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$G 5010

SERVICE SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer aiso to the preceding Operators Safety Summary

Do Not Service Alone

Do not perform internal service or adjustmant of this prog-
uct uniess another person capable of rendering first aid and
resuscitation is presant.

Use Care When Servicing With Power On

Dangerous voitages may exist at several points in this prod-
uct. To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective paneis, sol-
dering, or replacing components.

Power Source

This product is intended to operate in a power modute con-
nected to a power source that will not apply more than 250
volts rms between the supply conductors or between aither
supply conductor and ground. A protective ground connec-
tion by way of the grounding conducter in the power cord Is
essential for safe operation.
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Section 1—80G 5010

SPECIFICATION

introduction

This section of the manual contains a general description
of the TEKTRONIX SG 5010 Programmable 160 kHz Oscil-
lator and its electrical, environmental, and physical speci-
fications. Standard accessories are also listed. Instrument
option information is iocated in the Options section.

instrument Description

The SG 5010 Programmable 160 kHz Oscillator is a
GP1B programmabie TM 5000-Series plug-in instrument de-
signed for low-distortion audio appiications. It generates five
waveforms: sine wave, square wave, SMPTE/DIN
intermodulation test signal, CCIF intermoduiation test sig-
nal, and sine wave burst. All of these signals may be swept
in frequency or amplitude. Frequency, amplitude, and burst
parameters are fully programmable, as are the sweep pa-
rameters. Parameter values are dispiayed by 5 seven-seg-
ment LEDs in the display window. The window aiso
indicates parameter units, remote or addressed state, and
error codes. Three source impedances are selectable and
the output signal can be grounded or floating, balanced or
unpalanced. Quiput ampiitude is programmable from
0.2 mV to 21.2V peak squivalent Vrms (10.6 Vrms maxi-
mum in unbatanced mode), supplying up to 28 dBm into a
800 O load. An ON.OFF function turns the output signal on
or off at the output connectors. Additional connectors sup-
oly a sync signal, sweep ramp and pen lift signals and ac-
cept triggering and input signals from external sources.

At power-up, the instrument performs a self-test and as-
sumes the settings in use when previously powered-down,
with the exception that the output is in the *OFF" condition
and the display shows the amglitude. Instrument functions
can be set to ten user-definable configurations stored in
memeory.

The SG 5010 is designed for remote or local operation in
two compartments of any TM 5000-Series power module.
can also operate under focal control only, in two compart-
ments of a TM 500-Series power module, after minor me-
chanical modification (refer to qualified service personned),

Rear interface connections provide access to versions of all
front panel signais except the main output.

Standard Accessories
The following items are shipped with the SG 501G.

1 instruction Manual

1 Reference Guide

1 Instrument Interfacing Guide
1 Banana-to-bnc adapter

Optional Accessories
1 Pin plug-to-bne cable

Refer to the Accessories page at the back of this manual
for part numbers.

IEEE 488 {GP!B) Functions

The S$G 5010 can be remotely programmed via the digital
interface specified in {EEE Standard 488-1978, /EEE Stan-
dard Digital Interface for Programmabile Instrumentation. In
this manual, the digitat interface is called the General Pur-
pose Interface Bus (GPIB).

The IEEE standard identifies the interface function reper-
tolre of an instrument on the GPIB in terms of interface func-
tion subsets. The subsets are defined in the standard. The
subsets that apply to the SG 5010 are listed in Table 1-1.

NOTE

Refer to IEEE Standard 488-1978 for more detailed
information. The standard is published by the Institute
of Electrical and Electronics Engineers, Inc., 345 East
47th Street, New York, New York 10017,

11



Speciﬁ&;aiion—SG 5010

Table 1-1

IEEE 488 INTERFACE FUNCTION SUBSETS
Function Subset Capability
Source Handshake SH1 Complete capabiity.
Acceptor Handshake AH1 Complete capability.
Basic Talker 76 Responds to Serial Poll, Untaiks if My Listen: Address {MLA}
is received.
Basit Listener . L4 Unlistens if My Talk Address (MTA) is received.
Service Request SR1 Complete capability.
Remote-Local Function RL1 Complete capability.
Parallel Poli PPO Does not respond to Parallel Poli,
Device Clear DCH Compiete capability.
Device Trigger D19 Compiete capability.
Controller Function co No controlier function.
Electrical interface EZ Tri-state drivers.

Performance Conditions

The limits stated in the Performance Requirements cul-
umn of the following tables are valid with the foliowing
conditions:

1, The instruments internal adjustments are performed
at an ambient temperature of 420 to +30°C.

2. The instrument must be in a non-condensing environ-
ment whese iimits are described under Environmentai, Table
1.4,

3. Allow twenty minutes warm-ug time for operation to
specified accuracy; sixty minutes after exposure to or stor-
age in high-humidity (condensing) environment.

Hems listed in the Performance Requirements column of
the Electrical Characteristics are verified by compteting the
Performance Check in this manual. information in the Sup-
plementai Information and Description columns is provided
for user information only and should not be interpreted to be
Performance Check requirements.



Table 1-2

ELECTRICAL CHARACTERISTICS

Specification-—8G 5010

Characteristics

Performance Requirements

Suppiemental information

SINE FUNCTION

FREQUENCY RANGE

10.00 Hz to 163.80 kHz

Resolution is 0.01 Hz 1o 163.80 8z, 0.1 Hz to
163850 Hz. 1 Hz to 16.380 kHz, 10Hz to
163.80 kHz.

Accuracy

+0.01%

Phase locked to internal crystal reference.
Typical settling time to specified accuracy is
less than 0.5 second for frequencies above
50 Hz, increasing to approximately 1 second
at 10 Hz.

DISTORTION (RL 600 ohms
maxirmurm output)

THD, 2nd through 5th harmonics only

THD -+ N system spec with AA 5001 analyzer

10 Hz to 20 Hz

0.010% (—80 dB)

0.010% (80 dB)

20 Mz to 20 kHz

0.0010% (100 dB)

0.0032% (—90 dB)?

20 kHz to 50 kHz

0.0032% (—90 dB)

0.010% (—B0 aB)

20 kHz to 100 kiHz

0.010% (—80 ¢B)

0.010% (— 80 dB}

100 kHz to 163.8 kHz

0.032% {—70 dBy®

(not applicable}

LEVEL FLATNESS {1 kHz
reference) :

20 Hz to 20 kHz

+0.05dB

10 Hz to 163.8 kHz

+0.2 dB

SQUARE WAVE FUNCTION

FREQUENCY RANGE

10.00 Hz to 16.380 kHz

Accuracy and resolution are same as
sinewave function.

RISE & FALL TIME

t.5us & 10%

Typically less than 2% aberrations.

SMPTE/DIN FUNCTION

UPPER FREQUENCY RANGE

10 Mz to 163.80 kM2

Accuracy and resoiution same as sinewave
function.

LOWER FREQUENCY (IM
frequency) RANGE

Selectable from 40 Hz, 50 Hz, 60 Hz,
80 Hz, 100Hz, 125Hz, 250HMz, or
500 Hz, all =2%

Settling time is typically less than 1 second
for changes in IM frequency, Mixing ratic is
selectable 4:1 or 1:1, both typically within
3%.

RESIDUAL IMD (7 kHz and
60 Mz, or 8 kHz and 250 Hz, RL
=800 ohms)

<0.0032% (— 90 dB)

System specification with AA 5001 distortion
analyzer.

CCIF FUNCTION

CENTER FREQUENCY RANGE

2.5 kHz to 163.80 kHz

Accuracy and resciution are same as
sinewave function.

IM FREQUENCY RANGE

Selectable from 40 Hz, 50Hz, 60Hz,
80 Hz, 100Hz, 125Hz, 250Hz, or
500 Hz, all £2%.

Settling time is typically less than 1 second
for changes in IM frequency. Output twin
frequencies are feenter + FIM,

1-3



Specification—SG 5010

Table 1-2 {cont)
ELECTRICAL CHARACTERISTICS

Characteristics

Performance Requirements

Suppiemenial information

CCIF FUNCTION

RESIDUAL IMD (14 kHz and
15 kHz, RL =600 ohms}

<0.0018% (—95 dB)

Systern specification with AA 5001 distortion
analyzer,

CENTER FREQUENCY
LEAKAGE AND HARMONIC
CONTENT

=40 dB for center frequencies up to
20 kHz.

BURST FUNCTION

ON CYCLES RANGE 1 to 65535
QFF CYCLES RANGE 1 1o 65535 Selecting 0 cycles enables continuous burst
mode and selecting 98999 cycles enables
single burst mode.
OFF AMPLITUDE
0% Mode =40 dB
10% Mode -20d8 +0.5dB

BURST GATE INPUT

TTL compatible input with internal puliup
resistor. A low input will truncate burst
output at next zero crossing and reset both
on and off cycle counters. A subsequent high
input will enable burst output at next
available zero crossing.

EXTERNAL (AMPLIFIER)
FUNCTION

INPUT IMPEDANCE and
Configuration

Balanced with approximately 15k to 20Kk
ohms each side to main signat output
COMMON,

MAXIMUM INPUT VOLTAGE

3V peak a¢ + de {dc component must not
exceed 50mV for linear operation).
Maximum floating voltage is 25V peak,
fimited to 3 V peak between input common
and main output commen for linear
operation. Common mode rejection is
typicaily better than 46 ¢B.

GAIN ACCURACY

5.0% (0.5 dB for dBm)

QOutput amplitude is calibrated for 2 Vrms
{5.66 Vp-p) input. Overall voitage gain is one-
half of selected Vrms value.

FREQUENCY RESPONSE
{1 kHz ref)

+0.1 dB, 20 Hz to 20 kHz

Risetime is typically less than 2 us

THD 4+ N (80 kHz bandwidth
lirmited)

=0.01% {80 dB), 20 Hz to 20 kHz




Tabie 12 (cont}
ELECTRICAL CHARACTERISTICS

Specification—8G 5810

Characteristics

Performance Requirements

‘Supplemental Information

MAIN QUTPUT

IMPEDANCE

Selectable 800 ohms =+ 1%, 150 ohms
+2%, or 50 chms +3%

Selectabie  balanced or  unbaianced
configuration, floating or grounded through
approximately 30 ohms. In  balanced
configuration output impedance from each
output to CT is 1/2 of selected value. Dutput

‘impedance does not change with ON/OFF

seiection.

AMPLITUDE RANGE

Maximum Outpus

Balanced mode

21.20 Vrms open circuit or +28.05° dBm
into 600 ohms.

Current limited for combined RS-+ RL below
approximatety 200 chms.

Unbalanced mode

10.60 Vrms open circuit or +22.05° gBm
into 600 ohms,

Current limited for combined R3S+ BL below
approximately 100 ohms.

Minimum Quiput

0,200 mVrms open circuit or —72.45° dBm
into 800 ohms.

AMPLITUDE RESOLUTION

Typically better than 0.25% for Vrms or
0.05 dB.

AMPLITUDE ACCURACY {Vrms
=50 mV, calibrated for constant
Vp-p output, sinewave
equivalent Vrms or dBm.}

Sine function

20 Hz to 20 kHz

+2.0% (0.2 dB for dBmy}

10 Hz to 163.8 kHz

+3.0% (0.3 dB for dBm)

Square, SMPTE/DIN, and Burst
(i =50 kHz) functions

+3.0% (0.3 dB for dBm)

CCiF

+5.0% (0.5 dB for dBm)

TYPICAL AMPLITUDE
SETTLING TIME

Less than 500 ms for freguencies above
50 Hz, increasing to approximately 1 sec at
10 Hz.

DC OFFSET {(Maximum Qutput)
Balanced
Unbalanced

=25 mV
=15mV

SIGNAL BALANCE RATIO
{Balanced mode oniy}

At ieast 80dB (CCITT Recommendation
0.121) from 20 Hz to 20 kHz for output levels
greater than or equal to ~10 dBm.

OTHER QUTPUTS

SYNC CUTPUT

LSTTL compatibie signal designed to give
stable oscilioscope display of main output
signal in all internally generated modes.

Sine, Square functions

Squarewave at main output frequency.

SMPTE/DIN function

Squarewave at lower (IM) frequency.

1.5
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Table 1-2 (cont}
ELECTRICAL CHARACTERISTICS

Characteristics

Performance Requirements

Supplemental Information

OTHER QUTPUTS

CCIF fungtion

Squarewave at M {1/2 of difference}
frequency. :

Burst function

High when burst output is on, low when
burst output is off.

RAMP QUTPUT

0 to 10V stairstep ramp enabled during
sweep mode. 0V corresponds to siart
parameter and 10V to stop paramster.
Number of steps equals selected N. Output
impedance is approximately 1 k ohm.

PEN LIFT QUTPUT

Standard LSTTL output. Quiput designed to
enable frequency and amplitude sweeps with
no switching transients on XY recorder.

REAR INTERFACE
INPUT/OUTPUT

SYNC QUTPUT

Pins 278, 28B. Same as front panel sync
output,

BURST GATE INPUT

Ping 248, 24A. Same as front panel Burst
Gate input.

RAMP QUTPUT

Pins 25A, 25B. Same as front panel Ramp
output.

PEN LIFT QUTPUT

Pins 26A, 26B. Same as front panef Pen Lift
Qutput.

MAIN OSCILLATOR SYNC
QUTRUT

Pins 15B, 14B. LSTTL level output at
frequency of main oscillator.

EXTERNAL 1 MHz INPUT

Pins 14A, 15A. Buffered input for allowing
external 1 MHz =0.01% or better reference.

280 kHz bandwidth limited

Bany individual harmonic

“with 50 chms output impedance. For other output impedance selections subtract 1.25 d8 for 150 ohms, and 5.35 dB for 600 ohms.
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Table 1-3
MISCELLANEOUS
Performance Supplemental
Characteristics Requirements information

INTERNAL POWER SUPPLIES

Floating =17 V

+17.0V 04V

Floating =15V +150V =03V
+12.6 V +126V x06V
—~12.0V ~12.0V =06V
+5V +518V 201V

FUSE DATA _
F3020 0.1 AFB,3AG, 250V
F4021 0.125 AFB, 3 AG, 250V
F2022, F2020 (.6 A BB, 3 AG, 250 V
F4022 JAFB,3AG 250V

POWER CONSUMPTION

Typically 30 to 38 W incremented iine draw in

TM 5000-Series power modules.

. WARM.UP TIME

20 minutes. 80 minutes after storage or

exposure to high humidity environments.

‘Recommended Calibration
interval

2000 hours or 12 months

1-7
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TABLE A
DISPLAYED AND PROGRAMMED VRMS RESOLUTION

Sefected Vrms
Ampiitude

Resolution

10.0210 21.20V

6.020 V or 20 mVv

5.01 to 10.00 v*

G010V or 10 my

2.005 to 5.000 V

0.005 V or 5 mV

1.002 10 2.000 V

g.002vorz2mv

0.5601 10 1.000 V

0001 Vortmy

200.5 10 500.0 mV 0.5 mVv
100.2 to 200.0 mv 3.2mv
50.1 to 100.0 mV 0.1mv
20.05 to 50.00 mY 0.050 mv or 50 uV
10.02 to 20.00 mv 0.020 mV or 20 uV

5.01 to 16.00 mV

0.010 mV or 10 uV

2.005 o 5.000 mv

0.005 mV or 5 uV

1.002 to 2.000 mV

0.002 mV or 2 uV

0.200 10 1.000 mv

0001 mv or 1 uV

*40.60 for unbalanced mode.
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Table 1-4
ENVIRONMENTAL®

Characteristics

Description

Temperature
Qperating
Non-operating

Meets MIL-T-28800C, class 5.
g°Cto +50°C¢ :
~40°C to 75°C

Humidity 95% RH, 0°C to 30°C Meets MIL-T-28800C, class 5.
758% RH, to 40°C
45% RH, to 50°C
Altitude Exceeds MIL-T-28800C, class &,
Operating 4.6 km (15,000 ft)

.Non-operating

15 km (50,000 ft)

0.38 mm (0.015") peak to peak, 5Hz Meets MIL-T-28800C, class 5, when

Vibration
to 55 Hz, 75 minutes. installed in qualified power modules.®
Shock 30 g's {1/2 sine}, 11 ms duration, 3 Meets MIL-T-2B800C, class 5, when

shocks in each direction atong 3 major  installed in qualified power modules.®*
axes, 18 twotal shocks.

Bench Handling {Plug-in only)

12 drops from 45°, 4 or equilibrium, Meets MIL-T-28800C, class 5.
whichever ccours first.

Packaged Product Vibration and
Shock (Plug-in only)

Qualified under National Safe Transit Association Preshipment Test Procedures 1A-8-1
and 1A-B-2.

Electromagnetic Interference

Within limits of F.C.C. Regulations, Part 15, Subpart J, Class A; and MIL-STD-481B
{April 1, 1980) Class B.

Electrostatic immunity

At least 15 kV discharge from 500 pF in series with 100 ohms to instrument case of
any front panal connector withcut damage or permanemnt performance degradation.

sWith TM 5000-Series power module. System performance subject to exceptions of power module or other individual plug-ins.

brefer to 'TM 500/5000 power module specitications.

*Requires power moduie retainer bar or clip.

S0peration above +40°C not recommended in TM 500-Series power modules.

1.9



Specification—8G 5010

Table 1-5
PHYSICAL CHARACTERISTICS

FINISH
Front Panel Polycarbonate
Chassis Chromate conversion-coated aluminum

NET WEIGHT (Nominal)

Plug-in only

5.5 Ibs (2.5 kg)

ENCLOSURE TYPE AND STYLE

MIL-T-28800C, type 3, style E package with power module, (Style F in rackmount
power madule).

OVERALL DIMENSIONS

{Nominal)
Haight 126.01 mm (4.96 in.}
Width 134.47 mm (5.29 in.}
Length 288.34 mm {(11.35in)

1-10



Section 255G 5010

OPERATING INSTRUCTIONS

Introduction

This section of the manual provides instailation and re-
moval instructions and describes the functions of the
5G 5010 front-panel controls and connectors, Operators fa-
mitiarization information is also provided as an aid in under-
standing how 1o operate the SG 5010 under local (manual)
control only.

NOTE

The information in this section assumes the instru-
ment is not connected to the GPIB via the power
moduie.

Complete information for programming the SG 5010 via
the GPIB (General Purpose Interface Bus) is found in the
Programming section of this manuai.

PREPARATION FOR USE

installation and Removal

The 5G 5010 is calibrated and ready for use when re-
ceived. Make certain the line selector block on the power
module is positioned correctly. The SG 5010 is designed to
operate in a TM 5000-Series power module, It can aiso op-
erate under local (manuai) control only, in a TM 500-Series
power madule; however, minor mechanical changes must
first be made to the instrument. Refer qualified personnel to
the Maintenance section of this manual for instructions on
making the madifications for operation in a TM 500 Series

power module,
CAUTION

To prevent damage to the SG 5010, turn off the
power moduie before installing or removing the instru-
menit. Do not use excessive force to install or remove.

Check to see that the plastic barriers on the intercon-
necting jacks of the selected power module compartments
rmatch the cutouts in the SG 5010 rear interface connectors.
if they do not match, do not install the SG 5010 until the
reason is investigated. When the units are properly
matched, align the SG 5010 chassis with the upper and
lower guides of the selected compariments {see Fig. 2-1).
Push the 8G 5010 chassis in and press firmly to seat the

Groove

{2958-01331 G2

Fig. 2-1. Plug-in installation and removal.

rear-interface connectors in the interconnecting jacks. Apply
power to the SG 5010 by operating the power switch on the
power module.

To remove the SG 5010 from the power modute, pull out
on the release latch {located in the lower left corner} until the
interconnecting jacks disengage and the SG 5010 slides
out.

Repackaging For Shipment

if the instrument is to be shipped to a Tektronix Service
Center for service or repair, attach a tag listing the owner
{with address), and the name of an individual at your firm
that can be contacted. Include tomplete instrument serial
number and a description of the service required.

if the originat package is unfit for use or unavailable, repack-
age the instrument as follows:

Surround the instrument with polyethylene sheeting or
other suitable materiai to protect the exterior finish. Ob-
tain a carton of corrugated carcboard of adeguate
strength and having inside dimensions no less than six
inches more than the dimensions of the instrument.

2-1



QOperating Instructions--5G 5010

Cushion the instrument by tightly packing dunnage or
urgthane foam between the carton and instrument, on all
sides. Seal the carton with shipping tape or an industrial
stapler,

The carton test strength for this instrument is 200 Ibs.

FRONT PANEL CONTROLS,
CONNECTORS AND DISPLAY

All controls necessary for local operation of the SG 5010
are located on the instrument front-panel. Many push-
buttons Huminate to provide visual indication that associ-
ated functions are active. A brief description of these
controis and indicators follows. Refer to Fig. 2-2.

DISPLAY INDICATORS

The SG 5010 uses seven-segment LED's to display a
numericat value of up to five digits. In addition, LED indi-
cators in the right area of the display window illuminate,
when appropriate, to indicate units of measure for param-
eters, GPIB operation, and error events.

PARAMETER UNITS OF MEASURE

tinits for the displayed value are defined by an Humi-
nated units indicator in the readout window. These units
are; :

Mz kHz
dBm OHM
¥ my
SEC cYC

GPIB INDICATORS

REM-—llluminates when the instrument is operating un-
der remote control via the GPIB.

ADRS-iluminates when the instrurment is addressed via
the GPIB.

ERROR INDICATORS

ERA-—{lluminates when the instrument has detected an
error in keyboard entry or some other operating error.
Pressing CLEAR clears the displayed operation or entry er-
ror. A three digit numerical code (300-series} displayed in
the readout window indicates an internal instrument mal-
function (see Table 3- |, Error Codes and Eventis in the
Programming section of this manual). Refer any error condi-
tion codes for internal errars to qualified service personnet,

2-2

ENTR-—Flashes when a numnetical entry is started using
the front panel numerical keyboard. Stops flashing when a

~ valid entry is accepted.

PLL—llluminates when the frequency synthesizer
uniocks.,

CUR--liluminates when the cutput amplifier current lim-
its or the voltage clips.

CONTROLS AND CONNECTORS

The following list describes the SG 5010 front panel con-
trols and connectors. Refer to Fig. 2-2. Secondary push-
button functions (shawn on the instrument front panel 1o the
right of the associated pushbutions) are listed in this de-
seription with their associated primary functions.

@ FUNCTION

The pushbuttons in this group illuminate when the asso-
ciated function is active. These functions are mutually exclu-
sive. The parameter buttons set the amplitude and
frequency for the selected function.

SINE

Selects the sine wave signal for output.

SQUARE

Selects the sguare wave signal for cutput.

SMPTE/DIN

Seiects the SMPTE/DIN signal for output. This inter-
modulation test signal consists of a lower (IM) frequancy
sine wave mixed with the main frequency sine wave ina 4 1¢
1, or 1 to 1 amplitude ratio. The ratio is selected by pressing
RECALL, then pressing SMPTE/DIN. The main frequency is
set using the FREQ parameter and numeric buttons,; the IM
FREQ button set$ the frequency of the lower tone.

CCiF

Selects the CCIF signal for output. This signal consists of
two equal amplitude sine waves with a constant frequency
offset. The FREQ parameter sets the center frequency. the
M FREQ parameter sets the upper and lower ofiset
frequency.
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ON S ST PARAMETER 5
s (OPEN CIRTIETY

- L START ¥BiTq |
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Fig. 2-2. SG 5010 front pane! controls and connectors.,
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QOperating Instructions--$G 5010

BURST

Selects the burst signai for output. This signal provides a
sine wave during the on portion of the signal, at the selected
frequency and ampiituce. During the off portion of the sig-
nat, the sine wave amplitude can be set to 0 or 10% of the
amplitude selected for the on portion. The amplitude per-
centage is changed by pressing RECALL, then pressing
BURST,

QFFCYCLES and ONCYCLES set number of cycles;
OFFCYCLES value enables gated or single burst operation.

EXT

Selects the signal applied to the EXT N connector for
output. A 2 Vrms input provides a calibrated output signal.

@ PARAMETER

Each pushbutton in this group enables either a primary or
secondary parameter; the current value and units for the
selected parametér are indicated in the display window.
These pushbutions are mutually exclusive.

To enabie a primary parameter {nomenciature above but-
ton), press the associated parameter button. The button for
the selected primary parameter illuminates.

To enable a secondary parameter (nomenclature to the
right of button), press the PARAMETER SHIFT button be-
fore pressing the desired parameter button. Both the se-
lected parameter button and the PARAMETER SHIFT
buiton illuminate.

The vaiue of the selected parameter (primary or second-
ary) may be changed by entering a new value {using the
numeric keyboard and pressing ENTER) or adjusted by ro-
tating the DEC/INC control. The units buttons (secondary
functions of some numeric buttons) alternate the units.

Vrms (START VOLT)
dBm (STOP VOLT)

Allows the operator to set the amplitude of the output
signal in volts rms open circuit, or dBm into an assumed
6000 load. The maximum output is 10.6 Vrms
{+22.05 dBm) unbalanced, and 21.2 Vrms {+28.05 dBrm)
palanced. The dBm display compensates for the source im-
pedance, assuming a 600 Q load. The voltage displayed is
the open circuit voltage.

Units are volts rms or millivolts rms (mV/kHz button), or
decibels, depending upon the parameter selected.

24

START VOLT {secondary parameter) sets the starting
amplitude in Vrms for the sweep mode; STOP VOLT sets |
the final ampiitude of the swept waveform. {

FREG {START FREQ)

Allows the operator o set the main frequency of the out-
put signal (except EXT) using Hz or kHz units.

START FREQ (secondary pérameter} sets the frequency
at which the sweep begins. Units are Hz, or kHz (mV/kHz
button). '

IM FREQ triangle {STOP FREQ)

Allows the operator 1o set the iow or offset frequency for
the SMPTE/DIN and CCIF functions. In the SMFTE/DIN
function, the IM FREQ is the frequency of the lower tone. In
the CCIF function, the IM FREQ is cne-half of the difference
frequency between the two test tones. Frequency can be
40, 50, 80, 80, 100, 125, or 500 Hz. The instrument rounds
off an entered frequency 1o the nearest fegal frequency, un-
less the entry is beyond specified limits; the latter causes
the ERR button to light and the eniry is not accepted.

STOP FREQ (secondary parameter} sets the frequency
at which the sweep stops.

ON CYCLES (N STEPS, LIN/LOG)

Allows the operator to set the number of on cycles for
the BURST function. The minimum is 1; maximum is
65,535,

N STEPS (secondary parameter) sets the number of
steps (1 to 99) from START FREQ to STOP FREQ. in addi-
tion, a Hnear or logarithmic type of sweep can be selected
(LIN/LOG button). The selected sweep type is indicated by
Li or Lo in the display window.

OFF CYCLES (STEPTIME, AMP/FREQ)

Allows the operator to select the number of off cycles for
the BURST function. Minimum number is 1; maximum is
65,535. Selecting 0 enables gated burst operaticn using the
BURST GATE input. Selecting 9999% enables triggered
burst operation using the BURST GATE input.

STEPTIME {secondary parameter) sats the time (in sec-
onds} for each SWEEP step. The minimurm time is 0.1 sec-
onds; maximum is 25.0 seconds, in increments of 0.1
seconds. The sweep mode (amplitude or freguency) is se-
lected by pressing AMP/FREQ.
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Varies the value of the selected parameter. Rate of
change is proportional to the rate at which the control is
turned. Resolution at slow rotation speeds is 100 changes
per rotation,

SETUPS

STORE

Stores the current settings in the user-definable storage
iccation specified. Ten locations {0 through 9) are avallable.
All settings are stored except DT, RQS, USEREQ, AD-
DRESS, PLL, and CLI (programmed internal parameter
settings). Stored settings are retained in memory when the
instrument is powered down,

RECALL

Recalls instrument settings from the specified storage 1o-
cation (0 through 9} and configures the instrument to those
settings. If the recalled iocation is undefined (no settings
stored in location specified), the following front panel
settings are recalled:

FUNCTION:
PARAMETER:

SINE: on

Vrms: 1

IM FREQ: 80 Hz

ON CYCLES: 10 Hz

OFF CYCLES: 80 Hz

FREQ: 10 kHz

START VOLT: 0.1 Vrms

STOP VOLT: 10.0 Vims

START FREQ: 20 Hz

STOP FREQ: 20 kHz

N STEPS: 30, Logarithmic sweep type
STEPTIME: 1, FREQ sweep mode

RUN: off

R SOURCE: 600
BAL/UNBAL: BAL on
GND/FLTG: GND on
QON/OFF: OFF

SWEEP:
QUTPUT:

These settings are alsc recalled by pressing RECALL
and then the decimal point button.

@ SWEEP

PARAMETER SHIFT

Enables setection of one of the secondary sweep param-
eters: START VOLT, STOP VOLT, START FREQ, STOP
FREQ, N STEPS, and STEPTIME. This button must be
pressed hefore each press of a parameter button in order to
select its secondary parameter function. The current value
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for the secondary parameter and its units are then displayed
in the display window. The value may be changed using the
numeric keyboard and pressing ENTER or by rotating the
DEC/INC controi.

RUN

Starts a frequency or ampiitude sweep sequence. Mo-
mentarily pressing the RUN button initiates a single sweep.
if heid down for more than 1 second, the sweep repeats.
Pressing the button during a sweep stops the sweep. The
RUN button fluminates while a sweep is in progress. It
blinks at the start of each sweep sequence for repetitive
sweeps.

OUTPUT

R SQURCE

Allows the operator to seiect the SG 5010 source imped-
ance of 50, 150, or 600 & (numeric buttons 4, 1, and G). The
display indicates the current value. The R SOURCE button
flluminriates while the source impedance is displayed,

BAL/UNBAL

Selects balanced or unbalanced output. The button ilu-
minates during balanced operation.

GND/FLTG

Selects grounded or floating output. The button iumi-
nates during grounded operation.

ON/OFF

Turns the output signai or: or off at the output connec-
tors. The button illuminates while the output is on. The se-
lected source impedance is maintained while the output is
off. At power-up, the output is always set 10 the off s1ate

@ Numeric Pushbuttons
0 through 9, Decimal Point, +/- (LIN/LOG)

Used to enter a numeric value for the selected PARAM.
ETER, R SOURCE, or GPIB address.

While the parameter N STEPS is selected, LIN/LOG sets
the sweep to the linear or logarithmic mode. Li or Lo in the
L.ED display indicates the current sweep mode.

mV/kHz {AMP/FREQ)

Alternately sets the units of a numeric entry (before EN-
TER is pressed) for Vrms amplitude to V or mV; gither V or
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mV ifluminates in the display window, indicating the selected
units,

While the secondary parameter STEPTIME is selected,
sets the sweep mode to sweep amplitude or frequency.

CLEAR

Used before ENTER is pressed to cancel a humeric entry
and to reset the dispiay.

After ENTER is pressed, clears a settings entry error and
resets the dispiay to the last legal value.

Also used after STORE or RECALL is pressed to cancel
the STORE or RECALL operation and reset the display.

ENTER

Enters a vatid numeric entry into the current operating
setup. Pressing ENTER is not required when selecting a
source impedance, or when STOREing or RECALLIng
settings.

INST ID

Causes the SG 5010 to display its GPIB address, and if
USER REQUEST and RQS commands are enabled, gener-
ates a Service Request (SRQ) over the GPIB. This button is
also used with the RECALL button to change the GPIB ad-
dress. Refer to Section 3, Programming.

CONNECTORS

BURST GATE

Input connector for TTL trigger signal to initiate burst signal
generation (in BURST trigger mode), or to gate the output
signal (in BURST gated mode}.

RAMP OUT

Provides a staircase ramp voitage that corresponds {0
the sweep steps. Ramp begins at O V for the sweep stant
and ends at 10 V for the sweep stop. The number of steps
netween U and 10V equals the selected number of sweep
steps.

PEN LIFT

Provides a TTL signal that goes low during frequency or
armplitude transitions in a sweep. When plotting frequency
response or distortion on an XY display or XY plotter, this

can be used to biank the display or lift the pen, thus avoiding
plotting aberrations.

SYNC OUT

Provides a TTL signal at the frequency and phase of the
sine oF square wave, low frequency of the IM signals, the
envelope of the burst signal, or a squared version of the
external input signai.

EXT INPUT Triangle

Differential input which is connected to internai gain and
output attenuation circuits when the EXT function is
selected.

+/— OUTPUT, COM

Banana jack connectors carrying the cutput signal. The
— and + QUTPUT connectors carry the cutput signal in
both balanced and unbalanced modes. The COM connecior
provides access to the CT in the balanced mode and is tied
to the — QUTPUT connector in the unbalanced mode.

Chassis Ground

Chassis ground connector.

Release Latch

Full to remove plug-in.

OPERATORS FAMILIARIZATION

General Operating Information

With the SG 5010 properly installed in the power module,
alfow twenty minutes warmup time for operation to specified
accuracy; 60 minutes after storage in or exposure to a high
humidity (condensing) environment,

Power-up Sequence

When powered up, the SG 5010 performs a diagnostic
self.test to check the functionality of the instrument ROM
and RAM, and some hardware circuits. it also illuminates all
front panet LED and indicators. If a self-test error is de-
tected, a three digit error code appears in the readout win-
dow, indicating an internal maifunction. Should this occur,
refer the condition to qualified service personnel. The
SG 5010 does not respond to front panel controls until the
error is cleared. Pressing the CLEAR button clears the error
code from the readout window and allows the instrument 1o
complete initialization, but does not clear the condition caus-
ing the error code.



Upon successfui completion of the self-tests, the
. SG 5010 initializes its settings as listed below:

Operating Instructions—SG 5010

Description

Sine wave function is enabled.
Ampiitude of selected function waveform,in Vrms.
Frequency of the lower SMPTE/DIN tone, or one-half of the difference frequency

between the two test tones for the CCIF function.

Number of on cycles for the BURST function.
Number of off cycles for the BURST function.

Starting amplitude in Vrms for an amplitude sweep of the selected function.
Ampiitude in Vrms at which an ampiitude sweep of the selected function stops.
Frequency in Hz at which a frequency sweep of the selected function starts.
Frequency in Hz at which a frequency sweep of the selected function steps.
Number of steps from the beginning to the end of a frequency or amplituce

sweep, Sweep is logarithmic.

Setting
FUNCTION: SINE: on
PARAMETER: Vrms: 1
IM FREQ: 60
ON CYCLES: 10
OFF CYCLES: 90
FREQ: 10 kHz Main frequency.
START VOLT: 0.1
STOP VOLT: 10.0
START FREQ: 20
STOP FREQ: 20000
N STEPS: 30, Lo
STEPTIME: 1, FREQ
SWEEP: RUN: off Sweep is off.
QUTPUT: R SOURCE: 600

BAL/UNBAL: BAL on
GND/FLTG: GND on

ON/QFF: OFF on Qutput is off,

These settings can also be recalled by pressing RECALL
and then the decimal point button. This feature allows the

- operator t0 quickly configure the instrument settings to a

" known state, and then make setting changes to produce the
desired ocutput.

Additional internal settings are also initialized; these re-
jate to GPIB operation and are described in the program-
ming section of this manual,

Function and Parameter Selection

The 5G 5010 generates five waveforms: sine wave,
square wave, SMPTE/DIN intermodulatior: test signat, CCIF
intermodulation test signal, and sine wave burst. The fre-
quency range for each function is specified in the Specifica-
tion section of this manual.

To select a waveform for output, press the appropriate
function button. Each function allows setting the value of
certain primary parameters. The names of primary param-
eters are shown above the associated parameter button.
Secondary parameters are named to the right of the param-
eter buttons: these parameters set values used for the
sweep and burst modes. The waveform for each function
{except EXT) can be swept linearly or logarithmically in fre-
quency or amplitude.

Time in seconds for each step of a frequency sweep.

Selected source impedance.
Qutput is balanced.
Qutput is grounded.

Primary Parameters, The current value of a primary pa-
rameter can be displayed in the readout window by pressing
the parameter button. Press CLEAR to reset the display.

To change the value or units of a primary parameter,
press the parameter button to display the current value.
Next, turn the DEC/INC control to increment or decrament
the displayed valug, #f the parameter value can be varied,
such as FREQ, Vrms, or dBm. Or press the numeric buttons
representing the desired value, most significant digit firsy;
the numbers appear in the window, as they are entered.

Next, seiect the units for the parameter value, then press
ENTER. The readout window displays the value and units
entered for the parameter, if the value is within specified
fimits. A value outside limits is ignored, the ERR indicator
illuminates, and the ast legal value is displayed. After set-
ting a parameter, press CLEAR to reset the display.

The units for the Vrms parameter are V or mV, The units
for the FREQ and IM FREQ parameters are Hz or kHz. The
mV/kHz button changes the units to the alternative units
used for the parameter being set.

Secondary Parameters. To display a secondary param-
eter vaiue, press the PARAMETER SHIFT button, and then
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the secondary parameter button. While a secondary param-
eter is displayed, its value or units ¢an be changed using the
procedure described for primary parameters.

Each parameter vaiue can be entered using either of two
units. The units for START VOLTS and STOP VOLTS can
be set to V or mV. The units for START FREQ and STOP
FREG can be set to Hz or kHz. In addition, while N STEPS
is displayed, the sweep type can be set o a linear or a

logarithmic sweep, using the LIN/LOG button, Li or Lo is -

shown in the readout window to indicate the current sweep
type. While STEPTIME is displayed, the sweep mode can
be set to sweep amplifude or frequency, using the
AMP/FREQ button.

Qutput Connections

To avoid damage fo the SG 5010 circuitry, do not
apply a voltage exceeding =25 V peak, with respect
to chassis ground, to any front panef connector or to
rear interface connector pins 14A-28A and 148-288B.

The SG 5010 is designed as a balanced source of audio
test signals. In the BALanced mode, it is intended o be
used in systems where the load is also balanced or differen.
tial. The balanced configuration is preferable in high quality
audio applications because of its inherently superior rejec-
tion of common mode signals, such as induced hum or RF
voltage. See Fig. 2-3A and 2-3B. The S5G 5010 can alsc be
used to drive unbalanced or single-ended loads. In this case,
UNBAL mode is selected, the — QUTPUT is internally con-
nected to COM (no need to move cutput cable connector),
and the output voltage and the source resistance remain at
the selected values. Note that the maximum output voltage
in UNBAL mode is onty one-half of the maximum BAlLanced
output voitage. Driving unbatanced loads from the full bal-
anced output is not recommended because of possible deg-
radation due to common mode signals such as power line
hum or noise spikes coupling across the output resistance.
See Fig. 2-3C. Even when the SG 5010 is floating, unavoid-
able stray capacitances within the instrument and those as-
sociated with external cabling can cause small amounts of
these common mode signals to couple to the load. This is
true even though internal stray capacitances have been min.
imized through the use of a double-shiglded power frans-
former and are batanced between the two outputs. The
coupling magnitude is independent of the oscillator's output
attenuation and will become progressively worse as output
amplitude is reduced. Thus, the common mode noise may
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dominate any distortion products in the system, especially
at lower output levels. The stray capacitance can alsc ad-
versely affect high frequency flatness. If the SG 5010 GND !
pushbutton seiects GND in this configuration, then half the
output voitage is short-circuited. For these reasons, it is rec-
ommended that you seiect UNBAL output when driving an
unbalanced load.

