2. Quick Cal Ampl | DVM Refer- Once for all channels
Adjust ence

3. DAC imped- Aute-cal setup | Once per channel
ance (filter
flatness)

4. tkHz Digtortion | Waveform Cnce per channel

purity

5. Square Wave Auto-cal setup Once per channel
Amplitude
Adjust

8. Sine Wave Auto-cal setup Once per channel
Amplitude
Adjust

7. Waveform Waveform Once per channet
Abberrations purity
@ 1OVpp

Step 1: 10 MHz Ref. This step calibrates the 10 MHz
reference oscillator. The frequency accuracy of the 650's
output waveforms depends on this oscillator.

Step 2: Quick Cal Ampl Adjust. This step calibrates the
650's reference voltage source. The built-in DVM derives
its accuracy from this source. The auto-cal and quick-cal
procedures use the DVM 1o calibrate the 650,

Step 3: DAC Impedance, This step flattens the gain vs fre-
quency response of each channel's low-pass filter. This
fijter converts the stepped sine waves emerging from the
digital-to-analog converter into smooth sine waves. Flat-
tening the freguency response across the output frequency
range of the 650 (0 to 2MHz) reduces the amount of
correction auto-cal must apply at each frequency.

Step 4: 1 KHz Distértion. This step minimizes the spurs

and harmonic distortion I each channel by adjusting the
DAC threshold voltage for a 1kHz sine wave.,

7-2

Step 5: Square Wave Amplitude Adjust. This step sets the
ampiitude of each channet for a tkHz square wave to 10
voits. Auto calibration uses this starting point to build cor-
rection curves for other amplitudes and other frequencies.

Step 6 Sine Wave Amplitude Adjust. This step sets the
output amplitude of each channel for a tkHz sine wave 10
10 vois. Auto calibration uses this starting point to bulid cor-
rection curves for other amplitudes and other frequencies.

Step 7: Waveform Aberrations @10vpp. This step adjusis
each channel’'s square wave to the optimum balance
between rise time and overshoot.

Who Should Run Manual Calibration? If your application

requires traceability of calibration, only the person in

charge of maintaining the calibration records should run .
manual calibration.

When Should You Run Manual Calibration?

= Every six months. Check manual calibration every
six months. If all-the adjustments fall within limits,
change nothing. If any exceed their limits, run the
entire procedure and adjust all of them to the center
of their ranges.

e After installing a new channel, a new circuit board,
or an individual component. Run the entire pro-
cedure whenever you change the hardware.

e |f auto-cal fails. In some cases, defective manual
calibration can cause auto-cal to fail. Check manual
calibration if auto-cal displays an error message.

Equipment Required. Manual calibration requires the
following test equipment:

Instrument

Frequency Counter
Digital Voltmeter

Specifications

100 MHz, 9 digits, 1 ppm
Ohms and true RMS AC
+0.05%

tkHz, 80dB dynamic range
{recommended; HP338A)
100MHz, 50Vpp

3/32 inch blade

Length as required

Distortion Analyzer

Oscilioscope

Plastic Adjusting Tool
Coaxial cable with
BNC connectors
Abiigator-clip DVM test
ieads

Time Required. Approximately one hour (after a 20 minute
warm-up).

Menu OGperation. Figure 7-1 shows how o call the manual
calibration menu and display each step on the screen.
Displaying a step automatically sets the 650 operating
parameters to those reguired by the step.
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MANUALI

MODEL 858 MANUAL CAL PROCEDURE
USE CURSOR TO INCREMENT TO EACH STEP

cal step 1: 10 MHz BREF
(refical bd.Mcd)ref outy{I1ppm)

cal step 2: QUICK CAL AMPL ADJ
{refical bd )(r93){ch outl{3.500 vrms)

cal step 3: DAC IMPEDANCE (POWER OFF}
{channel bd.Xrd){tp7-gnd)(66.67 ohm)

cal step 4: 1 KHz DISTORTION
(channel bd.}r41}{ch out}{< — 65dB)

cal step 5: SQUARE WAVE AMPLITUDE ADJUST
{channel bd. }{r93Kch out)}{10.0 vrms)

cal step 6: SINE WAVE AMPLITUDE ADJUST
{channel bd.){r84)ch out}10.0 vrms)

cal step 7: WAVEFORM ABERRATIONS @ 10vpp
{channel bd.)(r133)(ch outi(<E%)

Figure 7-1. Caliing the Manual Calibration Menu

Procedure Overview. Figure 7-2 summarizes the
detailed step-by-step manual calibration procedure given
in table 7-2.

Procedure Order. Run the procedure ineither of the two
orders given below.

Order Used in Table 7-2

Step Manual Cal Step Board
1 1. 10 MHz Reference Ref/Cal
2 2. Ampiifier Adjust Ref/Cal
3 3. BAC Impedance Cht
4 4. 1KHz Distort Ch
5 5. Square Wave Amplifier Ch1
6 6. Sine Wave Amplifier Cht
7 7. Wavetorm Aberration Chn
8 3. DAC Impedance Ch2

Order Used in Table 7-2 (Continued)

Step Manual Cal Step Board
8 4, 1KHz Distort Ch2
10 5. Square Wave Amplifier Ch2
11 6. Sine Wave Apmiifier Ch2
12 7. Waveform Aberration Ch2
13 3. DAC Impedance Ch3
14 4. 1KHz Distort Ch3
15 5. Square Wave Amplifier Ch 3
16 6. Sine Wave Amplifler Ch3
17 7. Waveform Aberration Ch3
18 3. DAC Impedance Ch 4
19 4. 1KHz Distort Ch 4
20 5. Square Wave Ampilifier Chd
21 6. Sine Wave Amplifier Ch4
22 7. Waveform Aberration Ch 4
Alternate Order
Step Manual Cal Step Board
1 1. 10 MHz Reference Ref/Cal
2 2. Ampilitier Adjust ReffCal
3 3. DAC Impedance Ch1
4 3. DAC Impedance Ch2
5 3. DAC Impedance Ch 3
6 3. DAC Impedance Ch 4
7 4, 1KHz Distort Cht
8 4. 1KHz Distort Chz2
9 4. 1KHz Distort Ch3
10 4. 1KHz Distort Ch4
11 5. Square Wave Apmlifier Cht
12 5. Sguare Wave Ampiifier Ch 2
13 5. Square Wave Amplifier Ch3
14 5. Square Wave Amplifier Ch 4
15 6. Sine Wave Amplifier Ch 1
16 6. Sine Wave Ampiifier Ch2
17 6. Sine Wave Amplifier Chs3
18 8. Sine Wave Amplifier Chd4
19 7. Waveform Aberration Chi4
20 7. Waveform Aberration Ch 4
21 7. Waveform Aberration Ch 4
22 7. Waveform Aberration Ch 4

7.2.2 Step-by-Step Procedure

Foliow the procedure given in table 7-2 to manually
calibrate the 650. The manual-cal menu steps
automatically make the 650 produce the appropriate out-
put for each calibration.

For best resulis, keep the internal temperature of the 650
congtant. Remove the top cover only to make an adjust-
ment, and replace itimmediately after each adjustment.

7-3
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Step Board
1. 10 MHz Ref Ref/Cal
2. Ampl Adjust Ret/Cal
3. DAC Impdnce Channel
4. 1 KHz Distort Channel
5. 8g Wave Ampl Channel
8. Sine Wv Ampl Channel
7. Wvfrm Aberr Channel

ins

FC

DVM
DVM
DA

DVM
DVM
osC

Connection

10 MHz Ref Out
CH Fung Out
TP7 and GND
CH Func Out
CH Func Out
CH Func Out
CH Func Out

Adj Value
C4 10 MHz = 10 Hz
R93 3.500 Vrms £0.002 Vrms
R4 66.67 £0.05
R41 Min distortion. Typ: < — 65dB
R93 10.0 Vrms + 0.1V (1.0%)
R84 10.0 Vrms £ 0.1V (1.0%)
R133 Abr: <5% (<3% typical)

Rise/Fall: 45—60 nseconds

% fi T,

850 /{i

FRONT PANEL
CAL STEP -
3
\ so— —
TP8 .
GND~___ P = ﬁ FAN 1|
2 cEEE
P 1717 /____,..-——- REFICAL BOARD
_________ R
R84 ~—=O| @ T 93
@‘4‘”/
R133 m.h._{%f i
res 1L O | B €]
CH1 lr““ e I 4
BOARDS CH3 -
CH4 g Ll gl
] D] Lt T lo] 1o} {o] [of

CAL STEPS 2, 4, 5, 6, 7 \

CAL STEP 1

Ty

O—Q=-Q

& 5 OO | j

l

Figure 7-2. Summary of Manual Calibration
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Table 7-2. Manuai Calibration Procedure