The GND-FLTG pushbutton either connects the COM
connector {common or CT) to chassis ground through ap-
proximately 30 @ or disconnects the COM from chassis
ground.

Narmally the $G 5010 is fioated to break up any ground
loops between it and the lcad. Standard practice is ¢
ground all sources (microphones, ete.) at the unit under test
(console, etc.). See Fig. 2-4.

Under some conditions, it may be desirable to ground the
SG 5070 CT connector. This may be true in a high RF envi.
ronment to prevent the CT from floating on 8F induced in
the output cables. If it is of sufficient amplitude, such RF
may otherwise degrade the linearity of the SG 5010 output
stages. The best procedure undar high RF environments is
to use high-guality shielded cable. Connect the shield 1o the
8G 5010 CT terminal with a high quality 0.01 to 0.1 uF ca-
pacitor connected between the COM terminai and the chas-
sis ground post. The RF is effectively coupled to ground, °
while af low frequencies the SG 5010 still floats to break up
ground toops. See Fig. 2.5. As an alternative, the GND-
FILTG pushbutton can be pushed o GND with the cable's
shield connected to the ground post. Double-shigided cable
will improve rejection of RF interference. See Fig. 2-6. Under
worst-case conditions, use three-conductor twisted,
shielded cable (double-shielded is preferred) with the shieid
connected to the chassis ground post and the three conduc-
tors connected to the + and — QUTPUT and COM connec-
tors. Ground the COM wire 1o the ground of the unit under
test (console) and fioat the 8G 5010. The popuiar XLR con-
nector alfows this type of connection. See Fig. 2-7.

The square wave at the SYNC OUT connector is in
phase with the + OUTPUT and is designed for use as an
exiernat trigger for a counter, oscilloscope, or other device.
This output has a source impedance of 1 k{2, and is always
refergnced to chassis ground (even when the main OUTPUT
is fioating).

With either SMPTE/DIN or CCIF intermodutation modes
selected, the signai at the SYNC OUT connector is replacad
by a square wave at the selacted low frequency.
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SG 5010 8G 5010
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Fig. 2-3. Connection configurations.
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SG 5010 Unit Under Test
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Fig. 2-4. Fipating oscillator grounded to unit under test ie break up ground ioops.
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Fig. 2-5. Added capacitor between CT and chassis ground improves RFI rejection.
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SG 5010 Unit Under Test
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Fig. 2-6. 5G 5010 COM terminal grounded and cable shield connected to ground post. Reduces RF interference but may cause
low frequency ground loop.
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Fig, 2-7. Three conductor shielded cable alfows CT to be remotely grounded while cabie shield is grounded at both ends.
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OPERATING PROCEDURES

1. Restoring defauit settings.
2. Acquiring and restoring fuli setup in ASCIL
3. Acquiring and restoring full setup in binary.
4. Saving and restoring front-panel settings in 8G 5010
memory,
5. Qutput signal on/otf.
6. Controling output impedance.
7. Monitoring output overioad.
8. Generating a frequency sweep.
9. Generating an amplitude sweep.
10. Generating an interrupt at end of sweep.
11. Conirefling burst signals.
12. Disabling interrupts.
13. Operator (front-panel) interrupt.
14. interrogating firmware level.

These procedures suggest how o use SG 5010 com-
mands in a& program, but do not repeat aii the information
about commands that are used. See the command descrip-
tions earlier in this section for command details.

1. Restoring Defauit Settings
Purpose:

Restore default (preprogrammed) state of the instrument
functions.

Action:
Send to the SG 5010: INit

Comments:

This is a simple way to restore SG 5010 settings includ-
ing interrupt control to a known state {see INIT command). 1f
most, but not all, functions are to be set to default states,
add the ones to be changed. For example:

Send to the SG 5010; INit;FReq 15.E+3

INit settings are not restored at power-up~the 8G 5010
remembers its front-panel settings at power-down.

2. Aequiring and Restoring Full Setup in ASCH
Purpose:

Acqguire full SG 5010 setup s0 it can later be transmitted
to SG 5010 to restore that setup.
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Action:

Dimension string variable (280 characters min)
Send to 8G 5010: SETtings?
Input SG 5010 respense to string variable

Send to SG 5010: contents of string variable

Comments:

Saving SG 5010 setups aliows desired known states of
instrument tc be restored at a later time. (This capability is
implemented as INIT {o restore power-up state.)

3. Acquiring and Restoring Full Setup in Binary
Purpose:

Acquire full SG 5010 setup using minimum data transfer
and storage: settings are later transmitted to SG 5C10 to
restore the setup.

Action:
Dimensicn variable for at least 50 bytes

Send to SG 5010: LLset?
Input SG 5010 response to variable

Send to SG 5010: contents of varizble

Comments:

The header “LLSET" is contained within the response to
*Liset?”, so it need not be inserted ahead of the contents of
the variable sent to the 8G 5010. Data bytes are 8 bit binary
and must either be stored as elements of a numerical integer
array or a string variable (capable of handling ASCI with
Parity Bit 8).

The controller should be set to respond to EQI only so it
does not terminate input if it sees the code for CR, LF or any
gther usual terminating character as part of the binary data.

4. 8toring and Recalling Front-Panel Settings in
$G 5010 Memory

Purpuse:

Store SG 5010 front-panel setup in internal SG 5010
memory and later restore the setup.



Action:
Send to SG 5010; 8TORe <num>

Send to SG 5010: REcall <num>

Comments:

Sweep and output are set to- off when setlings are re-
called, even i they were on at time the settings were stored.

5. Output Signal On/Off
Purpese: '

Turn output signal on and off (SG 5010 powers on with
output off).

Action:
Send to SG 5010; OUt ON

Send to SG 5010: OUt OFF
or
Send to SG 5010; QUt ON

Send to SG 5010: AMp 0:Vrms
or
Send to $G 5010: AMp G:Vpp

Comments:

Setting the ampiitude to zero is faster than turning off the
output (opening the output relay). However, setting the am-
plitude to zero does not disconnect the cutput amplifier as
does QUT OFF so the SG 5010 will attempt to hold the
cutput at zero volts,

See also Controlling Burst Signals for how to gate the
output on and off.

6. Controliing Output Iimpedance
Purpose:

Set the SG 5010 output impedance to 50, 150, or 600 Q.

Action:

Send to SG 5010: RSource <num>
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7. Monitoring Output Overload (unregulated
amplitude)

Purpose:

Report unreguiated output amplitude caused by over-
load. The first procedure uses the current-imit interrupt; an
alternative does not enable the interrupt, but polls the cur-
rent-limit mode.

Action:

include SRQ handler that recognizes and handles status
code 196 (out of current fimit) and status code 197 (into
current limit}

and

Enable and link SRQ handier

and

Send to SG 5010: CLi ON

Alternative {without interrupt):

Send to 5G 5010: CLi?

input to string varianie 8G 5010 response
Test for CL! ON or CLI OFF

Repeat as desired

8. Generating a Frequency Sweep
Purpose:

SG 5010 varies the output frequency incrementally from
a start frequency to a stop frequency on its own (does not
require controller 1/0). The sweep may repeat automaticaily
or run once when started by the controller.

Action:

Send to the SG 5010: Mode Freq;NSteps
< nums= type;
STARTFreq <num:>;STOPFreq <num>

Comments:

NSteps type may be either LIN or LOG.

Adding STEptime <num> causes wait (in seconds) be-
tween steps. A wait of 0.5 is usually adeqguate to aliow for
8G 5010 settling.

Adding SWeep ON starts a single sweep. (RUnn? can be
used to determine i sweep has finished so it can be
restarted.)

Adding SWeep Repeat causes sweep 10 repeat (use
SWeep OFF to stop).
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The above technique does not provide for synchronizing
data acquistion on a point-Dy-point basis, which is accom-
plished by testing successive measurements for system set-
tling before taking data and then incrementing the SG 5010
frequency.

9. Generating an Ampiitude Sweep
Purpose:

G 5010 varies the output amplitude incrementally from
a start level to a stop fevel on its own (does not require
controlier 1/O), The sweep may run once when started by
the controller or repeat automatically.

Action:

Send to the SG 5010: Mode AmphNSteps
<pum>,type:
STARTVoits <num>;STOPVolts <num>

Comments:

See comments above under Generating a Frequency
Sweep that relate to similar considerations when generating
an ampitude sweep.

10. Generating an Interrupt at End of Sweep
Purpose:

Causes the SG 5010 to interrupt the controller when a
sweep is finished.

Action:
Send to the 5G 5010: RGs ON;OPc ON

Comments:

interrupt control commands are switches—once set,
RQOS stays on and need not be set on as above unless
previously turned off.

5@ 5010 reports status 66 after generating SRQ.

11. Controlling Burst Signals
Purpose:

Triggering or gating the output can generate signal
bursts separated by either no signal or a signal much smali-
er in amplitude. Software controt of bursts is an alternative
to automatic timing by the NBurst, ONCycles, and
OFFCycles commands.

Action:

Send to SG 5010 Function BUrst: <num>;
OFFCycles <num>;DT Gate
Send < GET > interface message

or

Send to SG 5010: Fynction BUrst <num>;
QOFFCycles 99999;0NCycles <num>;DT Trig
Send GET interface message

Comments:

The difference in the twe sequences given above under
Action is:

1} DT Gate changes the state of the output——on or off.

2) DT Trig enables <GET > to trigger one burst of speci-
fied length.

The value of num in the Flinction 8Urst command can be
0 or 10: it sets the output ievel during the “off” time as a
percentage of output level during the burst.

The <GET > interface message is a software equivalent
of the front-panel bursi gate input. To allow control by
<GET>, ne signal should be applied to the front-panel
input.

12. Disabling Interrupts
Purpose:

Prevent SG 5010 from asserting SRQ.

Action:
Send to SG 5010: RQs OFf

Comments:

FQS is like a master swilch for interrupts; RQS OFF
disables ali interrupts except the one generated at power-
on.

13. Operator (Front-Panei) Interrupt
Purpose:

Enable operator o generate an interrupt by pressing the
INST 1D button on SG 5810 front panei.

Action:
Send to SG 5010: RQs ON;USerequest ON



Comments:
USER OFF disables this interrupt.

SG 5010 reports status 67 after generating SRQ.

14, interrogating Firmware Level
Purpose:

Check version number of firmware in 3G 5010,
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Action:

Dimension string variable (30 character min)
Send to $G 5010: ID?

input SG 5010 response to string variable,
Take string segment following “F~
(characters 22 through 24 of form “x.x7}

Comments:

The ID? response also contains instrument model num-
ber and version of Tektronix Codes and Formats used in
SG 5010 design. An example of the 107 responss is: "ID
TEK/SG5010,vE81.1 F1.057.
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PROGRAMMING

INTRODUCTION

This manual section provides the information required for
programming the SG 5010 Programmabie Oscillator via the
{EEE-488 bus. This information assumes that the reader is
knowledgeable in IEEE-488 bus communication and has
nad some experience in programming the system that acts
as the controller for the 8G 5010. Communication via the
{EFE-488 bus is specified and described in IEEE-Standard
488-1478, Standard Digital Interface for Programmabile In-
strumentation.’ TM 5000 instruments are designed to com-
municate with any bus compatible controlier that can send
and receive ASCIll messages (commands) over the 1EEE-
488 bus, These commands program the instruments or re-
quest information from the instruments.

Cornmands for TM 5000 programmable instruments are
designed for compatibifity between instrument types. The
same commands are used in different instruments to control
similar functions. in addition, commands are specified in
mnemonics that are related to the functions impiemented.
For exampie, the INIT command initializes instrument
settings to predefined default settings.

Commands are presented in this in three formats:

Command Functional Groups - A command list di-
vided into functionat groups with brief descriptions of
commands.

Control/Command Descriptions — A front panel illus-
tration showing command relfationships to front panel oper-
ation and internal parameters.

Detailed Command Descriptions — An alphabetically
arranged presentation of all commands with complete de-
tailed descriptions.

'Published by the Institute of Electrical and Electronics Engi-
neers, inc., 345 East 47th Street, New York, N.Y., 10017.

TM 500C programmabie instruments connect to the
IEEE-488 bus through a TM 5000 power module. Refer to
the Operating Instructions section of this manual for in-
formation on installing the SG 5010 in the power module.
Also, it is helpful to review that section to become familiar
with front panel functions. The 1EEE-488 bus primary ad-
dress for the SG 5010 is factory set to decimal 25, Its mes-
sage terminator is factory set to EOI ONLY. Both the
primary address and message terminator can be changed
using front panel controls. Refer to GPIB Address and
Terminator Setting. (The use of message terminators is de-
scribed in this section, in the portion entitled Messages and
Communication Protocol.)

GPIR Address and Terminator Setting

The SG 5010 primary GPIB address is stored and main-
tained in memory at power-down by a backup battery. The
$G 5010 responds to one of two possible message termina-
tors (LF and EOL, or EOI ONLY} that various controtlers may
send on the bus. Pressing the INST ID button causes the
SG 5010 to display its selected IEEE-488 bus primary ad-
dress and firmware version number, The right-hanc decimal
point Hluminates if the selected message terminator is
LF/EQ! Both the message terminator and primary address
are set using the front panel controls and the following
saquence:

Press RECALL

Press INST ID

Press the numeric buttons to dispiay the desired primary
address, most significant digit first. To select the LF/EQ!
terminator, press the decimal point. ECIE ONLY is assumed if
the decimal point is not pressed.

Press ENTER

The primary address can be set to any number in the
series 0 through 31. Address 31 effectively removes the SG
5010 from the bus. The SG 5010 is shipped with the GPIB
address set to 25 and message terminator set to EC!
ONLY.

31
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The address and message terminator may be changed at
any time except when the instrument is in the Local Lockout
state. If the RAM checksum (part of the power-up self-test
sequence) detecis a memory failure, the instrurnent re-
moves itself from the bus and displays a three-digit error
code (340). In this event, the user should reprogram the

address into memory after the cause of the failure has been
resolved. Fefer error code conditions to qualified service
personnel. Table 3.1 lists alt SG 5010 error codes and their
definitions. Note ihat only the internal Error codes (300-
series) indicate an SG 5010 hardware maifunction.
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COMMANDS

The SG 5010 is controlled either by front panet controls or
through commands received from the controller. These
commands are of three types:

Setting-~controf instrument settings.
Query/Cutput—request data.
Qperationai--cause a particuiar action.

When the instrument is in the remote state, it provides a
response or executes all commands as appropriate. in the
local state, only query/output commands are executed; set-
ting and operational commands generate error responses,
since instrument functions are under front panel control,

Command Functional Groups

The following list of commands is arranged by functional
group; the instrument commands group is, in turn, divided
into sub-groups.

NOTE

Brackets [ ] indicate the enclosed item is optional, and
carets < > indicate a defined element. Capitalized
letters are the required characters; the jower case let-
ters may also be used.

INSTRUMENT COMMANDS

Function Commands

[FUnction] Sine - Selects the sine wave for output.

[FUnction] SQuare - Selects the square wave for
output.

[FUnction] SMpte {:<ratio>] ~ Selects SMPTE signal
for output and specifies amplitude ratio between low and
high frequency tones. Valid ratios are 101 or 4:1 {low)
{high); 4:1 is the default ratio.

[FUnction} CCif - Selects CCIF signal for output.

[FUnction] BUrst [:<percent>] - Selects sine wave
burst signal for output and specifies amplitude of the off
gycles (as a percent of the on ¢ycles amplitude}. Valid per-
cent is 0 or 10; default percent is 0.

[FUnction] EXternal - Selects signal at EXT INPUT ¢on-
nector as the output.

FUnction? ~ Returns enabled function (and number indi-
cating SMPTE ratio or burst percent, if applicable}.

Amplitude Commands

AMplitude <num>[:<units>] - Sets amplitude and
units of selected output signat. Valid units are VPP, VRMS,
DBM, or DBU; default units are the previcusly specified
units.

AMplitude? - Returns amplitude and units.

DBm <num> - Sets ampiitude to specified dBm value.

DBm? ~ Returns amplitude in dBm.

DBU <num> - Sets amplitude to the equivalent Vrms
value of the argument {in DBU).

PBU? - Returns ampiitude i ¢Bu.

VPp <num> - Sets amplitude to the equivalent Vrms
value of the argument (Vp-p).

VPp? - Returns amplitude in V p-p units.

Vrms <num> - Sets amplitude to specified Vrms value.

Vrms? - Retums amplitude in Vrms.

Frequency Commands

FRequency <pum> - Sets frequency (main frequency)
for all functions except EXT.

FRequency? - Retumns

frequency).

frequency setting (main

iMireq <num> - Sets IM frequency for SMPTE/DIN
and CCIF functions. Valid frequencies are 40, 50, 60, 80,
100, 125, 250, and 500 Hz.

IMf? - Returns IM frequency setting.

3-3



Programming—S5G 5010

Burst Control Commands

MBurst <num> - Specifies number of on cycles for
burst: sets number of off cycles to infinity (89988} for single
burst mode. Valid range is 1 to 65535.

ONCycles <num> - Specifies number of on ¢ycles for
purst. Valid range is 1 to 65535,

ONCycles? - Returns number of on cycles.

OFFCycles <num> - Specifies number of off cycles for
purst (0 for gated burst; 1 to 65536 for repetitive burst;
Q2909 for single burst).

OFFCycies? - Returns enabled number of off cycles for
burst.

Sweep Control Commands

STARTFreq <num> - Sets the start frequency for
sweep operation.

STARTFreq? - Returns start frequency.

STOPFreq <num> - Sets stop frequency for sweep
operation.

STOPFreq? - Returns stop frequency.

STARTVolts <num> - Sets start ampiitude for sweep
operation in Vrms.

STARTVelts? - Returns start amplitude in Vrms.

STOPVolts <num> - Sets stop ampilitude for sweep
operation in Vrms.

STOPVolts? - Returns stop amplitude in Vrms.

NSteps <num>[,<type>] ~ Sets number of sweep
steps. Valid range is 1 to 99. Type specifies linear (LIN) or
jogarithmic (LOG) sweep; defauit type is the previously
specified type.

NSteps? - Returns number of sweep steps and type.

3-4

STEptime <num>[,<mode>] - Sets time per sweep
step and sweep mode. Valid range for time is .1 to 25.0
seconds with .1 sec. resoiution. Sweep mode is either FRE-
QUENCY or AMPLITUDE; defaull mode is the previously
specified mode.

STEptime? ~ Returns selected time per sweep step and
sweep mode.

TYpe Lin - Sets sweep type {0 linear sweep.

TYpe LOg ~ Sets sweep type to logarithmic sweep.
TYpe? - Returns selected sweep type.

Mode Ampl - Sets sweep to amplitude mode.
Mode Freq - Sets sweep to frequency maode.

Mode? - Heturns selected sweep mode {(amplitude or
frequency).

SWeep ON or SWeep Single - Starts a single sweep
sequence.

SWeep Repeat ~ Starts a repetitive sweep sequence.
SWeep OFf - Stops the sweep.

RUnn? - Returns 0 (sweep not running) or 1 (sweep
runnings.

Stored Setting Commands

STORe <num>[,<num>..] - Stores the current set-
tings (except CLI, DT, OVER, OPC, PLI, RQS, USEREQ} in
specified storage location (0 through 8).

STORe <num>:<binblk> - Stores <binbik> data in
specified storage location (0 through 9}

8TORe? <num>{,<num>..}] - Oulputs settings
stored in specified location{s} 0 through 9 using the format
STORE <num>: <binblk>;.



REcall <num> - Sets instrument to the settings re-
calted from specified storage focation.

LLset <binbik> - Sets instrument to settings stored in
<binblk> (except DT, CLI, OVER, OPC, PLI, RQS,
LSEREQ).

LLset? -~ Returns instrument settings in binary format.

Display Control Commands
Display Vrms - Displays ampiitude setting in Vrms.

Display Dbm - Displays amplitude setting in dBm.
Display Freg - Displays frequency setting.
Display imfreq - Displays [M frequency setting.

Display Nsteps - Displays number of steps set for
SWeep.

Display OFfcycles - Displays number of off cycles for
burst. -

Display ONcycles - Displays number of on cycles for
burst. ~:

Dispiay RSource or Display RSrc - Displays source im-
pedance setting.

Display STARTFreq - Displays sweep mode setting for
start frequency.

Display STARTVolts ~ Displays starting sweep setting
in Vrms.

Display STEptime ~ Dispiays time per sweep step.

Display STOPFreq - Displays sweep mode setling for
stop frequency.,

Display STOPVoits ~ Displays stopping sweep setting in
vrms.

Programming—SG 5010

OUTPUT COMMANDS

BAlance [ON] - Sets instrument to balanced output.
BAlance OFt - Seis instrument to unbalanced cutput,

BAI? - Response indicates the signal output is balanced
or unbalanced.

UNbalance - Sets instrument to unbalanced signal
output.

GRound [ON] or GNd [ONj -~ Sets instrument fo
grounded signal output.

GRound OFf or GNd OFf - Sets instrument to floating
signal output.

GRound? or GNd? - Response indicates signal output is
grounded or floating.

FLoat or FLt - Sets instrument to fioating signal cutput.

RSource <num> or RSr¢ <num> -~ Sets source im-
pedance. Valid impedances are 50, 150, and 600 .

RSource? or RSre? - Returns source impedance setting.
OUtput ON - Turns on signal output.
OUtput OFf -~ Turns off signal output.

OUt? -~ Response indicates signal output condition {on or
off).

SYSTEM COMMANDS

DT Gate - A <GET> interface message toggles the
burst gate, i the instrument is set to FUNC BURST.
OFFCYC 0, and no external signal is connected to the
BURST GATE input.

DT Set ~ Causes instrument to wait for <GET> inter.
tace message before updating instrument settings, except

35
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for the SWEEP ON, SWEEP SINGLE, and SWEEP RE.
PEAT commands which are executed when received.

DT Trig ~ A <GET> interface message initiates a single
sweep burst, if instrument is set to FUNG BURST, OFFCYC
99999, and no external signal is connected to the BURST
GATE input.

DT SWeep - A <GET> interface message initiates a
single sweep sequence.

DT Off - Disabies all DT (Device Trigger) functions.
D77 - Response indicates which DT function is enabled.

ERRMsg? - Returns an event code and a brief descrip-
tion of the event, H RQS is ON, the code indicates the most
recent event. If RQS is OFF, the code indicates the highest
priority event that has occurred.

ERRor? or EVent? - Same as ERRMSG except that the
event description is eliminated.

HEip? - Returns a string list of all SG 5010 cormmand
headers.

IDentity? - Returns the instrument type, Tektronix
Codes and Formats version, and the instrument firmware
Version.

INit - Initializes instrument to predefined (INIT command)
settings.

SETtings? - Returns a string list of current instrument
settings.

TEst? - Initiates instrument self test and returns 0 (no
errors), or event codes of detected failures.

STATUS COMMANDS

CLi ON - Enables assertion of SAQ when instrument
goes into or out of current limit.

CLi QFf ~ Disables assertion of SRQ when instrument
goes into or out of current limit.

36

CLi? - Response indicates the current limit interrupt
state (on or off).

CUrrent? - Returns “‘CURR <num>;", where- <<num>
is O # Instrument is not current limited; <num> is 1 if instru-
ment is current fimited.

GAte? — Beturns “GATE <num>;" where <num> is 0
if BURST GATE signai is unasserted (high); <num> is 1 if
BURST GATE signat is asserted (low).

LOck? - Returns “LOCK <num>;" where <num> is 1
if instrument has not been in phase lock for more than 1 ms;
<num> is 0 if instrument is in phase lock.

OPc ON - Enables operation complete interrupt; instru-
ment asserts SRQ when it completes one sweep.

OPc OFf - Disables operation complete interrupt; instru-
mertt does not assert SRGQ when it compleies one sweep.

OPc? - Returns “OPC ON;" or “OPC OFF;".

OVerrange ON - Enables sweep overrange interrupt; in-
strument asserts SRQ when the sweep exceeds a limit of
the parameter being swept.

OVerrange OFf - Disables sweep overrange interrupt;
instrument does not assert SRQ when the sweep exceeds a
fimit of the parameter being swept.

OVerrange? — Keturns *OVER ON;" or *OVER OFF".

PLI ON - Enables assertion of SRQ when instrument
goes cut of phase lock for more than 1 ms, or into phase
lock from a reportable out-of-phase iock conditicn.

PLi OFf - Disables assertion of SRQ when instrument
goes into of out of phase lock.

PLi? - Response indicates the phase lock interrupt state
{on or off).

RQs ON -~ Enables service request (SRQ) interrupt.

RQs OFt ~ Disables service request interrupt.



RQs? - Response indicates the service request interrupt
state (on or off).

USereq ON - Enables assertion of SRQ when front
panel INST 1D button is pressed.

USereq OFf ~ Disables assertion of SRQ when front
pane! INST 1D button is pressed.

USereq? ~ Responge indicates the user request interrupt
state (on or off).

Control/Command Descriptions

Each SG 5010 command, like those in ail TM 5000 in-
struments, begins with a header, which is a word or acro-
nym that describes the function implemented. Following the
header, many commands require an argument, which is a
word or number that specifies the desired state for the func-
tion. The commands are presented aiphabeticaliy on the fol-
lowing pages. In this presentation, the following notations

are used to represent elements of the IEEE-488 bus com-
munications between the SG 5010 and the controller.

<GET> - The Group Execute Trigger interface mes-
sage {decimal code 8, transmitied with attention assertad).
Only addressed listeners respond to <GET .

<num: - A number that can be transmitted or accepted
by the SG 5010. Numbers are accepted in NR1 (integer),
NR2 (decimal}, and NR3 {with exponent) formats. (See ANSI
Standard X3.42.)

<hinbik> - A binary block of data in the format speci-
fied in Tektronix Codes and Formats {V81.1). The binary
block consists of the percent sign (%, decimal 37) followed
by a two-byte binary count and the data bytes, and ends
with a checksum. The two-Dyte binary count {integer, most
significant byte first) specifies the number of data Dytes plus
the checksum byte. The checksum is the two’s complement
of the moduio-256 sum of the preceding binary data bytes
and the binary count bytes, but does not include the percent
sigr.
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3

{Finction) Sine
{Fiinction] SQuare
{FUnction] SMpte [:<ratio>]
iFlnction] CCit
{FUnction] Blrst {: < percent>]
{FUnction} External

; Fiinction?

AWplitude <Cnum>{:<Cunits>]

AMplitede?

DBm <fAum>>

DBm?

DB <<ngm >

pBuU?

VPp < num>

VPp?

Vrms <num>-

Vrmsg?
STARTVolts <num>>
STARTVolia?
STOPVolts <num>=
STOPVoits?

FRequency <<num>

FRequenzsy?

IMifreq < num>>

M7
STARTFreq <<naum:>
STARTFreq?
STOPEreq <<num>>
STOPFreq?

NBurst << num>-
ONCyclas <num>

rm {OPER SURELTT
STARY VOLT.

i ¢ M ATEPS—
flod RSt iR o

Dsplay Freq
Dispiay Imfreg
Mspiay Vims
Dispiay Dbm
DHspley STARTVolts
Bispiay STOPVolts
Dispiay STARTFreq
Clspiay STOPFreqg
Display NSteps
Dlaplay STEptime
DCisplay ONcycles
Bilsplay OFfcycles
Blsplay RSource
Display RGre

£RAMsg?
ERRor?
DT Set EVent?
DT Trig HEIp?
DT Gata {Dantiy?
DY SWeep Nt
DT OQ# SETtings?
, PT? TEst?

ONCycles?
CFFCycles <num>> /
OFFCycles?
NSteps <num>[ <typa ]
NSteps?
STEptime < num>>{,<mode>] SWeep ON RSource <num>
STEptime? SWeep Single RSrc <num>>
TYpe Lin SWeep Repeat RSource?
TYpe LOg SWeep OFf RSre?
TYpe? RUan?
Mode Arpl
Mode Freq
Made?

STORe <num>>{, <npum>..]
STORe < pum>>:< binblk>>
STCRe? < num=>[, <num>..
REcall <num>>

tLget < binbik>

LLset?

1

CLi ON

CLi OFf
CLit
CUrrent?
LOck?

OPc ON
OPc OFf
OPc?
OVerrange ON
OVearrange OFf
OVarrange?
PLi ON

P OFf
-PLi?

GAge?

RQs ON
RQs OFt
AQs?
USereq ON
USareq OFf
1iSereq?

GRound [ON]
Ghd {ON]
GRound OFF
GNa OFf
GRound?
GNg?

Float

FLt

Oiltput ON
OUtput OFf
ou?

BAtance [ON]
BAiance OFf
BAI?
UNbalance

433109

Fig. 3-1. Instrument commands and relationship to front panel controls.

3-8
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DETAILED COMMAND LIST

NOTE

Brackets [ ] indicate the enclosed item is optional, and
carets < > indicate a defined element. Capitalized
ietters are the required characters; the lower case let-
ters may aiso be used.

AMPLITUDE
Type:
Setting or query

Setting syntax:

AMplitude <<num>{:<units>>]

where units are:

VPp - for volts peak-to-peak
Vrms - for volts rms

DBm - for dBm
DBU - for dBu
Examples: Amplitude selected:
AMPLITUDE 25:VP 25V p-p
AMPL B.5:V 8.5 Vrms
AM 18.5:08 18.5 dBm
AM 5:DBU 5 dBu
AMPLIT 25E-2:V 250 mV ms
AMPL 0.5 0.5 (previous uniis)

Query syntax:
AMplitude?

Query response syntax: (one of the foilowing)

AMPL <num>:DBM,;
AMPL <num> :VRMS;

Query response examples:

AMPL 15:DBM:
AMPL 5.5:VRMS,

Discussion:

This command sets the ampiitude for the enabled func-
tion to the valye specified in the numeric argument. The
units portion of the argument is optional; if undefined, the
units are Vrms if previousty programmed in Vp-p or DBU
otherwise the units are dBm.

if VPP units are specified, the vaiue of <num>> is con-
verted 1o the sine wave peak equivalent Vrms value.

The amplitude can also be set using the DBM, DBU,
VPP, and VAMS commands.

Vpp and dBu units are available only under remote pro-
gramming control and can not be entered from the front
panel.

Ali parameter units except dBm define the open circuit,
unloaded, cutput ampiitude calibrated for sinewaves. The
non-sinewave functions are calibrated for the same peak-to-
peak output as sinewaves. The dBm unit assumes an addi-
tional 600 Q load resistance and acknowledges SG 5010
source resistance selection.

The internal amplitude control refated hardware is cali-
brated in Vrms. Other units are first converted into equiva-
lent Vrms (refer to the Conversion Tabie) and rounded off to
the closest setting (that the hardware accepts). There is lit-
tie or no additional accuracy foss when using one of the
akternate units, because of a closer 0.2% Vrms setting reso-
jution (refer to the Specifications section of this manua).

38
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CONVERSION TABLE

Vpp dBu dBm
v (=) R\ . (%)
pp 2 ' “
to Vims 58584 {0.7746)10 {0.7748) (1 + 50@) W0
Vrms Vrmns 6800
£ .
rom Vrms (2.8284) Vrms 20 logro [0.7745] 2010940 [ 0.7746 (Hsmee)]

fis = Selected source resistance

3-10



BALANCE
Type:
Setting or query

Setting syntax:

BAlance [ON]
BAlance OFf

Examples:

BALANCE ON
BALAN OF
BA OF

BA

Query syntax:
BAI?

Query response: (one of the following)

BAL ON:
BAL OFF;

Discussiom:

This command sets the output to the balanced of unbal-
anced state, depending on the command argument.

BALANCE

Programming--SG 5010

CLI (Current Limit Interrupt)
Type:
Setting or query

Setting syntax:

CLi ON
CLi OFf

Examples:

CLI OF
CL ON
CL OFF
Ci. OF

Query syntax:
CLi?

Query response: (one of the foilowing)

CLl ON;
CLI OFF;

Discussion:

This command controls the current limit interrupt. The
ON argument enables the interrupt; the instrument asserts
SRQ when it goes into or out of current limit. The OFF argu-
ment disables the interrupt; the instrument does not assert
SHQ when a change in current imit status ocours.

Other status interrupt commands are: OPC, OVER.
RANGE, PLI, RQS, and USEREQ.

CL! (Current Limit Interrupt) 3-11
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CURRENT?
Type:
Query

Query syntax:
Current?

Query raesponse syntax:

CURR <num:>>;

Discussion:

This command returns a2 number whose value indicates
the current limit status of the instrument, as follows:

<num> = 0, if the instrument is not in current limit.

<npygm>> == 1, if the instrument is in current imit.

The CLI command aiso is used to indicate current limit
status.

312 CURRENT?

DBM
Type:
Setting or query

Setting syntax:

PDBm <num>

Examples:

pBM 3
DB 55E.-2

Query syntax:
pBm?

Query response syntax:
DBEM <num>,

Query response exampie:
pBM 3.00;

Discussion:

This command sets the amplitude to the specified dBm
value. The value is rounded to the closest 0.05 dBm. It also
changes the units for the AMPLITUDE command to d8m.

The following commands also set the amplitude:

AMPLITUDE
DBU

VPP

VRMS

BMB



DBU
Type:
Setting or query

Setting syntax:
DBU <num>

Examples:

DBU 2
DBU 55&-2

Query syntax:
oBU?

Query response syntax:

DBU <num>;

Discussion:

This command sets the ampiitude specified in the com-
mand argument to the equivalent rms value.

The following commands also set the amplitude:
AMPLITUDE
DBM
VPP
VAMS

bBU
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DISPLAY
Type:

Operational

Operational syntax:

Dispiay Freq
Dispiay imfreg
Display Vrms
Dispiay Dbm
Display STARTValts
Display STOPVolts
Display STARTFreq
Display STOPFreg
Display Nsteps
Display STEptime
Display ONcycles
Display OFfcycles
Display RScurce or Display RSre

Exampies:

DISPLAY FREQ
DISPL IMF

DS STOPV

D1 ONC

Discussion:

This command causes the instrument to display the cur-
rent value of the specified argument. For exampie, DIS-
PLAY FREQ causes the display to show the current value of
the FREQ parameter; for DISPLAY VRMS, the display
shows the amplitude setting in Vrms.

DISPLAY ' 3-13
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DT (Device Trigger)
Type:
Setting or query

Setting syntax:

BT Set

OT Trig
DT Gate
0T SWeep
DT Off

Examples:

DT 8ET
nors

DT TRIG
DTT

DT GATE
DT OF
DT 8w

Guery syntax:
DT?

Query response: {(one of the foillowing)

DT SET,
DT TRIG;
DT GATE;
DT SWEEP;
DT OFF;

3-14

Discussion:

Each argument of the DT command enables one state of-
the device trigger function, as described below. The device
irigger states are mutually exciusive.

DT SEY - Causes the instrument to wait for the <GET >
interface message before updating the instrument hardware
to new settings the instrument has received, with the foliow-
ing exceptions: SWEEP ON, SWEEP SINGLE, and SWEEP
REPEAT commands are executed when received {<GET >
not required).

DT TRIG - Causes the instrument {o output a single
burst when it receives the < GET > interface message, if the
instrument is set to FUNCTION BURST and OFFCYCLES
99999, and no external signal is applied to the BURST
GATE input connector.

DT GATE - Toggies the burst gate when a <GET>
interface message is received, if the instrument is set o
FUNCTION BURST and OFFCYCLES €, and no external
signal is applied to the BURST GATE input connector. Whiie
burst gate is unasserted {floating high}, the instrument out-
puts a sine wave.

DT SWEEP ~ Starts a single sweep sequence when a
<GET> interface message is received.

OT QOFF - Disables the device trigger function; the
<GET> interface message is ignored.

DT {Device Trigger)



ERRMSG?
Type:
Query

Query syntax:
ERRMsg?

Query response syntax:
ERRMSG <numz-,<<msg string>;

Discussion:

The ERRMSG query returns data about instrument
events. If RQS is on, <num> is the event code for the last
reported status byte. If RQS is off, <num> is the event
code for the highest priority event that has occurred. in ei-
ther case, <msg string> is a brief description of the enu-
merated event.

Hefer to Tabhle 3-1 for a list of event codes and status
bytes.

The ERROR? and EVENT? commands and the seriai poll
" by the controller also return instrument event information.

- ERRMSG?
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ERROR?
EVENT?

Type
Query

Query syntax:

ERRor?
EVent?

Query response syntax:

ERR <num>;
EVENT <num>;

Discussion:

This command returns information about instrument
avents. If RQS is on, <num> for both commands is the
avent code for the iast reported status byte. If RQS is off,
<num> is the event code for the highest priority event that
has occurred. Refer to Status and Error Reporting for a
discussion of event codes and status bytes. Table 3-1 lists
all SG 5010 event codes.

The ERRMSG command also reports instrument event
information.

ERROR?
EVENT? 3.15
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FLOAT
Type:
Setting

Setting syntax:
FlLoat or FLY

Examples:

FLOAT
FL
FLT

Discussion:

The command selects fioating output.

The GROUND OFF command also selects floating
output.

3-16 FLOAT

FREQUENCY
Type:
Setting or query

Setting syntax:

FReqguency <num>

Examples:

FREQUENCY 120E3
FREQ 1.5E4
FR 5E+4

Query syntax:
FRequency?

Query response syntax:
FREQ <num>>;

Query response examples:

FREQ 1258+ 3;
FREQ 10E+2;

Discussion:

This command seis the main frequency for the enabled
function except EXT. Refer to the Specifications section for
the frequency range for each function.

The command IMFREQ sets the secondary frequency for
the SMPTE/DIN and CCIF functions.

FREQUENCY
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FUNCTION Discussion:
Type: Each command enables the instrument function specified
_ irs the argument to produce a sine wave signal, square wave
Setting or query signal, SMPTE Intermodulation test signal, CCIF

intermodulation test signal, or burst signai. The command

header (FUNCTION) is cptional, as are the numeric argu-

Setting syntax: _ ments for the SMPTE signal ratio, and the BURST signal

; percent. If undefined, these numeric arguments assume the

%;S:g:gz{ ggiare default values given below. The AMPLI}’UDE, DBM, DBU.

[FUnction} SMotef: <ratio=] VPP, or VAMS command sets the ampfitude for the signal;

[FUnction} CCif the FREQUENCY or IMFREQ command sets the frequency.

[FUnction] BUrst[: <percent] in addition, the frequency or ampiitude of each funct!on can

[FUnction] EXternal be swept in a linear or logarithmic sweep, by using the
SWEEP command.

Examples: ¢ FUNCTION SINE enables the sine wave function for
FUNCTION SINE output.
FLUNC SIN
=Y
SINE ® FUNCTION SQUARE enables the square wave function
FuU SQuU for output.
FUNC SMP:1
FUNC CCIF
FUNC BUR:0 * FUNCTION SMPTE enables the SMPTE intermodulation
BU test signal for output. The numeric argument sets the ratio
EXT of the jow frequency tone amplitude to the high frequency

tone amplitude. Vaid values for <ratio> are 1 or 4. If
: undefined, the argument default vaiue is 4.
Query syntax:
Function?
¢ FUNCTION CCIF enables the CCIF intermodulation test
signai for output.

Query response: {one of the following)

igﬁg glggARE * FUNCTION BURST enabies the burst signal for output.
. . The numeric argument specifies the amplitude of the off
FUNC SMPTE:1; or FUNC SMPTE:4; cycies as a percentage of the on cycies amplitude. Vaiid

FUNC CCIF; !
. e, values for the argument are 0 or 10. If undefined, the ar-
Egzg Eggsg&f FUNC BURST:10; gument defautt value is 0. Also see NBURST,
' ONCYCLES, and OFFCYCLES.

s FUNCTION EXTERNAL selects the signal input to the
EXT INPUT connector as the outputl.

FUNCTION 317



Programming-—SG 5010

GATE?
Type:
Query

Query syntax:
GAte?

Gluery response syntax:
GATE <num>;

Discussion:

The response generated by this command indicates the
status of the input signal at the BURST GATE input connec-
tor, as foliows:

<num> = 0, if the BURST GATE input signal is
unasserted {floating high).

<num> = 1, if the BURST GATE input signal is as-
serted (pulled iow and then released: trigger occurs on rising
edge).

3-18 GATE

GROUND
Type:
Setting or query

Setting syntax:

GRound [ON} or GNd [ON]
GRound OFf or GNd OFf

Examples:

GROUND ON
GR

GND ON

GN

GROUND OFF
GR OF

GND OFF

GN OF

Query syntax:
GRound? or GNd?

Query response: (one of the foliowing)

GND ON;
GND OFF:

Discussion:

GROUND ON selects grounded output. GROUND OFF
selects floating output. The query response indicates the
state of the output: grounded or floating.

The FLOAT command also selects fioating output.

GROUND
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HELP?
' Type:
Cuery

Guery syntax:
HEIp?

Query response syntax:

HELP <command string>;

Query response exampie:

HELP AMPL, BAL, BURS, CCIF, CLI, CURR, DBU,
DBM, DISP, DT, ERRMSG, ERR, EVENT, EXTE, FLOA,
FLT, FREQ, FUNC, GATE, GND, GROU, HELP, ID, IMF,
INIT, LLS, LOCK, MODE, NBUR, NSTEP, OFFCYC,
ONCYC, OPC, QUT, OVER, PLI, RANGE, RECA, RQ5,
RS0OU. RSRC, RUNN, SET, SINE, SMPT. SQUA,
STARTE, STARTV, STEPT, STOPF, STOPY, STOH,
SWEE, TEST, TYPE, UNBAL, USER, VPP, VRMS:

Discussion:

This command returns a list of all command headers
available for programming the SG 5010.

HELP?
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IDENTIFY
Type:
Query

Query syntax:
IDentify?

Query response:
ID TEK/SGS010,VB1.1.Fx.x;

Discussion:

This command returns identification information about
the 8G 5010, as follows:

TEK/SG5010 - identifies the instrument type.

V81.1 - identifies the version of Tektronix Codes and
Formats used in the 8G 5010 firmware design.

Fx.x - identifies the instruments firmware version. For
example, F1.0 indicates the firmware version is 1.0.

IDENTIFY 319
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IMFREQ {Intermodulation Frequency)
Type:
Setling or guery

Setting syntax:

IMfreq <<num>

Examples:

IMFREG 40
IMF 125
1M 500

Query syntax:
Hif?

Query response syntax:

IMF <<num>;

Discussion:

This command sets the secondary frequency used for
the SMPTE/DIN and CCIF functions, when they are en-
abied. Valid secondary frequencies for both functions are:

40
50
80
80
100
125
250
500

The instrument rounds the argument to the closest valid
frequency.

3-20 IMFREQ (Intermodulation Frequency)

INIT
Type:
Operational

Syntax:
INit

Seiting syntax:

INIT
IN

Discussion:

This command configures the SG 5310 settings to the
predefined settings listed below:

AMPL 1. VRMS;
BAL ON;

CLE OFF;

DiSP VRMS:
DT OFF,;

FREQ 10000;
FUNC SINE;
GND OFF;

IMF 60;

NSTEP 30,L0OG:
QFFCYC 80;
OPC OFF,
ONCYC 10;
OQUT OFF;
QVER OFF;

PLI OFF;

RQS ON:
RSRC 800;
STARTF 20;
STOPF 20000,
STARTYV 0.1;
STOPYV 10.0;
STEPT 0.1,FREQ;
SWEEP QFF,
USER OFF;

INIT



LLSET (Low Level Settings)
Type:
Setting or query

Setting syntax:
Liset <binblk>

Exampies:

LLSET «<hinblk>>
LLS <binbiic>
LL < binblk>

Query syntax:
Liset?

Cuery response syntax:
LLS <binblk>;

Discussion:

The setting command sets the instrument to the setlings
represented by the binary block data in the argument. All
settings are affected except the foilowing, since they are not
‘stored:

cul

oT
OVER
OPC

PLE

RQS
USEREQ

The binary biock data for the current instrument settings
is sent to the contralier in response to the query command.
The format of the binary block data is defined under the
heading Control/Command Descripticns.

The STORE? command alse outputs binary block
settings data.

LLSET (Low Level Settings)
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L.OCK?
Type:
Query

Query syntax:
LOck?

Query response syntax:

LOCK <num>;

Discussion:

This command generates a response indicating the
phase lock status, as follows:

<num> = 1, if the instrument has not been in phase
iock for more than 1 ms when the query is received.

<num> = 0, it the instrument is in phase lock when
gueried.

The PL! command also controls phaseslock status
information. o

_LOCK? 3-21
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MODE
Type:
Setting or query

Setting syntax:

Made Ampl
Mode Freq

Examples:

MODE AMPL
MODE FREQ
MA
MF

Query syntax:
Mode?

Query response: (one of the following)

MODE AMPL,;
MODE FREQ;

Discussion:

This command selects a frequency or amplitude sweep
of the output signal. The optional argument of the
STEPTIME command also selects the sweep mode.

COther sweep control commands are STARTFREQ,
STOPFREQ, STARTVOLTS, STOPVOLTS, NSTEPS,
TYPE, and SWEEP.

3-22 - MODE

NBURST (Number of Burst)
Type:
Setting

Setting syntax:

NBurst <num>

Examples:

NBURST 10
NBUR 503
NE 1

Discussion:

This command sets the number of on cycles for the
BURST function to the value specified in the argument. It
also automatically sets the number of off cycles to infinity.
The valid range for the argument is 1 to 65535. A single
burst is triggered by assertion: of the signal on the BURST
GATE input, This input floats at a high level. To assert the
signal, the high input must be pulled low and then released;
triggering occurs on the rising edge.

The commands ONCYCLES and OFFCYCLES aiso set
the number of on and off cycles for the BURST function.

NBURST {Number of Burst)



NSTEPS (Number of Steps)
Type: ’
Set_ting or query

Setting syntax:
NSteps <num>{,<type>]
where <type> is one of the following:

Lin for linear sweep
LOg for iogarithmic sweep

Examples:

NSTEPS 25,LIN
NS 75.L0O
NS 10

Query syntax:
NSteps?

Query response syntax: (one of the following)

NSTEF <num> LIN;
NSTEP <num> L0OG;

Discussion:

This commangd sets the number of steps from the begin-
ning to end of a frequency or amplitude sweep. The valid
range for the numeric argument is 1 to 89. The optional
argument < type> selects either a linear or logarithmic type
of sweep. If <type> is unspecified, the previous sweep
type is assumed. The TYPE command alsc selects the
sweep type.

Other sweep control commands are STARTFREQ,
STOPFREQ, STARTVOLTS, STOPVCOLTS, STEPTIME,
TYPE, MODE, and SWEEP.

NSTEPS (Number of Steps)
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OFFCYCLES
Type:
Setting of query

Sefting syntax:
OFFCycles <num>

Examples:

OFFCYCLES 60
OFFCYC 1E3
QFFC 99898

Query syntax:
OFFCycles?

Query response syntax:
QFFCYC <num>;

Discussion:

Tne argument for this command sets the number of off
cycles for the BURST function, and enabies gated. repeti-
tive, or single burst operation. Valid argurments are:

0 - Sets the gated burst mode o output a continuous
sing wave signal while the external BURST GATE signal is
asserted (pulled low and then reieased).

1 to 855835 - Sets the number of off cycles for a repetitive
burst output. The number of on cycies is set by the
ONCYCLES command.

9968 - Sets the number of off cycles to infinity. With
this argument, the instrument outputs a single burst when
the BUHRST GATE input signal is asserted {pulted low and
then reieased).

OFFCYCLES 3-23
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ONCYCLES
Type:
Setting or query

Setting syntax:

ONCycles <num>

Examples:

ONCYCLES 25
ONCYC 10
ONC 500

Query syntax:
ONCycles?

Guery response syntax:
ONCYC <num>;

Discussion:

This command sets the number on on cycles for the
BURST function. Valid range for the argument is 1 fo

65535.

The commands NBURST and OFFCYCLES aiso set the

number of burst cycles,

3-24

ONCYCLES

OPC (Operation Complete Interrupt)
Type: _
Setting or query

Setting syntax:

OPc ON
QOPc OFf

Examples:

CPC ON
0P ON
QPC OFF
QF OF

Query syntax:
OPc?

Query response: (one of the following)

OFC ON;
QOPC OFF,

Discussion:

This command controls the operation complete interrupt.
If the specified argument is ON, the interrupt is enadled: the
instrument asserts SRQ when # completes one sweep. f
the argument is OFF, the interrupt is disabled; no SRQ is

generated for completion of one sweep.

Other status interrupt commands are CLi, OVER-

RANGE, PLI, RQS, and USEREQ.

QOPC (Operation Complete interrupt)



| OUTPUT
- Type:
Setting or query

Setting syntax:

QOUtput ON
OUtput OFf

Examples:

OUTPUT ON
OuUT OFF
CuU OF

Query syntax:
out?

Query response: (one of the following)

QUT ON;
QUT OFF;

Discussion:

This command turns the output on or off at the output
connectors, depending on the argument specified. The
source impedance is maintained when the output is off. At
power-up, the output is set to the off state.

QUTPUT
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QVERRANGE (Sweep Overrange interrupt)
Type:
Setting or query

Setting syntax:

QOverrange ON
OVerrange OFf

Examples:

OVERRANGE ON
OVER OFF
ov OF

Query syntax:
OVerrange?

Query response:

OVER ON;
OVER OFF;

Discussion:

This command controls the overrange interrupt. The ar-
gument ON enables the interrupt; the instrument asserts
SRQ when the sweeD exceeds any limit of the parameter
being swept. The OFF argument disables the interrupt; an
overrange does not cause SRQ to be asserted.

Other status interrupt commands are: CLI, OPC, PLI,
RQS. and USEREQ.

OVERRANGE (Sweep Overrange Interrupt) 3-25
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PLI (Phase Lock Interrupt)
Type:
Setting or query

Setting syntax:

PLi ON
PLi OFt

Examples:

PLI ON
PL OF

Query syntax:
PLI?

Query response: {one of the following)

PLION;
PLI OFF;

Discussion:

This command controls the phase lock interrupt. The ON
argurnent enables the interrupt; the instrument asserts SRQ
when it goes out of phase lock for more than 1 ms or into
phase lock after being out for more than 1 ms. The OFF
argument disables the interrupt; no SRQ is asserted when
the phase lock status changes.

The LOCK? command also generates phase lock status
infermation.

Other status interrupt commands are: CLI, OPC, OVER.
RANGE, RQS, and USEREQ.

3-26 PLl {Phase Lock Interrupt)

RECALL
Type:

Operational

Syntax:

REcall <num>

Examples:

RECALL 3
REC 2
RE 9

Discussion:

This cornmand recalis the group of instrument settings
from the location specified in the argument, and configures
the instrument to the recalled settings. lf no settings are
stored in the specified location, the instrument assumes the
INIT command settings.

RECALL



RQS (Request for Service)
Type:
Setting or query

Setting syntax:

RQs ON
RQs OFf

Query synitax:
RQs?

Query response: {one of the foliowing)

RQS ON;
RQS OFF;

Discussiom

This command provides magster control over the SRQ
function. f RQS is ON, the instrument asserts SAQ when
an event occurs which normally initiates such action. Events
that normally cause SRQ 1o be asserted include the power-
up seguence, self-test errors, front panet operation errors,
and programming errors. Other events that may cause SRQ
to be asserted are the status interrupts, such as OVER.
RANGE, or PLL If enabled and RQS is ON, the interrupts
assert SRQ, when their specific interrupt conditions oceur,
However, when RQS is OFF, SRQ will be asserted only
when the instrument completes the power-up sequence.

The commands that control status interrupts are the
following:

cu

QPC
OVERRANGE
PLI

USEREQ

RQS (Request for Service)
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RSCURCE
Type:
Setting or query

Setting syntax:

RSource <num> or RSrc <num>

Examples:

RSQURCE 150
RSCU 50

RS 600

RSRC 150

Guery syntax:

RSource? or RSre?

Query response syntax:

RSRC <num>;

Discussion:

This command selects the output source impedance.
Valid values for <num=> are 50, 150, and 800, If the instru-
ment receives a value for <num> that is above 50 and
below 600, it will round it to the nearest valid value.

RSOURCE 3-27
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RUNN?
Type:
Query

Query syntax:
RUnn?

Query response syniax:
RUNN <num>;

Discussion:

Returns RUNN <num>; whare <num> is a 0 or T indi-
cating the following status of the sweep:

0 - Indicates the sweep is not running.

1 - Indicates the sweep is running.

3-28 RUNN?

SETTINGS?
Type:
Query

Query syntax:
SETtings?

Query response example:

FUNC SINE; AMPL 1.000; VRMS FREQ 10.000E+ 3;IMF
80;0FFCYC 90;ONCYC 10;

STARTV 0.100;8TOPV 10.0G;:STARTF
20.00E+0;STOPF 20.00E +3;NSTEP 30,LCG;

STEPT 0.1,FREQ;RSRC 600;BAL ON:GND GFF,QUT
OFF:CLl OFF;DT OFF,ORPC OFF.OVER OFF.PL
OFF;RQS ON;USER OFF;

Discussion:

NOTE

The arguments listed in the query response exampie
are the arguments reiurned when the instrument is
configured to the INIT command settings.

The SETTINGS? command returns the command string
in the sequence shown in the example. The arguments that
are returned reflect the setlings enabled at the time the in-
strument receives the SETTINGS? command.

SETTINGS?



STARTFREQ
Type:
Setting or query

Setting syntax:
STARTFreq <num>

Examples:

STARTFREQ 125E3
STARTF 80

Query syntax:
STARTFreq?

Query response syntax:
STARTF <num>;

Discussion:

This command sets the frequency at which a sweep of
the output signal frequency begins. The frequency for the
end of the frequency sweep is set using the STOPFREQ
command.

The'instrument does not check that the value of the argu-
ment is valid for the enabled function. While a sweep is in
progress, a sweep overrange condition occurs if a sweep
parameter exceeds the valid range for the selected function.
If a sweep overrange condition occurs, the parameter, volt-
age. or frequency that is exceedad will remain at the maxi-
mum valid value for the enabled function.

Other sweep control commands are STARTVOLTS,
STOPVOLTS, NSTEPS, STEPTIME, TYPE, MODE, and
SWEEP.

STARTFREQ
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STARTVOLTS
Type:
" Setting or query

Setting syntax:
STARTVoits <num>

Examples:

STARTVOLTS 10
STARTV &

Query syntax:
STARTVolits?

Query response syntax:
STARTV <num>;

Discussion:

This command sets the amplitude (in Vrms) at which an
amplitude sweep of the output signal begins. The
STOPVOLTS command sets the ending amplitude.

The instrument does not chack that the value of the argu-
ment is valid for the enabled function, While a sweep is in
progress, 2 sweep overrange condition oceurs if @ sweep
parameter exceeds the valid range for the selected function.
If a sweep overrange condition occurs, the parameter, volt-
age, or frequency that is exceeded will remain at the maxi-
mum valid value for the enabled function.

Other sweep control commands are STARTFREQ,
STOPFREQ, NSTEPS, STEPTIME, TYPE, MODE, and
SWEEP.

STARTVOLTS 3-29
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STEPTIME
Type: ’
Setting or query

Setting syntax:
STEptime <num>[,<mode>]
where <mode> is one of the following:

Freg for a frequency sweep.
Ampi for an amplitude sweep.

Examples:

STEPTHME 13.7 F
STEPT 5.A
STE 20.3

Query syntax:
STEptime?

Query response syntax: (one of the foliowing)

STEPT <num> FREQ;
STEPT <num> AMPL;

Discussion:

This command sets the time (in seconds) for each siep
specified for a frequency or amplitude sweep of the output
signal. The optional argument <mode>> selects either a fre-
quency or ampiitude sweep. If the optional argument is un-
specified, the previous sweep mode is assumed. Valid
arguments are:

<num> - .1 10 25.0 seconds with 0.1 second resclution.

<mode> - Freq or Ampl.
The MODE command also selects the sweep mode.

Other sweep control commands are STARTFREQ,
STOPFREQ, STARTVOLTS, STORVOLTS, NSTEPS,
TYPE, and SWEEP.

3-30 STEPTIME

STOPFREQ
Type:
Setting or query

Sefiing syntax:
STOPFreq <num>

Exampies:

STOPFREQ 1E3
STOPF 50

Query syntax:
STOPFreq?

Query response syntax:
STOPF <num>;

Discussiomn:

This command sets the frequency at which & sweep cf
the output signal frequency ends. The beginning sweep fre-
quency is sel using the STARTFREQ command.

The instrument does not check that the vaiue of the argu-
ment is valid for the enabled function. While a sweep is in
progress, a sweep overrange condition occurs if a sweep
parameter exceeds the valid range for the selected function.
if a sweep overrange condition occurs, the parameter, volt-
age. or frequency that is exceeded will remain at the maxi-
mum vaiid value for the enabled function.

Other sweep control commands are STARTVOLTS,
STOPVOLTS, NSTEPS, STEPTIME, TYPE, MODE, and
SWEEP,

STOPFREQ



STOPVOLTS

| Type:
Setting or query

Setting syntax:
STOPVoits <num>

Exampies:

STOPVOLTS 12
STOPV 1E2

Query syntax:
STOPVoIts?

Query response syntax:
STOPV <num>>,

Discussion:

This command sets the amplitude {in Vrms) at which an
amplitude sweep of the output signal ends. The
STARTVOLTS command sets the beginning amplitude.

The instrument does not check that the value of the argu-
ment is valid for the enabled function. While a sweep is in
progress, a sweep overrange condition occurs if a sweep
parameter exceeds the valid range for the selected function.
If a sweep cverrange condition occurs, the parameter, volt-
age, or frequency that is exceeded will remain at the maxi-
mum valid value for the enabled function.

Other sweep control commands are STARTFREQ,
STOPFREQ, NSTEPS, STEPTIME, TYPE, MODE, and
SWEEP.

STOPVOLTS
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STORE
Type:
Operational and query

Syntax:

STORe <num>[,<num>..]
STORe < num>:<binblk>>

Examples:

STORE 3,69
STORE 1.4
STOR 8

Query syntax:

STORe? <num>{, <num>..]

Query response syniax:
STORE <num>:<binblk>;

Discussion:

This command causes the instrument to store the cur-
rent settings in the user-definable location or locations spec-
ified in the argumnent. Ten locations are available for storing
settings, and are numbered 0 through 9. All settings are
stared except for the following:

CL

o7
OVER
orC

PL

RQS
USEREQ

The binary block argument data is obtained using the
STORE? or LLSET? commands.

The data returned by the SG 5010 represents the setting
information that is stored in the location specified in the
<num> argument of the STORE operaticnal command.
The format of the binary block data is defined under the
neading Control/Command Descriptions.

STORE 3-31
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SWEEP
Type:

Operational

Syntax:

SWeep ON or SWeep Single
SWeep Repeat
Sweep OFf

Examples:

SWEEP ON

SW ON

SWEEP SINGLE
SW 8§

SWEEP REPEAT
SWHR

SWEEP OFF
SW OF

Discussion:

This command selects the type of sweep sequence used
for the ocutput signal, as follows:

SWEEP ON or SWEEP SINGLE — Starts a single
sweep sequence of the output signal,

SWEEP AEPEAT - Starts a repetitive sweep sequence
of the output signal.

SWEEP OFF — Stops the sweep of the output signal.

Cther sweep control commands are STARTFREQ,
STOPFREQ, STARTVOLTS, STOPVOLTS, NSTEPS,
STEPTIME, TYPE, and MODE.

3-32 SWEEP

TEST
Type:
Cutput

Syntax:
TEst

Response syntax:

TEST <num> ..., <Mm:>;

Discussiom:

This command causes the instrument to perform the fol-
lowing series of seff-tests: ROM placement tests, ROM
checksum tests, stored setlings tests, and hardware self
tests. While the tests are performed, alt front panel LED's
Jiuminate.

The response refurns one or more numbers indicating
the results of the tests. ¥ no failures are detected, a single
argumens equal to 0 is returnaed. Otherwise, the decimal er-
ror code for each type of fallure detected is returned. After
the tests are completed, the instrument is reconfigured to
the settings enabled before the TEST command was
executed.

TEST



TYPE

Type:
Setting or query

Setting syntax:

TYpe Lin
TYpe LOg

Exampies:

TYPE LIN
TYPE LOG

" TYPE i
TY LO

Query syntax:
TYpe?

Query response: {one of the following)

TYPE LIN;
TYPE LOG;

Discussion:

This command selects either a linear or logarithmic
sweep of the frequency or amplitude of the output signal.
The optional argument of the NSTEPS command also se-
lects the sweep type.

Other sweep control commands are STARTFREQ,
STOPFREQ, STARTVOLTS, STOPVOLTS, STEPTIME,
MODE, and SWEEP.

TYPE
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UNBALANCE
Type:
Setting

Setting syntax:

LUNbalance

Examples:

UNBALANCE
UNBAL
UN

Discussion:

This command sets the output to the unbalanced state.

UNBALANCE 3-33
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USEREQ (User Request)
Type:
Setting or query

Setting syntax:

USereqg ON
USereqg OFf

Examples:

USEREG ON
USER COFF
Us OF

Query syntax:
LiSereq?

Query response: {one of the following)

USER ON;
USER OFF;

Discussion:

This command controls the interrupt that asserts SRQ
when the front panel INST ID button is pressed. The ON
argument enables the interrupt; OFF disables it

Other status interrupt commands are: CL1, OPC, OVER-
RANGE, PLI, and RQS.

3.34 . USEREQ {User Reqguest)

VPP (Voits Peak-to-Peak)
Type:
Setting or query

Setting syntax:

VPp <num>

Examples:

VPP 6.5
VPp 355E-3

Query syntax:
VPp?

Guery response syntax:

VPP <num>>;

Discussiom

This command converts the p-p value specified in the
argument to its equivalent rms vaiue and sets the amplitude
to the Vrms value. Also sets the urits for the AMPLITUDE
command to Vrms.

The query command returns the amplitude setting in Vp-
p units,

The following commands also set the amplitude:

AMPLITUDE
DEM

DBy

VRMS

VPP (Voits Peak-to-Peak)



VRMS
Type:
Setting or query

Setting syntax:

Vrms <num>>

Examples:

VBRMS 8.5
VBRM §
V 455E-3

Query syntax:

Vrms?

Query response syntax:
VRMS <num>;

Query response example:
VBMS 5.50;

Discussion:

This command sets the amplitude for the enabied func-
tion to the Vrms vaiue specified in the argument. Also sets
the units for the AMPLITUDE command to Vrms.

The following commands also set the amplitude:

AMPLITUDE
DEM

DBU

VPP

VRMS
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3-35



Programming—SG 5010

MESSAGES AND COMMUNICATION PROTOCOL

Command Separator

A message consists of one command or a series of com-
mands, followed by a message terminator. Commands in
muitiple command messages must be separated by semico-
lons. A semicolon at the end of a message is opticnal. For
example, each line below is a message.

INIT
TEST:INIT;RQS ON;USER OFF;iD?,SET?
TEST;

Message Terminator

Messages may be terminated with EOI or the ASCli line
feed (LF) character. Some controllers assert EOI concur-
rently with the last data byte; others use only the LF charac-
ter as a terminator. The instrument can be set to accept
gither terminator. With EQF ONLY selected as the termina-
tor, the instrument interprets a data byte received with E01
asserted at the end of the input message; it also asserts
EQ! concurrently with the last byte of the output message.
With the LF/EO! setting, the instrument interprets the LF
character without EQ! asserted (or any data byte received
with EQI asserted) as the end of an input message; it trans-
mits carriage return (CR) foliowed by line feed (the LF with
EQt asserted) to terminate oulput messages.

Formatting A Message

Commands sent to TM 5000 instruments must have the
proper format {syntax) to be understood; however, this for-
mat is flexibie in that many variations are acceptabie. The
following descrives the format and the acceptable
variations.

The instruments expect all commands to be encoded in
ASCH, with either upper or lower case ASCl characters
acceptabie. All data output is in upper case.

As previously discussed, a command consists of a
header, followed, if necessary, by arguments. A command
with arguments must have a header detimiter, which is the
space character (SP} or a cornma (,) between the header
and the argument. The space character (SP), carriage return
(CRY), and line feed (LF) are shown as subscript in the follow-
ing examples.

RQSg,ON
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If extra formatting characters SP, CR, and LF (the LF
canniot be used for format in the LF/EQH terminator mode)
are added netween the header delimiter and the argument,
those characters are ignored by the instrument.

Exampie 1: RQ3g,0N;

Example 2: RQSgps pON;

Example 3: RQSgp cp 15
e 5pON

in general, these formatting characters are ignored after
any delimiter and at the beginning and end of a message.

spRQSgeON; e ¢
~PUSERGOFF

In the command list, some headers and arguments are
listad in two forms, a full-length version and an abbreviated
version. The instrument accepts any header or argument
containing at 'east the characters listed in the short form;
any characters added to the abbreviated version must be
those given in the fuli-length version. For documentation of
programs, the user may add alpha characters to the fuli-
length version. Alpha characters may alsc be added to a
query header, provided the question mark is at the end.

USER?
USERE?
USEREQ?
USEREQUEST?

Multiple arguments are separated by a comma; however,
the instrument will aiso accept a space, spaces, or a ¢olon
as a delimiter.

23
2653
2,603

NOTE

In the last example, the space is treated as a format
character because it folfows the comma (the argument
delimiter),

Number Formats

The instrument accepts the following kinds of numbers
for any of the numeric arguments.



— Signed or unsigned integers (inciuding +0 and -0).
Unsigned integers are interpreted as positive.

Examples: +1,2,-1,-10

— Signed or unsigned decimal numbers. Unsigned deci-
mal numbers are interpreted as positive.

Examples: -3.2,+5.0,1.2

— Floating point numbers expressed in scientific
notation, :

Examples: +1.0E-2,1.0E-2,1.E-2,0.01E+0

Rounding of Numeric Arguments

The instrument rounds numeric arguments to the nearest
unit of resolution and then checks for out-ofwrange
conditions.

Message Protocol

Upon receipt by the instrument, a message is stored in
the Input Buffer, then processed, and executed. Processing
a message consists of decoding commands, detecting de-
fimiters, and checking syntax. For setting commands, the
instrument then stores the indicated changes in the Pending
Settings Butfer. if an error is detected during processing,
the instrument asserts SRQ, ignores the remainder of the
message, and resets the Pending Settings Buffer. Resetting
the Pending Settings Buffer avoids undesirable states that
could oceur if some setting commands are executed while
others in the same message are not.

Executing a message consists of performing the actions
specified by its command{s). For setting commancs, this in.
volves updating the instrument settings and recording these
updates in the Current Settings Buffer. The setting com-
mands are executed in groups--that is, a serles of setting
commands is processed and recorded in the Pending
Settings buffer before execution takes place. This allows
the user ot specify a new instrument state without having to
consider whether a particular sequence would be valid. Nor-
mally, execution of the settings cccurs when the instrument
processes the message terminator, a query-output corm-
mand, or an operational command in a message. The nor-
mal executiion of settings is modified by the DT sefting
commands.

When the instrument processes a gquery-output com-
mand in a message, it executes any preceding setting com-
mands to update the state of the instrument. It then
executes the guery-ocutput command by retrieveing the ap-
propriate information and putting it in the Output Buffer.
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Processing and execution then continue for the remainder of
the message. The data are sent to the controller when the
instrument is made a talker.

When the instrument processes an operational command
in a message, it executes any preceding setfting commands
before executing the operational command.

Multipie Messages

The Input Buffer has finite capacity and thus a single
message may be long enough to fill it. in this case, a pertion
of the message is processed before the instrurment accepts
additional input. During command processing, the instru-
ment holds off additional data (by asserting NRFD) until
space is available in the buffer. When space is available, the
instrument can accept a second message before the first
has been processed. However, it holds off additional mes-
sages with NRFD until it completes processing the first.

After the instrurment executes a guery-cutput command
in a message, it hoids the response in its Qutput Buffer untit
the controlier makes the instrument a talker. If the instru-
ment receives a new message before all of the output from
the previous message is read, it clears the Output Buffer
before executing the new message. This pravents the con-
trofler from getting unwanted data from oi¢ messages.

One other situation may cause the instrument to delete
output. The execution of a long message might cause both
the Input and Qutput Buffers to become full. When this oc-
curs, the instrument cannot finish executing the message
because it is waiting for the controller 10 read the data it has
generated; but the controfier cannot read the data because
it is waiting 1o finish sending its message. Because the in-
strument Input Buffer is full and it is hoiding off the rest of
the controllers message with NRFD, the system is hung up
with the controller and instrument waiting for each other,
When the instrument detects this condition, it generates an
error, asserts SRQ and deletes the data in the Output
Buffer. This action allows the controfler to transmit the rest
of the message, and informs the contreller that the message
was executed and that the output was deleted.

A TM 5000 instrument can be made a talker without hav-
ing received a message that specifies the output. In this
case, an acquisition instrument {(a counter or a multimeter}
returns a measurement if one is ready. if no measurement is
ready, it returns a single byte message with all bits equal to
1 (with message terminator). Non-acquisition TM 5000 in-
struments will return only this message.

3-37



Programming—SG 5010

instrument Response to IEEE-488 Interface
Messages

interface messages and the effects of those messages
on the instrument interface functions are defined in IEEE
Standard 488-1978. Abbraviations from the standard are
used in this discussion, which describes the effects of inter.
face messages on instrument operation. The character A
represents the instruments listen address {the sum of its
primary GPIB address plus 32); B is the instruments talk
address (the sum of its primary GP!B address plus 64).

UNL—Unlisten (WBYTE @63:)
UNT—Untak (WBYTE @85:)

Wwhen the UNL command is received, the instrument fis-
tener function goes to its idie state (unaddressed). In the idie
staie, the instrument will not accept instrument commands
from the IEEE-488 bus.

The talker function goes 1o its idle state when the instru-
ment receives the UNT command. in this state, the instru-
ment cannot supply output data via the bus.

The ADRS indicator is off when both the talker and iis-
tener functions are idle. If the instrument is either talk-ad-
dressed or listen-addressed, the indicator is on.

IFC—Interface Clear (Bus pin 9)

This uniine message has the same effect as both the
UNT and UNL messages. The front panei ADRS indicator is
off.

BeL—Device Clear (WBYTE @20:)

The Device Clear message reinitializes communication
between the instrument and controiler. In response to DCL.,
the instrument clears any input and cutput messages and
any unexecuted settings in the Pending Settings Buffer.
Alsc cleared are any errors of events waiting to be reported,
except the power-on event. If the SRQ line is asserted for
any reason other than power-on when DCL is received,
SRQ is unasserted.

SDC—Selected Device Clear (WBYTE @A 41)

This message perfarms the same function as DCL; how-
ever, only instruments that are addressed respond to SDC.
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GET--—-Group Execute Trigger (WBYTE @A.8:)

The instrument responds to <GET> only if it is listen-
addressed and the instrument device trigger function has
been enabled by the Device Trigger commang (DT} The
<GET> message is ignored and an SRQ generated if the
0T function is disabled (DT OFF), the instrument is in the
local state, or i a message is being processed when
<@GET> is received.

SPE—Serial Poll Enable (WBYTE @24:)

The SPE message snables the instrument to supply out-
put serial poll status bytes when it is talk-addressec.

$PD—Serial Poll Disable (WBYTE @25:)

The SPD message switches the instrument back to its
normal operation of sending the data from the Cuiput
Buffer.

MLA—My Listen Address (WBYTE @A:)
MTA--My Talk Address (WBYTE @8:)

The primary listen and talk addresses are established by
the instrurment |IEEE-488 bus address. The current setting of
the bus address is displayec on the front panel readout win-
dow when the INST ID button is pressed. When the instru-
ment is addressed to talk or listen, the front panel ADRS
indicator is fighted. (A = bus address + 32, B = bus ad-
dress + §4.)

LLO—iocal Lockout (WBYTE @173)

In response to LLO, the instrument changes to a iockout
state--from LOCS to LWLS or from REMS to RWLS.

REN—Remote Enable (GPIB pin 17)

If REN is true, the instrument may change (0 a remote
state (from LOCS to REMS i the internal message return-
to-local (1) is faise, or from LWLS to RWLS when its listen
address is received. REN false causes a transition from any
state to LOCS; the instrument stays in LOCS as long as
REN is false.



A REN ftransition may ocour after message processing
has begun. In this case, execution of the message being
processed s not affected by a transition.

GTL~Go To Local (WBYTE @A,1:)

Only instruments that are fisten-addressed respond to
GTL by changing to a local state. Remote-to-locai transi-
tions caused by GTL do not affect the execution of the mes-
sage being processed when GTL was received.

Remote-Local Operation

The preceding discussion of interface messages de-
scribes the state transitions caused by GTL and REN. Most
front panel comtrols cause a transitiion from REMS to LOCS
by asserting a message called return-to-iocal (rt). This tran-
sition may occur during message execution; but, in contrast
to GTL and REN transitions, a transition initiated by rif does
affect message execution. In this case, the instrument gen-
erates an error if there are any unexecuted setting or cpera-
tional cormmands. Front panel controis that change only the
dispiay (such as INST ID) do not affect the remote.local
states—only front panel controls that change settings as-
sert rt. The rif message remains asserted while multiple
keystroke settings are entered, and it is unasserted after the
gxacution of the settings. Since rtf prevents transition {0
REMS, the instrument unasserts r#f if a multiple button se-
quence is not completed in a reasonable length of time (ap-
proximately 5 to 10 seconds).

The instrument maintains a record of its sattings in the
Current Settings Buffer and new settings from the front
panel or the controlier update these recorded settings. In
addition, the front panel is updated to reflect setting
changes caused by commands. instrument settings are un-
affected by transitions between the four remote-local states.
The REMOTE indicator is lighted when the instrument is in
REMS or RWLS.

Locat State (LOCS)

In LOCS, instrument settings are controiled by the oper-
ator via front panel pushbuttons. When in LOCS, only bus
commands that do not change instrument settings are exe-
cuted (query-output commands). All other bus commands
(setting and operational generate an error since those func-
tions are under front panel control.

Local Without Lockout State (LWLS)

The instrument operates the same as it does in LOCS,
except that rif wilt not inhibit a transition to remote.
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Remote State (REMS)

In this state, the instrument executes ali instrument com-
mands. For commands having associated front panel indi-
cators, the front panel is updated when the commands are
executed.

Remote With Lockout State (RWLS)

instrument operation is similar to REMS operation ex-
cept that the rt/ message is ignored. (The front panel is
locked out.)

STATUS AND ERROR REPORTING

Through the Service Request function {defined in the
|EEE-4B8 Standard), the instrument may alert the controller
that it requires service. This service request is also a means
of indicating that an event (a change in status or an erron}
has occurred. To service a request, the controller performs
a Serial Poll. In response, the instrument returns a Status
Byte (STB), which indicates whether it was requesting set-
vice or not. The STB can also provide a limited amount of
information about the request. The format of the information
encoded in the STB is given in Fig. 3-2. Note that, when
data bit 8 is set, the STB conveys Device Status informa-
tion, which is contained In bits 1 through 4,

Because the STB conveys limited informaticn about an
event, the events are divided into clagses, the Status Byte
reports the class. The classes of events are defined as
follows:

COMMAND ERROR-indicates that the instrumant has
received a commandg that it cannot
understand.

EXECUTICN ERROR—-Indicates that the instrument has
received a command that it can-
not execute. {This is causes by
out-of-range arguments or
settings that conflict.)

INTERNAL ERROR-—Indicates that the instrument has
detected a hardware condition or
firmware problem that prevents
operation.

SYSTEM EVENTS-—Events that are common to instru-
ments in a system {e.g., Power On,
User Request, etc.).
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o { if 0, STB indicates event class

r H 1, $TB indicates device status
§ {-- - = = 1 if raquesting service
i i o 1 indicates an abnormal event
% ; { [ e — 1 it message processor is busy
: : i : == = — 1 — Define events if bit 8 is set
IR I A
B|7:6 5|43 2 1 DATA BITS
12864 32116 8 | 4 | 2 | 1 | DECIMAL WEIGHT
Normai Events:

g|lt1j0|X]06G €0 1 Power-up (65)
glt1io0 | X 01071 k| IG user request {67}

Device Dependent Events:
it 0 X018 0 1 Sweep out-of-range (183}
Tt 0 X |20 1 G Out of iock {194}
1i1i@ ;X |G| 0 1 1 Into lock (195)
110Xt o0o|t1:0:8 Out of current limit (196)
11110 X {0 |1 g i1 Into current iimit (197)

Abnormal Events:

gl1y11X:10iG6i10 1 invalid command header (97}
e |11 0:0 1110 Settings lost due to rtl {38)
a |1 1 010 1 1 System error (39)

4334-10

Fig. 3-2. Definition of STB bit configuration with examples.

EXECUTION WARNING—Indicates that the instrument
is aperating, but that the user
should be aware of potential
problems.

INTERNAL WARNING.-—indicates that the instrument
has detected a problem (e.g..
out-of.calibration). {The instru-
ment remains operational, but
the probilem  should be
corrected.)
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DEVICE STATUS - Device Dependent events.