Step Action Response
Set—Up' Steps
S-1 Turn on the 650 and walt for 20 minutes. Unit will reach the operating
temperature.
8-2 Remove the three screws ai the back of the top cover of the Leaving the cover in piace
850, but leave the cover in place. maintains the internal
temperature.
33 Press the JIIE key. The utility menu wiil appear.
S-4 Press the CAL key. The calibration menu will
appear.
8-5 Press the MANUAL key. MODEL 650 MANUAL CAL
PROCEDURE USE CURSOR TO
INCREMENT TO EACH STEP
Step 1: 10MHz Rererence
1-1 Use the CURSOR UP arrow to step to calibration step 1. cal step 1: 10 MHz REF
{reflcal bd Ycd)ref out)1ppm)
1-2 Connect 10MHz Ref Out BNC on rear panel to the frequency
counter (if the counter does not have a 50 ohm input, use a
50 ohm load).
1-3 Remove the top cover and adiust C4 on the Ref/Cal board until Figure 7-2 locates C4.
the counter reads 10MHz %10 Hz.
1-4 Replace the top cover, wait two minutes, then verify the fre-
guency reading.
1-5 Disconnect BNC cable from the 650 and the frequency
counter.
Step 2: Quick Cal Amplitude Adjust
2-1 Use the CURSOR UP arrow to step to calibration step 2. cal step 2: QUICK CAL AMPL
ADJ (ref/cal bd)r93)Ych
out)(3.5vrms) (Step 2 makes the
650 generate a 3.5Vrms 1kHz
sine wave output).
2.2 Set the digital voltmeter to read AC rms voltage.
2-3 Connect the Cht Func Out BNC to the digital volimeter.
2-4 Press the [EREIKSITIEE key. The message *** quick cal ***
‘ will flash on the screen.
2-5 Remove the top cover and adjust R93 on the Ref/Cal card to

3.500Vrms + 0.001Vrms.

Noie

Don’t accidentally adjust R93 on one of the DAC/Qutput
boards.

Figure 7-2 locates R93.
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Table 7-2. Manual Calibration Procedure (Continued)

Step Astion Response

6-4 Remove the cover.

6-5 Adjust R84 on the channel 1 (or 2, 4, or 4} DAC/Output board to Figure 7-2 locates R84,
deliver a sine wave amplitude 0f 10.0 £0.1vrms.

6-6 Heplace the cover.
6-7 Disconnect the 650 from the DVM.

Step 7: Wavelorm Aberrations

7-1 Use the CURSOR UP arrow to step to calibration step 7. cal step 7: WAVEFORM
ABERRATIONS (channel
bd)r133)(ch out)<5%) (Step 7
makes the 650 generate a
1MHz 10vpp square wave

output.}
7-2 Connect the Ch1 {or 2, 3, or 4} Func Out BNC to the
oscitloscope,
7-3 Set the oscilloscope to display a 1MHz 10Vpp square wave,
7-4 Remove the cover.
7-5 Adjust R133 on the channel 1 (or 2, 3, or 4) DAC/OQutput board Figure 7-2 locates R133.
to make the waveform aberrations €5% {€£3% typical) and the Figure 7-3 iliustrates aberra-
rise time fall between 45 and 60 nseconds. You can either tions and rise time.
decrease the rise time until the aberrations reach 3% or you
can reduce the aberrations until the rise time falls between 55
to 60 nseconds.
7-6 Replace the cover.
7-7 Remove the BNC cable from the 650 and the oscilloscope.
Calibration of Remaining Channels
Repeat steps 3-1 through 7-7 for channels 2, 3, and 4.
Concluding Steps
C-1 Replace the top cover and wait 10 minutes. The internal temperaiure of the
850 will stabilize.
C-2 Run auto calibration to complete calibration of the 850. Section 7.3 gives the auto-cal
procedure.
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Table 7-2. Manual Calibration Procedure

Step Action Response
Set-Up Steps
S-1 Turn on the 650 and wait for 20 minutes. Unit will reach the operating
temperature.
s-2 Remove the three screws at the back of the top cover of the Leaving the cover in place
850, but leave the cover in place. maintains'the internal
temperature,
5-3 Press the [TEIRRE key. The utility menu wili appear.
S-4 Press the CAL key. The calibration menu will
appear.
5-5 Press the MANUAL key. MODEL 650 MANUAL CAL
PROCEDURE USE CURSOR TO
INCREMENT TO EACH STEP
Step 1: 10MHz Rererence
1-1 Use the CURSOR UP arrow to step to calibration step 1. cal step 1: 10 MHz REF
{refical bd.Xc4)ref out}(tppm)
1-2 Connect 10MHz Ref Qut BNC on rear panel to the frequency
counter (if the counter does not have a 50 ohm input, use a
50 ohm load).
1-3 Remove the top cover and adjust C4 on the Rei/Cal board unti Figure 7-2 locates C4.
the counter reads 10MHz * 10 Hz,
1-4 Replace the top cover, wait two minutes, then verify the fre-
quency reading.
1-5 Disconnect BNC cable from the 650 and the frequency
counter,
Step 2: Guick Cal Amplitude Adjust
2-1 Use the CURSOR UP arrow 1o step to calibration step 2. cal step 2: QUICK CAL AMPL
ADJ (reflcal bd)(r93)ch
out)(3.5vrms) (Step 2 makes the
650 generate a 3.5Vrms 1kHz
sine wave output),
2.2 Set the digital voltmeter to read AC rms voltage.
2-3 Connect the Ch1 Func Qut BNC to the digital voltmeter.
2-4 Press the (XN key. The message *** quick cal ***
will flash on the screen.
2-5 Remove the fop cover and adjust R93 on the RefiCal card to

3.500Vrims = 0.001Vrms.

Note

Don't accidentally adfust R93 on one of the DAC/Output
boards.

Figure 7-2 locates R93.
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Table 7-2. Manual Calibration Procedure (Continued)

Step Action Response

2-6 Press the PRSI key. The message *** quick cal ***
will flash on the screen.

2-7 Re-adjust R83 on the Ref/Cal card (o 3.500Vrms + 0.001Vrms.

2-8 Repeat steps 2-6 and 2-7 until the output reads exactly Consult the factory if you
3.500Vrms. If you cannot meet this ideal, repeat the steps until cannot set the ocutput to
this output reads 3.500Vrms £ 0.001Vrms. 3.500Vrms + 0.001Vrms.

2-9 Repiace the top cover.

2-10 Connect the DVM to the Ch 2 Fune Out BNC connector and Ch 2 must have an ocutput
read the output voitage. voltage of 3.500Vrms

+ 0.005Vrms. Consuli the fac-
tory if it does not.

2-11 Repeat step 2-10 for channels 3 and 4. Consult the factory if any
channel does not meet the
specification.

2-12 Disconnect the BNC cable from the DVM and the 650,

Step 3: DAC Impedance

3-1 Use the CURSOR UP arrow to step to calibration step 4. cal step 3: DAC IMPEDNCE
(PWR OFF) (chan bd){r4)
(tp7-gnd)66.67 ohm)

3-2 Set the DVM 1o read ohms.

3-3 Turn the 650 power off.

3-4 Remove the cover.

3-5 Connect the alligator clip leads from the DVM to TP8 (ground) Figure 7-2 locates TP7 and

and TP7 {test point} of the channel 1 (or 2, 3, 4) DAC/Output TP8.
board.

3-8 Adjust R4 on the channet 1 {or 2, 3, or 4) DAC/Qutput board Figure 7-2 locates R4,
to produce a DVM reading of 66.67 =+ 0.05 ohms.

Note
Don't accidentally adjust the pot between the alligator leads.
R4 lies between TP7 and the metal cover.

3-7 Disconnect the alligator leads,

3-8 Reptace the cover.

39 Turn the 650 pewer back on and wail two minutes.

3410 Press the [ kev. The utitity menu will appear,

3-11 Press the CAL key. The calibration menu will
appear.

312 Press the MANUAL key. MODEL 650 MANUAL CAL

PROCEDURE USE CURSOR TO
INCREMENT TO EACH STEP

7-6
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Tabile 7-2. Manual Calibration Procedure (Continued)

Step Action Response
Step 4: 1 kHz Distortion

4-1 Use the CURSOR UP arrow to calibration step 4. step cal step 4: 1 KHz DISTOR-
TION to calibration step 4.
{chan bd}{r41)ch out)(< — 65dB)
{Step 4 makes the 650
generate a 1kHz 5Vpp sine
wave.)