The instrument can provide additional information about
many of the events, particularly the errors reported in the
Siatus Byte. After determining that the instrument re-
quested service (by examining the STB], the contreller may
raquest the additional information by sending an ERR query
(ERR?). In response, the instrument returns a code that de-
fings the event. These codes are described in Table 3-1.
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Table 3-1
ERROR QUERY AND STATUS INFORMATION

ABNORMAL EVENTS

Event Priority Error Query Serial
Response or Polt
Displayed Code Response?®

Command Errors:
Invalid command header 2 101 a7
Header delimiter error 2 102 a7
Argumeant arror 2 103 a7
Argument delimiter error 2 104 97
Missing argumery 106 97
invalid message unit delimiter 2 107 97
Binary block checksum error 2 108 97
Binary block byte-count error 2 108 97
Execution Errors:
Not executable in local mode 3 201 98
Settings lost due to rtl 3 202 g8
input and output buffers full 3 203 a8
Argument out-of-range 3 205 98-
Group Execute Trigger ignored 3 206 98.
Amplitude/Batance conflict 3 281 98
Amplitude/RSource conflict 3 262 98
Amplitude/Function conflict 3 263 98
Fregquency/Function conflict 3 264 g8
Sweep Parameter conflict 3 265 o8
Internal Errors:
Interrupt fault 4 301 9¢
System error 4 302 98
Qutput overloaded® 5 309 9%
Analog power supply error? B 310 89
Phase lock arrord 7 315 29
Current limit error® 8 319 8¢
Sine wave oscillator error® 9 320 8¢
Oscillator 1 k band error® 10 321 99
Oscillator 10 k band error® 11 azz2 9g
Osciltator 100 k band error® 12 323 99
Square wave generator error® 13 324 ag
Burst generator error® 14 325 99
Burst lo byte counter error® 15 326 99
Burst hi byte counter? 16 327 89
Burst gate line asserted error® 17 328 g9
Burst gate line unasgserted errort 18 329 39
40 Mz IM Freq error? 19 330 99

st the GPIB message processor is busy, the number relurned for 2 serial poll is 16 (decimal) higher than the number listed.

5This error is also displayed on the instrument front panel.
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Tabie 3-1 (cont.}

ABNORMAL EVENTS

Event Priority Error Query Serial
Response or Poli

Dispiayed Code Response®
50 Hz IM Freq error? 20 331 88
60 Hz IM Freq errort 21 332 9g
80 Hz IM Freg errort 22 333 9%
100 Hz IM Freq error? 23 334 99
125 Hz IM Freq error® 24 335 99
250 Hz (M Freq error® 25 336 99
500 Hz IM Freg error® 26 337 99
Systern RAM failurec 340
GPIB address setting ceil errore 348
Power-up stored settings celf error® 27 349 89
Stored settings cell 0 error® 27 380 g8
Stored settings ceft 1 error® 27 351 99
Stored settings cell 2 error? 27 352 99
Stored settings celi 3 error® 27 353 9g
Stored settings celi 4 error® 27 354 99
Stored settings cell 5 error® 27 355 el
Stored settings cell 6 error® 27 356 99
Stored settings cell 7 error® 27 357 88
Stored settings cell B errar® 27 358 89
Stored settings cell 8 error® 27 358 99
BOOC ROM placement errore 368
CO000 ROM placement errore 372
8000 ROM checksum errors 388
C000 ROM checksum errore 392
Execution Warning:
Signature analysis mode® 521

NORMAL EVENTS
Event Priority Error Query Serial
Response or Poll
Displayed Code Response®

System Events:
Power-up 1 401 85
Operation complete 28 402 66 -
1D user request 30 403 687
No errors or events 0 128
Device Dependent Events:
Sweep step out-of-range 29 702 183
Qut of lack 28 731 194
into fock 29 732 195
Out of current fimit 29 733 196
into current limit 29 734 157

€This error is only dispiayed on the instrument front panel.
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if there is more that one event 1o be reported, the instru-
ment continues to assert SRQ until it reports all events,
{SRQ "stacking™ consists of reporting only the latest event
of each priority level.) Each event is automatically cleared
when i is reported via Serial Poll. The Device Clear (DCL)
interface message may be used to clear aii events except
Power-On,

Commands are provided to controi the reporting of some
individual events and to disable all service requests. For ex-
ample, the User Request command (USER) provides indi-
vidual control over the reporting of the user request event
that occurs when the front panel INST 1D button is pressed.
The Request for Service command (RQS) controls whether
the instrument reports any events with SRGQ.

RQS OFF inhibits all SRQ's. When RQS is OFF, the ERR
query allows the controiler to find out about events without
first performing a Serial Poil. With RQS OFF, the controiler
may send the ERR query at any time and the instrument will
returr an event waiting to be reported. The controller can
clear all events by sending the ERR query untit a zero (0)
code is returned, or clear all events except Power-On
through the DCL interface message.

With RQS QFF, the controller may perform a Serial Poli,
but the Status Byte contains only Device Dependent Status
information. With RGS ON, the STB contains the class of
the event and a subsequent error query returns additional
information about the previous event reported in the STB.
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Responses io Interface Messages

Interface messages and the effects of those messages
on the SG 5010 interface functions are defined in IEEE
Standard 488-1978. Abbreviations from that standarg are
used in this description of the effects on instrument
operation.

Bus interface control messages can be sent as iow-level
commands through the use of WBYTE controiler com-
mands. in the foilowing fist of interface control messages. A
represents the instruments listen address (32 plus the in-
strument address), and B represents its talk address (64
plus the address).

Listen {(MLA) WBYTE @ A:
Uniisten (UNL} WBYTE @ 83:
Talk {MTA} WBYTE @ B:
Untalk WBYTE @ 95:
Untalk-Unlisten WEBYTE @ 63,95
Device Clear (DCL) WBYTE @ 20:
Selective Device Clear (SDC} WBYTE @ A4:
Go To Local (GTL) WBYTE @ A1
Remaote with Lockout (RWLS) WBYTE @ A17.63:
{.ocal Lockout (LLO) WEBYTE @ 17:
Group Execute Trigger <GET> WBYTE @ A.8:
Serial Poill Enabie (SPE} WEYTE @ 24:
Serial Poll Disable {SPD) WBYTE @ 25;

These commands are for TEKTRONIX 4050-Series con-
trollers, but are representative of those for other controliers.

3-43.



Programming-—5G 5010

POWER-ON SEQUENCES AND SETTINGS

Each time power is applied to the SG 5010, the internal
microprocessor performs a self-test diagnostic routine 10
check the instrument RAM and ROM functionality. if 2 RAM
or ROM error is found, an error code will be displayed on the
front panet readout, In this error state, the SG 5010 will not
respond to input from the front panel or the IEEE.488 bus
interface.

if no RAM or ROM error is found, the microprocessor
performs further routines that check the functionality of
other instrument hardware. Internal errors detected after the
RAM and ROM tests have been completed successtully will
be reported at the front panel and/or over the IEEE-488 bus.
In this error state, the SG 5010 will respond to input and will
attempt to operate despite the error. After successful
power-on, an arror code may be removed from the display
by pressing the front panet CLEAR button. The ENTER but-
ton wilt display each accumulated error code, one at a time.
The display will be filled with blanks when all arror codes
have been displayed,

When the self-test has been completed, the SG 5010
enters the local state (LOCS) and assumes the settings in
use when previously powered down, with the following
changes:

CL! OFF
DT OFF
OFC OFF
OVER OFF
PLI OFF
HQS ON
USER OFF

tf a power-up stored settings error occurs, the 3G
5010 assumes the following default settings:

Header Argument
AMPL 1:VRMS;
BAL ON;

GL OFF,
DISPLAY VRMS;
oT OFF;
FREQ 10000;
FUNC SINE;
GND OFF;

IMF 60;
NSTEP 30,LOG;
QFFCYC a0,
ONCYC 10

opPC OFF;
ouT - OFF;
OVER OFF;

PLI OFF;

344

ASAC 600,

RQGS ON;
STARTF 20;
STOPF 20000,
STARTV 0.1;
STOPY 10.0;
SWEEP QOFF;
STEPT 0.1, FREQ:
USER QOFF;

After the SG 5010 completes the power-up seif test

and initializes its settings, it also asserts the SRQ line on
the IEEE-488 bus unless the bus address is set to 31.

Additional assistance in developing specific apptica-

tion oriented software is available in the following
Tektronix manuais.

1.

10.

11.

12.

070.3985-00 GPIB Programming Guide. This man-
ual is specifically written for applications of this in-
strument in  |EEE.488 systems. It contains
programming instructions, tips, and some specific
example programs.

070-2270-00 4051 GPIB Hardware Support Manual. |
This manual gives an in-depth discussion of IEEE-
488 bus operation, explanations of bus timing details
and early bus interface circuiry.

. 070-2058-01 Programming in BASIC.

070-2059-01 Graphic programming in BASIC.

062-5971-01 4050-Series programming aids, T1 {in-
cludes software).

062-5672-01 4050-Series programming aids, T2 {in-
cludes software).

070-2380.01 File Manager operators manual.
070-2128-00 4924 Users manual.

070-1940-01 4050-Series graphic system operators
manual.

070-2056-01 4050-Series graphic system reference
manual,

070-3818-00 4041 operators manuat.

070-3917-00 4041 Programming reference manual,
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UNIVERSAL COMMANDS LISTEN ADDRESSES OR COMMANDS

87 2

-

I

U)o

o |

KEY TO CHARY

et L2t PP GPIB code
NA K —— ascit character
P g n 15 {21}~ l—— decimal

339113

Fig. 3-3. ASCIl and |IEEE 488 (GPiB) Code Chart.
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PROGRAMMING EXAMPLES

100
110
120
130
140
150
160
170
180
190
200
210
2z

230
240
250
240
270
280
290
360
310
320
330
340
350
140
370
380
190
400
410
420
430
440
450
440
470
480
490
500
510
£20
530
S40
550
560
570
580
590
500
610
£20
630
640
650
460
470
480
£90
700
710
720

HEHREREENE AR AN R KB AL XD RA R R R RB BN S AR LR R RE LR R

wuunse TALKER/LISTENER FPROGRAM FOR 40524 / S0 IT01i0 wsxswx
AHBENPHERE L LR R A AR R BB DI RS ERRRURRRHERRRNN RN A CERNR AR RN RN RN

Juty 11, 1983

FURPOSE :

Supports operator interaciion with the S0 %010 over the GFIE,
The operator maw enter 56 5010 commands and observe the

results, Service requests:s such as for an incorrect command:
are handled,

REGUIRED ERUIPMENT:
40524 Controiltlar
SG 5010 Progrsmmable 140 kHz Osciflator

VARIABLES USED:

Chansge if instrument set to other address.

Sppll_stat —-= Status returned by seria! poll from first
instrument reauesting service.

Addr_{ist_indx -- Address [ist index returned by serial epoll.
Addr _list -- Arraw of addresses found be CONFIEG routine.
Lonfid_tnde -- Flag returned by config routine,

S¢_command$ —- Commands entersd by the orerator and directed
to the SG 50190.

5G_response$ -- Resronse from the 86 5010 to S¢ commands
(huil if no output command contasined in S4_commands),

ROUTINE CALLED:
Serial poll subroutine handles instrument service reauests
frem ail instruments on the bus.

POSSIRLE ERRORS:
56 %010 primary address is set different than the nusber
assigned to S¢ _pri_addr.

!
INIT
UIM Ss_reseronses (300}, 84 command${100) rAddr _1ist{1d)
S$¢_pri_addr=25
[
CALL “config“sConfid_coderAddr_iist
IF Config_code THEN
FRINT “Configuration routine failed due to probiem on GFIB.”
STOF
END IF
|
OGN SRO THEN 790¢
1

FRINT "56 S010 TALKER/LISTENER FROGRAM"
I

FRINT "Enter command message: "j

INFUY Sg_cossand$

FRINT PGSy eri addriSg commands

INFUT @S eri addr!58 responses

FRINT S3 reserinsss

g _eri_sddr -= S6 5010 erimary address. Assigned value of 20.

4335171
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Fig. 3-4. $G 5010 Talker Listener program {4052A).
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730
740
750
7460
770
780
79C
800
810
820
830
840
830
B840

GO TO 480
END

H

I Serial paiti routine
LOCAL S¢_rerorts

LIM Sg reeorts (B0}
#OLL addr list_indw,Spolf|_statiAddr_list
IF Addr 1ist(addr Tist indx>=84 sri addr THEN
FRINT @Sy pri addri™id?ierrmsg?””
INPUT @8s mri addriSg reports
FRINT "ADDRESS="jAddr tist(Addr Tist indx)»"STATUS="}%poit stat
FRINT §% rerart$ - = - -
END IF -
RETURN I From service reauest subroutine

433112

Fig. 3-4 cont. 5G 5010 Talker Listener program (4052A).
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i00
110
120
130
140
150
1490
170
180
190
200
210
220
236G
240
250
250
270
2890
290
300
310
320
330
340
350
340
370
380
3%0
400
410Q
420

Py e Y s I IS ETEE S LSS RS A RS LS L LR LE R
usnunen  TALKER/LISTERNER FPROGRAM FOR 4041 / 8G G010  sussswnix
frvpegrgrgggr S S P I T IR XTI TE S S SR E ST E RS SEES SIS RS EE S LS L L L
June 14 1983

FURPOSE?

Sursorts operator interaction with the 8§ 5010 over the BFIB.
The operator may enter S6 5010 commands and observe the resultis,
Service resuestss such as for an incorrect command, are handlied.
REQUIRED EQUIFMENT:

4041 Controlier (U2.0)

56 %010 FProsrammatiie 1860 kHz Oscitlator

VARTIABLES USBED:

Sg_pg -— 86 5010 primarw address. Assisned value of 25. Change if
instrument set to other address.

§3_port -= Port where SG 5010 connected. Assigned value of Q.
Change if instrument is connected to GPIRBY instesad of GFIEG.

Sa@stremt -- Stream sepecification for 86 3010,

Srolists -- Status returned by first instrument found reaussting service,
Spotiladd -- Address of firgt instrument found reaquesting service.
Command$ -~ Commands entered by the orerator and directed to the S6 3010,

kesponst ~- Resronse of the §6 5010 to command$ (pull if no outeut
command contained in commands).

433113
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Fig. 3-5. $G 5010 Taiker Listener program (4041).
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430
440
450
460
4790
480
490
500
310

. §320

330
540
580
860
570
580
590
400
610
620
630
440
450
640
670
480
490
700
800
810
820
B3O
840
BZO
840
B7¢
880
890
F00
%10
P20
730
P40

Tik

Sub

LOGICAL UNIT USED:
100: Assiged to 56 5010 stream spec,

ROUTINE CALLED:
Follbus Handies reauest for service from gny insirument on the
bus selected by the 56 5010 stream seec.

FOSSIKLE ERRORS:
S¢_ra or s¢_rort varishles de not match the $6 5010 primary address or
port where 86 5010 is connected, respectively.

Dim respons$ to 300,command$ to 100,sdstirem$ to 20
Inteder sd_rassrolistarsproliaad,sd _rort

S¢_pa=25

¢ rort=0

Sgstrems="gprib "dstreiag_rportl&  (pri="4streisd paid™ "
Oren #100isdstirem$

Selpct sgstrem$

On sra then call sollbus

Enabie sra

_bisnt input promet "Enter command messase’ Ticommand$

InPput #100 Prompt command$iresronss

Frint responss | S5 S010 returns blank tine if not averied in commanas
Goto tik_lisn

End | Main

soflbuys tocal rerorts

FURFOSE !

Handles gprib service reauests. Folls a&il eprimary addresses until
source of sra is found. If sra from instrument at 86 801C errimary
address: routine queries id and error messade.

LOCAL VARIABLE:
Report$! 1Id and event reeport from instrument at sd_rps if it has sra,

flim rerprts to 80

Foll serollstarsralladd

1f seoliladd=sg_pa then input #100 promet "id?jerrmedg?  ireports

Print reportd, STATUS="jsroilstar "ALIRESS="isroiladd, "PORT="ival (sgstremns)
Resume

End ! Sub epolltws

4331 14

Fig. 3-5 cont. $G 5010 Talker Listener program (4041).
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100
110
120
130
140
130
150
170
180
190
200
210
220
230
24¢
250
260
270
280
290
300
310
320
330
340
350
3460
370
380
320
400
410
420
430
440
450
440
470
480
490
302
%10
530
530
540
580
5460
570
580
90
400
410
430
4630
440
450
660
670
&80
490
700

I
i
i
]
'
H
H
H
H
1
1
i
1
!
t
1
i
I
1
1
1
1
1
b
'
1
!
i
i
'
!
!
!
t
i
i
!
i
i
i
i
H
]
1
i
'
!
i
1
!
b
H
H
1
!
4
i
i
t

NI

i

ﬁﬁ***ﬂ**ﬁ***!*******ﬁ#ﬁ****i*****!**ﬁdiﬁﬂi*i!ﬁ*!***i**ﬂ**ﬁi*ﬁ**

wuukEnrERwx 10 HZ TO 100 KHZI RESPONSE TO LOG SHEEFR *erukasuxsEs
**ﬁ*********i****&*****#*********ﬁ**ii*i**i*ﬁ****i***i**i*l*&&*

Foar 405248 5/14/83

Copeuright (e} 1993, Tekironix Inco. gil rights reserved.
This software is provided on a0 "as is” hasis without warranty
of any kind. It is not supported.

This prosram maw be reproduced without prior permission: in
whole or in epart: by the original purchaser. Cories must
inciude the above copurighi and warranty notice,

PURFOSE: )
fecards the response of 3 system to a3 leveied inrubl signal
between 10 Mz and 100 kHz and Prints the results,

REQUIRED EQUIPMENT:

86 5010 Frosrammable 140 kHz Oscillator at address 33
IM 5010 Programmabie Digital Multimeter at address 16
40524 Controiler

GLOBAL VARIABLES!

Addr ! Address asrray of instruments found by Config routine.
Caderatt Flag set by Config routine.

E$: Report returned by instrument that reduests service.
Neroints: Number of paoints in freduency sweer.

§4_frea: Arras 0f frequency points in sweer,

Autame: Array of OM 5010 readinge from esch point in sweer,
Ampint Amplituwde of 86 010 signai.

Limésettlt Tolerance used to check DM readings for setiling,
Freastart: Beginning soint of sweer.

Freastori Ending point of sweer.

Gs_par SE S010 erimary address.

M ezt [ 5010 eprimary address.

Lfr: Flag for state of UM S010 (ow-freauency reseonse function.
Measure! FReading returned from (M settling routine.

Index: Index to Addr array set by FPOLL.

Stabut: Status bute acauired by the seriat eoll handier,

SUBFROGRAMS CALLED:
_loguweer! DGenerates freavency points for sweee.
Bttidrds: Bets reading from N 5010, allowing for settiing,

GPERATING INSTRUCTIONS

Connect 40524 and THM S000 pouwer module with GFIE cabile.

Set OM %5010 amd 86 5010 messsse terminator to ECGT ONLY.

Chandge instrument addresses or variables s¢_sfa and dm_Pa S0
the srogram and insiruments adree.

Connect S0 S010 owt to DUT in and DUT out to DM 5010 in.

ERRORS ¢
No GFI® error handlers are linked so programn stoes with default
sustem &rror messadge if error sych ss wrondg address occurs,

INSTRUMENY CONTROL:
Polie alt instruments on GPIE by srimary address only,

T

710 TIM Addr(15)
720 CALL “"config”,Coderetihddr

4231 15

3-60

Fig. 3-6. SG 5010 program exampie (4052A).
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730
740
750
7460
e

78¢
790
800
810
820
83¢
840
85¢
B60
870
880
8990
200
210
20
730
P40
50
P60
F70
780
720
1000
101¢
T 1020
1039
1049
1050
1040
1070
10890
1090
1100
1110
1120
1130
1140
1150
1140
117¢
£180
1190
1200
12190
1220
1230
1240
1250
1260
1270
128¢C
1290
1360
1310
1320
1330
1340

IF Coderet THEN
IF Coderet=1 THEN
FRINT “More than 15 devices connected to GFIR.”
ELSE
FRINT "Ne one home on GBFIE. Check power to insiruments and GF

IB"

FRINT “"cable connections.”
ENL IF
PRINT "Fix problem and RUN the eprogram again,”
STOF

END IF
ON SRO THEN 132¢C
¥
| Set variatiles
Nepints=41
IIM Sg_freadNeoints) Outame (Nroints) +E€(3D)
Qutame=0
Ame in=0. 5
Limdgetii=0,1 | Fassed to sub sttldrdel because UM is set
! to dErs .1 is eauivalent to sbout 14, )
Freastart=10
Freastor=100000
Sg_pa=2%
Om_ra=1é
]
I Init instruments
FRINT @8d_pa:"initivrms “JAmeini " fout on”
FRINT @Bm_ﬁa="initiacv;dbr “jampini”icalc dBridig 3.5°
t 4B referred to ampin’ dig 3.5 iz fasiter and loses no accuracy
i in acv compared to dig 4.9,
]

CALL _lossweer (Freastart,Fresstor NrointssSs_frea)
]

I Log data within FOR/NEXT joos
Lfr=0 | IM |f rese function was turned off above by INIT to DM

FOR N=1 TO Nepoints
FRINT @Ss_pat USING "faxfd.ld"i"frea”iSs frea(N) :
IF Sg_fraalN) (20 THEN t Set IM ifr function on beipw 20 Hz
IF NOT(Lfr: THEN | Skire if |fr Blready on
FRINT @Om_epa!"1fr on”
Lfr=1
END IF
ELSE i Set OM low-freauency response off for 20 H:r and above
IF Lfr THEN t Skir if Ifr aireadu off
FRINT BDm_pai™ifr off”
LFr=0
ENDIt IF
ENDF IF
CaLL Sttldrdg(iim_ras/Limdsettl Heasure)
Dutamp (N)=Measure | [an’t rass by reference into array

MEXT N
?

I Displiay results
PRINT USING "fa33xfa"!"FREQUENLCY s "GAIN"

FOR N=1 TU Nepoints

FRINT USING "2xédlltéd.1d”:5g_freadN) sQutame (N}
NEXT N

1
END

I Sut to handle sras
FOLL Index,StabutiAddr | Folis wsing array obiained bw Confid
FRINT @Addr (Index) ! id?ierr?”
INFUT BAddr (Index) tE$

4331 16

Fig. 3-6 cont. $G 5010 program example {4052A).
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1350 PRINT “ALDRESS “jaddr (Index)"STATUS "iStabwt,E$
13460 RETURN

1370
138¢
1390
1400
1410
1420
1430
1440
1450
14460
1470
1480
1490
1500
1510
1520
1530
1546
1550
1540
1570
1880
1590
1440
14610
1420
1630
14640
1450
1669
14670
1680
14940
1700
1710
1720
1730
1740
1750
17460
1776
1780¢
179¢
1800
1810
1820
1830
1840
1830
1840
1870
188G
189¢

1900
1910
1929
1930
19490
1930

H
i
!
!
!
i
i
1
1
b
H
3
1
1
1

SUR

g R T T T T T T T T L LR TR E T VIS 2 L LR L L
40528  LOG Sweee Scbiroutine

FURFOSE @
Generates an arras of freauvencies which are distributed
logarithmicaily according to the input sarameters.

INFUTS:

Paraml (Fstart)! Sweep start freauenty.

Faram? (Fstor)! Sweer stor freauency.

Faram3 {_eoints): Number of frewuvency points in sueer.
QUTHEUT:

Arraw Freaar contains the caiculsted discrete freauencies.
PR TP T T T I TS TSI YT LS TR R 22 2 LR 2 S S X
_logsueep (Fstart,Fstor,_roints,;Freaar)

LOCAL Nesters:StsizerlndexsCount

Nsters=_points~l

Steizes (LOT(Fator)-LBT(Fstart)) /Nsters

Index=0

FOR Count=LGT(Fatart) TO LGT(Fstop) SYTEF Stsize
Index=Index+i
Freaar (Index)=10"Count

NEXT Count

SUR

P T .3 Lt 2 e A s YT T R I S PSS 22 e ey

M 5010 SETTLING SUBRUUTINE

FURFOSE $

Compares successive M resdings in 8 circular aueur, Returns
tast reading when setiling occurs or averase of readinds in

the sueue if settling does noit occwr. [M setur 18 net changed,
If dbr or dBm is usaed, the second sarameter is effectively
converted to a reiative rather than absoiute toierance.

INFUTS:

Faram 1 (Fai: oM S01¢ GFIB primary address.

Faram 2 (Sttilim)? Tolerance for successive resdings to
indicate settiing,

OUTFUT:

Faram 3 (_reading): Settled or averadad readins.

Sttidrdg (Fa,S8ttlim:, _reading)

LOCAL GsizesCirelssFronta,TryvaivesStilerrsArrptr Match

Asize=3 I How many to averase if setlliing does not ocour

iM Circlal@size) b Cireular queye of size n

Circla=3000 | Frevent match on first pass to uninitialed dats

Mateh=0

Fronts=0

Truvalue=0

oo
FrontasTryvalue MOD Oeize | Moduio n arithmetic on 8 O Lo n-
1

Arrplr=Fronta+l I Adiust pointer for arras index of 1 ton
FRINT @Fat"SEND" N
INFUT @FailirgiafArrrir)
I Compare new value to one Just ahesd in circuiar ar e.49.
¢ 1 is ahesd nf 2, 4 shead of %, % ahead of i, etc.
Sttlerr=ARS(CirciafArretr)=Circia({(Frontatlsize~]1 MOD Rsizel+
1)

432117

3-52

Fig. 3-6 cont. SG 5010 program example (4052A).
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1960
1974
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2089
2099

2100 END

IF Sttierr{=5tt!im THEN
Match=Match+i

EXIT IF Match=>% | Success if successive readindgs cipse
ELSE
Match=0
END IF
EXIT IF Truvalue’sdd | Allows about 3 seconds in BIG 3.5 amodde

Truvaive=Trevalue+l
L. 0GF
IF HMatch=>5 THEN
_reading=Circial{Arretr)
ELSE
_reading=SUM(Circia)/Rsize | If not settleds
ENDIF
SUk

averase

last n

433118

Fig. 3-6 cont. SG 5010 program example {4052A).
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100 f
110 3
120 ¢
130 !
140 H
! 150 !
: 160 !
i7e
180 ¢
120 !
260 |
210 ¢
220 %
230 !
740 !
250
2606 !
a7 !
280 ¢
290t
1
i
i
{
i
H
]
4
§
i
4
I
i
1
i
H
]

300
310
3320
330
340
356
350G
370
g0
390
400
410
420
430
440
450
440

BN N D NI UE E IO OB 360 0 A B B U 3 B0 K N G 3 33 0 B 006 M B W

wxupniEixernE 10 HZ TO 100 KHZI RESFONSE TO LO0 SHEEP sxssxsexpsrani
**ﬂ***hﬁﬂw*ﬁ****************ﬁ*ﬁ!K**ﬁ**iiR*iKi*i*#ﬁ**i*ii*!##nl***ﬁ

Far 4041, Mas 16, 1983

Coryrisht (¢} 1983 Tewmtronixs Inc, All rights reserved, This
software is provided on an "as is” basis without warrants of
any kind. It is not suerorted.

This srodram may be reproduced without sriar permissions in whole
oe in parts; be the aridinal purchaser, Cories must include the
above toepwright and warraniy notice.

FURFOSE ¢
Records the response of 3 swstem to & leveled-inerut signstl
metween 10 Mz and 100C kHz and erints the resulits.

REQUIRED EGUIPMENT:

SE 5010 Frodrammable 160 kMz Oscillator at 8FIB primary address 25,
oM 5010 Prosrampable Digitasl Muitimeter a3t erimary address 16,

4041 Controlier (V2.0 BASIC:

GLOBAL VARIABLES:

Stabkuts Comntaing status byte returned by serial poll.

Addr Contains primary adiress of instrument rerorting stabut.
Naters ! Numbar of steps in swesp includinsg end eroints,

Hd_rat 80 5010 primary address--change if S6 set other than 23.
Im _pat oM S010 primary addresse- 7 RS 1], B " " 14.
S {ut S 5010 losical unit number generated by pProgran.

Hm:ius oM 501¢ * " " " " "

Fort: Set to HBPIEG, change (Ff BFIRL used.

Forte: String of rort number generated by fProdram,

Fos_rat Used for buitding lodicai wunit pusbers.

Lu$: Uses in huiiding instrument stream specs.

A1

3-64

Fig. 3-7. SG 5010 program example (4041}
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470
4830
450
500
510
52
530
540
SEC
560
570
S80
590
400
610
420
&30
&40
450
660
470
480
690
700
710
720
730
740
730
740
770
780
790
800
810
820
830
340
830
B&0O
870
B8O
2l
700G
g10
20
230
P40
P50
940
?70
7890
290
1000
1010
1020
1030
1040
1050
1060
1G70
1680
1090

N1 Counter in swaer |ooP,

S5 freal Array of freauencies passed by main eprogram by sub lossweer,
Lfr: State of DM S010 low=-fresuency response funciion,

Frastrti Sweer starting freauyency.

Frastoe! Sweee ending freavency.

Ampintd ame | itude of 56 5010 stimulus in volits rms.

SUPROGRAMS CALLED:

Folibuyse’: Handles service reaussts on selected GFIKR rort.

Logsweer! Gensrates freauency values for lod sweer.

Settirddg! Gets settled NN 5010 reading, if settiing sccurs soon enoush,

SGPERATING INSTRUCTIONS:

fonnect 4041 GFIRO (uniess prodram chansed) and TM S000 power module.
Chanse s _ra and dm_ra as needed for other erimary sddresses.

UM 5010 and $56 5010 messase terminator should be set for EQI ONLY.
Cannect §0 5010 cut to DUT in and DUT out to BM 5010 in.

ERRORS:
No GFI1E srror handler is provided) errors such as instrument rower
off will terminate the prodram.

INSTRUMENT CONTROL:®
Seiects the rort where logicsi unit numbers for $6 5010 and I'M 5010 are OFENed.
Poils all instruments by primary address oniv on selected rort.

Set variablies

init var aill

Integar stabyiraddrinstersrsd_prardu_parsd_lurds_lusport,Ifrinspos_ra

Nsters=41 - - =

Iim sg_freal(nsters) outame (nstesrs)

Freastrt=10

Freaqstor=1,0E+8

Ame in=0,0 -

Liméseti=0.1 ! Fassed to sub that dets settled DM reading, Since IM is
st to dBrs, .1 is ewuivaient to about 14 of reading.

Oren fodical units

Fart=0

Sg_pra=20

Itm pa=14

Fort$="gp ibh"&stré(portI& "

Select erorts

g 1u=100

Im_ lu=101

Lut=ports

Reps (Jussé:0)="(Ppri="4stre{sg_pPad&™)" | Mod far 56 address first
Qren #sg_luilus

Fos_ra=posilus,"=2",1)+1
Re?S(lUS:POS“PaiFDE(lui)")"!1)“?05~P3)=5tr$(dm pal | Mpd for DM sddress
Oren #dm_luiius -

"On sra then call ralihus

Enatile sra
Call ipgsweep (freastrt,)freastor,nsters,ss_frea) i Get frea values for sweer

Initt insiruments

Frint #sd_lutTinitivems iamerin, "out on”

Frint #dm_lut initiacvidbr"jampin,"caic dbridig 3.2

Read in d&r referred to vaiue in ampini did 3.5 is faster with no loss
in accuracy in 3c volts,

4331 20

Fig. 3-7 cont. SG 5010 program example (4041).
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1100 I Lod data within for/next looe

1110 Lfr=0 | DM 5010 low-free response function was set off by INIT asbove.

1120 For n=1 to nsters

1130 Frint #s9_fut"fres”isd frealn)

1140 If sngPeq€n))=20 then goto 1180 ! Use [ow-freauency response function

1150 I1f nob(ifr) then print #dm_iut"Ifr on™ i in DM 5010 oniw below 20 Hz.

11460 Lfp=]1

1170 Goto 1200

1180 If (fr then print #dm _lui™ifr off”

1190 Lfr=0

1200 Qutame (ni=settirdg(dm_{u,limdseti) ! Oet settled reading

12310 Next n

1220 H

1230 | Digpiay fres and amplitude out recorded during sweer.

1240 Frint using "falxfa"t"FREQUENCY ", "GAIN"

125¢ For n=1 to nsters

12460 Frint using "2xéd11tS.1a"tsg_frealn) routame (n)

1270 Next n .

1280 !

1290 Emad

‘1400 Sub epollbus focal e$% ! Globa!l stsbyter addrs, eort

14310 i

1420 i PURFUOSE!

1430 | Autoroils selected port) pPrints address and status rerort.

1440 | Yses low-level ife for id and error report so can be used for

1450 i far either port. [d? and err? work only with Tek C&F instruments.

1440 !

1470 I LOCAlL VARIABLE:

1480 i e$: Contains resronse Lo id and err ayeries

14720 !

1500 Dim 2% to 35

1510 Falil stabuwtraddr

13520 Wbute stnlun!,addr+32imta);"id?ierr? reoiratniunlunt,mlaraddr+s4)

1530 Rbhyte e$

1540 Hipwte atn{unirunt)

15590 Frint e$"Address="jaddr,"Fort="jrort,"Status="istabut

1560 Resyme

1570 End

1400 Sub lodswees (Fstart/fstopsroints var fre=ar’ local stersretersizersindexscount

1410 Tt e AR SR R RN RIS R R L 2 L A SR bt i Rl t bbbkl

1420 ! 4041 LOG SWEEF SUBROUTINE

14630 3

14640 t PURFOEE:

14650 i Generates an array of freauengies that are distributed togarithmicaliy

16640 t geccording to the inpui sarameters,

14670 H

1468¢ i INFUTS:

1690 | Farameter 1 (Fstart)! Sweer start freauency.

1700 I Parameter 2 (fetor): Sweep stop frequencu.

1710 i Farameter 3 (points)! Number of freauency soints in swees,

1720 !

1730 I QUYTFUT

1740 | Array fressr contains the caiculated discrete frewuencies,

1750 '

17460 Inteder index:sters

177¢ Sterszpoints—i

1786 Stersjzes{ist{fstop)-tgt(fstart))/sters

1790 Index=90

1800 For count=igt (fstart) to lgt(fstor) step stersize

1810 Iindex=index+l

1820 Freaasr (index)=10"count

1830 Next count

1B4¢G Return

1850 End

1700 Function seitirdg{iursetililim) locs! agizescirclassettlerrmstchefrontarstruvalug,arrrtr
433+ 7
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Fig. 3-7 conl. §G 5010 program example (4041).
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1910
1920
1930
1940
1950
12460
197¢
1989
1990
2000
2010
2020
2030
2040
2050
20640
2070
2080
2090
2100
2110
2120
2130
2140
2150
2140
2170
2180
21990
2200
2210
2220
2230
2240
2250
2260
2270
2280

SENEE BN 06 0TI TSR0 R O 06 B3 36 B O 000 00T UK 0 O3
DM S010 SETTLING SUBRQUTINE

PURFOSE !

Compares successive M readings input to circular queue. Returns
tagt resding when settiing scours or average of resdings in the
queue if settiing does not occur. DM setur is not changed.

If dEr or qEm is used, the second eparameter it effectively
converted to & reiative rather than absoiute toierance.

INFUT:

Parameter 1 (lud: DM 5010 fogical unit number.

Farameter 2 {(setlim}! Tolerance for successive readings to indicate
settling, i

QUTFUT:
Function name (ampread): Settiied or averaded raading.

Integer matchrasizesfrontastreveluerarreir | Automaticaliv zeroced

Asize=5 | How many wiil be sveraded if no settlinsg

tong circiadasize) ! Set uer circular & of size n

Circla=3000 ¢ Improbable vatue for IM reading

for truvaiues0 to A0 ! Allows about 3 seconds if DM in BIG 3.5 mode
Frontamtruyvalue mod asize ¢ Modulo n arithmetic assumes « from O to n-1
Arrstr=fronta+]l | Adiust pointer becsuse arrayw runs from 1 to n
Iarut #lu rromet “send icirclafarretr)

Comeare new value ito one Just shead of it in array ihat holds the

circuiar auewe! 2 to 1: 3 to 2 4 to 3: 5 to 4r 1 te 5 etc.
Settlerr=mabs{circlialarrpir)~circia({fronta+tasize~1l mod asizel+1))
If settlerr{=settliim then match=match+l eise match=d

If matchy»=S then exit to settlied | Success~-gsuccessive readings close to esch other

MNext tryvaiue |
Settirds=sumi{circita)/asize ! Failpd to settie--aversse last n readings
Return | with averade reading

Settied: settirdgzcirciadarrrir)

Return ! with settied reading
Return
End

4331-22

Fig. 3-7 cont. $G 5010 program exampie {4041),
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100
110
120
130
140
150
140
170
1890
190
200
210
230
240
250
260
276
280
290
300
316
320
330
340
150
340
370
380
kide)
400
4310
420
430
440
450
4460
470
480
490
500
510
520
530
540
550
540
370
oS80
590
600
a410
620
&30
540
6590
640
670
680
890
700
710
720

. wv wn
R

N
H
a
H
3
H

“r ae wm
*n ms ow
sa an w6
FRra—.
on oo Ww
wr e we
oe e e
an ca aw
ae on an
or ma Ew
o4 me ew

1
H
'
.
H

July 11: L¥B3

Copur ight (£) 19832, Tekironix, Inc. Al rights reserved.
This software is provided on an "as is” basis without
warranty of any kind., It is not surrorted.

Thig softwarse mas he rerroduced without Prior rermission
in whole or in part. fosries must include the above
corur ight and warranty notice.

REGUIRED EQUIPMENT:
$6 5010 Frodrammable 140 kHz Oscillator
40524 Contraller w/ 4032R14 GFIB Enhancement Reompack, Ort 14

H

!

i

!

t

i

b

1

1

1

1

1

|

!

i

1

1

'

bV PURPQSE :

! tockout S8 S010 front epanel and then senerate! 1) sine wave
1 hurst 2) freauency sweee; and 33 esmetitude sweer., The

| program waits after 1 and 2 for a user interruri {1 bution
! sress). G0 5010 front panel contro! is restored after 3.
'

I OFERATING PROCEDGRE

i Connect the TM 5000 mainframe to 40524 GPIR rort. Set

I the 86 5010 address to 25 (fsctory defauli). Enter the

| program and run it. To verify orersztions, monitor the SC

P 5010 outrput with an oscillosgore, Set vertical st 1 V/dive
t haritontal at 20 ms/divs and triggering to normal 8 iittle
I above center screen., Trigser adusiment er_autnmatéc

! triggering may be reauired to view amplitude sweer,

i
1
i
!
1
1
£
¢
i
H
!
1
§
i

FROGRAM VARIABLES AND LABELS:

89 ps -~ Primary address of 86 5010.