4-2 Set the distortion analyzer to measure the distortion in a 1kHz
5Vpp signal. If the analyzer has low and high-pass filtering, set
the low pass to 100kHz and the high pass {o 400Hz.

4-3 Connect the Cht {or 2, 3, or 4) Func Out BNC to the distortion
analyzer.

4-4 Remove the cover. :

4.5 Adjust R41 on the channel 1 {or 2, 4, or 4) DAC/Qutput board to Figure 7-2 locates R41. You
the minimum possible distortion. You must set the distortion to may have to turn R41 many
less than — 65dB. Typically, it will fall between — 65dB and turns to find the minimum.
— 75d8.

4-6 Replace the cover ang wait two minutes.

4-7 Disconnect the BNC cable from the distortion analyzer.

Step 5: Square Wave Amplitude Adjust
5-1 Use the CURSOR UP arrow to step to calibration step 5. cal step 5: 5Q WAVE AMPL
ADJUST (chan bd)r93)(ch
outX10.0vrms)

52 Set the DVM to read AC volis rms. .

5-3 Connect the Ch1 or (2, 3, or 4} Fune Qut BNC to the DVM.

5-4 Remove the cover.

55 Adjust R93 on the channel 1 {or 2, 4, or 4) DAC/Qutput board to Figure 7-2 focates R93.
deliver a square wave ampliude of 10.0vrms £ 0.1vrms.

Note
Don’t accidentally adjust R93 on the Ref/Cal board.
58 Replace the cover and walt two minutes.
5-7 Leave Ch 1 Fune Cut connected to the DVM.
Step 6: Sine Wave Amplitude Adjust

6-1 Use the CURSOR UP arrow to step to calibration step 6. cal step 6: SINE WAVE AMPL
ADJUST {chan bd)}{r84)ch
out}10.0vrms)

6-2 {eave the DVM set 1o read volts rms.

6-3 Verify that the Cht (or 2, 3, or 4) Fune Qut BNC connects to

the DVM.

7-7
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Table 7-2. Manual Calibration Procedure (Continued)
Step Action Response
6-4 Remove the cover,
6-5 Adjust R84 on the channel 1 (or 2, 4, or 4) DAC/Output board to Figure 7-2 locates R84.
detiver a sine wave amplitude of 10.0 + 0.1vrms.
5-6 Regplace the cover.
6-7 Disconnect the 650 from the DVM.
Step 7: Waveform Aberrations
7-1 Use the CURSOR UP arrow to step to calibration step 7. cal step 7: WAVEFORM
ABERRATIONS (channel
bd)r133)(ch outl(<5%) (Step 7
makes the 650 generate a
1MHz 10vpp square wave
output.)
7-2 Connect the Cht {or 2, 3, or 4) Fune Gut BNC to the
osciloscops.
7-3 Set the oscilloscope to display a 1MMz 10Vpp sguare wave.
7-4 Remove the cover.
7-5 Adjust R133 on the channel 1 (or 2, 3, or 4) DAC/Output board Figure 7-2 locates R133,
to make the waveform aberrations €£5% (€3% typical) and the Figure 7-3 Hllustrates aberra-
rise time fall betweesn 45 and 60 nseconds. You can either tions and rise time.
decrease the rise time until the aberrations reach 3% or you
can reduce the aberrations until the rise time falls between 55
1o 60 nseconds.
7-6 Replace the cover,
7-7 Remove the BNC cable from the 650 and the oscilloscope.
Calibration of Remaining Channels
Repeat steps 3-1 through 7-7 for channels 2, 3, and 4.
Concluding Steps
C-1 Repiace the top cover and wait 1C minutes, The internal temperature of the
850 will stabitize,
C-2 Run auto catibration to complete catibration of the 850.

Section 7.3 gives the auto-cal
procedure.
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Figure 7-3. Manual Calibration Aberration and Rise Time
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7.3 AUTO CALIBRATION

This section first provides an overview of auto calibra-
tion, then gives the step-by-step procedure,

7.3.1 Overview

Auto calibration in the 650 corresponds to a full
laboratory calibration. 1t automatically corrects for
temperature changes and component aging. You can
run it from the front panel or you can program a system
computer to run i over the GPIB bus,

Auto-cal measures the errors listed below, calculates
compensation values for them, then stores these values
intabies in battery-protected memory. During operation,
it applies these values (or values derived by interpolating
between them) to deliver precise outputs at all frequen-
cies, amplitudes, and offsets. Channel 1 serves as the
phase reference for calibrating channels 2 through 4.

Amplitude
Errors

Zero amplitude error. Amplitude-
dependent amplitude scale errors for
nonsguare wavetorms at 10, 20, 30, 40,
and 50 Vpp output amplitudes. Absolute
amplitude scale error for the square
waveform.

Offset Errors  Amplitude-dependent offset errors for
nonsquare waveforms at 0, 10, 2C, 30,
40, and 5C Vpp output amplitudes.
Amplitude-dependent offset errors for
the square waveform at 0, 10, 20, 30,
40, and 50 Vpp output amplitudes.

Absclute offset scale error.

Square Duty
Cycle Errors

Duty cycle scale error. Duty cycled off-
set error,

Frequency Freguency-dependent gain errors at
Dependent 13 frequency points from 156.25kHz to
Gain Errors 2.03125MHz. Freqguency-dependent

phase errors at 13 frequency points
from 156.25kHz to 2.03125MHz.

Who Should Run Autg Calibration? Anyone canrunauio
calibration.

When Should You Run Auto Calibration?

¢ After a manual calibration. If you change any of the
manuai calibration settings, you must run auto
calibration immediately io complete the
calibration,

¢ Only after a 20 minute warm-up in the operating
environment.

e Minimum: Every six months.

¢ (ood Practice: Weekly.

e Maximum: As frequently as your application
requires.

Auto-Calibration Failures. An auto-cal error message
indicates one of three problems: 1) you have not discon-
nectedyour input signals and loads from the 650's inputs
and outpuis, 2) a defective manuai calibration, or 3) a
hardware failure. Toeliminate the error, first disconnect
all cables and loads, then re-run auto cal. If the failure
remains, check manual calibration and correct it if
necessary. Finally, run the diagnostics to find the defec-
tive hardware. Table 7-3 deciphers the auto-cal error
messages.

Equipment Required. None.

Time Required. Less than two minutes {(after a 20-minute
warm-up).

Menu Operation. Figure 7-4 shows how to call the auto
calibration menu.

Press ENABLE to make the 650
ENABLE apply the auto-cal correction

AUTO tables.

Press DISBLE to make the 650
not use the auto-catl correction
CAL tables.

DISBLE

Press START to begin auto

START calibration.

MENU Press ABORT to stop auto-cal.

Using ABORT creates defective
auto-cal data.

ABORT

Figure 7-4. Calling the Auto-Cal Menu

DISBLE and ENABLE serve as troubleshooting aids for
the auto-cal hardware. For example, if the 650 produces
abnormal outputs with the auio-cal correction fables
enabied and more reasonable {but uncalibrated) outputs
with the auto-cal tables disabled, then the auto-cal hard-
ware has delivered defective measurements o the auto-
cail software.

ABCRT allows you to stop aute-cal in mid-process {for
example, you might notice that you forgot to disconnect
the input cables). Stopping auto-cal creates defective
auto-cal data. Always re-run auto-cal tocompletionif you
abort a run.

7.3.2 Step-by-Step Procedure

Follow this procedure to run auto calibration.
1. Discennect ali input signals and ioads.

2. Press the [T key.

3. Press the CAL key.

4. Press the START key.

5. Wait for AUTO CALIBRATION COMPLETED message
to appear.
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Table 7-3. Auto Calibration Error Messages

AUTO CALIBRATION COMPLETED
*HEX HHHHHHHH ***

<« Screen message

00000000 No errors in any channel.
HH- - - - - - CH1 Auto Cal Hexadecimal Error Number
<HH---- CH2Z Auto Cal Hexadecimal Error Number
---HH-- CH3 Auto Cal Hexadecimal Error Number
------ HH CH4 Auto Cal Hexadecimat Error Number
BINARY EQUIVALENT BINARY EQUIVALENT
HH X X X F PSOA HH X X X F P S OA
00 00 0O0OO0OO0OO0OOD 10 00 01000C
0t 000 0CO0OO0OO0 1 11 00010001
02 0000001 O 12 00010010
03 00000011 13 000100 11
04 00000100 14 00010100
05 00000 1O 1 iI50001%1 0101
06 0 0 0 D011 O i6 000C1T 0110
07 0 000011 1 17 000101711
08 OO0 O01TOO O 18 00011000
09 00001001 19 00011001
6A DO ODOC1Y1TO1T1T O 1A 00011010
OB O OOOGC11T O 1 iBOOO1T 1011
cC 0000110 O 1IC o000 TtT11T 100
o0 0 0001 10 1 D000 1101
CE ODOO0CT1T 110 iIE0OO0O0OT 1T 110
OF 0 000 1111 1IF 0001 1 1 1 1

A = Amplitude compensationn error P = Phase ¢compensation error

F = Filter compensation error S = Symmetry compensation error

0 = Offset compensation error A = Not used

Exampte: 001A0000 indicates filter, phase, and offset compensation errors in channel 2.