_Poit_stat -~ Status returned by se;ial roll of GFIB.
Addr lis_indx =- Index to Addrs_iist set by seriai poll,
Addr_list —- List of addresses found by LALL “config”,
§tat_report$ -- Id and event messadge resorted bw 56 5010,

BT OET 3M,
Poat it
INIT
PRINT "8G 5010 COMMAND FPROGRAMT
1
DIM Addr_1ist (15
Sy pa=23
fall "config",Conf _codeiAddr_list
IFf Conf code THEN
FRINT "Chechk for instruments connected and power on, then reRUN.T
STOF
ENDIF
ON SRQ THEN 1010
i

CALL “Tia®
ERINT “SG S010 front panel locked out.”
b

FRINT “Fress 56 %010 ID kew to ster throush three seturs.”

433123
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Fig. 3-8. SG 5010 Command Program {4052A).




Programming—SG 5010

730
740
750
760
770
780
770

800
Bi®
820
B30
840
8540
860
B7¢
880
890
200
216
920
930
Q40
%50
P60
870
280
R0
1000
1010
1020
1030
1040
1050
1040
1070
1080
1090

I=T+1
GOSUE I OF B40,BB0,920
EXIT IF I32
WalT
IF NOT(_poll_stat=47 AND Addr_iist{Agdr _list_indx}=Sg_ra) THEN
7BO
1,008
END
|
1 Set up IHFZ02-like test burst
FRINT @S9 _pa:!"INITIFREG 1.0E+3;FUNC RURSYI10JUSER ONJURME 2
FRINT @8q pat!"ONCYLL 2070FFCYCL 4BOIOUT ON™
RETURN 7
i Set up Ing freauency sweer from 10 Hz to 100 kHz
PRINT 884 _e3:"FUNC SINEIMODE FREQISTARTFREQ 107;STOPFREQ 100.E+3"
FRINT £S¢ pa:"NSTEFS 40:LOGISTERTIME ,2i8SHWEEF REFPEAT"
RETURN -
I Set up voitasge sweer from 20 mV o 2 volts
FRINT @8g_pat"SHEEF UFFIFREQ .E+35MODE AMFISTARTUCLTS . 02°
FRINT @S¢ pat STOFVUOLTE 2INSTERS 201LOGSTEFTIME . 1iSHWEEF REFEAT"®
RETURN  ~
i
Calt “locs” | Unlock instrument front esanels.
FRINT "Front eanel control restored.”
FRINT "End of erodram.”
ENI!
! Poil the bus for service reayest
FOLL Addr_tist_indxs _poil_statidddr_tist
caLt "vartst”y eoll stat:J39, pall stet | HMask busy bit
IF Addr Jist(Addr 17st indx) =8« pa " THEN
FRINT @Ss ea:-ID7iERRMss? 7
INFUT @Ss paiStat reports
FRINT Stai_rerortd
END IF
PRINT "ADDRESS="jaddr_Jist(Addr_tist_indx)»"STATUS="] Poli_stat
RETURN

433124

Fig. 3-8 cont. $G 5010 Command Program {4052A).
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100
110
120
130
140
150
160
170
180
190
200
210

il )
&t

230
240
250
260
270
280
290
300
310
320
339
340
350
340
379
380
190
400
4190
420
430
440
45

460
470
480
450
500
519
E20
530
540
g5y
540
570
£30
550
400
610
420
630
540
450
660
670
680
690
700
710
720

¥

]
H
]
H
H

Frapya—
on an w
Pr—

¥
.
9
H

PO

.
H
. 2
H i
s 1
H H

July 11, 1983

Copyrjght (£} 1983, Tektronix, Inc. Afl rishis reserved.
This software ie srovided on an “"a¢ is” hasis without
warranty of ane kind., It is not sueported.

Thie gsoftware maw be rerroduced without prier permission
in whole or in part. Copies must incliude the above
copyr ight and warranty anotice.

REQUIRED ERUIPHMENT:
$6 %010 Frogrammable 1460 kHz Osciilater
4041 Controller (V2.0)

FPURFAOSE:

Prodram the SG6 5010 ta lochkout the front panei sndi 1) Benerate
& sine wave burst: 2) freauency sweer: and 3) amelitude sweer,
The program waits after 1 andg 2 for a user interrupt (Il button
press)., S0 5010 front pane! contrel is restored after 3.

3

i

H

)

i

1

I

§

i

b

b

3

1

3

I

i

i

i

3

t

§

H

I

i

! DFERATING FROCETURE:

¢ Conhect Lhe TH 5000 mainframe to 4041 GFIE eport Q.
i Sat the $6 5010 address to 25 (fsctory default).,
i Enter the prodram and run it. To verifs oereration, monitor

| the S0 5010 outeut with an oscilloscore, Beb vertical at 1 Widive
| horitontal at 20 ms/divs snd triggering to normai & [ittle

! above center screen. Trigder level adustment or avtomatic

| tridger may be reauired to view a2mplitude sweep,

1
i
:
i
i
i
i
I
H
1
)
i
1
]
¥
i
F
¥
H
i
i

PROGRAM VARTABLES and LABELS!

Sg_lw ~- Lodical wnit number of &8 5010,

] -- Counter for waveforn tyees {(seem comments under FURPOSE).
Foit_sts —- Statws returned be seriasl poll on the GFIE.
Foll_add -=- Address of instrument reeorting soll_sta.

Sta_rett -- Id and event code rerorted ow SG 5010

Address == Line where S5 5010 lesical wnit variable is sssigned.
Burst -- FRedinnind |ine for biock that generates & sizanal burst.

Fres_sup " freauency sween,
Amp_swp - - - " " " an amplitude sweer,
Poil_bus " ° " " " handlies serial polli

Finigh =-- Where prodram soes to end.

SRR R R R R R R A R R R E R E R R R R R A R E R R R

Init var aii
Print "S5 SC10 COMMAND PROGRAM™
im sta_ret$s to BO
Integar sﬂ_lurPOI!“sta:POll gohds i
Address sg_lu=25 | efault™ lu eaual to GFIER primary address

On sra then gosub poll bus
Enable sra "

|

fHbute 1lo | Lockput front panel of instruments on bwus.
Frint "Front rane! locked out.”

4331

%
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Fig. 3-9. $G 5010 Command Program {(4041).




Programming-SG 5010

730
749
750
760
770
780
7990
800
8io
B3O
830
B40
8¢
840G
BZ0
880
870
200
7190
720
30
240
?50
240
%70
B0
FIO
1000
1019
1030
1630
1040

1
Print "Fress 86 S0:10 Il kew to ster throush three setuers.,”
For i=1 to 3
Gosub i of burst,fra_swersamP _supP
If i3 then exit to finish
Wait
If rail_sta(>47 or poii_add()s¢_lu then soto 780 1 Chechk for Il kew Press
Next i
£
t Set ur IHF A202-1ike test burst

Burst: print $sg_lui"INITIFREQ 1.0E+3FUNC BURSTI1OFUSER ONJVRMS 27
Frint $s8 bui"ONCYCL 2070FFCYCL 48030UT ON™
Return -

Fra_ swe: print #ss_iuyi"FUNC SINEMORE FRERISTARTFREG 10/STOFFREQ 10C.E+3"
Frint #e® iul“NSTEFS 40i1LOGISTEFTIME .1/SHEEP REPEAT®
Return -

AmP Swe print #53_lut"SHEEF OFFIFRER 1.E+3 7 HOTIE AMPISTARTVOLTS 027
Print #s5 lu:"STOPUOLTS DINSTEFS 20:LOGISTEFTIME | LiSHEEF REFEAT™
Return -

t

Foil bus? poit poll _staspoll add
Boii stazeol! sta bang [1110713107 | Mask busy bit
1 p011 add{)ss iy then dgoto 980
tneut #5% |u prompt “id7?ierrmss? ista rets
Frint sta rets -

Frint *ARIRESS="jpoli add. "STATUS="iroll _sia
Resume - -
1

Finisht whiutes ren(O)sren{i) ! Uniock instrument front paneis
Frint "Front panel controi restored,”

Print “"End of program,”
End

4331-26

Fig. 3-9 cont. 3G 5010 Command Program {4041}
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Table 10-13

COMPONENT REFERENCE CHART

PO A13 ASSY

LOGIC INTERFACE @

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1020 F6 B1 Q2020G G 82
C1021 cg Ci Q2021 ie B2
C2060 G4 G2 Q2051 H5 E2
Q2060 Fa F2
CR1013 E6 A1l Q2061 F4 G2
CR1013 GS A2 Q062 H1 F2
CR1021 E8 B2 Q2063 G2 G2
CR2011 H8 A3 Q3011 17 B3
CR2021 16 B3 Qag12 J7 B3
CR2060 G2 F2 Q3013 M9 A4
CR2061 F2 F2 Q3014 L7 A4
CR3011 Ly Ad Q4011 8 B4
CR3012 Ma A4
CR3021 J7 B3 R2013A D7 A2
CR4011 18 A4 R20138 G8 A2
22013C G7 A2
J1051 B1 F1 R2013D £E8 A2
J1051 B3 F1 R2013E 7 A2
J1051 M1 F1 R2013F 7 A2
41081 M6 F1 R2013G L8 A2
J2051 B1 F3 R2013H K7 A2
J2051 M1 F3 R2014A K8 B2
J2051 M3 F3 R2014B .8 B2
R2014C 7 B2
K101 E7 At R2014D ‘E8 B2
K1013 G7 A2 R2014E F7 B2
K1021 E8 B1 R2014F G8 B2
K2021 6 - B3 R2014G D7 B2
K301t L7 A3 R2051 i F2
K3012 H8 A3 R2055 Cé F2
K2031 J7 (of | R2060 12 F2
K4011 M8 A4 R2061A H5 F2
K4021 18 B5 R20618 Fa Fz2
R2061C P2 F2
P1051 B1 F1 R2061D F3 F2
P1051 B3 F1 R2061E E3 F2
P1051 M1 F1 R2061F H5 F2
P1051 Mé F1 R2081G G4 F2
P2051 B1 F3 R3021 L6 B3
P2051 M1 F3 R4022 18 B4
P2051 M3 F3
u2022 co B2
Q1011 E7 Al
Q1021 E8 B2 VR2051 c2 F3
Q1052 G5 F2 VR3024 L6 B3
Q1053 E3 F1
Q1062 HE F2 w530 B1 CHASSIS
Q1063 D3 G1 W530 M1 CHASSIS
G2011 G7 AZ W530 M3 CHASSIS
Q2012 Hg A2 w540 B1 CHASSIS
Q2020A pé B2 W540 B3 CHASSIS
Q20208 G8 B2 w540 B7 CHASSIS
Q2020C 1.8 B2 Wha0 BS CHASSIS
20200 K7 B2 W540 M1 CHASSIS
Q2020E 6 B2 w540 M6 CHASSIS
Q2020F E8 B2

P/Q A13 ASSY aiso shown on @







Section 4—5G 5010

THEORY OF OPERATION

Reference Osciliator @ {A12)}

The 4 Mhz reference oscillator sets the timing for the
CPU and the phase lock icops. The oscillator cirguitry is
composed of Q4030, Q3041, Y4040, C4032, and other
components. The crystal Y4040 sets the frequency for the
oscillator. The output at the collector of Q4030 passes
through C4041 which ac couples the elevated voitage to the
base of Q3041, a TTL buffer. This signal then goes into
U3050C and outputs to the microprocessor and the phase
lock loop board {diagram 8).

+12 V Supply @

The +33V (+25V) from rear edge connector J3010,
pins 12A and 128 passes through fuse F4021 and light bulb
DS3030. DS3030 provides current fimiting for the +12V
supply and relieves some of the power requirements of
Q3040, the +12 V reguiator. The zener diode, VR3040 sets
the reference voltage for Q3040 at approximately +126V
which is decoupled by C3043. This voltage also supplies the
reference for the +5V (set by zener diode VR3033 with
R3032 as a current source) and is used by other circuits in
the SG 5010.

+5V Supply @

Operational Amplifier UB0308 is the control element for
the <5V supply and provides approximately +5.1 V out-
put, This voltage drives the NPN transistor which drives the
PNP transistor (both located in the power moduie). The NPN
transistor emitter connects to the PNP transistor collecior at
R3023 (current sense for the +5V supply). Transistor
Q3030 is the current limit set transistor and shorts out the
NPN transistor base when current limit ocours.

The 5.8 V zener diode, VR4021 with R4023, C4021, and
04031, comprise an overvoltage protect circuit that triggers
Q4031 and opens the 8 V line fuse, F4022, If the voitage at
the top of R3023 exceeds 6.2 V. Components C4021,
R4023, and R4030 comprise damping elements that protect
Q4031 from voitage transients.

Transistor Q3080 with CR3041 and R3037 form a satu-
rating switch. When the +8 V is higher than the +5 V sup-
ply, this switch turns on RPWR line {(at Q3080 emitter)
shorting the line to the +5 V rail. Resistor R4080 maintains
the chip sefect for the RAM (RON line) at a high level when
power is off. Capacitor C3090 provides some decoupling
and CR5080 keeps the lithium battery (BT5060) from being

charged. Resistor R5080 provides short circuit protection to
the battery. The battery has a bullt in resistor for additicnal
protection.

The reset power-on, power-off detect circult works pri-
marily as foliows. In a TM 5000-Series power moduie, the
power-on signal comes in the rear edge connector and
passes through dicde CR4022. 1t is held low during the
power-on reset interval (approximately 100 ms) which
forces the output of U3030C fow, the output of Q3081 high,
and the AON line high. The RAM is, therefore, disabled and
running at a very low current. This action also pulls cown on
Q2032 emitter voltage which holds C2032 at a low voltage.
This keeps the ouiput of U3030D low which keeps the
microprocessor reset. When the power-on signal from the
power module goes high, the output of U3030C goes high
which enabies the memory (the chip select goes low).
Through R204%1 and CR2041, capacitor C2032 slowly
charges untit the voitage exceeds the +5V threshold, at
which point the output of U3030D goes high. Components
R2033 and C2031, and R3041 and C3041 supply hysteresis
and some amount of noise reduction to U30300D and
U3030C. Since both operational amplifiers use +12V as a
rail, CR2031 keeps the voltage on the reset line from ex-
ceeding +5V and R2032 ensures the voltage goes up io
+5V. Also, R2035 assures that the reset line is pulled
down hard enough to drive everything on the line. Dicde
CR2032 assures that this voltage doesn’'t go much below
ground (abcut 0.3 V).

The TM 500-Series power module does not provide a
power-on signal to the SG 5010. Resistors R4024 and
R3042 are a devider network that set the +5.5V, in ab-
sence of the power-on signal. When the +8V supply
reaches approximately +5.5V, the same acticns occur as
described above for the power module power-on line going
high. The RAM is protected when this +5.5V point is de-
tected, if the power supply voltage drops.

—12 V Supply @

The 33V comes in the rear edge connector and
passes through fuse F3020 and light bulb DS3020. As with
the <12 V supply, DS3032 provides current limiting for the
supply and relieves some of the power requirements of
Q3021. Zener diode VR3021 sets the — 12 V reference volt-
age for Q3021 and C3021 decouples the —12 V output.

4-1



Theory of Operation—3S8G 5010

25 Vac Supply <2>

The 28 Vac power input from the power module con-
nects to the primary winding of fransformer T300 (diagram
18) through plug P1023 and fuses F2020 and F2022.

Microprocessor @ A12

NOTE

For more detailed information on the internal
operation of a microprocessor, refer 1o the
manufaciurers data sheet.

Integrated circuit US040 is an 8-bit microprocessor ¢on-
taining an internal 1 MHz clock.

The internal, single phase, 1 MHz TTL clock output (E)
on pin 37 is derived from the 4 MHz crystal controlied oscii-
lator (diagram 2). This oscillator provides a stable and accu-
rate thming element for the microprocessor's internal clock
oscillator. The RESET signal starts the microprocessor
from a power down condition (power faifure or initial start
up) and does not generate this signal until the power on
signal from the TM 5000 power module is received. In a
T 500 power module, the reset circuitry generates its own
delay. When a high level is detected on pin 40, the micro-
processor begins the restart sequence.

Normal low tevel TTL interrupt request signals to US040
occur on pin 4 (IRQ) through on-board jumper, J2070. The
microprocessor may of may niot recognize this interrupt sig-
nal, depending on the operating conditions when the signal
occurs, When recognized, the microprocessor compietes its
current instruction before servicing the current interrupt con-
dition. The iumper (J2070) is used to disconnect the IRQ tine
for troubleshooting the microprocessor. This jumper may be
remaoved when running forced instruction mode. Refer to the
Maintenance section for details. Another on-board jumper,
J3050, in the MR (Memory Ready) line performs the same
function as J2070.

The microprocessor uses two output control lines, VMA
{Valid Memory Access) pin 5 and R/W (Read/Write) pin 34
to read and write data over the peripheral devices. The RIW
signal goes low to write data or goes high to read data from
the data buses.

The VMA line goes low to indicate the 16-bit code on the
address bus is not a valid memory address. VMA does not
go low between machine instructions unless the micro-
processor is using the address register for some operation

4.2

other than accessing a valid location in memory or
inputfoutput peripherals. VMA is not gated by or necessarily
related to the clock (£} in any way.

‘The data iines, DO through D7 enter the octal latch,
L5021 which drives the Digital-To-Analog Converter (DAC),
U5020. The DAC cutput drives the ampiifier, U3030A. Zener
dinde, VR3022 hoids U3030A output between 412V and
ground. The feedback netwark composed of C3031, C3C22.
R3024, and R3031 comprises a two-pole filter for the
HAMP QUT signal.

Resistor pack, R4040 is removed when in the non-0p-
erating forced instruction mode. The data lines, D1 through
D7 go to ground through resistor pack, RS021. Data line DO
goes to +5 V through resistor, R4031. This allows a non-
operating forced instruction mode, and much of the micro-
processor kernel may be exercised and verified apart from
devices that may be malfunctioning on the Data Bus. The
microprocessor sequentially increments through Hs entire
address field, exercising many devices connected to the ad-
dress bus in a repeatable and predictable fashion. This al-
tows for verification of the kernel and may be used as an aid
in distinguishing data-reiated problems from hardware prab-
jems when troubleshooting.

The address lines, AQ through A13 from the micro-
processor, drive the two ROM's (U4050 and U4060). These |
AOMs contain the operational firmware for the SG 5010.
Data is read from the ROM stage one byte at a time from
any of 16k locations as addressed by the microprocessor.
Each ROM containg 16k bytes of memory. The address
lines AD through A10 drive the RAM, U4080 (consisting of
one 2k X B8-bit RAM) and a small amount of enable logic.
The primary chip select iC, U2052 is a duat 1 of 4 decoder.
Address lines A14 and A15 are decoded into four lines. Twe
lires, the most significant and second most significant bits,
C, D, E, F (L2052 pin 9) and 89AB (U2052 pin 10} respec-
tively, feed into the two ROMs (U4050 and U4060). Ac-
dresses COC0 through FFFF access U4080 which contains
all reset factors and IRQs (inderrupt Request). Addresses
8000 through BFFF access U4060 which contains some of
the operating code.

When on-boar¢ jumper is in the SATEST (Signature
Analysis Test) position, the driven address range {4, 5. 6,
and 7) from 1Y1 (pin 11) causes DO {(J2071 pin 3} to be
pulled down ; otherwise DO remains high.

The signal from 2Y1 (V2052 pin 5} to the Address De.
coder, L2080 (G2B) and U3052C, when low with E line low
enables the Octal Buffer, U4082 (diagram 4. If pin 5 or E
line is high, this buffer passes data in either direction. U2060
receives the address lines A10, A11, A12, and U2052 out- |
puts and decodes this information. The decoded sequence



is 2000, 2400, 2800, 2C0, 3000, 3400, 3800, and 3CO00 for
the Y1 through Y7 outputs respectively. Output Y8 (U2060
pin 9) drives the 1 shot davice, U3062A and its output (pin 7)
drives back the MR (Memary Ready) line through J3050 to
the MR on US040, pin 3. Cutput Y6 also goes to the chip
enable on the Display Driver (diagram 4). Driving the MR ling
causes the microprocessor to wait in order 1o meet the tim-
ing requirements of the Display Driver,

The other 1 shot device, LI3082B receives the 1 MHz
clock {BE) and turns on, clocking the JK flip-flop, U2080B.
The output Q {pin 9) pulls the 1RQ line down, via Q2070.
This causes the microprocessor to reset UZ080B through
the 3CG0 decode line {U2069, pin 7). This signal is used to
set a 1 ms timing for scanning through various operating
modes of the instrument. Note that U3062B is held-off inter-
nally {pin 10 to pin 12) while on.

Another line INT coming from the GP!B (diagram 6)
U2081 is also detected by the microprocessor, PIN 4 (IRQ
line), '

The output clock E is inverted by U30608 (E) and buff.
ered by U3052B (BE) driving both ROMS and the 1 shot
(U30628). E clock alse goes to U3060C and, in conjunction
with U2082 and U3050D sets up the chip seiect for the
RAM,

The R/W (Read/Write) signat is sent to the RAM and
also to the Phase Lock Loop hoard (diagram 6}.

The RAM also receives RPWR (RAM Power Line) signal
from Q3080 (diagram 2} and the RON line on CE2 (Chip
Enable Line 2}, pin 18 indicating memory access.

Address fines AQ through A10 go to ground through re-
sistor pack R4050. These lines to U4080 must connect 10 a

power supply through a resistor. When the instrument is -

battery powered, the current through U4080 must be mini-
mal. Minimum current flows when all the lines are at a legal
veltage {either 0.8 V or above 2.4 V) and R4050 causes ap-
proximately 0 V on these iines.

CPU 1/O @ A12

The CPU /O circuitry consists of the bi-directicnal buffer
for the microprocessor and also has address buffering, dis-
play driver, and & keyboarg sensor.

The purpose of the bi-directional buffer, U4082 is to as-
sure the microprocessor isn't over ivaded from input/output
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data over the bus. A resistor pack, R4080 provides L4082
CMOS voltage because U3080, the display driver is &
CMOS chip and has different level requirements than the
TTL components. The display driver is a multiplexer having
internal display drivers and needs little circuitry for the dis-
plays. It raceives buffered data lines {0 through 7), a write
iine (the display), and a mode line which is an address line
from the microprocessor. The buffered address 1 {comple-
ment of address 1) and display generate the mode line. The
mode line and butfered data lines access memory locations,
inside the chip, which are scanned for driving the display. D1
through D8 are the main driver lines, from U309C, for groups
of displays used on the front panei.

U3082 is an input buffer. It is driven with the LOCK DE-
TECT line (from diagram 7) which aisc drives the out-of-lock
LED on the front panel, The trigger in (BURST TRIG IN) and
SYNC IN are signals from the CPU ISOLATORS (diagram
5).

The OVLOAD (Overload} line, from the output board (dia-
gram 15) detects clipping or excessive current from the out-
put ampiifiers. This is sensed by the microprocessor through
3082 and drives the current limit LED on the front panei
through Q5080,

The pot chip select, POT line from the address decoder,
U2060 (diagram 3} when received, aliows the micro-
processor to enable data transfer from the inputs to the
data lines.

The PEN LIFT line at US082, pin 17 is the sense point for
the GATE iline from U20580 {diagram 5). This line aisc re-
ceives the AA 5001/SG 5010 INTERFACE signal which is
enabled via jumper, P3071 (diagram 6).

Pins 6 and 13 of U3082 are the front panel digital kneb
detection lines from the two comparators, U308CA and
L30B0B. They detect the digitat pot input voitage swing of
approximately 2.5V from the threshold voltage set by
R3073 and R3070D. The pullup resistors {R2080 and
R2082) and a low pass fiiter (R3072, C3072 and R3071,
C3071) help to reduce the noise.

The LED DRIVER, U1101 drives the front panel LEDs for
RUN, PARAMETER, NOT ENTERED, ERROR, ADDRESS,
REMOTE, and outputs the phase lock reset line. It aiso
fransmits the main trigger (being optically coupled to the
Burst circuitry board).

The BUFFERS, U3050A, U3050E, and U3050F receive
address lines from the CPU board (diagram 3) and output
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these lines (BAD through BAZ) to U1101. Pin 13 (U110 is
the data iine, BD6 from L4090. This line, in conjunction with
the reset line Is write selected through the LED line and
clears itself on power up.

The KEYBOARD ENCODER circuitry permits the use of
forty front panel keyboard function keys with a chip {14090}
that is limited to 20 keys operation. Using U4082, U3092,
and UA070B with U4090 allows an additional 20 user func-
tion keys. The keyboard scanner, U4082 communicates
with the front panel keyboard (diagram 1) and operates us-
ing a set of keyboard drive lines, X1 through X4 and senses
a set of switched lines, Y1 through Y5. Lines Z1 through Z5
are diode coupied to drive lines Y1 through Y5, aiso from
the front panel keys.

if & front panel key intersecting an X-line and a Y-line is
pressed, the Y-line is detected but the corresponding Z-ine
remains high. This causes a low on U3092 output, placing a
low on U3070B pin ¢ (latch) after receiving a clock signal
from the DA (Data Available) line of U4082. If the front panel
key intersecting an Xine and a Z-line is pressed, it drives
L3092 output high and aiso pulls down on the Y.ire.

(14092 scans the X-ines to determine if the Y-line was
active and debounces the appropriate key. When the key is
debounced, U4082 puts this data on the DOA through DOE
lines and sets DA (pin 13) which latches U3070B as de-
scribed previously.

U4000 puffers the data sent by U4082 and U3070B and
outputs it to the data fines, BDO through BD7.

CPU ISOLATORS <5> A12

The CPU lsotators circuitry couples the CPU and the
floating secton of the instrument.

L2050 is an addressable latch. i drives the GATE line
that is protected from geoing above +5 V or below ground
by clamping dicdes, CR1080 and CR2044. This line {PEN
LIFT) drives U3082, pin 17 (as previously described, dia-
gram 4), and connects to the power module and front panei.

The remaining output lines from U2050 supply the serial
write signals to the oscillator for programming the hardware.
Common data and latch lines are used for all seriat informa-
tion. The five clock cutputs: IM CK, BURST CK, AMP CK,
FREQ CLOCK, and the ATTENUATOR CK send informa-
tion to the five shift registers (diagram 13). One data bit is
placed on the data line, then clocked inte the appropriate
shift register by pulsing the appropriate clock line. This pro-
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cess is repeated until the shift register is full. The LATCH
line (pin 12, U2050) is strobed to transfer this data to the
outputs. The number of bits required varies from 8, for the
M and Attenuator data words, 16 bits, for the Frequency
and Ampiitude words; to 32 bits, for the Bursi data word.
The BURST GATE (Burst Trigger Detector) from the front
panel or power module is protected from going above 45V
by diode CR2042. An internal diode in LI3050B protects it
from going below ground. The inverter, U3CB0E output
drives the BURST TRIG IN and a set of iatches (L3082,
diagram 4). The MAIN TRIG and the BURST GATE {through
U3050B) are OR'ed through U3052A. This ocutput (high) re-
sets U3070A which resets U2080A. This causes the opto-
coupter, U2040 to turn off and outputs the trigger 1o the
output board (diagram 13). The FL PHASELCOCK DRIVE
{Phase Lock Loop Drive) is optically coupled through U1030
and, as the trigger stops (the next V2 after that), the next
arriving enable signal clocks U20B0A. This output (pin 13}
resets and the next phase lock ioop drive pulse edge clocks
U2080A. This operation allows the MAIN TRIG or BURST
GATE pulses to elongate to the required length to trigger
U2080A by LI3070A. LU2080A assures this pulse is long
enough so it can be detected by the Burst circuitry.

The FL SYNC (Phase Lock Sync Lineg) from the cutput
board (diagram 13) is ground isolated by opto-coupler,
U1020. The couplers ouiput is protected frem going above
+5V and below ground by diodes CR1020 and CR1010,
and goes through series resistors to the power module and
to the front panel.

GPIB @ A11

The GPIB interface circuits consist of the GPIB Interface,
L2081 and two GPIB Drivers, U2051 and U2071. U2051 is
used to transfer data ang L2071 is used for handshake and
management fines. U2081 sends and receives data over the
IEEE-488 data bus via the GPIB driver, U2051 and commu-
nicates with the microprocessor via the bi-directional buffer,
U4082 (diagram 4). Data transfer is under the control of
commands from the |EEE-488 bus and contral signals from
various circuits within the SG 5010,

Phase Lock Loop <7> At

The phase fock loop circuitry fine tunes the frequency of
the main osciltator. 1t does this by phase locking the oscil-
lator to a square wave of the desired frequency. This square
wave is generated by another phase lock circuit which refer-
ences Hself to the CPU crystal oscillator. There are, as a
result, two phase lock loops on the phase fock loop circuit
board. The first generates the accurate frequency, the sec- !
ond locks the low distortion sine wave to this frequency. ‘



Both the phase lock loop board and the main oscillator
receive the same frequency information from the CPU. This
consists of a 16-bit seriai word having a 14-bit mantissa and
a 2-bit exponent. The 14-bit mantissa has a maximum value
of 16,383. This is used directly as the fuil scale vaiue in each
frequency band. The 2-bit exponent seiects one of the fol-
lowing decade bands: 10 to 163.80Hz, 163.89Hz to
1.6380 kHz, 1.639 kHz fo 16.380 kHz, and 16.39 kHz to
163.80 kHz. All bands represent a 10 to 1 range in fre-
quency except the bottom band which ranges 16 to 1. Each
binary vaiue in the mantissa corresponds directly to the dis-
played frequency of the instrument. The diagram in Fig. 4-1
shows the bit order and gives a few examples.

UJ5151A and UB151D convert the 1 MHz microprocessor
clock to & 1 MHz reference suitable for use by the phase
lock loop circuitry. if an external 1 MMz is used, it is buffered
by Q6171 and asscciated circuitry. Jumper P6161 selects
one of these two signals which is fed to a divider chain
composed of U51518, US151C, and US071A. The output of
this chain is an 8 kiHz signal which is available at TP6061.
This signal is further divided by a counter chain in phase
lock ioop tC US061. This is a commercial “all in one” IC
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which is used for the bulk of the accurate frequency genera-
tion task. A block diagram from the manufacturers data
sheet is shown in Fig. 4-2. The internal reference counter
chain is set to divide by 16, this setting being accompiished
by logic zeroes on pins 1, 2, and 18 of U5061. The resulting
reference is 500 Hz, which is fed to one input of the phase
detector internal to the 1C.

The other input of the phase detector is fed from a 4-bit
programmabie counter. This counter divides the frequency
of its input by any binary number up to 16383 (2 to the 141h
power). A shift register and latch inside the IC accept the
serial frequency information from the CPU and convert this
to a 16-bit paraliel word. The bottom 14 bits (the mantissa)
are used as the prejoad information for the counter whiie the
top two bits are avaitable as open drain cutputs on pins 13
and 14 of the phase lock loop IC, US081. These are pulled
and used to drive the range changing circuits on the board.
The serial frequency information is input to the IC on the
CLOCK, DATA, and ENABLE pins from the FREQUENCY
CLOCK, DATA, and LATCH lines. The clock line is fiitered
1o prevent false triggering of the 1C by glitches from the
CPu.
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Erequency MSB X " o F R F o » 38 Paoewn o~ LSB
163.80 kHz t11111111t1t1 111064
16.380 kHz 191t 1T1 1111+t 11311 10¢0
1.6380 kHz 21t1t11t1111t11 11100
163.80 Hz ¢ t1t11111 1Tt 1t1110480¢0
4.096 kHz 1601 ¢ 90600 0C0CD9O50090 0G0
4.099 kHz 1001040 0¢00C900C90C0 1 1
2.000 kHz 100001 11T 1101000900
100.00 Hz 0@ t0C¢111t0 00100000
10.00 Hz 060906986 111110861000

4331.80

Fig. 4-1. Frequency word bit patterns,
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U5041, 05033, Q5031 and associated components form
a voltage controlled oscillator which spans the range of
500 kMz o 8 MHz. Q5031 is used as a current source. its
output charges C6031 forming a ramp which is seen by
U5041A. When the voltage on the capacitor reaches the
input threshold of the inverter, the inverter output goes low.
This is inverted and buffered by three more gates from the
same IC, and used to drive Q5033 which discharges the
capacitor. When this happens the voltage on the capacitor
drops below the threshold of the inverter, turning off the
discharge transisior, causing the cycle to repeat. There is
enough delay in the four gates to ingure that the capacitor is
fully discharged before the cycle repeats itself. CR5031,
CR5041, R4041, ang R4043 iinearize the voltage to fre-
quency characteristics of the VCO maintaining near con-
stant gain for the complete loop. U5041C and US041D
nuffer the discharge pulse from the VCO. This pulse signal
drives the inpet of the programmable counter in the phase
lock loop IC and drives a divider chain for later lockup with
the main oscillator. The frequency of this oscillator will be
500 times the mantissa of the frequency word when the
loop is locked.

The output of the phase detector on pin 6 of US061 is a
series of puises whose width and polarity vary with the di-

rection and magnitude of the phase error between the di-
vided-down VCO and the 500 Hz reference. These puises
are converted o a do voltage by the loop fiter consisting of
UB061A and its associated parts. This voitage drives the
input of the VCO, forming a complete loop. The VCO drive
voitage is available on TP8041 and ranges from —8& ¥ at the
highest frequencies to +2 V at the bottom frequency of the
instrument. This voltage is also connected to UB0618 which
is used as a comparator. This senses wher the frequancy of
the oscillator is programmed below approximateiy 4000 in
any of the decade bands and goes iow. In other words, the
output of UBDBIR is iow from 10 Hz to approximatety
40 Hz, 164 Mz to 400 Hz, ete. This information is used to
change ioop filter time constants in the second phase lock
loop.

The lock detect output of UB061 is a series of pulses at
the reterence frequency of 500 Hz. When the ioop is locked,
the pulses are a few nanoseconds wide, When the loop is
unlocked, the pulses become much wider. This output, on
pin & of US061, is fed to a pulse width detector consisting of
US0818B, BR5101, anc C5101. When the pulses get wider,
approximately 1 4%, the cutput of US081E goes high, This
drives the lock detect ling and resets the phase comparator
circuitry of the second phase iock loop. The reset input of
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Fig. 4-2. Manufacturers block diagram.




this flipflop is connected to the CPU, enabling the second
. phase lock lcop to be shut down under microprocessor
¢ control.

The cutput of the first phase iock loop is divided down
and used as the reference in the second phase lock loop.
50718 and UG0S form the reference divider chain for the
second phase lock loop. US0718 divides the VCO by 5,
providing a signal that is always 100 times the mantissa of
the frequency word. This is available on TPE101 for use in
verifying the operation of the first phase lock loop. When
connected to a counter it should read the same as the pro-
grammed frequency, ignoring the decimal point and expo-
nents. LUB0S1 divides this frequency by powers of ten to
produce a square wave at the same frequency as the pro-
grammed frequency. The divider ratio is selected by the
jogic levels on pins 1 and 2 as shown in Table 4-1.

Table 4-1
Divider Select Inputs
Seiect 2 Select 1 Output
{pin 2} {pin 1) Division
0 0 10,000
0 1 1,000
1 0 100
1 ] 10

The output of this divider chain is fed to a discrete phase
detector consisting of dual flipflop U5121, quad nand gate
U5111 and diodes CR5101 and CR8103. The other input of
this phase detector is a ground referenced version of the
main oscillator output. The two inputs are the clock inputs
of the duat flipfiop. When one input has a rising edge, a high
is clogked into the respective flipflop output. When both out-
puts are high, the output of nand gate US111A goes low
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causing the output of nand gate U5111D to go high, reset-
ting the flipflops. If the reference has a positive clock edge
first, the Q outputs of U5121A and U5121B will both be tow,
causing a net negative output from the phase detector. !f
the two rising edges are in phase, the output of the phase
detector will not go high or low (the diodes will aiways be
raverse biased). US111C acts as a lock detector by compar-
ing the two & outputs of the dual flipflop. If the input signais
are always in phase (the loop is locked), the two Q outputs
are always high. The output of U5111C will then be low,
indicating a locked loop.

UB121, U5131, and associated resistors and capacitors
form the loop filter for the second phase lock ioop. its func-
tion is to smooth the pulses from the phase detector info a
dc voltage which will fine tune the main oscillator to the
correct frequency. The CMOS switch US131 changes the
time constants of the fiiter to optimize the stabifity, fre.
quency settling time, and distortion of the overalt icop. Be-
cause of the wide frequency range (10 Hz to 183 kHz) of the
second loop, the time constants of the filter are changed
every half decade as shown in Table 4-2, The thrae control
bits to run the CMOS switch come from the exponent bits of
the frequency word and the output of UB081B. CR8§123,
CR6125, and R6125 clamp the free end of C5141 providing
a two pole system response for large perturbations to the
loop. VRB161 provides evel shifiing to optimize the usetu
range of the operational amplifier output. Q5161 and Q4161
linearize the voltage-to-frequency characteristics of the
main oscillator fine tuning. The TUNE- signal is connected to
the anode end of an LED in an opticaly isolated
photoresistor fine-tune circuit in the main oscillator. As more
current flows through the LED, the frequency of the oscil-
lator goes up. This corresponds to a more negative voltage
at the output of UB121A. As the output of UB121A goes
more positive, the oscillator frequency goes down.

Table 4-2
Loop Fiiter Selection

FREQUENCY RANGE*

SELECT BITS (U5131)
Pin 8§ Pin 10 Pin 11

U5131 FILTER NETWORK
(Pin Number}

10 Hz —40 Hz

40 Hz —163.8 Hz
1639 Hz—400 Hz
400 Hz —1.638 kMz
1.639 xHz —4 kHz
4 kHz —16.38 kMz
16.39 kHz 40 kHz
40 kHz - 163.8 kHz

Irxxrrrr

TITrrr LT
T~ I LT~ XL

13
14
15
12

1

5
2
4

*40 Hz, 400 Hz, 4 kHz, and 40 kHz switch frequencies are approximate. The exact point will vary with VGO tuning characteris-

tics and has a tolerance of 25%.
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When a new frequency is programmed or when the first
phase lock loop becomes unlocked, the flipflop US091A is
set. This shuts down the phase detector and resets the ref-
erence divider of the second ioop. At the next positive edge
of the oscillator clock, the reset will be released, causing the
reference divider and the oscillator to start in phase. Any
phase error at the end of the cycle will be due only 1o a
frequency difference between the two and will not depend
on the initiai conditions of the circuitry. This substantially
reduces the settling time of the loop at very low frequencies.