7.4 GUICK CALIBRATION

This section first provides an overview of quick calibra-
tion, then gives the step-by-step procedure.

7.4.1 Overview

Quick calibration gives the highest possible accuracy
by measuring the errors and calcutating amplitude, off-
set, and phase corrections for the exact current settings
cf the 650, rather than interpolating between auto
calibration's measured values. This method eliminates

any minor interpolation errors and corrects for recent
temperature changes.

Quick calibration reveris to the auto-cal vaiues if you
change any setting, including powering down.

Who Should Run Quick Calibration? Anyone who needs
the highest possible accuracy,

Restrictions. Quick-cal always correcis ampiitude and
offset errors. {more—+)
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Quick-cat only corrects phase errors when:

# You choose an output frequency greater than
5kMHz. Frequencies less than 5kHz have insignifi-
cant phase errors.

e YouselectCh?2, 3 or 4 with the BT ad key.
Since Ch 1 serves as the phase reference,
calibrating it against itself serves no purpose.

¢ You make both channel 1 and the channel under
calibration produce sine functions at ratios of 1.

e Youchoose non-sweep operation. You can’'i guick-
cal during a phase or frequency sweep. The auto-
cal data base calibrates the sweep modes.

Equipment Required: None.

Time Required. L.ess than 5 seconds.

7.4.2 Step-by-Step Procedure

Follow these steps to quick calibrate an instrument
setup:

1. Disconnect any signals connected to the AM In
connectors.

2. Press the PR EEILE G key.

3. Wait for the message *** quick cal *** {o flash,

7.5 SYSTEM CALIBRATION

This section tells how to calibrate a system of intercon-
necied synchronized 650 units. Firsi, it provides an over-
view of system calibration, then it gives the step-by-step
procedure.

7.5.1 Overview

You caninterconnect up toten 850 units, each with four
channels, to form a systemthat provides up to 40 phase-
coherent, phase-cortrolled signals. One unit, cafled the
master, serves as the phase reference for the other units,
calied slaves. Figure 7-5 shows how the units
interconnect.

System Operation. You must run ali units at the same
frequency. Changing the frequency of any unit (master
or stave) will disrupt the other units. If you need to
temporarily run one 650 at a different frequency, set it
to INDEPN.

Calibration. System calibration first manually calibrates
the individual units, then auto calibrates the system.

712

System auto calibration auto calibrates the master, then
references the phase of channei 1 of each slave to char-
nel 1 of the master, then auto calibrates the individual
slaves,

Who Should Manually Calibrate a System? If your
application requires traceability of calibration, only the
person in charge of maintaining the calibration records
should manuaily calibrate the individual units.

When Should You Manualiy Calibrate a2 System?
Manually calibrate each 650 in a multi-unit system
according to the schedule given in part 7.2 above.

Who Should Auto Calibrate a System? Anyone canrun
system auto calibration.

When Should You Auto Calibrate a System?
e Always after a manual calibration.

e Only after a 20 minute warm-up in the operating
environment.

s Minimum: bvery six months.
* (ood practice: Weekly.

s Maximum: As frequently as your application
requires.

Equipment Required. Part 7.2 lists the equipment
required for manual calibration. System auto calibration
requires a set of coaxial cables with BNC connectors
and BNC '“T" connectors as shown in figure 7-5.

Time RBequired. Approximately one-half hour.

Procedure Overview.

1. Manually calibrate alt individual units,
2. Auto calibrate the master,

3. Phase calibrate the system,

4. Auto calibrate the slaves.

7.5.2 Step-by-Step Procedure

Follow the procedure given in table 7-4 to auto-calibrate
a 650 system. The procedure uses [brackets]to separate
screen messages fromthe procedure text. The brackets
donotappear onthe screen. Toavoid confusion, attach
a MASTER or SLAVE label to each 650.

Conditions: All units manually catibrated.
All units set to the same main fregquency.
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FUNC OUT
CH 1 - \ |’ ””””””””””””””” )
CH 2 = i , > PHASE SYNG——
CH 3 - | e PHASE CLEAR sy
CH 4 ey | [ (10 MHz REF ——

650

OuUT
FUNC MASTER
CH 5 = (FIRST IN LINE)
CH 6 -= - - )
CH 7 —= -
8 1 ( =
CH 8 by y
L@ . )
—8 0%
650 X0, v ¥ ¢
: !y N\
FUNGOUT SLAVE 1 SN g §
CH 37 = :
1
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CH 38 = & 50 vy y ;
R 40 \ 1 ( 1 " TERMINATION*
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6—0=0—0 ¥-—Z§ @ !
6501 | o—0+0—0 &
oha tha £nt Cht @ \ ;
T T e ™ (e ~o :
e e i \ ;
\‘ !
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*Attach termination directly to 10 MHz Ref In BNC of the last 650 in line.
Schid Lines: Permanent connections.
Dashed Lines: install only during calibration.

Figure 7-5.

Interconnection of Multiple 65
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CALIBRATION

SYSTEM CALIBRATION

Tabie 7-4. Sysiem Auto Calibration Procedure

Step Action Response
1 Turn on all units and wait for 20 minutes. The system reaches operating
temperature.
2 Connect Ch 1 Funec Out of the master 1o Phase Cal
In of each slave as shown in figure 7-5.
3 Press these keys on the master: [iiilEe CONFIG The master screen displays:
INDEPN [configuration: INDEPENDENT]
Master switches to independent status.
4 Press these keys on the master: (IR CAL DISABLE The master screen displays:
[AUTO CAL DISABLED].
This action disables the existing correc-
tion factors table.
5 Press this key on the master: START The master screen displays: START
[AUTO CALIBRATION IN PROGRESS].
Sound: Relays clicking. The master now
builds an amplitude, offset, and phase
correction faciors iable for itself. Because
you disabled the previous table, indepen-
dent calibration gives channel 1 a phase
correction factor of 0° before calculating
the rest of the new table. The phase cal-
culations give channels factors that shift
their outputs into phase with channel 1.
8 Wait until the calibration completes. The master screen displays:
[AUTO CALIBRATION COMPLETED]
[*** 00000000 ***]
7 Verify that the error number contains all zeros., Table 7-3 deciphers non-zero error
messages.
8 Press these keys on the master: BRI CONFIG The master screen displays:
MASTER [configuration: MASTER].
Master switches to master status.
9 Press these keys on each siave: [IHTE CONFIG Each slave screen displays:
SLAVE [configuration: SLAVE]
Slaves switch to slave status.
10 Press these keys on each slave: TG CAL START Fach slave screen dispiays:
[***AUTO CAL IN PROGRESS ™ *].
Sound: Silence. The system phase calibra-
tion does not stari.
11 Press these keys on the master: [P CAL START

7-14

The master screen displays:

[***AUTO CAL IN PROGRESS***].
Sound: Relays clicking in alt units. Each
slave now works with the master 10
caleulate and store in the slave a correc-
tion factor that shifts channet 1 of the
slave into phase with channel 1 of the
master.
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Table 7-4. System Auto Calibration Procedure (Cont)

Step Action Response

12 Wait until the system calibration completes. The master and all the siaves display:
' [AUTO CALIBRATION COMPLETED]
[*** 00000000 ***]

13 Verify that the error number of each 650 (master Table 7-3 deciphers non-zero error
and all slaves) contains all zeros. messages.
14 Press these keys on each siave: i CONFIG Each slave screen displays:
INDEPN [configuration: INDEPENDENT]
| ‘ Siaves switch to independent status.
15 Press these keys on each siave: JIIEM CAL START Each slave screen displays:

[*** AUTO CAL IN PROGRESS ***].
Sound: Relays clicking, Each slave now
builds an amplitude, offset, and phase
correction factors table for itself. Because
you did not disable the previous table,
independent calibration does not erase
channel 1’s master/slave phase correc-
tion factor {see step 11) before calculating
the rest of the new table. Furthermore,
the phase calculations combine this factor
with the separate channel factors to
produce overall factors that shift channels
2-4 into phase with channel 1 of the
master.