Main Oscillator At4

The main osciliator is a state-variable type, using three
operational ampiifiers. Two amplifiers are used as integra-
sors while the third is used as an inverter. When the overall
loop gain of this circuit is unity, the loop will oscillate. The
frequency of this oscillation will be the frequency at which
the gain through both integrators and the inverter add up to
unity. This is determined by the resistors and capacitors
around the inteqrator operational ampiifiers and the input
and feedback resistors around the inverter operational am-
piifier. The integrator components are tuned by JFET
switches switching binarlly weighted resistors and decade
weighted capacitors. The fine frequency adjustment is ac-
complished by varying the input resistor of the inverter while
the initial frequency setting is done by adjusting the feed-
back resistor of the inverter. Switching of all resistors and
capacitors is done in pairs (with two exceptions) to maintain
balanced levels in the integrators. 5

Both the phase lock loop board and the main oscillator
receive the same frequency information from the CPU. This
consists of a 168-bit serial word having a 14-bit mantissa and
a 2.bit exponent. The 14.bit mantissa has a maximum vaiue
of 16,383. This is used directly as the full scale value in each
frequency band. The 2-bit exponent selects one of the fol
towing decade bands:10 to 163.80Hz, 163.8Hz to
1.6380 kHz, 1.639 kHz to 16.380 kHz, and 16.38 kHz 1o
163.80 kHz. All bands represent a 10 to 1 range in fre-
quency except the bottom band which ranges 16 1o 1. Each
binary value in the mantissa corresponds directly to the dis.
plaved frequency of the instrument. The diagram in Fig. 4.1
shows the bit order and gives a few examples,

The two shift registers UB081 and UBO71 convert the 16-
bit serial word to a paraliel word, These shift registers, like
all shift registers in the floating portion of the instrument,
operate on —15 V and ground. This makes direct connec-
tion to the JFET switches possible, significantly reducing the
circuitry. The two most significart bits, the decade expo-
nent, are decoded by UB081C, UBOB1E and UBDS1F into
the format necessary to drive the JFET switches selecting
the capacitors. As with the shift registers, this gate package
operates from —15V and ground. When both bits are low
{the 10 Hz to 163 Hz band) the outputs of all three gates are
high (0 V), causing all three pairs of capacitors to be
switched in. The JFETs which do the switching need {0 be
very iow resistance for low distortion operation, so two de-
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vices are used in parailel. When the least significant decade
bit is high (the 163 Hz to 1.63 kHz frequency band), the out-
put of UB0G1C goes low, taking the 0.5 uF capacitor out of
the circuit. Resistors R2081, R3081, and R4081 precharge
the capacitors to the correct potential to start the osciltator
when they are switched in again. When the most significant
pit is high {the 1.63 Hz to 16.3 kHz band}, the outputs of
hoth UBOB1E and UBUS1C are low, causing both the 0.5 uF
and 0.05 uF capacitors to be switched out of the circuit. If
both bits are high {the 16.3 kHz to 163 kHz band), the out-
puts of all three gates are low, removing ail three capacitors
from the circuit.

Frequency selection within a decade band is done Dy
switching resistors in parallei, raising the frequency as more
resistors are switched in. The MSB of the mantissa is 5 k2,
including the JFET resistance. This corresponds to 8192
counts in the mantissa, meaning that at a frequency of
81.92 Hz only this bit will be high. The next most significant
bit is 10 kQ corresponding to a count of 4086, The third bit is
20 kQ resulting in a value of 2048 counts, etc. When more
than one bit is on, the counts add linearly to produce the
finai frequency value. All resistors are switched in pairs of
binarily increasing value except the last two. The imbalance
in levels caused Dy adiusting only one integrator is insignifi-
cant for these very small bits. Cnly twelve of the fourteen
mantissa bits are used for oscillator tuning, The last two are
accomplished through the phase lock loop circuitry. The re-
sistor and capacitor tolerances as well as componant drift
are also taken up by the phase lock [oop.

U4121 and associated resistors form the inverter stage.
At nominai tuning, this stage has a gain of approximately
2.1. This results in 4.2 Vrms at the operational amplifier out-
put for an oscillator output of 2.0 Vrms. Fine tuning of the
osciflator by the phase lock ioop is accompiished by adjust-
ment of the gain of this stage using U1121. Driving more
current through the LED of the opto-isclator decreases the
resistance of the opto-isolator, raising the gain and the fre-
quency. When the current decreases through the LED, the
opto-isclator resistance goes up, lowering the gain and ce-
creasing the frequency of the osciliator. The resistors
around the opto-isolator decrease its tuning range to = 2%,
and reduce the sensitivity of oscillator ampiitude to changes
in the opto-isclator.

The non-ideal characteristics of operational ampiifiers
and capacitors make the oscillator level inherently unstable
and unpredictable. It is therefore necessary to provide some
means of stabilizing the oscillator amplitude. This may be
accomplished by providing a slight amount of the 90° phase
sine wave signal to the integrator stage and reguiating the
amplitude and polarity of this feedback to keep the oscillator
amplitude at the correct value. This feedback path is pro-
vided by R2123, R2125, and R4117. JFET Q5121 normaily
provides control of the amount of this feedback by acting as
a voltage variable resistor working against R4117. The lev-
eler circuit of diagram 9 produces the controt signat for this
JFET by looking at the osciliator output and comparing it to |
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a reference. When the gate of the JFET is pulled to ground
the FET tumns on and increases the oscillator amplitude.
Driving the gate with a negative voltage will decrease the
oscillator amplitude. Once the correct oscillator level Is es-
tablished, the JFET will be driven to a resistance that main-
tains this amplitude constant. For large changes in oscillator
levei, there is another pair of FETs (Q3121 and Q5123)
which are used as switches to drastically change the
amount of feedback and rapicly bring the oscillator ciose 10
the correct level. These FETs are fed from ancther controt
signal called SPEED-UP.

Q2051, Q2053 and associated components provide a
clamp circuit to prevent the output from ever increasing
more then one dB above the correct level before it is
clamped. This improves amplitude leveling time and pre-
vents the device under test from seeing too great an ampli-
tude. R50B2 provides bias current compensation for U5091
since the leveling circuit is sensitive to the changing dc off-
sets it would otherwise produce. R3121 allows adjustment
for initial capacitor set nominal value. Although they are
matched very closely, they do not have a very tight initial
toierance.

Leveler @ Al4

The'leveler circuit has the job of maintaining the oscillator
amplitude constant at 2 V, independent of changes in fre-
quency and component value. It looks at the amplitude of
the oscillator output and adjusts the gain of the 90° feed-
back to maintain the amplitude constant. The leveler has
twe paths, a nigh accuracy medium speed path which es-
tablishes exactly 2 V and a fast leveling path to quickly re-
store proper amplitude when severe transients occur such
as changing decade capacitors.

The two integrators in the state variable osciilator pro-
vide sine waves which are 90° out of phase. If the output of
the oscillator is taken as the 0° reference, the signal labeled
“90°" teads this sine wave by one quarter cycle. When the
oscilator output is at a positive peak, the 80° signa!l will be
crossing zero in the negative direction, At negative peaks,
the reverse is true. These two signals are both used in the
igveler to provide information about the amplitude of the
oscillation at any given time.

The high accuracy leveler path uses a sample and hold
circuit to measure the peak amplitude of the sine wave and
maintain this at 2.828 V. The 90° signai is fed to a compara-
tor (J2171A) which senses its zero Crossings. As the signal
goes below zero, the output of U2171A goes high. Buffering
and inversion is provided by U2181B which, in turn, drives a
sampie and hold IC U1151, placing it in the hold mode.
Since the oscillator output is now at a positive peak, the
sample and hold cutput is a voitage which can be used as a
meastre of the sine wave amplitude. This output is sampled
by another IC U1141 which provides a long hold-time ca-
pability and eliminates ripple at its output when the first IC
goes into the sample mede again, U2181A, R2173, C1173,
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and CR2173 form a one shot which places the second sam-
ple and hold in the sample mode for only a short time during
the hoid time of the first sampie and hold.

The sample and hold sutput is now a de voltage equai {o the
peak vaiue of the previous cycle of the sine wave. This voit-
age is compared against a reference derived from the nega-
tive supply in integrator US131A. When the oscillator output
is greater than 2.828 V, the operational amplifier output will
go more negative. When the output is too small, the opera-
ticnal amplifier will go more positive. The resuiting voltage
drives the level control FET Q5121 in the main osciliator.
This serves to maintain the oscillator amplitude at the cor-
rect vaiue. This voltage is available at TP5111 and shouid
be twice (approximately —6 V) the pinch-off voitage of the
FET when the oscillator is leveled.

RAT1141, R3141, and R1135 provide compensation for
bias current in U1141-6. Q2150 and R2150 provide filtering
of the sample and hold signal below 1.63 kHz to reduce the
effects of noise on the output amplitude. Q3141 and Q4133
change the time constants of integrator U5131A to optimize
the settling time of the circuit at different frequencies.

Quad-comparagtor US151 and associated components
provide fast amplitude information to the speedup circuit
FETs Q3121 and Q5123. At any instant in the cycle of &
correctly leveled cscillator, the amplitude of at least cne of
the two signal phases will be within 0.707 of the peak ampii-
tude. By comparing these two signals against both positive
and negative references sfightly less than 0.707 times the
2.828 V peak value (1.9 V) we can dstect if the ampiitude is
low. The outputs of these four open collector comparators
are “wire-ANDed” together to provide a signal which goes
low if at ieast one phase is at a sufficient amplitude. if all
four phases are low in amplitude, this signal goes high, turn-
ing on the speedup FETs and very quickly raising the level
to the correct value. R3157 and C3151 provide filtering of
this output to reduce high frequency distortion from power
supply noise. Since the normal operating voltage at the out-
put of US091 (the 907 signal) is 1.43 {the square root of the
inverter gain) times higher than the 0° amplitude, R3177
and R4171 attenuate the signal down tc the same
amplitude.

IM Oscillator and CCIF/SMPTE Circuits A1

The IM osciilator is a simplified version of the main oscil-
lator. It is a state-variable design with only eight discrete
frequency selections. U7011B and U7051A are the two inte-
grator operational amplitiers, while U7011A is the inverter
operational amplifier. Only resistors are switched to affect
selection between the eight frequencies. The eight frequen-
cies are decoded from a 3.bit binary word as shown in the
table on diagram 10. The inverter stage operates with a
nominal gain of unity making all levels within the loop the
same. Initial calibration of frequency is accomplished by ad-
justing the gain of the inverter stage.
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Frequency selection is achieved by decoding two of the
three frequency bits to four frequency states and using the
last bit to shift these by a factor of two. All JFETs are se-
lected in pairs, maintaining balance between the integrators.
With ali frequency control bits low (— 15 V} all JFET's are off.
This sets the oscillator to 80 Hz. When the LSB FO is high,
Q8023 and Q8041 turn on, reducing the tuning resistors and
raising the frequency to 100 Hz. When only bit F1 is high
{0 V), Q8021 and QBO31 turn on raising the frequency 1o
125 Hz. Driving both bits high turns on not only the two
pairs of JFETs described above, but through CRS033,
CR9031, and R9031 turns on Q90271 and Q8043. This
switches in three pairs of resistors in parallel, raising the
frequency to 500 Hz. The third frequency control bit oper-
ates Q7021 and Q7031, lowering each of the frequencies Dy
a factor of two by attenuating the input to the tuning resis-
tors by a factor of two. Resistors R8021 and RS059 com-
pensate for the source resistance of the resistor divider
network. RB023 and R8057 adjust the frequency ratio in the
125-80 Mz selection to be slightly off of 2 to 1.

The leveling circuit for the IM oscillator rectifies the out-
put signal with CRB023. This current is compared against a
reference developed by R6031 in the integrator 16033, The
output of this stage adjusts a peak detector formed by
Q6031, C7031, ang C5023. Signal peaks are captured and
used as a fast indication of oscillator ampiitude but the dc
path formed by the rectifier and integrator supplies the high
accuracy leveling. Resistor R6021 provides a ripple current
cancelation to reduce distortion generated by ripple on the
leveling FET (Q5011) gate voltage. Operation of this JFET is
identical to Q5121 in the main oscillator,

A —~15V/0V sync signal is generated by Q7051 and
Q7151. They compare the inverter output to ground, supply-
ing a syn¢ signal in phase with the oscillator output.

CCIF signals are generated by multiplying the main oscil-
lator output by the IM osclliator output. The output of the
multiplier is then filtered to remove any residual low fre-
quency energy which would show up as CCIF difference
tone distortion. The heart of the multiplier is a dual JFET

which is used as a voltage variabie resistor. The IM oscil-
fator signal is applied through R4045 to the drains of the
two FETs. This attenuates the amplitude down to approxi-
mately 100 mV to maintain linear operation of the FETs. The
sources of the FETs are connectec to the summing junc-
tions of two operational ampiifiers (U401t and U3041) wired
to difference the currents coming out of the FETs. When no
signal is applied to the gates, the currents from the FETs
cancel, giving no output. Adjustrment of the gain through
U304 is accomplished by R4033 allowing for slight mis-
match of FET characteristics. The main oscillator signa!l is
applied differentially to the gates of the FETs by U4031.
This gives & balanced modulator effect, canceling even or-
der nonlinearities in the process. Gain of the entire multipiier
is adjusted by R4031 and compensates mainty for variations
in the pinch-off voltage of the JFETs. When the CCIF signal
is not selected, (4023 shorts it out to prevent interference
with other modes of the generator. The output signal from
the multiplier is amplified and filtered by a six-pole quast-
elliptic highpass filter. This has a cutoff frequency of 2 kHz
with a notch in its response at 500 Hz. Resistors R2011,
R3011, R3031, and R3033 provide the gain while R2021
introduces the 500 Hz notch.

External input/Quiput Selector A14

UB0Y1 is an 8-bit shift register which accepts a serial
word from the CPU and latches # to supply control signais
for the IM osciliator, burst circuits, and cutput selector. The
three least significant bits of the register output are routed
to the 1M oscilfator for frequency control. The next two bits
are used to control the burst generator and enable the vari-
ous modes. The three most significant bits of the word are
used 1o sefect the desired output waveform. Table 4.3
gives the bit patterns for the eight output functions. These
three bits drive a cne of eight decoder U8181, which en-
ables and disables the various circuitry for the generation of
each signal. This IC is a CMOS analog switch whose input
is tied to —15 V and whose outputs are alf puiled high (0 V)
by resistors. As each function is selected, the corresponding
output is pulled low and the others are pulled high.

Table 4-3
Function Selection
FUNCTION Ugogt QUTPUTS ug111 INPUT Uus181 QUTPUT
(Pin)13 12 1 {Pin No.) {Pin No.)
SINE L L L 4 13
SQUARE H L L 12 1
SMPTE 4:1 L L M 5 14
SMPTE 1:1% {. H H 7 12
CCiF L H L 15
BURST ¢ H H i 10 6
BURST 10 H L H 5
EXTERNAL H H H 4
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These three bits are also used to control two analog
switches U8111 and UB171 which select the signal output
and sync output respectively. The sync output selector
UB171 is a CMOS selector which alsc runs on —15 V and
ground. Its inputs are the sync signais SINZ2, IM SYNC,
SQR SYNC, and BURST SYNC generated by their respec-
tive circuits. There is no EXTERNAL sync. These three bits
are also levei-shifted to interface to JFETs Q8101 and
Q9101. These are driven from transistors QB122 and
Q8102 respectively. The CCIF signal is also needed in the
CCIF multiplier, so it is buffered by UBOG61A and UB061D to
prevent interaction.

The SMPTE/DIN signals are generated by mixing resis-
tors R7065, R7067, and R7069. When the SMPTE/DIN
made is not selected, the signals are shorted out by Q8051.

The EXT INPUT connector on the front panel is con-
nected to J5141 by a two conductor shieided cable. This
signal is buffered by a differential input ampiifier consisting
of US131B and associated resistors. C5131 and C5133 pro-
vide bandwidth timiting. Q6141 and G8131 short the exter-
nat input when it is not selected, recucing interference from
signals which may be present. The control signal for the
FETs goes low when the EXT INPUT is selected.

Square Wave Generator and Burst
Circuitry @» A4

The 0° sine wave signal is converted t0 a square wave
by comparator U21718B and nand gate U2181C. Positive
feedback is added to provide hysteresis. The 0 V/+15V
output of this circuit is level shifted by VR3171 fo
—15%/0 V. This is fed to decade divider 9151 and some
of the burst circuitry. The butfer output of the divider {non-
divided) drives the remaining portions of the burst circuits,
the phase lock loop, and the sync output.

The divided output of U8151, wired as a divide-by-10, is
used as the square wave output signal. it is levet shifted by
R9135 and R9137 to center it about ground. R8133 and
R8143 attenuate the square wave to match the peak ampli-
tude of the other waveforms (2.828 V). C8131, R9131, and
9141 imit the risetime of the square wave to prevent slew
rate limiting of any succeeding stages. The square wave
sync is also derived from the output of the divider.

The burst circuitry is designed to provide up to 65535
cycles of burst on and 65535 cycles of burst off. The same
16-bit counter is used for both on and off cycle counting.
The CPU sends a 32-bit serial word representing the on and
off cycle information. This is stored in shift registers U5171,
Us181, U7171, and U7181 which have tri-state outputs.
The on and off cycle registers have their cutputs tied to-
gether, and the output enable pins are used to select one or
the other. The burst counting is done by a pair of 8-bit pre-
settable down counters U7161 and US161 which are loaded
with the appropriate value from the shift registers. When the
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counters finish a count cycle they puil their ZD (Zero Detect)
pin low. Since this is connected to the SPE (Synchronous
Preset Enable) pin, the counters load themselves at the next
clock edge. The ZD output also drives the J and K inputs of
a JK dipflop U8161B wired to toggie on the next ciock edge
it sees. The outputs of the flipfiop drive the OE (Output En-
able) pins of the shift regisiers causing the correct count
value to be loaded into the counters for the next count tycle,
This creates a burst of on cycles or off cycles one longer
than the count stored in the shift registers. The difference is
corrected by the microprocessor when it writes the value
into the registers. One output of the flipfiop is fed through
U7151F to a JFET, Q8121, which gates the burst signai on
or off. When the gate is high (0 V) the burst is off, while
when it is low (— 15 V) the output is on. A resistor divider
formed by R9123 and R9121 creates the 10% burst signal
while the signal on the drain of Q8121 is the 0% burst.
U7151F ang £9121 compensate for the charge injection
from the gate of Q8121,

When the FL BURST GATE line is iow, the circuit works
normally. When this iine is high the burst signal is truncated,
the output is turned off, and the counters are reset to the
start of an on count. This line is a floating version of the
burst gate input on the front panel ORed with a signal from
the CPU. Flipflop UB161A insures that this always occurs at
the zero crossing of the signal. U7151D, U7151C, and
U7151F enable two additional modes of burst operation.
When the COUNTED/GATED line and the CT INH {Count
Inhibit) are both high (0 V) the circuit works as described
above. When the CT INH line is low, the counters are held
in the clear condition preventing any counting and maintain-
ing the output on. The FL BURST GATE line may then be
used as a gate iine without interference from the counters.
When the CT INH line is high and the COUNTEDR/GATED
line is low, the counters will be stopped at the end of an on
count by U7151C. The counters may then be reset to the
beginning of an on count by pulling the FL BURST GATE
line high momentarily. One compiete on count wili then oc-
cur before the output is turned off, and the line counters
stopped. In this mode, the on cycles count will be the same
as the value stored in the an cyoles shift register. The CPU
makes the necessary one count adjustment when modes
are changed.

Amplitude DAC A13

in the SINE mode, the amplitude DAC takes the constant
2 Vrms signal (or equivalent peak-to-peak voltage in modes
other than SINE) provided by the Oscillator board and
changes its amplitude to provide 20 dB of variable ampli-
tude to the output amplifiers. The DAC has two stages: the
first stage has a “fine tune” range of 210 1 (or 2.5 to 1 in the
2 1o 5 ranges), accomplished with ten bits of modified binary
steps. The second DAC stage performs a coarser ‘range
switch” at the 1-2-5 amplitude points (front panet reference)},
or the 2.5-10 amplitude points in the UNBALanced mode. it
also performs two additional gain reductions—one to pro-
vide 20 dB of attenuation for the lowest output voitage scale
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{+0.2 mV to 2 mV, BALanced mode), and the other to re-
distribute the DAC gain to reduce noige in the iowest 8 dB
{BALanced) or 6 dB (UNBALanced) of any 20 dB range
{2.005 to 5.000, BALanced). These gain changes are ac-
complished by using FETs to switch resistors 10 the sum-
ming node of operational amplifiers. When the FET gates
are high (0 V), the FETs conduct and connect the resisiors
at the drain leads to the summing node. The FETs are
turned off by —15V at the gates. In order 1O reduce high
frequency distortion caused by the nonlinear off-capaci-
tance of the FETs, resistors such as R3056A-G are con-
nected to common from some FET drains. In lower
impedance branches, the FET drains are connected to com-
mon through PNP transistors such as Q4056 to prevent
nonlinear feedthrough when the FETs are off. The binary
scheme of the DAC is modified in the mest significant Dits to
reduce distortion due to current through the nonlinear FET
on-resistance. By splitting the two most significant bits and
turning both on 1o obtain the MSB, the current through any
one FET is reduced, reducing the accompanying distortion.
The network consisting of C405t, C4061, R4056, and
R4059 controls the rise time and slew rate of the square
wave signal and alsc helps determine high frequency ampli-
tude Hatness in sine wave mode, Capacitor C4085 reduces
gistortion above about 50 kHz by feeding a slight amount of
the signat around the input stage of U4060. Resistors
R4061 and R4062 provide a “ground sense” back to the
Oscillator board to reduce common moede signals between
the oscillator and the DAC commons. Table 4-4 shows cer-
tain “key" voftages at which only one FET is on {(high} and
should aid in troubleshooting the first stage of the DAC.

At the given SG 5010 voltage setting, check that only the
indicated FET is on by measuring its gate voitage. Hi = 0 V;
Loforofff = —16 V.

The secend stage of the DAC is U4032 with gain-switch-
ing FETs Q3033, (13044, Q403t, Q4033, Q4042, and
(4043. The latter four FETs change the gain in a 1-2-5 se-
quence by various parallel combinations. The four PNP tran-
sistors on the FET drains serve the same purpose as those
in DAC1—they reduce high-frequency distortion caused by
nonlinear FET off-capacitance. Q4031 turns on to reduce
the gain by 20dB in the lowest voltage ranges of the
SG 5010 (0.2 mV to 2 mV, BALanced), and Q3033 changes
the gain distribution by 6 dB (with a concurrent change in
input FETs) in the lowest 6 dB (UINBALanced) or 8 ¢B (BAL-
anced) of each 20 dB voitage range to reduce noise. R4030,
R4020, and C4020 help reduce high frequency distortion.
This stage is two-pole compensated by C4032, C4031, and
R4031 to improve high frequency performance. Table 4.5
shows which DAC2 FETs are on for any desired output volt-
age and should aid in troubleshooting the DAC2.

The signal from U4032-6 feeds both power amplifiers in
the UNBALanced mode, or is inverted by precision inverter
14031 to provide a 180 degree phase-shifted signal to one
power amplifier in the BALanced mode. U4031 is feed for-
ward compensated by C4034 and R4032 for best square
wave performance. R4028 permits the inverter gain to be
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precisely set to provide equai amplitude out-of-phase sig-
nals at the + and — output connectors {referenced to
common).

The data (“ampiitude word™) that programs the DAC
comes from the CPU by way of the Osciliator board. This
18-bit word is shifted into registers U4041 and U3061 which
store it to control the DAC FETs. The data logic is high =
gV, low = 15 V.

OUTPUT AMPLIFIERS @ A13

Since the two output ampiifiers shown on diagram 15 are
identical, only the top amplifier in the drawing will be dis-
cussed. The oniy difference between the amplifiers is that
the tower amplifier has its input switched between U4032
{BAL} or the inverter U4031 (UNBAL) by K3031-51. The two
amplifiers are driven in phase and connected in parallel after
the attenuators for UNBALanced operation (the — cutput is
switched to common), or they are driven 180° out of phase
{U4031 provides the phase inversion) and feed the + and
CUTPUT connectors respectively, in BALanced mode. This
connection provides twice the ouiput voltage between -+
and — QUTPUT connectors {with commeon half.way be-
tween the outputs but abtle to float above chassis ground}
because the one amplifier swings positive to “+V" voits
peak, the other amplifier swings negative to *—V" voits
peak.

The ampiifier consists of a differential input stage fol-
lowed by & voltage gain stage and then a high-current out-
put stage. This topology is very similar to nigh-guality audio
power amplifiers. The differential input stage is formed by
03031 and Q2036. Resistor R3033 supplies about 1 mA of
emitter current to the differential pair which spiit it equally
under quiescent conditions. A current mirror image consist-
ing of diode-connected 03032 and Q2037 is the load for the
differential amplifier. The output of this first stage is buffered
by emitter follower Q2034 and fed 10 voitage gain stage
2035, Diodes CR3031 and CR2031 control the clipping
characteristics of the amplifier by preventing saturation of
individual stages. The voltage gain transistor Q2035 has a
very small emitter resistor (R2037) but its ioad is the current
source consisting of Q2033 and R2033, so its gain is very
high. Q2033 and R2033 form a quasi-current source be-
cause Q2033's Vbe is relatively constant with signal, so the
current through R2033 is relatively constant. Q2033 also
serves as an emitter-foliower buffer to the output transis-
tors, as does Q2038. The emitter resistors of these follow-
ers are split. Boot-strap capacitors £2032 and C1031 are
connected from the split points to the amplifier output to
increase signal swing capability. The output stage consists
of two paraliel-connecied transistors from each buffer (one
pair for each signat polarity) with separate emitter degenera-
tion resistors to force equal current sharing. The output
transistors are Q2031 in parallel with Q1031, and Q1032 in
paraltel with Q2032. C2022 increases the collector to base
capacitance of the NPN transistors to maitch that of the |
somewhat slower PNP’s, creating a symmetrical foad on the
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Table 4-4
FINE AMPLITUDE DAC TROUBLESHOOTING
Hi=0V,Lo=-18YVY

Ampi. SG 5010 Voltage
Word *J4041 3061 SFET {gate} Setting
Bit # Pin # Pin # Q# {BAL Mode)
6 LSB i2 e Q4052 2.005
7 11 —_— Q4053 2.010
8 —_— 4 Q3051 2.020
g —_— 5 Q3052 2.040
10 s 6 Q3055 2.080
11 —_ 7 Q4051 2.160
12 — i4 Q4054 2.320
13 —_ i3 Q3053 2.840
14 —_ 12 Q3054 3.280
15 MSB — 11 Q4055 4.3050
sCheck for approximately 0 V.
34055 turns on at this voltage; however other FETs remain on.
Table 4-5
COARSE AMPLITUDE RANGES
H=0V,Lo=-18V
Ampi MODE UNBAL BAL
Word
Bit # tJ4041 FET 1.002- 2.005- 5.010- 2.005~ 5.010- 10.02- OFF .
Pin # Q# 2.000 5.000 10.00 5.000 10.00 20.00 {BAL &
(10.60) (21.2) UNBAL)
Except 0.2-1.000 mV range Except 0.2-2.000 mV range
0 4 Q4031 Lo Lo Lo Lo Lo Lo Hi
1 5 Q3033 Hi Lo Lo Hi Lo Lo Hi
2 8 Q4043 Hi Lo Hi Lo Lo Hi Lo
3 7 Q4033 Lo Lo Hi Lo Lo Hi Lo
4 14 Q3044 Lo Hi Hi Hi Hi Mi Lo
5 13 Q4042 Lo Hi Hi Hi Hi Hi Lo
{mV) 0.1- 0.200- 0.501- 0.200- 0.501- 1.002-
{(mV) 0.2 0.500 1.000 0.500 1.000 2.000
G 4 Q4031 NA Hi Hi Hi Hi Hi
1 5 Q3033 NA Lo Lo Lo Lo Lo
2 & Q4043 NA Lo Hi Lo Lo Hi
3 7 Q4033 NA Lo i Lo Lo Hi
4 14 Q3044 NA Hi Hi Lo Hi Hi
5 13 Q4042 NA Hi Hi Hi Hi ki
REV NOV 1984 4-13
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buffers for improved high frequency distortion. Diodes
CR1033 and CR1034 act against the voltage drop across
the emitter baliast resistors to provide output current limit-
ing for the amplifier. When the voitage across the 4.7 2 re-
sistors exceeds two diode draps, these diodes turn on and
divert base current from the drivers. Resistor R2032 sets
the voltage difference between the bases of the driver tran-
sistors, thereby establishing the gquiescent current in the
output stage. Any de offset appearing at the amplifier output
is integrated by servo-amplifier U30318 and associated
components, which drives the base of (2036 to reduce out-
put offset to 0 =10 mV. Capacitor C2033 provides domi-
nant pole compensation for the amplifier while C3041 and
R3040 provide feed forward compensation for best square
wave response. Dicdes CR1031 and CR1032 protect the
amplifier from signals sourced back into the SG 5010 output
connectors. The gain of the amplifier is fixed at 2.57 by
R3034 and RA036. TP1012 (TP1011 for the other amplifier)
provides a convenient point at which to test ampiifier opera-
tion {before any relays or output attenuation). Operational
armplifier U3031A monitors the summing node of the output
ampiifier to provide an indication of clipping or overload.
Threshold detectors U3032A-D detect when the summing
node moves away from 0V and inform the CPU via opto-
isolator U1022 and the OVLD line {J1051-18). This line is
normally high (+5 V) and goes low {about chassis ground)
when overload occurs.

OUTPUT ATTENUATORS AND SWITCHING

The amplifier cutputs as measured at TP1012 or TP1011
are designed to run between 1Vrms and 10Vms (2 to
20 Vrms into a balanced load). Full +28 dBm output
{21.2 V, open-circuit, BAL) is generated by programming the
DAC to maximum gain. To obtain lower output voitages,
attenuators having 20 dB per step (R2011 and R2012) and
an impadance of 25  are used to divide the output voltage
to iower levels. Relays K1021, K1013, and K3012 select
progressively lower voltage taps on the attenuators. (The
lowest 20 dB voltage range is provided in the second stage
of the DAC, as discussed earlier.) For the highest output
voltages (2 V to 21.2 Vrms), relay K1011 switches the am-
plifier outputs to fixed 25 @ resistors and removes the rest
of the attenuator networks to minimize loading. These resis-
tors (or the attenuator impedance) provide the 50 (& source
resistance of the SG 5010. This resistance can be increased
to 150 Q or 600 Q by switching in additional series resis-
tance contained in the attenuator hybrids. K30t1, when
open, inserts an additional 275 @ in each attenuator, which,
when added to the 25 O attenuator impedance, gives 300
per side, balanced (600 Q total). Relay K4011 closes to put
61.11 Q in paraliel with this 275 Q resistor, giving 50 Q plus
25 0, or 75 O per side {150 G total balanced R).

I the UNBALanced mode, K3031 connects the outputs
of the two ampiifiers together after the attenuators, making
twice the current available to the load. The second section
of K3031 bypasses the precision inverter so the ampiifiers
have in-phase signals. To keep the source resistance con-
stant, R3011 is inserted {0 raise the 12.5 ( resistance of the
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paralleled attenuators back o approximately 50 @, and boih
sections of additional output resistors are used in series.
K2021 accomplishes the switching necessary to connect
these “build-out™ resistors in serles and connects the —
QUTPUT connector to common. Thus, it is not necessary to
move the output connectors and cable when the operator
desires an UNBALanced connection. When the GND bution
is activated, K4021 connects the floating common to chas-
sis ground through lamp DS4021. This lamp, which has
25 (1 to 30 O of resistance when cold, provides protection in
case the GND button is pushed while the comrmon is con-
nected to an external voltage. The lamp limits the current
flowing between the external voltage and chassis ground
and, under extreme conditions, acts as a fuse to prevent
damage to the external circuitry.

Attenuator and Switching Register and
Drivers

The data word (“attenuator word™) which programs the
attenuator and output switching comes from the CPU via
£1040, U2022 stores this data on the Output board and
uses it to turn the appropriate relays on or off. The attenua-
tor word and the relay power are chassis-referenced +5 V.
The relay drivers, shown on diagram 13, are sections of a
transistor array, Q2020A-F, which buffer the CMOS output
of U2022, foliowed by higher-current transistors such as
Q1011. The format of the attenuator word is given in Table
4-8,

Temperature compensated zener diode VR4060 pro-
vides a stable reference for the supplies. The +17 V rail is
divided down by R4060, R4083, and R4082 and the resul-
tant is compared to the 6.2 V reference voitage. U10608
amplifies any error and drives the base of series-pass tran-
sistor Q106 to reduce the error. For example, if the output
voltage exceeds the desired value, 10605 is more positive
than U1060-6. Than U1080-7 increases in voliage, reducing
the Vbe of Q106 and causing more voltage to be dropped
across the collector to emitter of Q106. This action reduces
the output voltage of the supply. FET Q1061 supplies about
& mA to guarantee that Q106 always turns on and the sup-
ply always “starts up”. Dicdes CR1071 and CR1072 estab-
lish the threshoid for supply current fimiting, As the load
current increases, the voltage drop across the parallel com-
bination of R1056 and R1060 increases. When this drop
plus the Vbe of Q108 eguals two diode drops (approxi-
mately 0.7 V across the resistors}, the two dicdes twrn on,
and, acting against R1062, take base drive from Q1086. imit-
ing the supply current to about 350 mA. The output voliage
reduces to keep the output current at the limit value.

The operation of the — 17 V supply is identical to that of
the +17 V supply except that it is referenced to +17 V.
This is because its output is added to the + 17 V supply via
R1054 and R1055 before being compared to 0 V. UT0BC0A is
the errar ampiifier and Q107 is the serigs-pass device for the
~-17 V supply. The +17 V supplies power the dual output
amplifiers to allow outputs of +28 dBm intc 600 Q from
50 .

REV'NOV 1984



Theory of Cperation—SG 5010

Tabile 4-6
Attenuator Word Format

MSB U2022- 11 12 13 14 7 8 5 4 .SB
Driver Q1011 Q1021 Q2011 Q2012 Q3011, Q3012 Q4011 Q3014 QSQ 13
Function Atten. Atten. Atten. Atten. BAL/UNBAL GND/FLT 50Q 150 1

top 2nd 3rd botiom

tap tap tap
BAL V or 2.008- 2005mv. 20.05- 2.005- 1=UNBAL 1=GND 1=50Q 1=1500Q
logic 1 21.2 2000V 200.0mv 2000 mV

Logic 1 = Hi (=5 volts)

+15 V Power Supplies

The +17 V is converted to -+ 15V by R40B0, R4070,
Q4071, and Q4081. The resistors divide the voltage down,
and Q4081 (a high-gain transistor) buffers the voltage to the
base of Q4071. The Vbe drops and the associated tempera-
ture coefficients of the two transistors approximately can-
cel, and the current through the collector of Q4081 returns
. to the +15 V line. Resistor R4073 supplies part of the base
: current for Q4071, guaranteeing start up. Operation of the
—~15V supply is identical to the + 15V supply operation,
using transistors Q1080 and Q4G70.

Zener dicdes VR3022 and VR3021 provide over-voltage
protection by turning on if either 18 V supply exceeds 18 V.
in this case, the zeners place the 15V and 17 V supplies
into current fimit to keep the 15 V supplies below 18 V, and
their high power rating enables them to maintain this condi-
tion indefinitely. Note that if the +17 V or + 15V supplies
are current limited so that the +17 V is reduced in ampii-
tude, then the —17 V and ~ 15 V supplies track this reduc-
tion. Mowever, current-fimiting the —17V and —15V
supplies does not cause the +17 V and +15 V supplies to
track the reduction in the —17 V and - 15 V supplies.

Capacitors C4031 and C4041, located at the output ter-
minals, help prevent any RF that may be picked up by long
cables connected to the output terminals from interfering
with the SG 5010 operation. VR4051 efiminate any unde-
sired effects (such as false programming} by static dis-
charges to common or the output cables.

Also shown on diagram 13 are the buffers for the opto-
isolators which convert the chassis-referenced 5V digital
lines from the CPU to floating cammon-referenced 13 V digi-
tal signals. The floating data lines are distinguished from the
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ground-referenced data lines {from which they are derived)
by adding “FL” 1o their names; e.g., AMP CLK becomes FL
AMP CLK. Transistors Q2062 and Q2063, used to drive the
LED section of the opto-isclators for the phase lock drive
and sync drive, are also shown on diagram 13. A power
supply sense circuit consisting of Q2021 and VR3023 sig-
nals the CPU when the sum of the two 18 V supplies drops
below approximately 24 V. This indicates that one or both of
the supplies is in current limit or that a failure has occurred
in the power supply or fuse. Q2021 then turns off, causing
opto-isolator U2048 on diagram 4 (CPU board) to interrupt
the CPU which puts an error message in the display and on
the GPIB.

+17 V Power Suppiies @

Power in the form of 25 Vac from the power module con-
nects to the primary of transformer T300 (mounted on the
bulkhead) through P1023 and fuses F2020 and F2022 on
the CPU board. The two secondaries of T300 are each
fullwave bridge- rectified and filtered by 1000 uF capacitors
C1070 and C1071. The transformer has separate internal
shields for the primary (chassis-referenced} and the second-
aries (common-referenced) 1o help reduce power-line noise
coupling to the SG 5010 floating ground or common, Ca-
pacitors C1072 and C1080 prevent high frequency interfer-
ence caused by commutation of the bridge rectifier dicdes.

The regulator scheme used on the + and —17 V sup-
plies is a series-pass type with the regulator in the common
path rather than the suppiy path. This scheme permis
higher open loop gain for improved ripple reduction and
maintains iow output impedance up to relatively high
frequencies.
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Section 5—8G 5010 Performance Check

PERFORMANCE CHECK

Introduction

This procedure checks the electrical performance re-
guirements as listed in the Specifications section of this
manual and may used in an incoming inspection facility to
determing acceptability of performance. If the instrument
fails to meet the requirements given in this Performance
Check section, the Adjustments Procedure section shouid
ne performed. Fefer to the Parts Location Grid in the pull-
out pages for the following Checks and Procedures. This
procedure can be performed at any ambient temperature
between 0°C to 50°C.

Performance Check Interval
The performance check should be performed at the
following intervais:

* At incoming inspection

*  After 2000 hours of operation or every 12 months, if
used infrequently.

* After repair or accidental abuse.

Services Available

Tektronix, Inc. provides complete instrument repair facili-
ties at local field service centers and at the factory service
center. Contact your local Tektronix Field Office or repre-
sentative for more information.