16 Wait untt all slaves complete calibrating. All slave screens display:

[AUTO CALIBRATION COMPLETED]
[*** 00000G00 ***]

17 Verify that the error number of each slave contains Table 7-3 deciphers non-zero error
all zeros. messages,
18 Press these keys on the master: IR CONFIG The master screen dispiays:
MASTER fconfiguration: MASTER]
19 Press these keys on each slave: Sl CONFIG The siave screens display:
SLAVE [configuration: SLAVE],
20 Remove the cables that connect Ch 1 Func Out of
the master to Phase Cal In of each slave.
21 Use the system.

715
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7.6 EXTERNAL CALIBRATION

This section tells how o calibrate (measure the delay
of}an external ampiifier. It first provides an overview of
external calibration, then gives a detailed procedure.

7.6.1 Overview

Reason for External Calibration. Occasionally, external
equipment requires voltage or current that exceeds the
50Vp-p 0.5A capabilities of the 850. In these cases, the
650 must drive the equipment through external
amplifiers. Such ampilifiers can add unacceptable delays
tothe signals. External calibration aliows you to measure
and compensate for these delays. It cannot measure
delays larger than =+ 20 degrees.

External Calibration Procedure. Exiernal calibration
involves two steps. First, you use the 650 as a measure-
ment instrument to determine the delay of the external
amplifier. Second, you add a compensating delay to the
650 channel that wil drive the amplifier. If the 650 must
drive several amplifiers, you separately calibrate each
one, then add the appropriate delay to each 650 channel.

Two Methods of Compensation. Afteryoudetermine an
amplifier's delay or phase value, you can negate it by
entering either a compensating delay (in seconds) or a
compensating phase (in degrees}in the driving channel’s
menu. Typically, most amplifiers have a constant delay
in useconds. This constant time delay converts to dif-
ferent phase angle delays at different frequencies. For
example, a 2.8usecond delay equatesto 1.872° at 2kHz
and 0.936° at 1kHz.

Entering compensation as delay simpiifies operation.
if you change the frequency, the 650 automatically
converts the delay into a phase angle that maintaing
thatdelay. Furthermore, the 650 also automatically adds
{o this phase value any additional phase value you
may have entered in the channel's menu for other
reasons.

Entering compensation as phase value complicates
operation. You will have {o calculate and enter a new
phase value each time you change the frequency. in ad-
dition, if you need to add phase for other reasons, you

will have to first manually add the additional phase tothe .

amplifier phase, then enter the total.
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To assure that your amplifier does have a constanttime
detay, repeat external phase calibration at several fre-
guencies across your operating range. if you measure
different delays ai different frequencies, program the
650 accordingly.

7.6.2 Detailed Procedure

External calibration has two paris;
1} calibrate the amplifier
2) compensate the channel.

Calibrate the Amptifier. Follow these steps to calibrate
an amplifer.

1. Connect the amplifier as shown in figure 7-6. The
optional 50Q resistor eliminates reflections and
standing waves.

2. Set the amplifier gain to 5 or add an attenuator to
reduce the gain to 5. External calibration always
delivers a 4Vpp sine wave out the Fune Out connec-
tor of channels 2, 3, or 4, and must have a 20Vp-p
{ £ 1Vp-p) signal returned to the Phase Cal In
connector.

3. Setthe 650 controls. Set the P FREQ to any fre-
quency greater than 2kHz and set I EET
to the number of the channel providing the calibra-
tion signal. You can uge any channel except 1. You
do not have to use the channel that will eventually
drive the amplifier.

4. Press [BIEE, then CAL, then EXTRNL. The 650 will
close the output relays (0Q output impedance),
deliver the calibration signal, measure the delay of
the returned signal with reference to channei 1, then
display the results on the 850 screen as follows:

EXTERNAL PHASE: -XXXX degrees
ch X delay XXXX sec from ch 1 at XXXX Hz

Compensate the Channei. To compensate a channel for
an amplifier’s delay, first select the channel with the
e key, then press BREEER], then SHIFT,
then DELAY, then enter the external delay with a revers-
ed sign. For example, if external calibration displayed
the message [ch X delay 2.6 usec], youwouldenter — 2.6
usec in the channel meny,

If necessary, you can also compensate by entering the
phase value of the amplifier, as discussed above.
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CHOOSE OUTPUT CHANNEL WITH e e e S o i W) o s -—-I
 Channel Number B4 COMBINED GAIN: 5 I
s 500 I ATTENUATOR |
AVAVAY doepisd (OMIT IF AMP  j——fieoy  AMPLIFIER
( 4Vpp i GAIN = 5) |
55 5 i — —
O (e} &
&) O ]
pred = s
e z i PHASE CAL IN
Il ? g Set FREQ >2 KHz ~
5 & 5 650 20Vpp
] i ]
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Notes: EXTRNL calibration delivers 09 cutput impedance
The optional 502 resistor eliminates reflections and standing waves.

Figure 7-6. Exiernal Calibration Test Setup
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SECTION

APPLICATION: PHASE METER CALIBRATION

8.1 INTRCDUCTION

This section shows how to calibrate a phase meter with
the 650. Specitically, it shows how to determine if a given
meter can measure phase with sufficient accuracy for
a specific application,

Section Page
8.2 Test Description 81
8.3 Quick Test 8-1
8.4 Sweep Tests 8-3
8.5 Wavetek 740 Example 8-10

8.2 TEST DESCRIPTION

Probiem: How accurately can a given phase meter
measure the phase between two 11.8 Vrms sinusoidal
signals over the frequency range 300Hz to 3kHz?

Solution. Use the 650 {0 generate a known phase angie
over the frequency range in guestion. With an X-Y
recorder, plot the phase measured by the phase meter

against frequency. The graph will show any deviation

from the known phase delivered by the 650,

The foliowing specifications enable the 850 to serve as
the phase reference for this calibration:

Phase accuracy from 300 to 3000 Mz: =0.01°
(typical)

Qutput voltage: O to 50Vp-p (17.677Vrms)

Output signal: Five choices {including sine)

The following additional capabilities of the 650 simplify
catibration:

Horiz Out The 650 provides an output voitage

that corresponds to elapsed sweep

time. This output drives the X axis of

the recorder.
Vo-piVrms The 650 displays the output waveform
amplitude in both volts peak-to-peak
andin volts rms. This feature confirms
that the waveform delivers the correct
rms voltage.
Sweep Modes  The 850 sweep mode assortment
includes a triggered one-shot fre-
guency sweep. This mode enables you
1o set up the X-Y recorder, lower the
pen, then trigger one sweep through
the frequency range.

8.3 QUICK TEST

The quick test checks the phase meter accuracy at a
fixed frequency. if the meter doesn’t pass, you can skip
the more complicated frequency sweep calibration.

Precedure. Follow the procedure intable 8-1 to run the
quick test. [Brackets] separate screen messages from
the procedure text. The brackets do not appear on the
screen.

Voltage Calculation. The application requires a sine
wave signal amplitude of 11.8Vrms. To determine the
equivalent peak-to-peak voltage, muitiply by the conver-
sion factor: 2.828 x 11.8Vrms = 33.370Vp-p.

Waveform Choeice. The 650 powers up delivering sine
wave outputs, Therefore, this procedure does not con-
tain steps to choose an output waveshape.
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Table 8-1. Quick Test

Step

Action

Response

1-1

1-5

1-6

Turn on the 650,

Turn on the phase meter and set it to measure
the phase of two 33.378Vp-p signals.

Allow both instruments to warm up {20 minutes
for the 650).

Connect Ch1 Fune Qut of the 650 to the
A Input of the phase meter and Ch2 Func Out
of the 650 to the B input of the phase meter.

Press this key sequence 1o set the output
frequency of both channels: B FREQ 300

Press this key sequence to give channel 1 an
ampiitude of 33.37Vp-p (the text above explains
the derivation of this number) and a phase of
0°:

ey AMPL 33.37 PHASE 0 3%

Press AMPL 1o digplay the amplitude of
channel 1.

Enter a series of slightly higher amplitudes
undit the Vrms ouiput reads exactly

11.800 Vrms. The following key sequence
enters the required Vp-p: 33.376 B0

Press these keys {6 change the active channel
to channe! 2: EITETEDS 2 B0

Press these keys to give channel 2

an amplitude of 33.376Vp-p and a phase of 90°;

T AMPL 33.376 PHASE 90 TS

Press this key sequence fo turn on the output
of channel 2: SHIFT CUTPUT ON-0Q

Press this key sequence to change the active
channel 1o channe! 1. [FiE ter [l Executs

Press the ON-0R key to turn on the output of
channel 1.

Read the phase of the two signals.

The power-up screen will appear.

The instruments will reach their operating
temperatures,

Note: The 650 powers up with the outputs off.
[frequency: 000,300.0000 Hz]

[phase: 0,000,000.000 Deg]
Note: You can eliminate the PHASE 0 keystrokes.
The 850 gives each channel a default phase of 0°.

famplitude: 33.370 Vpp]
11.798 Vrms]

[amplitude: 33.376 Vpp]
11.800 Vrms]

The upper-right corner of the screen will display:
[CHZ]

[phase: ,000,090.000 Deg]

Voltages above 25Vp-p require the 0Q output
impedance.

The upper-right corner of the screen will display:
[CH1]

Voltages above 25Vp-p require the 09 output
impedance.

It the reading meets your accuracy requirement,
go to the next part.

8-2
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B.4 SWEEP TESTS

The sweeptesis plot measured phase (at 80°, 120°, and
240°) vs. frequency to determine the accuracy of the
phase meter over the required frequency range. The
resulting plots show if the meter’s response containg any
periurbations.

Procedure. Follow in order the procedures intables 8-2
{for 90°), 8-3 (for 120°), and 8-4 (for 240°) 1o run the
sweep tests.[Brackets]separate screen messages from
the procedure text. The brackets do not appear on the
screen.

Sweep Range. Use the Horiz Qut connector of the 650
todrive the X axis of {he X-Y recorder (Horiz Gut delivers
a voltage that corresponds to elapsed sweep time). To
simplify calibrating the X-Y recorder, make the 650
sweep from 300Hz 1o 3.3kHz, a difference of 3kHz. Since .

Horiz Out ranges from O volts at the start of the sweep
to 10 volts at the end, the 3kHz sweep corresponds to
300 Hz/V along the X axis.

Sweep Time. To allowtime for the phase meter’'sphase
detection circuit to settle, make the 650 sweep from
300Hz to 3.3kHz in 60 seconds, or 50Hz per second. Hf
any perturbations appear in the graph, slow the sweep
even more.

Sweep Mode. Use sweep mode 5. This triggered-sweep,
friggered-reset mode enables you to setup the recorder,
lower the pen, then trigger one sweep through the fre-
quency range.

X-Y Recorder. If necessary, modify the procedures to
suitthe capabilities and requirements of your particular
X-Y recorder.

Table 82, 90° Sweep Test

This table tests the meter’s ability to measure a 80° phase from 300-3300Hz.

Note: Run steps 1 to 14 in table 8-1 to set up the equipment for this test.

Step Action

Response

2-1 Leave Ch1 Func Out and Ch2 Fune Out of the

650 connected to the A and B inputs of the
phase meter.

2-2 Turn on the X-Y recorder and set both the X
and Y controls for variable gain.

2-3 Reduce the X and Y gains of the recorder o

avoid excessive pen motion in the following
steps.

2-4 Connect Horiz Out of the 650 to the X axis
input of the X-Y recorder as shown in figure
8-1. De not connect the phase meter to the
recorder.

2-5 Press this key sequence to set the start sweep

frequency to 300Hz: EIEEg FREQ LIMITS
START 300

26 Press this key sequence 1o set the stop sweep

frequency to 3300Hz: STOP 3300 e

2-7 Press this key seguence 1o set the sweep time

to 1 second: EfTEE FREQ TIME | B0

[strt freq: 300]

[stop freq: 003,300.0000 Hz]
{strt freq: 000,300.0000 Hz]

{sweep t{ime: 1.00 Sec]
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Figure 8-1.

Electrical Connections for the Sweep Tests

8-4




APPLICATION

PHASE METER CALIBRATION

Table 8-2. 90° Sweep Test (Continued)

Step Action Response
2-8 Press this key sequence 1o put the 650 in Horiz Qut will detiver 0 volis.
sweep mode 5. BRI FREQ MODE TRIG
HLD/RS
2-9 Load in a chart that has 10 divisions within the
X range of the recorder.
2-10 Adiust the X zero control of the recorder to The zero line corresponds to 300Hz,
position the pen iip above the zero ling of the X
axis.
2-11 Lower, then raise, the pen. The penwillmake a dotonthe zeroline of the X axis.
2-12 Press the [EERGEETR key. The 850 will sweep to 3300Hz and the chart pen
will move io the 10V position as determined by the
reduced setting of the X gain conirol.
2-13 Adjust the X gain of the recorder to position the The 10th line corresponds to 3,300Mz. Each
pen tHp ebove the 10th line of the X axis. intermediate line represents anincrease of 300Hz.
2-14 Lower, then raise the pen. The penwill make adotonthe 10th line of the X axis.
2-15 Press the [ERERGEE L <2V, The 650 will reset to 300Mz and the recorder pen
will return to the O line of the X axis.
2-16 If the pen did not stop exactly on the 0 line,
re-position it at 0 with the X zero control.
2417 Lower, then raise, the pen. The pen will make a new dot on the 0 line.
2-18 Press the I REECd key. The 850 wiil sweep to 3300Hz and the chart pen
will move to the 10th chart line.
2-19 If the pen did not stop exactly on the 10th line,
re-position it at 10 with the X gain control.
2-20 Lower, then raise, the pen. The pen will make a new dot on the 10th line.
2-21 Press the B key, The 850 wiil reset tc 300Hz and the chart pen will
move to the 0 line.
2-22 Repeat steps 16-21 until the pen sweeps cor-

rectly between the two lines.

8-5
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Table 8-2. 90° Sweep Test (Continued)

Step

Action

Response

2.23

2-24

2-25

2-26

2-27

2-28

2-29

2-30

2-3

2.32

2-33

8-6

The current test setup has the phase meter
measuring 90° (see step 1-10 in table 8-1). Off-
set the V/° cutput of the phase meter (which
represents the 90° measurement) to OV. To off-
set the V/° output, 1) adjust the offset controls
of the meter, 2) adjust the offset controls of the
the chart recorder, or 3) connect an offgset cir-
cuit between the meter and the recorder.

Connect the V/° output of the phase meter to
the Y axis of recorder.

Adjust the Y zero control 1o place the pen near
the center of the graph.

Enter this key sequence to set the phase
of channe! 2 to 89°: (A TrTd 2
PHASE 89

Adjust the Y gain control to estabiish (or
modiy) the spread on the graph between the
89° and 91° limits.

# necessary, adjust the Y zero control to place
the pen exactly on the division line.
Lower, then raise, the pen.

Enter this key sequence to set the phase of
channel 2 to 91°: O1 BN

l.ower, then raise, the pen,

If the 91° pen dot does not fall on a decimal
line {for example, if it falls on a line 7 instead
of 10 divisions away from the 89° dot), or if it
does not fail exactly on the correct line then go
back and repeat steps 26-32 as many times as
necessary to make the 82° and 91° positions
of the pen coincide with the proper lines of the
graph paper.

Enter this key sequence fo set the phase of
channel 2 to 90°: 90 EE59

The chart pen will assume the OV (90°) position
(as determined by the reduced setting of the Y gain
control).

The pen will move to the 89° position (as deter-
mined by the current setting of the Y gain control).

The first adjustment of Y gain should move the
pentoamajor division line about 5 divisions away
from the starting position of the pen. Subsequent
adjustments (described in later steps) will modify
the spread to fit the divisions exactly.

This zero adjustment aligns the 89° and 91° end-
points of the pen's range with the lines of the graph
paper,

The pen will make a dot on the 89° line.

The pen will move to the 91° position.

The pen will make a dot on the 91° line.

The 89° and 91° dots should lie far enough apart
to give the graph good resolution and should
have a decimal number of chart divisions between
them (5, 10, or 20 divisions instead of 3, 6, or 7).

The pen should travel to a division line half way
between the 89° and 90° dots.
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Tabie 8-2. 90° Sweep Test (Continued)

Step Action Response
2-34 Enter this key sequence to set the sweep time
o 60 seconds: s FREQ TIME 60 B8

2-35 Lower the pen.

2-36 Press the [ETERGETT] kev. The 650 will sweep from 300 {o 3300Hz in 60
seconds and the recorder will draw the meter’s
version of the constant 90° phase angle between
the two signals.

2-37 Raise the pen. -

2-38 Press the FEIELEE The 650 will reset to 30CHz and the penwill return
to the 0 line.

2-39 Remove the graph.

Table 8-3. 120° Sweep Test
This table tests the meter’s ability to measure a 120° phase from 300-3300Hz.
Note: Run the procedures in Tableé 8-1 and 8-2 before you run this procedure.
Step Action Response
31 Load another sheet of graph paper in the
recorder.
3-2 Either put the recorder in standby or discon-
hect the V/°® cutput of the phase meter from the
Y input of the recorder.
3-3 Press this key seguence to give channel 2 a Channel 2 will assume a phase of 120° refative {0
phase of 120°: (LTI 2 channel 1. The phase meter will measure 120°.
PHASE 120 ETos
3-4 Offset the V/I° output of the phase meter to OV
{see step 2-23 in table 8-2 for details).
3-5 Either take the recorder off standby or The pen will move tc the OV (120°) position.
re-connect the V/°® output of the phase meter to
the Y input of the recaorder.
3-6 Adjust the X zero control to place the pen

directly above the 0 iine of the X axis.