Test Equipment Required

The test equipment, or equivalent (except as noted) listed
in Tabie 4-1 is suggested to perform the Performance Check
and the Adjustment Procedure in this manuai.
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Performance Check—-SG 5010

LIST OF TEST EQUIPMENT REQUIREMENTS

Description

Minimum
Requirements

Perf
Chk

Adj
Chk

Example

T™ 500 Series Power
Module

3 compartments

TEKTRONIX TM™ 503

T™ 5000 Series Power
Moduie

6 compartments

TEKTRONIX TM 5008

Digital Freq Counter

0.001% Accuracy;

0.0001 Hz Resol at 10 Hz;
0.01 Hz Resol

at 160 kHz

TEKTRONIX DC 509

Wide Band Rms
Voitmeter

0.5% from 10 Hz to 160
kHz

Hewlett Packard 3403C True Rms
Voltmeter or Fluke 8502 (Opt. 08A)

Distortation Anaiyzer

10 Hz to 100 kHz,
THED (.0032%; toth
SMPTE/DIN and CCIF
Distortion Meas.

TEKTRONIX AA 5001 (nc equivalent)

Capability
Oscilicscope System TEKTRONIX 7704A
Vertical Dual Channel TEKTRONIX 7A18
Time Base TEKTRONIX 7880
Spectrum Anal. 20 Hz-1 MHz; 10 Mz resol; TEKTRONIX 7L5/L3

80 dB dynamic range

Gen. Purpose Digital
Multimeter

0.2%, DC Voits 0.2%,
Ohms

TEKTRONIX DM 501A

Low Dist, Sineware
Generator

20 Hz to 20 kHz,
THD 0.0010%

TEKTRONIX 8G 505

Controller

GPIB Compatible

TEKTRONIX 4052A or 4041

Notch Filter Cal Fixture

Tektronix 067-0938-00

Load Resistor

600 Q, 1%, 3W {two 300 Q,
1%, 3W, in series}

Tektronix Part No. 308-0299-00 {2)

Bnc T Adaptor (2)

Tektronix Part No. 103-0030-C0

Coaxial Cables (2)

50 q, Precision 367

Tektronix Part No. 012-0482-00

Coaxial Cables {4}

50 ¢, 18"

Tektronix Part No. 012-0076-00

“Note specified accuracy of Fluke 8502-09A is 1.0% at 10 Mz and 100 kMz and 2.0% at 160 kHz. Calibration shoutd be verified before

checking $G 5010.

52
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PERFORMANCE CHECK PROCEDURES

1. Check Basic Functional Operation and Sync
Output

Connect equipment as shown in Fig. 8.1. Check setup 1.

SG 5010 CONTROL SETTINGS

FUNCTION SINE
Vrms 1.000
FREQ 5.000 kHz
B SCURCE 50 ohms
GND-FLTG FLTG
BAL-UNBAL UNBAL
ON-QFF ON

Performance Check—S8G 5010

OSCILLOSCOPE SETTINGS

Verticat Mode Left
Horizontai Mode B ’
B Trig Source Left

VERTICAL PLUG-IN SETTINGS

ALT
CH 2

Disptay Mode
Trigger Source

a. Turn on the TM 5006 and TM 503 power.

p. Turn on the oscilioscope.

§G 5010
N\ TM 5006 Power Module
N
T™ 503 Power Module AW
Digital
Counter O
© = O
ﬂn syne OUTPUT o O o
o LT - %
O oo o990l ©0 ©9 ooco
C 0 O g O & @ INPUTS SOM lEj
J BNC Tee & -
FioF Adapter\\&&w\guw Banana Plug
} to BNC Adapter
7704-Series COscilloscope
18“ 35" 18“ 36” O
o o
o
o]
a 7A18 c 0 7880
RMS Voitmeter p
o
@) 2. © e @ ° 2
H 1 .
O
INPUT BNG T o @ © O O
ee &
O 0O O © F 1o F Adapter gz © @0 o o]

a3 22

Fig. 5-1. SG 5010 check setup 1.
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Performance Check~--SG 5010

¢. Observe the SG 5010 Main output and Sync output
signals {make certain the trigger source is derived from the
SG 5010 Sync output signal). Adjust oscilloscope triggering
for a stable display.

d. CHECK-—that the Sync output signal is a 5 kHz
squarewave with the same frequency and polarity as the
Main output signal,

e. Set the SG 5010 FUNCTION button to SQUARE.
f. CHECK—for Sync output signal as shown in step e.

g- Change the 3G 5010 FUNCTION to SMPTE/DIN and
the 1M FREGQ to 100 Hz.

h. CHECK-that the SG 5010 Sync Qutput signal is ap-
proximately 100 Hz squarewave and the SMPTE/DIN IM
Output signal is a stable display.

i. Change the SG 5010 FUNCTION to CCIF and the 1M
FREQ to 250 Hz.

J- CHECK—that the SG 5010 Sync Output signai is ap-
proximately 250 Hz sguarewave and the CCIF iM Output
signal is a stable display.

k. Change the SG 5010 FUNCTION to BURST: ON CY-
CLES to 10; and OFF CYCLES to 90.

l. CHECK-~that the $G 5010 Sync Qutput signal is a
50 Hz repetitive puise with the displayed waveform high
state corresponding to the burst with a duration of 2 ms,

2. Check Frequency Accuracy
Refer to Fig. 5-1. Check setup 1 for the foliowing check.

SG 5010 CONTROL SETTINGS

FUNCTION SINE
vrms 100.0 mv
FREQ 1.000 kHz
R SOURCE 50 ohms
GND-FLTG FLTG
ON-QOFF ON

a. Adjust the counter for a stable display readout.

5-4

b. CHECK-for a counter
999.9C Hz to 1000.10 Hz.

displayed readout of

¢. Change the SG 5010 FUNCTION to SQUARE.

d. CHECK—for a counter
999.90 Hz to 1000.10 Hz.

digplayed readout of

&. Change the SG 5010 FUNCTION to SINE and set the
FREQ button for 10.00 Hz.

f. CHECK-for a counter
9.9990 Hz to 10.0010 Hz.

dispiayed readout of

g. Change the SG 5010 FREQ to 163.8 kHz.

h. CHECK—for a counter
163.7836 kHz to 163.8164 kHz.

displayed readout of

3. Check Sine Amplitude Accuracy
Refer to Fig. 5-1. Check setup 1 for the following check.

a. Set the SG 5010 FREQ for 10.00 Hz.

b. Set the wideband true rms voltmeter range to 100 mv
(200 mV range cn some voitmeters).

¢. CHECK-~that the voltmeter readings are within the
limits as shown in the following table for the frequencies
specified. e foef L palf and wpbal
$G 5010 FREGQ Voltmeter Reading
(limits)

10 Hz 87.010103.0 mv
20 Hz 98.0 to 102.0 mVv
1.00 kHz 98.0 to 102.0 mv
20 kHz 98.0 to 102.0mv
100 kHz 87.0to 103.0 mv
183.8 kHz - 97.0 0 103.0 mv

d,%Change the SG 5010 UNBAL to BAL.
8. CHECK--(repeat step 3c).

t. Change the SG 5010 BAL to UNBAL and set the Vrms
for 10.60.



g. Change the wideband voltmeter range to 10V (20 V
range on some voitmeters).

h. CHECK-—that the voitmeter readings are within the
limits as shown in the following tabie for the frequencies
specified.

8G 5010 FREQ Voltmeter Reading

(limits)

10 Hz 10.28 0 10.92 V
20 Hz 1038 10 10.81 V
20 kHz 103810 1081V
163.8 kHz 1028 to 10.92 V

t. Change the SG 5010 UNBAL to BAL and set the Vrms
for 1.400.

j. Change the wideband voltmeter range to 1V (2V
range on some voltmeters).

k. CHECK-~that the voltmeter readings are within the
fimits as -‘shown in the following table for the frequencies
specified.

$G 5010 FREGQ Voltmeter Reading
(lirmits)

10 Hz 1.358 10 1.442 V
20 Hz 137210 1.428 V
20 kiiz 1.372t0 1.428 V
1638 kHz 1.358 to 1.442V

v/

4. Check Sine Level Flatness
Refer to Fig. 5-1. Check setup 1 for the following check,

a. Change the SG 5010 FREQ for 1.000 kHz.

b. Adiust the SG 5010 Vrms using the DEC/INC controi,
until the wideband voltmeter indicates a reading of 1.400 V.

NOTE

If unable to obtain this 1,400 V reading, note the clos-
est setting and refer this difference (error} to correct
&l subsequent readings in this check. For example: if
reading is 1.4071 V, correct all subsequent readings by
subtracting 0.001 V.

¢. CHECK—that the voltmeter readings are within the
limits as shown in the following table for the frequencies

specified.

Performance Check—SG 5016

S5G 5010 FREQ Corrected (if necessary)
Voitmeter Reading

(limits)

10 Hz 1.368 to 1.432V
20 Hz 1.382 10 1.408 Vv
20 kHz 1.382 to 1.408 V
100 kHz 1.368 to 1.432 V
163.8 khHz 1.368 10 1.432V

5. Check Squarewave Risetime
Refer to Fig. 5-1, Check setup 1 for the following check.

SG 5010 CONTROL SETTINGS

FREQ 10.00 kHz

FUNCTION SQUARE

Vrms 1.000 Vv
VERTICAL PLUG-IN SETTINGS

Display Mode CH 1

Trigger Source CH 1

a. Adjust the oscilloscope vertical and horizontal scale
factors as necessary to make the following risetime and
faiitime measurements.

* b. CHECK—that the risetime and falltime (10% to 80%)
ascilloscope ¢rt waveform indicates between 1.35 and 1.65
useconds. '

6. Check Squarewave Amplitude Accuracy
Hefer to Fig. 5-1. Check setup 1 for the following check.

NOTE

The SG 5010 is calibrated for constant peak-to-peak
output voltage (sinewave equivalent; Vrms thus, a di-
rect true rms voltage measurement will be in error by
a factor of 1.4142 for squarewaves. There will be an
additional error because of the finite bandwidth limita-
tion of the squarewave signal. For frequencies to ap-
proximately 400 Hz, this effect of non-zero risetime
and falitime is regligible. Above 400 Hz, a true rms
voltage measurement should be corrected by multipfy-
ing by a factor of (1+ frequency X risetime) FROM
STEP 5.

a. Set the SG 5010 FREQ to any frequency between
10 Hz and 16.38 kHz; e.9..400 Mz and 1.00 Vrms.

b. CHECK-—that the corrected (if necessary) voltmeter
reading indicates between 1.372 and 1457 V.
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7. Check IM Frequency Accuracy
Refer to Fig. 5-1. Check setup 1 for the following check.

NOTE

The same internal low frequency source is used by
both SMPTE/DIN and CCIF intermodulation iest sig-
nal generators. It is sufficient {o verify accuracy with
onfy one IM test signal funiction selection.

$G 5010 CONTROL SETTINGS

FUNCTION SMPTE/DIN or CCIF
FREQ 5.000 kHz
M FREQ 40 Hz

a. Adiust the digital counter triggering controls for a sta-
ble reaciout.

h. CHECK—that the displayed counter readings are
within fimits as shown in the following tabie for the iM fre-
quencies specified.

$G 5010 IM FREQ Counter Reading (limits)

40 Hz 39.20 to 40.80 Hz
50 Hz 49010 51.0 Hz
80 Mz 58.8 t0 61.20 Hz
80 Hz 78.4 to 81.60 Mz
100 Hz 98.0 to 102.0 Hz
125 Hz 12250 127.5 4z
250 Hz 245.0 to 255.0 Hz
300 Hz 490.0 to 510.0 Hz

8. Check SMPTE/DIN Ampiitude Accuracy
Refer to Fig. 5-1. Check setup 1 for the following check.

NOTE

The SG 5010 is calibrated for constant peak-to-peak
output voltage (sinewave equivalent) Vrms, thus a di-
rect true rms voitage measurement will be in error by
a factor of 0.82486 for the 4:1 ratio IM test signal or
0.7071 for the 1:1 ratio signal.

$G 5010 CONTROL SETTINGS

FUNCTION SMPTE/DIN

FREG 7.000 kHz

IM FREQ any valid IM frequency;
e.g., 60 Hz.

Vrms 1.000 vV

a. CHECK-that the wideband voltmeter reading indi-
cates petween 0.800 to 0.848 V.
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b. Press the SG 5010 RECALL bution and the
SMPTE/DIN button to select the 1:1 ratico mode.

¢. CHECK—that the voltmeter reading indicates De-
tween 0.586 and 0.728 V.

g, Check CCIF Amplitude Accuracy
Refer to Fig. 5-1. Check setup 1 for the following check.

NOTE

The §G 5010 is calibrated for constant peak-to-pezak
output voltage (sinewave equivalent) Vrms, thus a ai-
rect true rms voitage measurement will be in error by
a factor of 0.7071 for the CCIF IM test signal.

$§G 5010 CONTROL SETTINGS

FUNCTION CCIF

FREQ any frequency between
2.5 kHz and 163.8 kHz
(e.g. 14.5 kHz}.

500 Hz

1.000 Vv

M FREQ
vrms

a. CHECK--that the wideband voitmeter indicates a
reading batween 0,672 and 0.742 V.

16. Check Burst ON/OFF Amplitude Accuracy
Aefer to Fig. 5-1. Check setup 1 for the following check.

SG 5010 CONTROL SETTINGS

FUNCTION BURST

FREGQ any frequency between
10 Hz and 50 kHz
fe.g., 10 kHz).

vims 1.000 Vv

ON CYCLES 1Q

QFF CYCLES G

a. CHECK.-that the wideband voltmeter indicates a
reading between 0.970 to 1.030 V.

b. Change the SG 5010 OFF CYCLES to 89999

o, CHECK—that the voltmeter indicates a reading less
than 10 mV (the voltmeter range may have to be adjusted |
for this reading). ’
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‘ d. Press the 5G 5010 RECALL and BURST buttons to UNBAL-BAL UNBAL
" select the 10% Burst-off Enode. ON-QFF ON

DIGITAL MULTIMETER SETTINGS

Voits DC
Range 2V

¢. CHECK-that the voltmeter reading indicates be-
tween 0.094 and 0,106 V (the voltmeter range may have to
be adjustec for this reading).

a. CHECK—that the cgégital multimeter readout indicates
11. Check DC Offset between —15.0 mV and +15.0 mV.

Refer to Fig. 5-2. Check setup 2 for the following check.

$G 5010 CONTROL SETTINGS b. Change the SG 5010 UNBAL to BAL and the Vrms to

212V,
FUNCTION EXT 2
Vrms 1060V
8G 5010
\ TM 5006 Power Module
N
TM 503 Power Module \\
[
© O °
m] ouTPUT c O O
C}O INPUTO o 005‘60 O 0 O 0 o000
O O O COM -]
v % o © [

- / o Duat Banana Plug
Dlgltak to BNC Adapter
Multimeter

Dual Banana Plug

{o BNC Adapter .
7704-Series Oscilloscope

o]

c,C)

O

C
RMS Voltmeter ° ° ° ©
O_ o OI® o @20
oo 5|0
cC O O © | 0 Clo @ Jool o

4331 20

Fig. 5-2. 5G 5010 check setup 2.
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¢, CHECK.—that the multimeter readout indicates be-
tween —~25(0 mv and +25.0 mV,

12, Check Qutput Impedance {SOURCE R)
Accuracy

Fefer to Fig. 5-2. Check setup 2 for the following check.

' G 50106 CONTROL SETTINGS
ON-OFF OFF

DIG!'!:AL MULTIMETER SETTINGS
Mode Q

a. Set the multimeter range to 200 €.

b. CHECK.—that the muitimeter readout indicates be-
tween 48.5 anc 51.5 when SG 5010 R SOURCE is selected
for 50 ¢ When R SOURCE is 150 Q, the reading indicates
between 147.0 and 153.0 Q.

¢. Change the muitimeter Range to 2k .
d. Change the SG 5010 R SOURCE for 600 .

g. CHECK.-that the multimeter readout indicates be-
tween 594.0 ang 606.0 Q.

f. Change the 3G 5010 UNBAL-BAL t© BAL.
g. Repeat steps 12a through 12f.

13. Check Sinewave Distortion
Refer to Fig. 5-3. Check setup 3 for the following check.

NOTE

A compiex and lengthy procedure is required to verify
the SG 5010 ultra-low distortion. Unless there is rea-
son to suspect the SG 5010 may not meet its distor-
tion specification because of recent repair to the SINE
section or accidental abuse, it is suggested that this
step be omitted. Step 14 verifies system distortion
and noise performance with the AA 5001 Distortion
Analyzer which will include the effects of SG 5070
distortion.

The following procedure checks THD in the UNBAL
mode oniy, If desired, the THD in the BAL mode may de
checked: however each output should be referenced to
Common Terminal (CT} and tested individually with the re-
suits averaged. An additional 600  resigtor should be paral-
leled with the output to create a 300 Q effective toad to CT.
A 300 O resistor shouic be placed from the unused output to
T to provide maximum output ioad.

$G 5010 CONTROL SETTINGS

FUNCTION SINE
Vrms 2.000V
FREQ 10 Hz
R SOURCE 50 ¢
ON-QFF ON
GND-FLTG GND
LINBAL-BAL UNBAL

Calibration Fixture CONTROL SETTINGS

NOTCH FREQUENCY 10 Hz
MODE Flat {out)
ATTEN -~ 60 dB (in)
7L5 CONTROL SETTINGS
FREQUENCY 50 Hz/div
RESOLUTION 10 Hz
TIME/DIV 10 sec/div
LOG 10 dB/div

SQURCE MODE FREE BUNNORMAL
Set the 1.3 controls to 1 MO ,dBv.

Distortion Analyzer Settings

INPUT RANGE 20 mV/div
FUNCTION LEVEL FILTERS (OFF)

a. Setthe 7L5 A & B to off and manuat sweep.

Adjust the 7L5 manual sweep dial to position the dot
horizontally in line with the 10 Mz graticule mark (see
Fig. 5.4).

Adjust the 7L5 Reference level control {o position the dot
vertically on the top graticule fine (this line is the —60d8
reference level).

NOTE

The 14dB/Step Reference Level control should be
used to set the --60dB reference rather than the
Variable controf to avold increasing the amplitude of
the 0 Hz displayed spur.
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8G 5010 Distortion
\ TM 5006 Power Module Analyzer
\ /
TM 503 Power Module 3 087 '/ -
) Calibration
Fixture
OOUTPUT O O . lNgl\JT FUNCTION
O m} - N OUT - ouT
O LA copool ¢ ?¢9 o9o
° 0 Q0 com ]
c O o 55:3
" — - 1
Qual Banana Plug 18" 18"
to BNC Adapter
7704-Series Oscilloscope
!
o]
O
o
42"
s o]
RMS Voitmeter Spectrum Ana!yzer
© o}
- 70 (@ o . 2 s
O
%@, O
O O c © O O O | weuT o o o

4331-3*

Fig. 5-3. $G 5010 check setup 3.
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b. Set the calibration fixture Mode to Notch (in)
position and the Atten to 0dB (out). Adjust the
SG 5010 FREQ and the calibration fixture Adj for Null
controls to position the dot vertical to the most stable
point below the — B0 dB level on the display. (See Fg.
5-4.)

¢. Change the distortion analyzer RANGE control
10 2 mV (this adds 20 4B more gain 1o the display).

Fe-adjust the SG 5010 FREQ and the calibration
fixture ADJ and Nult controls for minimum displayed
amplitude. '

d. Setthe 7L5 A & B to the on position and normal
sweep mode.

&. Note the 2nd, 3rd, 4th, and 5th harmonics on
the displayed waveform {see Fig. 5.5).  the harmonic
amplitudes on either side of the { Hz are slightly differ-

ent, average the two readings for each harmonic.

0.00kHZ

GGraticuile

. T ..... g 4.A,.,,.,T_v,"‘;,““..,.‘......
‘Graticule . ’ :

1008/ 10HZ ~ 50HZ

- B0 dB

--90 dB

- =100 dB

— 110 dB

=120 dB

4331-32

Fig. 5-4. 10 Hz null adjustment,

NOTE

Due to the purely passive nature of the 067-0938-00
Calibration Fixture, the losses at the various harmon-
ics must be taken into account to correct the har-
monic values noted on the spectrum analyzer display.
The following foss (correction) factors must be added
to the dispiayed values to obtain corrected values

Disregard
Residuai
Line Harmonics

433033

Fig. 5-5
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TABLE 5-1
HARMONIC CORRECTION FACTORS
Notch Frequency Setting
10 Hz to
Harmonic 20 kHz 50 kHz 100 kHz

2nd 8.5 10 10.5
3ra 6.0 6.5 7
Ath 4.5 5 55
Sth 3.5 4 4.5

@. Compute the harmoenic distortion (thd) using the har-
monic values noted and either of the two following methods.

Formula Method for Computing thd:

Substitute the harmonic values (in dB), noted in
step 13-d, in the following formula:

The numbers added to the harmonic values in the for-
mula are correction factors for the calibration fixture at
10 Hz Notch Freguency.

Exampie:

Using the harmonic distortion levels in Table 5-1 and the
corractions faciors in the previous formuia.

ond marmonic = — 110dB + 85 = — 1005
3rd harmonic = — 107dB + 6 = — 101

4th harmonic = — 115dB + 45 = — 1105
5th harmenic = — 121dB + 3.5 = ~ 117.5

Dividing by 10 and raising 10 to this power gives:

- 1005 = 10= — 10.05 101005 = B9 12 X 102
- 101 = 10m - 103 107107 = 7943 X 10~
- 110.5 = 10= - 11.05 101705 .. 891 X 1072
— 1175 = 10= — 11.7510-"75 = 177 X 10-%

179.2 X 1012

Taking the square root resuits in:

V1792 X 10-7 = 1.34 X 10-5

Taking the log:

Log,, 1.4 X 10-%= —4.87
Multiplying by 20:

~4.87 X 20 = —97.46 dB thd

Performance Check—5G 5010

Table Method for Computing thd:

Adc the catibration fixture correction factors to the har-
monic distortion levels noted in step 14-d. For example, us-
ing the harmonic distortion levels in Table 5-1 and the
calibration fixture correction factors for 10 Hz Notch
Frequency:

ond harmonic = — 118dB + 9.5 = — 1005
ard harmonic = — 10768 + 6 = — 101

4th harmonic = — 116dB + 4.5 = — 1105
5th harmonic = — 121dB + 3.8 = — 1175

Compute the arithmetic difference between the two nu-
merically lower dB values - ir: this case, —100.5 and — 101,
Lacate this diference value {0.5) in Table 5-2. If the differ-
ance value falls between two of the difference values in the
taple, interpolate the corresponding value in the Additive
Factor column. Algebraicalty add the number in the Additive
Factor column (2.77) to the numerically tower dB value:

—100.50
2.77

- 97.73

Now repeat the process (find the arithmetic difference)
using the resulting number {~97.73) and the next numeri-
cally lower dB value:

—110.530
— 97.73

12.77

The value opposite 12.77 in Table 5-2 is approximately
0.23. Algebraicaily adding 0.23 to —97.73 = —97.50. Re-
peat the process using —97.50 and the remaining dB value
to the combined, —117.5:

—-117.5
- 87.50

- 20.00

The value opposite 20.00 in the table is approximately
0.04.

—97.50
0.04

—37.46 = thd
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Table 5-2

FACTORS FOR THD COMPUTATION

Ditference Additive
Value Factor
0.0 3.01
0.5 277
1.0 2.54
20 212
3.0 1.76
4.0 1.46
5.0 1.18
6.0 0.97
7.0 0.79
8.0 0.64
8.0 0.51
10.0 0.41
1.0 0.33
120 0.27
13.0 0.21
14.0 017
15.0 Q.14
16.0 0.11
17.0 0.08
18.0 o447
19.0 0.05
20.0 0.04

f. CHECK—that the calculated thd is less than —85 dB.

g- Change the SG 5010 FREQ to 20 Hz.

Change the caiibration fixture Notch Frequency to 20 Hz.

h. Repeat steps 13-b through 13-e using the 20 Hz grati-
cule mark on the display for step 13-b (see Fig. 5-6).

i. CHECK—that the calculated thd is less than — 102 dB
(see Fig. 5-6 for harmonics at 20 Hz).
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Refer to Fig. 5-7. Check setup 4 for the following check.

. Change the SG 5010 FREQ to 20 kHz.

Change the caiibration fixture Notch Freguency to
20 kHz.

k. Set the calibration fixture Mode to Flat (out) and the
Atten to —80 dB {in) position.

Change the 7L5 to 10 kHz/div and 0.1 sec/div.

|. Adjust the 7L5 reference level control to position the
20 kHz peak on the top horizontal graticuie line. This line is
the — 60 dB reference level.

m. Set the calibration fixture Mode to Notch {in) and
Atten to G dB (out).

Adjust the SG 5010 FREQ and the two calibration fixture
Adjust For Null controis to position the 20 kHz peak below
the top horizontal graticule line.

n. Note the 2nd, 3rd, 4th, and 5th harmonics on the
waveform, or as many of these harmonics as are visible.
See Fig. 5-4 and compute the thd using the formula in step
13-e.

0. CHECK-wthat the calculated thd is less than
- 102 dB.

p. Change the SG 5010 FREQ io 50 kHz.

Change the calibration fixture Notch Frequency to
50 xHz.

g. Repeat steps 13-k through 13.m, except position the
50 kHz peak (2nd peak) of the waveform.

NOTE

The loss (correction)} factors for the 067.0938-00 Cali-
bration Fixture at the 50 kiHz and 100 kHz frequencies
are siightly different from the correction factors for the
lower frequencies (see Table 5-1).

r. CHECK—that the calculated thd is less than ~ 95 ¢8.
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Fig. 5-6. 20 Hz harmonic distortion display.
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Fig. 5~7. 8G 5010 check setup 4.

s. Change the 3G 5010 FREQ to 100 kHz.

Change the calibration fixture Notch Freguency to

100 kHz.

t. Repeat steps 13-k through 13-m, except position the
100 kHz peak (2nd peak) of the waveform.

v. Change the SG 3010 FREQ to 163.8 kHz.

Set the calibration fixture Mode switch to FLAT and 705

to 100 kHz/div.

u. CHECK--that the calculated thd is less than —80 dB.

5-14

Adjust the 715 Reference Level to position the peak at
the top of the screen (see Fig. 5-8).

w. CHECK—that all harmonics are below --70 dB,
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Fig. 5-8. 163 kHz THD display.

14. Check Residual THD +N (System Specification
with AA 5001, Distortion Analyzer)

Refer to Fig. 5-9. Check setup 5 for the foilowing check.

SG 5010 CONTROL SETTINGS

FUNCTION SINE

Vrms any setting=>250 mV, e.g.
3.00V

UNBAL-BAL UNBAL

ON-QFF CN

AA 5001 CONTROL SETTINGS

input Autorange
Function THO+N
% Autorange

a. CHECK—that the dispiayed AA 5001 readings do not
exceed the limits as shown in the following table for the
frequencies specified and for the AA 5001 filter specified.

SG 5010 AA 5001 AA 5001 THD+N
Freq FILTER AA {limits)
10 Hz nong 0.010 %
20 Hz 80 kHz 0.0032 %
1 kMz 80 kHz 0.0032 %
20 kHz 80 kiHz 0.0032 %
850 kHz none 0.010 %
100 kHz none 0.010 %

b. Change the SG 5010 UNBAL to BAL.

Performance Check—SG 5010

¢. CHECK—repeat step ida.

15. Check Residual SMPTE/DIN IMD (System
Specification with AA 5001, Distortion Analyzer)

Refer to Fig. 5-9. Check setup 5 for the following check.

3G 5010 CONTROL SETTINGS

FUNCTION SMPTE/DIN

Vrms any setting =250 mV, e.g.
300V

UNBAL-BAL UNBAL

FREQ 7 kHz or 8 kHz

IM FREQ 60 Hz or 250 Hz

a. Change the AA 5001 Function to IMD and turn off any
selected filters.

b, CHECK—that the displayed AA 5001 reading does
not exceec 0.0032 %.

¢. Change the SG 5010 UNBAL to BAL.
d. CHECK—repeat step 15b.

e. Press the SG 5010 RECALL button and SMPTE/DIN
button to select the special function 1:1 ratio test signal.

f. CHECK--repeat step 15b.
g. Change the SG 5010 BAL to UNBAL.
h. CHECK-~repeat step 18b.

16. Check Residual CCIF IMD (System
Specification with AA 5001, Distortion Analyzer)

Refer to Fig. 5-9. Check setup 5 for the fallowing check.

SG 5010 CONTROL SETTINGS

FUNCTION CCiF

Vrms any setting =250 mv,
e.g. 3.00V

FREQ 14.5 kHz

IM FREQ 500 Hz

a. CHECK-—that the displayed AA 5001 reading does
not exceed 0.0018 %.
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Fig. 5-9. SG 5010 check setup 5.

b. Change the G 5010 UNBAL to BAL.

¢. CHECK—repeat step 18a.

17. Check CCIF Center Frequency Leakage and
Harmonic Content

Refer 0 Fig. 5-7. Check setup 4 for the following check.

~ 8G 5010 CONTROL SETTINGS

FREQ 20 kHz
Vrms 1.000V
UNBAL-BAL UNBAL
GND-FLTG FLTG
ON-QFF ON

516

Spectrum Analyzer SETTINGS

Frequency 200 Hz/div
Resolution A0 Hz
Time/Div 2 Sec/div
Log 1G dB/div

Source Mode Free Run, Normal

a. Adjust the spectrum anzlyzer for a center frequency
of 20 kHz (refer to Fig. 5-10). Rotate the Reference Levsl
control to line up the displayed twin fones at 19.5 kHz and
20.5 kHz with the top graticule line {0 dB reference level).

B, CHECK—that the displayed center frequency leakage
{at 20 kHz) is at least 40 dB below the reference level,
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Fig 5-10. CCIF center frequency leakage.

c. Adjust the spectrum analyzer for a center frequency
of 40 kMz with a 500 Mz/div span and 100 Hz resolution
setting.

d. CHECK--That the displayed waveform has no fre-
quency components greater than —40 dB, with respect 0
the reference shown in step 17a.

_ e, Adjust the spectrum analyzer for a center frequency
of 60 kHz and repeat step 17d.

18, Check External Input Gain Accuracy
Refer to Fig. 5-11. Check setup 6 for the following check.

SG 5010 CONTROL SETTINGS

FUNCTION EXT
Vrms 1.400V
R SCURCE 50
UNBAL-BAL UNBAL
GRO-FLTG GND
CN-QFF ON

a. Set the SG 5010 for a 1 kHz frequency and 2.000 V
rms using the wideband voltmeter.

b. Disconnect the voltmeter {from the tee connector) and
re.attach this cable to the SG 5010 OUTPUT connectors.

Performance Check—SG 5010

o. CHECK-that the voltmeter indicates a reading be-
tween 1.330 and 1,470V,

19. Check External Input Frequency Response
Refer to Fig. 5-11. Check setup & for the following check.

a. Adiust the SG 5010 Vrms using the DEC/INC control
for 1.400 V readout on the wideband voltmeter,

NOTE

If unable to obtain this 1.400 V reading, note the clus-
est setting and refer this difference (error} to correct
all subsequent readings in this check. for example: if
reading is 1.401 V, correct all subsequent readings by
subtracting 0.001 V.

b. Connect the wideband voltmeter to the bnc tee
connector and note the reading.

c. Set the 5G 5010 Frequency to 20 Hz.

d. Re-adjust the sinewave generator Quiput con-
trol (vernier) to display the reading from step 19b
{3 mV ,or less, errars may be ignored).

e. Re.connect the wideband voltmeter to the
SG 5010 QUTPUT.

f. CHECK—that the voltmeter reading indicates
between 1,384 and 1.416 V.

g. Set the sinewave generator Freguency to
20 kHz.

h. Re-adjust the sinewave generator QOutput ver-
nier control to display the reading from step 1Sb
(3 mV . or less, errors may be ignored).

i. Re-connect the wideband voltmeter to the
SG 5010 QUTPUT.

j. CHECK—that the voitmeter reading indicates
between 1.384 and 1.416 V.
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Fig. 5-11. 8G 5010 check setup 6.

20. Check External input THD+N
Refer to Fig. 5-11. Check setup 6 for the foliowing

oneck- 56 5010 CONTROL SETTINGS
FUNCTION -~ EXT
Vrms any setting =250 mV, e.g.
1400V
GND/FLTG GND

a. Set the AA 5001 for Input Autoranging, THD 4N
Function, % Autorange, and 80 kHz Filter,

b. CHECK——that the AA 5001 reading does not exceed
0.010 % for the SG 5010 20 Hz, 1 kHz, and 20 kHz Fre-
quency settings.
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21. Check The GPIB Through Controlier.

Refer to the Talker/Listener sampie programs in the
Programming Section of this manual,

a. Connect the controiler to the TM5000 Series power
module.

b. RUN the sample program for your selected controller
using settings and queries commands.

¢. CHECK-—the SGB010 dispiay readout and front
panel lighted buttons for returned query data.

This completes the Performance Check.

REV NOV 1984



USERS CHECK LIST

Performance Check—SG 5010

STEP

CHARACTERISTIC ALLOWABLE LIMITS ACTUAL VALUE
2 Freq. Accuracy
_VkHz Sine 999.90 to 1000.10 Hz
"1 kHz Square 999.90 to 1000.10 Hz

10 Hz Sine 9,9990 to 10.0010 Hz

163.8 kHz Sine 163.7863 to 163.8164 kHz
3 Sing Ampl Accuracy

100 mV, Unbal

10 Hz 97.0 to 103.0 mV

20Hz 98.0 t0 102.0 mV

1 kHz 98.0 to 102.0 mvV

100 mV, Balanced

10Hz 97.0 to 103.0 mV

20Hz 98.0to 102.0 mV

1 kHz 98.0t0 102.0 mV

20 kHz 98.0 to 102.0 mv

100 kHz 97.0 to 103.0 mV

163.8 kHz 97.0 10 103.0 mV

10.6 V, Unbalanced

10 Hz 10.28 t0 10.92 V

20 Hz 10.3¢ to 1081V

20 kHz 10.32 to 10.81 V

163.8 kHz 10.28 to 10.82V

1,40V, Balanced

10 Hz 1.358 to 1.442 V

20 Hz 1.372t0 1.428 V

20 kHz 1.372t0 1428V

163.8 kHz 1.358 to 1.442 V
4 Sine Level Flatness

{1.400 V, 1 kHz refer)

10 Hz 1.368 t0 1.432V
20 Hz 1.382 to 1.408 V
20 kHz 139210 1.408V
100 kHz 1.368 to 1,432V
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USERS CHECK LIST (cont)

STEP |CHARACTERISTIC ALLOWABLE LIMITS ACTUAL VALUE
163.8 kHz 1.368 to 1.432V
5 Square Wave
Rise Time 1.35 to 1.65 us
Fall Time 1.35 t0 1.65 us
& 1V Rms Square
Ampl Accuracy 137210 1,457 V
7 IM Freq Accuracy
40 Hz 39.2 to 40.8 Hz
50 Hz 49.0 to 51.0 Hz
60 Mz 58.8 to 61.2 Hz
80 Hz 78.4 10 81.6 Mz
100 Hz 98.0 t¢ 102.0 Hz
126 Hz 1225 to 1275 Hz
250 Hz 245.0 to 255.0 Hz
500 Hz 480.0 to 510.0 Hz
& 1 ¥ Rms SMPTE/DIN Ampl Accuracy
4:1 Ratio 0.800 to 0.848 V
1:1 Ratio 0.68610 0.728 V
g 11V Rms CCIF
Ampl Accuracy 067210 0.742V
10 1V Rms Burst Ampl Accuracy
ON 0970 tc 1.030V
0% OFF =10mv
10% QFF 94.0 to 106.0 mV
11 DC Offset
Unbalanced ~150t0 +15.0mV
Balanced —25.0t0 +25.0mV
12 Cutput impedance Accuracy Unbalanced
50 ohms 48.5 to 51.5 ohmg
150 ohms 147.0 to 153.0 ohms
800 ohms 594.0 to 606.0 ohms
Balanced
50 ohms 48.5 to 51.5 ohms
150 ohms 147.0 to 153.0 chms
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USERS CHECK LIST {cont)

Performance Check—5G 5010

STEP | CHARACTERISTIC 1 ALLOWABLE LIMITS ACTUAL VALUE
600G ohms 594.0 to 606.0 ohms
13 Sine Distortion (2nd through 5th thd)
10 Hz 0.010% (— 80 dB)
20 Hz 0.0010% (- 100 ¢B)
1 kHz 0.0010% (—100 dB)
20 kHz 0.0010% {~—100 dB)
50 kHz 0.0032% {—90 dB)
100 kHz 0.010% (—80 dB)
163.8 kHz 0.032% (--70 dB)
14 System Residual THD+N (with
AA 5001) Unbalanced
10 Hz 0.010% {—80 dB}
20 Hz 0.0032% (—80dB)
1 kHz 0.0032% (-850 dB)
20 kHz 0.0032% (—90 dB)
50 kHz 0.010% (—80 d8})
100 kHz 0.010% (—80dB)
Batanced
10 Hz 0.010% (—80 dB)
20 Hz 0.0032% (—90 dB)
1 kHz 0.0032% (—90 dB)
20 kHz 0.0032% (—90 ¢B)
50 kHz 0.010% (80 dB)
100 kHz 0.010% (80 dB)
15 System Residual SMPTE/DIN IMD
(with AA 5001} 4.1 Ratio
Unbalanced 0.0032% (90 dB)
Balanced 0.0032% {—90 dB)
1:1 Ratio '
Unbalanced 0.0032% (—90 aB)
Balanced 0.0032% (80 dB}
16 Systemn Residual CCIF IMD (with
AA 5001)
Unbalanced 0.0018% (—95 dB)
Balanced 0.0018% (95 dB)
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USERS CHECK LIST {cont)

STEP | CHARACTERISTIC ALLOWABLE LIMITS ACTUAL VALUE
17 COIF Center Freq Leakage &
Harmonic Content
20 kHz 40 dB
37.5 to 42.5 kHz - &40 B
57.5 10 62.5 kHz —40 dB
18 Ext Input Gain
Accuracy 1.330 t0 1.470 V
18 Ext input Freg Response (1.400 V,
1 kHz reference)
20 Hz 1.384 t0 1,416V
20 kkz 1.384 t0 1.418 V
20 Ext Input THD 4N
20 Hz 0.010% (—80 dB)
1 kHz 0.010% {—80 dB)
20 kHz $.010% {80 dB)
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Section 656G 5010 Adjustment Procedure

ADJUSTMENT PROCEDURE

introduction

This procedure need not be performed uniess the instru-
ment fails to meet the performance requirements of the eiec-
trical characteristics fisted in the Specification section of this
manual. To ensure instrument accuracy, perform the adjust-
ment of the instrument every 2000 hours of cperation or
every tweive months it used infrequently. Adjustment may
be required after a repair has been made. if adjustment of
internal controls does not bring the instrument performance
withirt the limits listed in the Specification section, trouble-
shooting is indicated. Adjustments shouid be made with the
instrument operating at an ambient temperature of 20°C to
30°C.

Test Equipment Required

Test equipment used for adjustment of the SG 5010 is
fisted at the beginning of the Performance Check section of
this manual.

Preparation

To gain access to the test points and adjustable compo-
nents, remove the instrument side covers (refer to the Main-
tenance section for instructions). The adjustment locations
are aiso shown in the ilustration located in the pult-out
pages in the rear of this manual.

Connect the SG 5010 to the power module via the ex-
tender cable. Connect the test equipment and the power
module 10 & suitable line voltage source.

Turn on the power module and test equipment; allow at
teast 30 minutes warm-up time for the SG 5010.

PROCEDURE

1. SINE Adjust
Refer to Adiustment setup in Fig. 8-1.

$G 5010 Control Settings

FREQ 1 kHz
FUNCTION SiNE
BAL-UNBAL BAL
Vrms 2.000V
R SOURCE 50
GND/FLTG GND
ON/OFF ON

Rms Voltmeter Settings
VOLTS 2y

a. Connect the test cable from the SG 5010 front panel
4+ QUTPUT and COM connectors to the rms voltmeter in-
put connectors (observe proper lead polarities).

b. Locate the SINE control that is accessed through the
SG 5010 bottom cover {rear of instrument).

¢. ADJUST-the SINE control (R4083) for a digita read-
out of 1.000 Vac.

2. BAL Adjust
Refer to Adjustment setup in Fig. 6-1.

Use the same control settings from Step 1.

a. Locate the BAL control that is accessed through the
§G 5010 bottom cover (front of the instrument).

b, ADJUST-—the BAL controt {R4028) for a digitat read-
out of 1.000 vac.

3. MAIN OSC FREQ Adjust
Refer to Adjustment setup in Fig. 8-2.

Use the same control settings from Step 1.

a. Disconnect the rms voitmeter Input test cable ana
connect to the digital multimeter input connectors.

b. Connect the + test lead to testpoint, TP3183 located
on the Oscilfator board) and the - test lead to test point,
TP6161 (located on the Phase Lock Loop board, A11).

¢. ADJUST-—the MAIN OSC FREQ control (R3121), lo-
cated on the Oscillator board, for a digital readout of
—4.00 vdc.
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Fig. 6-1. Adjustment setup for SINE, BAL, SIMPTE CAL, SG WAVE CAL, and CCIF CAL control adjustments.
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Fig. 6-2. Adjustment setup for MAIN OSC FREQ controi.
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d. Remove all cable connections.

4. IM OSC FREQ Adjust
Refer to Adjustment setup in Fig. 6-3.

Change the 5G 5010 FUNCTION to SIMPTE/DIN and
sei the IM FREQ to 50 Hz.

Digital Counter Settings

FREG A
COUPL e
AVGS AUTO

a. Connect the test cable from the SG 5010 SYNC QUT
connector to the digital counter Input connectors.

n. ADJUST—the IM OSC FREQ controt {R7021), lo-
cated on the Oscilator board, for a counter reading of
50 Hz.

¢. Disconnect all cable connections.

5. SMPTE CAL Adjust
Refer to Adiustment setup in Fig. 6-1.

a. Connect the test cabie from the SG 5010 OQUTPUT
connectors o the rms voltmeter input.

b. ADJUST—the SMPTE CAL control (R4025), iocated
on the Oscillator board, for a voltmeter reading of 0.7071 V.

6. SQ WAVE CAL Adjust
Refer to Adjustment setup in Fig. 6-1.

a. ADJUST—the SQ WAVE CAL controi (R8143), lo-
cated on the Oscillator board. for & voltmeter reading of
1.4142 V.

7. CCIF CAL Adjust
Refer t0 Adjustment setup in Fig. 6-1.

a. Change the SG 5010 IM FREQ to 10 kHz.

b. AQJUST-—the CCIF CAL controt (R4031), located on
the Oscillator board, for a voitmeter reading of 0.7071 V.
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¢. Remove all cable connections.

8. CCIF DISTO Adjust
Refer to Adjustment setup in Fig. 6-4.

Distortion Analyzer Settings

INPUT RANGE AUTO RANGE
FUNCTION IMD
DISTORTION RANGE AUTO RANGE
RESPONSE HMS
FILTERS 400 Hz

a. Change the $G 5010 IM FREQ to 500 Hz; FREQ 10
10 kHz; and the FUNCTION to CCIF.

b. Connect the test cable from the SG 5010 OUTPUT
(— and +) connectors to the distortion analyzer Input.

¢. ADJUST—the CCIF DISTO control (R4033), located
on the Oscillator board for minimum dispiayed readout on
the distortion analyzer.

d. Disconnect alt cable connections.

9. 10 Mz THD Adjust
Refer to Adjustment setup in Fig. 6-5.

a. Change the 3G 5010 FREQ to 10 Hz and set the
FUNCTION to SINE.

b. Set the oscilloscope system for 5 my/div period and
AC coupled.

¢. Connect a test cable with X1 probe from the oscillo-
scope vertical plug-in Input connector.

On the Osciflator board, connect the + probe lead o test
point TP5111 and the probe ground lead to COM taestpoint,
TP3183.

¢. ADJUST—the 10 Hz THD controt (R3141), located on
the Oscillator board, for minimum ripple on the ¢t display.
{This adiustment will be at the end of the potentiometer ro-
tation, in most instruments,)

&¢. Remove all connections.

This completes the Adjustment Procedure.
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Fig. 6-3. Adjustment setup for 1M OSC FREQ control.
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Fig. 6-4. Adjustment setup for CCIF DISTO controt.



Adjustment Procedure—5G 5010

™ 5006
Power Module

Extender
Cable

5G 5010
{Right Side Cover Removed)

TP3183
TP5111 |

X 1 Probe

=l

7704 Oscilloscope

RMS Voitmeter

o 7880

Fig. 6-5. Adjustment setup for 10 Hz THD controL
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Section 7—8G 5010

MAINTENANCE

Introduction

This section of the manuai describes on-board jumpers
and rear interface infermation and provides general mainte-
nance and troubleshooting information.

CAUTION

To prevent damage to the SG 8010, turn off the
power module before installing or removing the instru-
ment. Do not use excessive force fo install or remove.

Preparation for Use

On-board Jumpers

Refer to the Parts Location Grids located in the pull-out
pages of this manual.

Front Pane! board:

J3080 Self Test-—Used to place SG 5010 into continucus
self test mode.

Phase Lock Loop board:

J3071  uCom-—AA 5001/8G 5010 serial interface. Used to
enable or disable communication beiween the
SG 5010 and AA 5001 during sweep mode.

JB1681  Internal/External Reference—Used 10 select
between internal and external 1 MHz reference
frequencies.

CPU board:

J2070 1 ms Timer Disconnect—Used to disable 1ms
timer during signature analysis and forced
instruction mode test.

J2071 SA/NORM—Used to enable signature analysis
routines internal to SG 5010 in conjunction with
J2070 and J3050.

J3050 Memory Ready Disconnect—Used to disconnect
display driver memory stretch during signature
analysis and forced instruction mode test,

R4040 Forced Instruction Mode Test—Used fo initiate
forced instruction mode test in conjunction with
J3050 and J2070.

Qutput board:

J4022  SA/NORM-—Used to translate floating circuitry 1o
appropriate voltage levei for the signature analyzer
input,

Operation In TM 500-Series Power Module

Refer to CIRCUIT BOARD REMOVAL in this section, for
the following. To operate the SG 5010 in a TM 500-Seties
Power Moduie, i is necessary to make the following
modifications:

1. Remove the instrument left side cover.

2. Remove the four screws retaining the phase lock loop
board.

3. Move the phase lock ioop board until the second set
of mounting holes lines up with the stand-off hex
screws.

4. Replace the phase lock loop board screws {4).
5. Remcove the back cover.

6. Remove the two mechanical lock-outs from the top
and bottom rails.

7. Replace the back cover.
8. Replace the left side cover.
NOTE

The maximum operating temperature in TM 500-Se-
ries Power Modules should be restricted to +40°C.

REAR INTERFACE INFORMATION

Refer to Fig. 7-1 for the CPU board assignments and Fig.
7-2 for the GPIB assignments.

MAIN OUT HI (pin 28A); MAIN OUT LO (pin 27A)~The
Opticnal Rear Output on-board pin locations {located on the
CPU and Output boards) allow qualified technical personnel
to connect the anafog + (HI) and the — {LO} cutput signals
10 the rear interface connector as follows.
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CPU BOARD At2
PLUG-IN REAR VIEW

ASSIGNMENTS

FUNCTION CONTACTS CONTACTS

ono zee—e] e z8a
SYNC 0uT 278-+] e 274
croune 26| e 264
GROUND 25B—=] |= 254

BURST GATE IN 24B—e] |fe— 244
SC BARRIER SLOT of fo

!
2zg-»] o~ 234
228-»] |- 224
218—w] |- 214
208 —+] = 204
198 ] o 1an
1gg—e] |- 134
178 ] e 174
165w |- 184
MAIN SYNC DUT  158—] | 154
GROUND  148—=] |=— 14a
25 vac 138~—»| = 134
*e26 vae 128w |- 124

COL LD. OF PNP SER. PASS 118~ e 114

108—] | 128

ASSIGNMENTS

FUNCT i ON

MAIN QUT HETZ
MAIN OUT LO™%
PEN LIFT OUT
RAMP OUT

GROUND

GND
EXT 1 MHz

25 Vac

+28vde¥!

BASE LD. OF PNP SERIES PASS
EMIT. LD OF PNP SERIES PASS
+26 v con*!

-26 vee

EMITTER LD. OF NPN SER. PASS

LA
I2s v CoM ss—bl 84
*1.26 vac  sa—| 8
COL. LD. OF NPN SER. PASS 78— 7A
Pur 58— BA

**18 vac s8] 5A
CROUND  aB—w| an

*og v con 38— A

+8 FILTERED vae 28— 2A

IR I I I I O I I

25 Vac ZB—‘4

¥1 NOMINAL VOLTAGE

*2 MAIN OUT HI AND MAIN OUT LO

*3 \OT USED IN SG S@ie

TM S20¢ BARRIER SLOT
BASE LD. OF NPN SERIES PASS
18 Vac*s

GROUND

+8 v com®!

+8 FILTERED vde

25 Vac

ARE NOT FACTORY WIRED.

4337 45

7.2

Fig. 7-1. CPU board rear interface connector assignments.
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REAR INTERFACE GPIB CONNECTGR
PHASE LCCK LOOP BOARD (A11)

ASSIGNMENTS
FUNCTION CONTACTS CONTACTS FUNCTION

o1m

o102

Dl1o3

o104

NC

ED!

DAY

NRFD

NDAC

oo ¥

7
s~

1a-=]

ASSIGNMENTS

}= 2 obios
l

jo~ 4 o108
b=~ & o107

=~ & opioe

teg 1IFC
14 SRQ
18 ATN

18 REN

¥ NOT USED IN SC 5212

2B AA SRB1/SC 5819
SERIAL INTERFACE

4331 4¢

Fig. 7-2. GPIB board rear interlace conneclor assignments.
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NOTE

Refer to the Circuit Board Removal instructions in this
section, and the Parts Location Grids, located in the
pufiout pages of this manual,

a. Scider three connector ping {Tektronix Part No. 131-
1426-00) to the three circuit board holes (J1020) iocated on
the non-component side of the CPU board, facing the pins
DOWN.

b. Soider three connector pins {same part as above) to
the three circuit board holes (J4012) located on the non-
component side of the Cutput board, facing the pins UP.

¢. Attach the cable assembiy (Tektronix Part No. 175-
7848-00) to these pins (1020 and J4012), routing this cable
between the transformer and circuit board.

NOTE

These rear interface connected signals may cause dis-
tortion or noise due to crosstalk wittt existing signals.

SYNC OUT (Pin 27B)—This output signal pin wired in
paraile!l with the front panet SYNC QUT connector is used
as an external trigger for a counter, oscilloscope, or other
device, With a source impedance of 1 k{2, this signal is refer-
enced to chassis ground.

PEN LIFT OUT (pin 26A)-—This TTL output signal pin is
wired parailel with the front panel PEN LIFT connector. It
can be used to blank the dispiay or lift the pen.

RAMP QUT (pin 25A)—This staircase ramp output volt-
age pin is wired in parallel with the front panet RAMP OUT
connector.

BURST GATE IN {pin 24B)—A TTL trigger input signal
pin that is wired in paraflel with the front panel BURST
GATE connector.

MAIN OSC SYNC OUT {pin 15B}—A user option TTL
sync output signal (from the internal phaselock drive circuit),

EXT 1 MMz (pin 14A)-This input signal pin can be used
in conjunction with on-poard jumper P8161 (located on the
Phaselock Loop board). An external 1 MHz signai can be
connected to the internal phaselock circuit when the jumper
is set (by qualified technical personnel) to the £ (external)
position.
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GENERAL MAINTENANCE

Battery Repiacement

Stored setups and the current contents of the 5G 5010
front panet buffer will be iost when the battery is removed.
To avoid this, copy the contents of the stored setup and
reenter them inlo the instrument upon completion of the
reptacement.

Battery Handling and Disposai

WARNING |

To avoid personal injury, observe proper procedures
for handling and dispesal of fithium battery. Improper
handling may cause fire, explosion, or severe burms.
Do not recharge, crush, disassemble, heat above
212°F (100°C), incinerate, or expose contents of
battery to water. Dispose of battery in accordance
with locai, regional, and national regulations.

Crystal

 CAUTION
When replacing the crystal, note solder pecint on
crystal can. Do not solder on narrow side of crystal.

Solder only on the wide side of the can, to avoid
damaging the soldered vacuurm seal of the crystal.

Troubleshooting Aids

Diagrams. Complete circuit diagrams are located in the
puliout pages in the Diagrams and Circuit Board #lustrations
Section of this manuai. The portions of the circuit meounted
on the circuit boards is enclosed by a solid fine. The circuit
number of each component in this instrument is shown on a
diagram. See the first page of the Diagrams and Circuil
Board lllustrations section for definitions of the symbols and
reference designators used on the diagrams.

Circuit Board illustrations. Circuit board illustrations are
provided in conjunction with the circuit diagrams. Each
board-mounted component shown on a diagram is also
identified on the circuit board Hlustration by circuit number. A
table is provided with each diagram, listing components by
assembly and circuit number. The table also lists the com-
ponent grid locations an both the associated diagram and,
the circuit board iilustration. ‘1



Calibration Fixtures

Saeveral calibration fixtures are available from Tektronix,
" Inc. that are heipful in troubleshooting the SG 5010.

067-0938-00 Notch Filter
067-0645-02 Plug-in Extender
067-0986-00 GPIB Extender

Contact your nearest Tektronix, Inc. Field Office or repre-
sentative for ordering information.

Troubleshooting Equipment

Before using any test equipment to make measurements
on static-sensitive components or assemblies, be certain
that any voltage or current supplied by the test equipment
does not exceed the limits of the component to be tested.

Static-Sensitive Components

Static discharge can damage any semiconductor
companent in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. See Table 7-1
for relative susceptibility of various classes of semiconduc-
tors. Static voltages of 1 kV to 30 kV are common in unpro-
tected environments.

Observe the foliowing precautions {0 avoid damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metal rail, or on
conductive foam. Label any package that contains static-
sensitive assembiies or components.

3. Discharge the static voltage from your bedy by wear-
ing a wrist strap while handling these components. Servic.
ing static-sensitive assemblies or components should be
performed only at a static-free work station by quaiified ser-
vice personnel.

4. Nothing capable of generating or holding a static
charge shouid be allowed on the work station surface.
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5. Keep the component Jeads shorted together when-
ever possible.

6. PRick up components by the body. never by the leads.

7. Do not slide the components over any surface.

8. Avoid handling companents in areas that have a ficor
or work surface covering capable of generating a static
charge.

9.'Use a soldering iron that is connected to earth
ground.

10. Use only special antistatic suction type or wick type
desoldering tools.

Tabte 7-1
RELATIVE SUSCEPTIBILITY
TO STATIC DISCHARGE DAMAGE

Relative
Semiconductor Classes Susceptibility

Levels®
MQOS or CMOS microcircuiis or
disgretes, or linear microcircuits
with MOS inputs. {Most Sensitive 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFETs &
Linear microcireuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive 9

*Woltage equivalent for levels:

1=100t0500V 4=500V 7 = 400 to 1000 V({est.)
2=20010500V 5=400t0600V 8 =0900V
3 == 25QV 6=600t0B00V 9 = 1200V

{Voitage discharged from a 100 pF capacitor through a resis-
tance of 100 Q.)
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Obtaining Replacement Parls

Electrical and mechanicai parts can be obtained through
your focal Tektronix Field Office or representative. However,
it may be possible to obtain many of the standard electroric
components from a local commercial source. Before pur-
chasing or ordering a part from a source other than
Tektronix, inc., check the Replaceable Electrical Parts list
for the proper vaiue, rating, tolerance, and description.

NOTE

When selecting replacement parts, remember that the
physical size and shape of a component may affect its
performance in the instrument.

Some parts are manufactured or selected by Tektronix,
Inc. to satisfy particular requirements or are manufaciured
for Tektronix, Inc., to our specifications. Most of the me-
chanical parts used in this instrument have been manufac-
tured by Tektronix, Inc. To determine the manufacturer,
refer to the replaceable parts lists and the Cross Reference
index, Mifr. Code Number to Manufacturer.

When ordering replacement parts from Tekironix, Inc.,
incluce the following information:

1. instrument type (include modification or option
number).

2. Instrument serial number.

3. A description of the part (if electrical, include complete
circuit number).

4, Tektronix part number.

CIRCUIT BOARD REMOVAL

Qualified service personnet will find the SG 5010 instru-
ment cover and-board removal quite simple using the follow-
ing procedure. Refer to Fig. 7.3.

1. Side, Top, and Back Covers Hemoval

a. Remove the two side covers (four 1/4 turn fasteners).

NOTE

Top and Back Covers are removed as a single unit.

7-6

b. Memove the top cover screws (5).

¢. Remove the back cover 3/16” hex. bullet connectors
{2},

d. Carefuilly puil the covers up and back 1o remove.

2. Phaseiock Loop Board (A11) Removal.

& Femove the side, top, and back covers.

n, Remove the screws (4) that secure the Phaselock
Loop board to the CPU board (A12).

¢. Disconnect the ribbon connector, J2100 and remove
board.

NOTE

For troubleshooting purposes, do not remove this
connector, The board can swing back (towards the
front panel), for servicing.

3. Oscitlator Board {A14) Removal

a. Remove the side, top, and back covers.

b. Remove the screws (4) that connect to the Cutput
board {A13).

¢. Disconnect the on-board ribbon connector, J7121 that
attaches to the Qutput board and the coax ¢able harmonic
connector, J8141 and remove the Oscillator board.

NOTE

For troubleshooting purposes, the ribbon cable at-
taching the two boards can be reversed end-for-end
{noting the pin number configuration), and the board
can be positioned on its side. Be sure fo return the
cable to its original connections, upon re-assembly.

d. The oscillater board shield can be detached by remov-
ing the screws (3}, as shown in Fig. 7-4.

4, Gutput Board {A13) Removal

a. Remove the side, top, and back covers.
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CcPu
Board
GPIB/Phaselock (A12)
Board 1 Output
(A11) Board
{A1d)

Oscillator
Board
{A14)

P1023 —

1

J5141

Power
Transisto
Connectors

4
N A
P10ac '
(_ " ‘ |, J7121

¥

Front Pansel
Board |

{A10}

Top Front Cover Screws

4337147

Fig. 7-3. Circuit board and connectors pictorial {top view).

7-7



Maintenance—3SG 5010

e. Remave the transformer bracket screws (4}, as

"""" Board Removal Screws shown in Fig, 7-8.
[a)
o i o §. Carefully pull out the transformer.
Q
: ]
© o o
_ &
Shield Removal Screws :’"_ﬂ =
N s
£331-48 \ \
\ Transformer
Fig. 7-4. Oscillator board pictorial (right side view). Bracket
Screws
b. Remove the Osciltator board. S
®
¢. Remove the stand-off hex screws {4).
. | —
d. Disconnect the transformer connector, P1080. 3149

e. Disconnect the interconnect plug, P1051. Fig. 7-5. Transformer and bracket (pattial pictorial).

f. Remove the power transistor connectors (2). Note 8. CPU Board (A12) Removal
their locations, for re-assembly; the front cabie connects to a. Remove the side, top, and back covers.
the front transistor,

b. Remove the Phaselock Loop board.
g. Carefully slide the board back, making certain ot to
stress or bend the interconnecting pins (P4011) that attach
to the front panel board. ¢. Remove the stand-off hex screws {4).

5. Transformer Removal d. Remove the 3-pin harmonic conrector (P1023).

a. Remove the side, top, and back covers.

e. Disconnect the 20-pin ribbon interconnect cable

£1040).
b. Remove the Oscillator board. { o

f. Slide board back for removal,
¢. Remove the transformer connector (P1080) from the

Qutput board.
7. Front Panel Assembly Hemoval

g. Disconnect the 3-pin harmonic connector (F51023). a. Remove side covers (not necessary to remove the top
from the CPU board. and back covers).
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b. Remove the front cover screws {2).

¢. Remove the latch assembly using the following proce-
dure {refer to Fig, 7-8):

Use a small screwdriver to push forward slightly on the
rear latch (1) just in front of the spring. Press down on the
latch knob to raise the latch knob extension at the point
where the two latch pieces engage. While holding the latch
knob down, push up on the front panei laich piece at the
point of engagement (2} to disengage the two pieces. Then,
pudf the latch knob out.

Fig. 7-6. Latch assembiy pictoriai.

Do not install ihe plug-in in the power module while
the latch is disassembled. Removal of the piug-in with-
out use of the latch can be extremely difficuit.

d. Remove the bottom front panel screws {one being the
ground lug).

e. Carefully pull front panel away from frame being cer-
tain to disconnect the 3-pin harmonic connector (P4021)
from the board.

8. Front Pane! Board (A10} Removal
Refer to Fig. 7.7 for the following:

a. Remove front panel board assembly.
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n. Remove the front panel control knob.

c. Remove the board screws (6).

d. Unsolder the five solder points.

a. Unsoider the coax Connectcr wires.

o

Remove the front panel banana jacks (3).
g. Carefuily lift out board.

$oldering Techniques

WARNING |

To avoid electric-shcck hazard, disconnect  the
instrument from the power source before soldering.

The reiiability and accuracy of this instrument can be
maintained only if proper soldering techniques are used
when repairing or reptacing parts. General soldering tech-
niques, which apply to maintenance of any precision eiec-
tronic equipment, should be used when working on this
instrument. Use only 80/40 rosin-core, electronic grade soi-
der. The choice of soldering iron is determined by the repair

to be made.
y CAUTION

The Oscillator, Output, and CPU boards are muifti-
layer-type boards with a conductive path laminated
between the top and bottom board layers. All solder-
ing on these boards should be done with extreme care
to prevent breaking the connections fo this conductive
path.

Do not allow solder or solder flux to flow under printed
circuit board switches. The printed circuit board is part
of the switch contacts; intermittent switch operation
can oceur if the contacts are contaminated.

Whern soldering on circuit boards or smalt wiring, use
only a 15 watt, pencil-type soidering fron. A high wattage
soldering iron can cause the etched circuit wiring to sepa-
rate from the board base material and melt the insulation
from smail wiring. Always keep the soldering iron tip prop-
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SR ) -

@

®
g
/ T

O / Screws

o

[t

RX_©
-

\|/

Front Panel
Banana Jacks

Coax Connecior
Wires

4331-5t

Fig. 7-7. Front panel board pictorial (rear view).

erly tinned to ensure the best heat transfer to the soider
joint. Apply only enough heat to remove the component or
to make a good scider jeint. To protect heat-sensitive com-
ponents, hold the component lead with a pair of long-nose
piiers between the component body and the solder joint.
Use a soider removing wick to remove excess scider from
connections or to clean circuit board pads.

Semiconductors

To remove in-line integrated circuits mounted in sockets,
use an axtracting tool. This tool is avallable from Tektronix,
Inc.; order Tektronix Part No. 003-0619-00. If an extracting
tool is not available, use care to avoid damaging the pins.
Pull stowly and eveniy on both ends of the integrated circuit.
Try to avoid disengaging one end tefore the other end.




Exterior Cleaning

Chassis. Accumulated dust on the instrument chassis
can be removed with a soft cioth or small brush. Remove
dirt that remains with a soft cloth dampened in a mild deter-
gent and water solution; then remove the detergent with a
cloth dampened in clean water. Do not use abrasive
cleaners.

Front Panel. Use only a cotton swab or soft cloth, damp-
ened in isopropy! alcohol or water.

CAUTION

To avoid damage, use only isopropyl alcohol or water.
Do not use petroleun based agents. Before using a
cleaner other than isopropyl alcohol, consult your
Tektronix Service Center or representative for
information.

interior Cleaning

Clean circuit boards only when required for operation to
specified performance. Dust in the interior of the instrument
should be removed cccasionally due to is slectrical con-
ductivity under high humidity conditions. The best way 10
clean the interior is to blow off the accumuiated dust with
dry, low pressure air. Then use a soft brush.

Isopropyl alcohol can be used to clean major repairs to
the circuit board: however, flush the board well with clean,
isopropyl aicohol. Make certain that resin or dirt is carafuily
removed from board areas of high impedance circuitry.

TROUBLESHOOTING INFORMATION

introduction

Troubleshooting information for the SG 5010 includes
hardware tests, troubleshooting flow charts, and signature
analysis for setected digitai circuits, This information is lo-
cated in the puilout pages of this manual.

if an error code is either displayed on the instrument front
panel or returned to the controller in response to an ERR?
query, refer to the error code definitions in the Programming
section of this manual. The only error codes that indicates
instrument malfunction are those classified as Internal Er.
rors in the error code list. The displayed error code 521
indicates that one of the signature analysis jumpers is
enabled.
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HARDWARE TESTS

The hardware is tested by the 8G 5010 firmware in two
ways:

i. The Power-on Self Tests
2. The Test Query

These methods use the same set of basic hardware
tests. The hardware tested and the specific tests are briefly
described under “SG 5010 Seif Tests".

Power-on Seif Tests

The power-on self tests run each hardware test once. i
an error occurs, the corresponding position in the error his-
tegram (see Fig. 7-8) is set to one. After all tests are com-
pleted and one or more tests have failed, the SG 5010
display is set to the code of the first error detected. To dis-
play additional error codes, if any, the ENTER button is
pressed. If the last code generated is in the display and the
ENTER button is pressed, the display fills with bianks. This
feature indicates all errors have been displayed. To display
the error codes again, the ENTER button is pressed.

The CLEAR key is pressed to continue the power-on se-
quence. After the CLEAR key is pressed, the 8G 5010 com-
pletes its initialization, then reports any errors that cocurred
over the GPIB. The power-on sequenceé takes approxi-
mately three seconds.

The flow diagram {error histogram) in Fig. 7-8 illustrates
the power-on errar reporiing procedure.

The Test Query

The second test method is the TEST? (TEST query).
TEST? is sent to the SG 5010 over the GPIB. When re-
ceived, the SG 5010 will:

1. Save the current state of the machine.

2. Turn on all front panel LEDs.

3. Set up and commence self testing.

4, Create a histogram of error codes from the seif tests.
5. Report the errors, if any, in the form:

TEST <num>,<NUM> ..., <NUm>;
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Fig. 7-8. Power-on Self Test flow diagram.
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where each < num> is an error code corresponding o
an error condition detected by the self tests. If no errors are
detected, the response is:

TEST O

6. The error histogram is reset.

7. The SG 5010 is returned to its settings prior to the
TEST? execution.

SG 5010 SELF TESTS

introduction

Two signals are the primary tools used to test the hard-
ware. These signals are the Timer Interrupt signal occurring
once every 1 ms, and the Sync Wave signal which differs for
the various function modes. Also, the current limit, phase
lock loop, and analog power supply each have accessible
test points in the microprocessor section of the SG 5010,

The Basic Algaorithm

The SG 5010 is set to the desired test parameters and
the hardware is allowed time to settie. Since the sync wave
will run at different frequencies for the various tests, a new
sync wave count (for timing purposes) will be calculated for
each test. The test lasts approximately 100 ms, so that the
timer interrupts can be counted effectively. After the new
sync count is set, the actual test begins. On the next posi-
tive transition of the sync pulse, the timer interrupt Dit is
reset. Then, two nested loops are entered. The outer loop
counts the preset number of sync pulses and the inner loop
counts timer interrupts. After the preset number of sync
pulses have passed, the next part of the test is entered. The
timer intarrupt count, which is approximately 100, is com-
pared with 100. if the two numbers are within 20% of each
giher, the test passes and the next test begins.

Error Handling

Each segment of hardware 1o be tested has its own error
code. Int the SG 5010 RAM space, there is an array that is
used by the self test as a histogram of error occurrances.
One location in the array is used for each seif test error
code. If a specific test fails, the proper jocation correspond-
ing to that test's error code {in the histogram) will be incre-
mented by one. The hardware test errors are divided into
two types, fatal and non-fatal. When a fatal type test fails,
the proper histogram location is incremented and the re-
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maining hardware tests stop (seif test sequence aborted). i
an error is generated by a non-fatal type test, the histogram
increments and the self test procedure continues.

Reporting the data from the etror histogram will be differ-
ent for each of the parent routines that uses the nardware
self tests. The parent routines are Power-on Self Tests, and
TEST?.

Error Codes (Internal) and Definitions

301 Interrupt fault

302 System error

309 Cutput overloaded

316 Analog power supply error
315 Phase lock error

3198 Current limit error
320 Sine wave oscillator error
—~321 QOscillator 1 k band error

322 Cscilator 10 k band error
323 Oscillator 100 k band error
324 Square wave generator error
325 Burst generator error
3286 Burst LO byte counter error
327 Burst HI byte counter ermor
328 Burst gate line asserted error
228 Burst gate line unasserted error
330 40 Hz IM Freq error
KXY 50 Hz IM Freq error
332 80 Hz IM Freq error
333 80 Hz IM Freqg error
334 100 Mz IM Freq error
335 125 Hz IM Freq error
336 250 Hz IM Freq error
337 500 Hz IM Freq error
340 Systern RAM failure
348 GPIB address setting cell error
~"349 Power-up stored settings celt error
350 Stored settings cell O error
351 Stored settings cell 1 error
w352 Stored settings cell 2 error
=353 Stored settings cell 3 error
1354 Stored settings cell 4 error
355 Stored settings cell S etror
356 Stored settings cell 6§ error
v 387 Stored settings ceil 7 error
~ 358 Stored settings cell 8 error
w359 Stored settings cell § arror
368 8000 ROM piacement error
372 C000 ROM placement error
388 8000 ROM chacksum error
392 C000 ROM checksum error
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Hardware Tested (with error code returns):

Anaiog Power Suppiy
Sine Wave and 100 Hz Oscillater Frequency
Oscillator at 10600 Hz
QOscillator at 10 kHz
Square Wave Generator
Burst Mode, Gontinuous
. Low Burst Counter

100 k2 QOscillator Band
High Burst Counter

10. Burst Gate—Line Test
t1. Current Limit Test

12. Al 8 IM frequencies

13. Phase Lock Loop

o mo kLN

Analog Power Supply

The analog power supply is checked 10 times, using a
harg-wired test line, This tast takes 10 ms; one check of the
power every 1 ms. If no analog power is present during any
two or more of the ten checks, the test fails, This test failure
causes instrument failure. This is a fatal error.

Displayed error cods, ERR 310

CHECK:
¢ Fuses—F2020 and F2022, located on the CPU
board (A12)

¢ Transformer, T300 and connections

* U1060, located on the Qutput board, A13

* (3106, Q107, and wiring focated on the chassis
© |J2048, located on the CPU board

Sine Wave Oscillator at 100 Hz, 1000 Hz, and
10 kHz

The basic algorithm, cutlined earlier, is used to test each
of the lower oscillator frequency bands. it is a fatal error, if
any of the oscillator frequency bands fail to operate. The
sync wave and the oscillator are at the same frequency
while the SG 5010 is in sine mode.

The following checks are on the Oscillator board, A14
(main oscilator circuit), unless otherwise noted.

Displayed error code, ERR 320 (100 Hz)

CHECK:

* J4121, US091, US081, US08T, UBO71, and UBCET

* (}5151, speedup circuit

s {12171 ang U2181

s FETs—Q4093, Q4081, Q4073, and Q4081

e JI0K2B, 1 ms timer located on the CPU board
(A12)

* Capacitors—C2091 ang C2081
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Displaysd error code ERR 321 (1000 Hi)

CHECK:

* EETs—(40083, Q4081, Q4073, Q408%, Q4101
Q2091, Q3075, Q3073. and 1Cs—UBO71 and
U8061

& Capacitors--C2071 and C2093

Displayed error code, ERR 322 (10 kHz)

CHECK:
s FETs—Q3103, Q3101, Q3071, Q3061. Q4101,
and Q301
& LJB071 and UB0&1
® Capacitors—-C2101 and C2063

Square Wave Generator

The test algorithm is used to check the square wave. The
sync wave is 1/10th or 0.1 times the frequency cf the oscil-
1ator. This test uses the 10 kHz frequency band which rmust
be operational for this test to be valid.

Displayed error code, ERR 324

CHECK:
e J9151, located on the Oscillator board

Continuous Burst Mode

When setting the instrument to continuous burst mode,
the function is set to burst and on and off cycles set (1 one
{the fow burst counter is not used during this tesi). The
10 kHz frequency band shouid be fuily operational before
this test is valid. The sync wave is equal to half the specified
frequancy, or 5000 Hz. In burst mode, the sync frequency is
equal to one complete burst cycle (cne time through the on
and off cycles). A non-fatal error is generated if this test
fails.

Dispiayed error code, ERR 325

CHECK:
* 8161 and U7151, located on the Osciflator board

Low Burst Counter

While the SG 5010 is in burst mode, the on and off cycles
are each set to 8. The oscillator is still at 10 kHz, but the
gync wave is now at 1000 Mz, because of the longer burst
cycle. The basic algorithm is used. This test depends on the
10 kHz frequency band and the burst function being fully
operational. A non-fatal error is generated, if the low counter
develops cperational problems.



Dispiayed error code, ERR 326

CHECK:

s J5161, US171, and U5181 located on the Oscil-
lator board

Oscillator 100 kHz Frequency Band

The SG 5010 function is set to squarewave (the square
wave generator must be fully operational). The frequency is
set to 100 kHz, but the square wave generator divides this
frequency by 10 so the sync wave runs at 10 kHz, which
can be tested. The general aigorithm is used to check the
sync wave. If any of the oscillator frequency ranges fail, it is
treated as a fatal error.

Displayed error code, ERR 323

CHECK:

s 3103, Q3101, Q3061, Q3071, C2111, C2061,
and UB061 located on the Oscillator board

High Burst Counter

The on and off cycles are both set to 500, The frequency
remains at 100 kHz, producing a 100 Hz sync wave. This
test depends on the 100 kHz frequency band working prop-
erly. If this test fails, a non-fatal error occurs.

Displayed error code, ERR 327

CHECK:

» U7161, U7171, and UT181 located on the Osci-
lator board

Burst Gate-Line Test

The burst is put into trigger mode, and an external trigger
is needed to drive the burst signal. The sync wave presence
is checked. If there is a sync wave {should be none at this
time} the burst gate-line failed, Next, the burst is put into
continuous mode and the sync wave is checked again. This
time, if the sync wave is not on {it should be}, the test fails.

Displayed error coge, ERR 328 or ERR 329

CHECK:

e [J8161A and U7151 located on the Oscillator board
e 1030, U3070, U3050, U3052, U2080, and L2040
located on the CPU board

Current Limit

The current limit indicator LED is on when the SG 5010 is
in sine wave function, 9 Hz frequency (dec), and Vrms is at
maximum. The routine then enters a wait state (for 50 ms),
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so the hargware has time to settle. Then the current limit
indicator is cbserved. if it is in current limit, the test has
passed. If this test fails, a non-fatal error is generated.

Displayed error code, ERR 309

CHECK:

s |J3031, L2051, U3032. 41022, and Q3022 located
on the Output board

Phase Lock Loop

The 8G 5010 function is changed to sine wave and the
frequency is set to 100 Hz. This is the worst ¢ase for the
phase jock foop, The IM frequencies are tested, then the
phase lock lcop line is checked to see if it locked. If not
incked, the non-fatal error occurs.

Displayed error cods, ERR 315

CHECK:
+ 1J1121 located on the Oscillator board
¢ U5061, L5041, and US131 located on the

Phasetock Loop board

IM Frequencies

Ail of the IM frequencies are tested. The SG 5010 is put
in CCIF mode, so the IM waves are accessitle. Next, the
routine steps through each IM frequency and tests them,
with the basic algorithm. During this test, the sync wave is
at the same frequency as the IM waveform. Each M fre-
quency has its own non-fatai error code.

Displayed error codes, ERR 330 through ERR 337

CHECK:

« M Osciliator, located on the Oscillator board

= FETs in IM Oscillator

* 07021 and Q7031 (ERR 330, ERR 331, and ERR
332)

s 7021, Q7031, Q8021, and Q9043 (ERR 3386)

* Q8021 and Q8043 (ERR 337}

Signature Analysis
To enable the signature analysis mode:

Remove the SG 5010 left panel and the phaselock iocop
board, leaving the ribbon connector intact (refer to the
Circuit Board Removal instructions in this section).

Locate the CPU board jumper, J2071 (refer to the Parts
Location Grid located in the pullout pages) and connect it
to the SA position. Remove the on-beard jumpers, J207C
and J3050,
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Insert the SG 5010 into a TM 5000-Series Power Mod-
ule, using an extender cabie, and turn on the power mod-
ule. The SG 5010 dispiay readout should be $21.

NOTE

The SG 5010 will not perform other functions while in
the signature analysis mode.

Signature analysis information for troubleshooting some
SG 5010 digital circuitry is provided in the pullout pages
pages in the back of this manual. To determine the appli-
cable signature version for your instrument, compare the
poard assembly {670-) and firmware (160-} numbers n the
SG 5010 Signature Versions Tabie (at the back of this sec-
tion) with those on the instrument boards. Use the signature
analysis information in the pullout pages for the signature
version indicated in the table for your instrument board and
firmware configuration.

NOTE

After repositioning the jumpers 1o enable or disable
the signature analysis mode (as indicated in the signa-
ture analysis tables in the pullout pages), turn the
power module off and then back on to re-initialize the
SG 5010 microprocesscr.
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Table 7-2
$G 5010 SIGNATURE VERSIONS
Assembiy
ROM 1.0
Az, CPU 670-7723-0%
L4050 160-1803-00
u4060 160-1802-00

Table 7-3
List of Troubleshooting Accessories
Notch Filter Calibration Fixture 067-0938-G0
Plug-in Extender 067-0645-02
GPIB Extender 067-0896-0C
Signature Anaiyzer 067-1090-00