Use the same zero line as you used for the 390°
graph.



APPLICATION PHASE METER CALIBRATION
Table 8-3. 120° Sweep Test (Continued)

Step Action Response

3-7 Adjust the Y zero control to place the pen This tine will represent 120°.

3-8

39

3410

3-11

315

316

317

3-18

3-19

directly above a Y axis division line near the
center of the graph.

Lower, then raise the pen.
Press the left or right cursor arrows as required
to move the cursor (underline} to the zero in

120° in the phase display.

Press the up cursor arrow once 1o change the
phase to 121°,

tLower, then raise the pen.

Press the down cursor arrow twice to change
the phase to 119°.

Lower, then raise the pen.

Press the up cursor arrow once to change the
phase to 120°.

Lower the pen.

Press the BERRERIETEN key.

Raise the pen.

Press the FENENETECS kev.

Remove the graph.

The pen will make a dot at 120° onthe Y-axis and
300Hz on the X-axis,

[phase 0,000,120.000 Deg]

[phase 0,000,121.000 Deg]
The pen wili move to the 121° division line.

The pen will make a dot at 121° onthe Y-axis and
300Hz on the X-axis.

{phase 0,000,119.000 Deg]
The pen wili move 1o the 119° division line,

The pen will make a dot at 119° onthe Y-axis and
300Hz on the X-axis.

[phase 0,000,120.000 Deg]
The pen will move 1o the 120° division line.

The 650 will sweep from 300 to 3300Hz in 60
seconds and the recorder will draw the meter’s
versionof the constant 120° phase angie between
the two signals.

The 650 will reset to 300Hz and the pen will return
to the O line. '

8-8
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Table 8-4. -240° Sweep Test

This table tests the meter’s ability to measure a 240° phase from 300-3300Hz.

Note: Run the procedures in tables 8-1 through 8-3 before you run this procedure.

Step Action Response
4-1 Load another sheet of graph paper in the
recor{d@r. '
4-2 Either put the recorder in standby or discon-
nect the V/° output of the phase meter from the
Y input of the recorder.
4-3 Press this key sequence {o give channei 2 a Channe! 2 will assume a phase of 240° relative
ROt Re -2 LAl Chisninel Number |2l Channel | to channetl 1. The phase meter willmeasure 240°.
PHASE 240°
4-4 Offset the V/° output of the phase meter to OV
{see step 2-23 in table 8-2 for detalls).
4-5 Either take the recorder off standby or The pen will move to the OV (240°) position.
re-connect the V/° output of the phase meter to
the Y input of the recorder.
4-6 Adjust the X zero control {0 place the pen Use the same zero line as you used for the 90°
directly above the C line of the X axis. graph.
4-7 Adjust the Y zero control to place the pen This line will represent 240°.
directly above & Y axis division line near the
center of the graph.
4-8 Lower, then raise the pen. The pen will make a dot at 24G° on the Y-axis and
300Hz on the X-axis,
4-9 Press the left or right curser arrows as required [phase 0,000,240.000 Deq]
1o move the curser (underlineg) to the zero in
240° in the phase display.
4-10 Press the up cursor arrow once to change the [phase 0,000,241.000 Deg]
phase 1o 241°. The pen will move to the 241° division line.
4-11 Lower, then raise the pen. The pen will make a dot at 241° onthe Y-axis and
300Hz on the X-axis.
412 Press the down cursor arrow twice to change [phase 0,000,239.000 Deg|
the phase to 239°. The pen wilt move {o the 239° division line.
4-13 Lower, then raise the pen. The pen will make a dot at 239° on the Y-axis and

300Hz on the X-axis.

8-9
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Table 8-4. 240° Sweep Test (Continued)

Step Action Response
4-14 Press the up cursor arrow once to change the [phase 0,000,240.000 Deg]
phase to 240°. The pen will move to the 240° division line.

4-15 Lower the pen.

4-18 Press the FEENGIEET key. The 650 wiil sweep from 300 to 3300HMz in 80
seconds and the recorder will draw the meter's
version of the constant 240° phase angle between
the two signals.

4-17 Raise the pen.

4-18 Press the [FETEONGERER key. The 650 will reset to 300Hz and the pen will return
1o the O line.

4-19 Remove the graph.

8.5 WAVETEK 740 EXAMPLE

Figure 8-2 shows 20°, 120°, and 240° measured-phase vs frequency graphs for the no-longer-rmanufactured Wavetek
740 Phase Meter.

8-10
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Figure 8-2. Wavetek 740 Measured-Phase vs Frequency Graphs
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APPENDIX A

ERROR/STATUS MESSAGES

The following list contains both front panel and GPIB messages. A suggested correction foliows
each message. For more information, look up the descriptions of the keys that correct the

problem.

200KHZ MAX IN TRI/RAMP Either set BIEERI FUNC to
SINE, SQUARE, or DC, or set [JEHR FREQ to 200kHz o
less.

200KHZ MAX IN TRIG MODE Either take [FBES MODE
out of TRIG or set [EER FREQ to 200kHz or less.

3Y¥ BATTERY IS LOW: XX V Replace internal lithium
battery.

AMPUOFST CLIPPING LIMIT Set [EREREES AMPL and
Fenralhi OFFSET to values that stay within the output
voltage limits of + 25V and — 25V,

AM?LIOFST RATIO WARNING Set [
GIEGhEg OFFSET to values that stay wuth in the output
voltage limits of + 25V and ~ 25V.

AMPLITUDE ERROR Se! [FTHEE AMPL to less than 50V,

AUTO CAL COMPLETE 00000000 The auto calibration
program (started by the GPIB AUTOCAL command) ran
auto calibration, found no errors, and put this message
in the SRQ message buffer.

AUTO CAL COMPLETE HHHHHHHH The auto calibra-
ticn program (started by the GPIB AUTOCAL command)
ran auto catibration, found an error, and put this message
in the SRQ message buffer, See GPIB SRQ messages
for an explanation of the hex error number.

AUTO CAL DATA ERROR The power-up program
detected a checksum error in the stored auio cal data.
Press (U CAL START.

AUTO CALIBRATION COMPLETED 00000000 The auto
calibration program (started by [HIERE CAL START) ran
auto calibration and found no errors.

AUTO CALIBRATION COMPLETED HHHHHHHH The
auio calibration program {started by TilTi CAL START)
ranauto calibrationand found this error. The auto calibra-
tion section decodes the error message numbers.

BURST COMPLETE The burst set up with {5 BURCNT
and R MODE BURST has finished.

BURSTCOUNT ERROR Set [IFR BURCNT to less than
65535.

CARNNOT CAL AMPL ON CHNL N The BTS00
cedure cannot correct anamplitude error inc annel N.

CANNOT CAL OFST ON CHNL N The (55 &
cedure cannot correct an offset error in channel N.

CANNOCT CAL PHSE ON CHNL N The I

procedure cannot correct a phase error in channel
N.

CANNOT SWEEP IN PHASE LOCK H you want to sweep,

press [EFE MODE CONT. If you want to iock phase,
press ey OFF.

CENTERFREQUENCY ERROR Set ERERFREQ LIMITS
CENTER to more than 0.0001Hz or less than 2MHz.

CENTERPHASE ERROR Set ENEIR PHASE LIMITS
CENTER to less than 9,999,99%.995°,

CH1 -DC NOT ALLOWED IN PLL Either press [T
finaad 1 EESEEE FUNC SINE, or press [ MODE,
then select a mode other than PHSLK.

CHANNEL ERROR Set [eEiLT to 1, 2, 3, or 4 for
four channel units or to 1 or 2 for two channel

tnits.




APPENDIX A

ERROR/STATUS MESSAGES

COMMUNICATIONS FAILURE Press any key, then press
RECALLOE 8 to recall the current
instrument setup.

CONFIGURATION ERROR When selecting instrument
configuration by number, set ¥ CONFIG to O for
INDEPN, 1 for MASTER, or 2 for SLAVE.

DELAY ERRORA Se! @
-2.000msec or less t

8 SHIFT DELAY to more than
+ 2.000msec.

DELTAFREQUENCY ERROR Set BT PHASE DLTA-F
to more than — 1000Hz or less than + 1000Hz.

DISABLESETTING ERROR Set BT
any number from 1 to 25.

DISABL to

DUTY CYCLE 20-80% IN SQUARE Set BiffEg SHIFT
DUTY between 20% and 80%.

DUTYCYCLE ERRCR Set R
20% and 80%.

B SHIFT DUTY between

ENABLESETTING ERROR Set EIISEIIRENABLE 1o
any number from 1 to 25.

EXECUTE COMPLEYE The 650 executed the command
string just sent to it over the GPIB bus.

EXTERNAL PHASE CAL COMPLETE N The external
calibration program (started by the GPIB command
EXTERNALCAL?) measured the phase of an external
ampiifier, found a defay of n degrees, and put this
message in the SRQ message buffer,

EXTERNAL PHASE: — XXXX DEGREES The external
cafibration program (started by PHER] CAL EXTRNL)
measured the phase of an external amplifier and found
a delay of XXXX degrees.

{FREQ X RATIO) > 2MHZ Set SIS SHIFT BRATIO to

any whole number (from 1 through 99) that keeps the
channe| output frequency less than 2MHz.

FREQ between

0.0001Hz and 2MHz.

FRONT PANEL The 650 puts this message in its SRQ
buffer if the operator presses the [EEE] SRQ button.

FUNCTION ERROR When seiecting waveform shape
by number, set IR FUNC to 0 for SINE, 1 for
TRIANG, 2 for SQUARE, 3 for RAMP, 4 for DC, or 5 for
TEST.

A-2

HOLDINPUT ERROR When salecting function of Hold in-
put connector by number, set ' CONFIG to § for
SWEEP hold or to 1 for WAVFM hoid.

INT TRIG NOT ALLOWED Either set B3 to made 0-2,
7-8,11-14,19, 21-23, 24, 26, 28, or 29, or set §
EXTRNL.

LCD VIEWING ANGLE ERROR Set |
number from 0° {o + 45°.

8 VIEW to any

LOWBATTERY = XXV Replace internal lithiumbattery.

MANUALCAL ERRCR When selecting manual calibra-
tion steps by number, set [BIRA CAL MANUAL to O
through 7.

MARKERFREGUENCY ERROR Set i FREQ
MARKER to 0.0001Hz through 2MHz.

MARKERPHASE ERROR Set [T PHASE MARKER
between —9,999,999.999 and + 9,999,999.999.

MIN AMPL 0.25Y IN ZERO OHM Either set  Channe|
AMPL to 0.25v or greater, or set R SHIFT OUT-
PUT to ON-50 ohms.

MODE ERRCOR When selecting main mode by number,
set JEA MODE to 0 for CONT, 1 for TRIG, 2 for A-GATE,
3 for 5-GATE, 4 for BURST, or 5 for PHSLK.

OFFSET ERROR Set BIERREN OFFSET between + 25V
and —25V.

OUTPUT ERROR When selecting output impedance by
number, set EEmEl SHIFT QUTPUT to O for OFF, 1 for
ON-50 ohms, or 2 for ON-0 ohms.

QUTPUTPROTECTION ACTIVATED The ouiput protec-
tion circuit opened the output relay. Remove the cause
of the overload, then press FEEH OVLOAD.

PERIOD ERROR Set 5} PERIOD to 500nsec through
10,000 seconds.

PHASE ENGINE RESPONSE ERROR Communications
error between the main microprocessor and the phase
engine microprocessor. Press any key, then press
B RECALL O B9 to recail the current
instrument setup.

PHASE ERROR Set BRI PHASE to
—9,899,089.995° through + 9,999,999.995°.
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ERROR/STATUS MESSAGES

PLL NOT LOCKED Phase lock not locked. Check signal
connected to the Trig in connector.

QUICK CAL COMPLETED (CE) The quick calibrate pro-
gram {started with the GPIB QUICKCAL command)
finished and placed this message in the SRQ buffer. CE
= Q0fornoerrors. Forerrors, C = channel numberand
E = 1 {or an ampiitude error, 2 for an offset error, or
3 for a phase error.

RATIO ERROR Set RN SHIFT RATIO to any whole
number (from 1 through 98) that keeps the channel out-
put frequency less than 2MHz.

RECALLSETTING LIMIT ERROR Set B ESUILD
RECALL to any positive number (memory location} from
0 through 25.

SELFTEST IN PROGRESS The self test program (started
by BT TEST START) is testing the 650. Press ABORT
1o stop the test.

SELFTESTSTOPPEDPASSED ALL TESTS The self test
program, started by JIESA TEST START, tested the 650
and found no errors.

SEQUENCEFREQ ERROR Set %% FREQ MODE
SEQNCE FREQtoany number from 0.0001Hz to 2MHz.

SEQUENCEINDEZX ERROR Set ¥ FREQ/PHASE
MODE SEQNCE INDEX to any number from 1 1049.

SEQUENCELIMIT ERROR Set BT FREQ/PHASE
MODE SEQNCE LIMIT to any number from 10 9

SEQNCE PHASE above —9,999,999.999° and bi -
+ 5,899,995.985°.

SERIAL COMMUNICATIONS ERROR Communicai)
error between the frent panel microprocessor and

main microprocessor. Press any key, then pru
g RECALL O BB § to recall the currs.
instrument setup.

SPANFREQUENCY ERROR Set IS FREQ LiMi?‘S
SPAN to less than 2MHz.

SPANPHASE ERROR Set BT
to less than 19,999,599.98¢.

SROMASK ERROR Send an SRQMASK command within
the range SRQMASK 0 to SROQMASK 7.

STARTFREQUENCY ERROR Set BT FREQ LIMITS
START to more than 0.0C01Hz (or less than 2MHz for
reverse sweeps).

I PHASE LiMITS SPAN

STARTPHASE ERRCR Set i PHASE LIMITS START
to more than -—§,999,998.990° (or less than
9,999,999.990° for reverse sweeps).

STOPFREQUENCY ERROR Set FIE FREQ LIMITS
STOP to less than 2MHz {or more than 0.0001Hz for
reverse sweeps).

STOPPHASE ERROR Set PHASE LIMITS STOP
to tess than 9,999,999.930° (or more than
- 9,989,899.950° for reverse sweeps).

STORED SETTING £ERROR Stored setting memory loca-
tion ## contains faulty data. Recreate the instrument
setup, then press BRI STORE #+ [STHEY.

STORED SETTING UNDEFINED Three possible correc-
tions: Sel By g o1 CRE/RECALL to: 1) a whole
number (no fractions), 2) {¢ the number of & non-empty
memory location, or 3) to the number of a non-disabled
memory location. To enable a iocation, press EIEEE
e ENABLE #+ S350

STORESETTING LIMIT ERROR Set WIS
STORE to any positive number {memory location) from
1 through 25.

SWEEP CNTRISPAN FREG CONFLICT Set EIE FREQ
LIMITS CENTER and B FREQ LIMITS SPAN to keep
the sweep end points above 0.0001 Hz and below 2MHz.

SWEEP CNTRISPAN PHASE CONFLICT Set BT
PHASE LIMITS CENTER and EFTIN PHASE LIMITS
SPAN to keep the sweep end poinis within
+ 9,999,990 990°.

SWEEPCOMP ERROR When setting sweep compernsy-
fion by number, set B COMPtoCfor NCorto 1 for
YES.

SWEEPFUNCTION ERROR When setting sweep function
by number, set EFEER FREQ/PHASE FUNC 1o 0 for
LINEAR, 1 for LOG, 2 for SINE, or 3 for RANDOM.

SWEEPMODE ERROR When selecting &
number, use 0 through 29.

i modes by

SWEEPTIME ERROR Set ¥ FREQ/PHASE TIME
inside limits. EFEER COMP NO limits minimum sweep-
time to 10ms or more. £ COMP YES limits minimum
sweeptime to 50ms or more. Maximum sweep time: 1
miltion seconds,

SWPTIME 50ms MIN WHEN COMP ON Set Efrrs
COMP NO to make sweeptime timit 10ms.
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ERROR/STATUS MESSAGES

TIME 0.2 SEC MIN IN NONLINEAR Either set B
FREQ/PHASE TIME to 0.2 seconds or more, or set
= FREQ/PHASE FUNC to LINEAR.

TRIGGERFREQ ERROR Setf
from 2.50mHz to 200kHz.

FREQ io any number

TRIGGERLEVEL ERROR Set
—-10.0Vto +10.0V.

| LEVEL from

Al

TRIGGERSLOPE ERROR When setting trigger stope by

number, set SLLOPE to 0 for POS or 1 for
NEG.

TRIGGERSOURCE ERROR When setting trigger source
by number, set BHEREE to O for EXTRNL or 1 for INTRNL.

VIEWINGANGLE ERROR Sot
number from 0° 10 45°.

78 VIEW to any positive



