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WARRANTY

Wavetek warrants that all products of its ewn manufacture conform to Wavetek speacific-
ations and are free from defects in material and workmanship when used under normal
operating conditions and within the service conditions for which they were furnished.

The obligation of Wavetek hereunder shail expire one (1) year after delivery and is limited
to repairing, or at its option, replacing without charge, any such product which in
Wavetek's sole optnion proves to be defective within the scope of this Warranty. In the
event Wavetek is not able to repair or replace defective products or components within a
reasonable time after receipt thereof, Buyer shall be credited for their value at the
original purchase price.

Wavetek must be notified in writing of the defect or nonconformity within the warranty
period and the affected product returned to Wavetek's factory or 1o an authorized service
center within thirty (30) days after discovery of such defect or nonconformity. Shipment
shall not be made without prior authorization by Wavetek.

This is Wavetek's sole warranty with respect 1o the products delivered hereunder. No
statement, represeniation, agreement or understanding, oral or written, made by an
agent, distributor, representative or employee of Wavetek, which is not contained in this
warranty, will be binding upon Wavetek, unless made in writing and execuied by an
authorized Wavetek employee. Wavetek makes no other warranty of any kind whatso-
ever, expressed or implied, and all implied warranties of rmerchantability and
fitness for a particular use which exceed the aforestated obligation are hereby
disclaimed by Wavetek and exciuded from this agreement. Under no cir-
cumstances shall Wavetek be liable to Buyer, in contract or in tort, for any special,
indirect, incidental or consequential damages, expenses, fosses or delays however
caused.
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SAFETY

This instrument is wired for earth grounding via the fagility power wiring. Do not bypass
earth grounding with two wire extensicn cords, plug adapters, etc.

BEFORE PLUGGING IN the instrument, comply with installation instructions.

MAINTENANCE may require power on with the instrument covers removed, This should
be done only by gualified personnel aware of the electrical hazards.,

The instrument power receptacle is connected to the instrument safety earth terminal
with a green/yellow wire. Do not alter this connection. {Reference: (&) or /A stamped
inside the rear panel near the safety earth terminal.)

WARNING notes call attention to possible injury or death hazards in subsequent
operations.

CAUTION notes call attention to possible equipment damage in subsequent operations.
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1.1 THE MODEL 172B AND OPTIONS
1.1.1 Standard Modet

The standard Medel 172B is a remote controlled
0.1 mHz to 13 MHz function generator whose fung-
tions are sine, sguare, friangle, pulse, ramps, haver-
sine, havertriangle (see figure 1-1) and dc with 3 digit
frequency, amplifude and dc offset amplitude resolu-
tion. Frequency, amplitude, function, function sym-
metry, dc offset, mode, 502 load infout and output
onfoff are pregramrmable. The frequency may alsc be
controlled by a remote ac or de voltage for sweep, FM
and frequency shift keying operations. The output fre-
quency of the generator may be phase locked 1o a
supplied reference signal for a phase coherent output
signal. The generator output may be continuous, trig-
gered for one cycle (by external signal keyboard or
pregram) or gated for a burst of cycles by an external
signal. The output sighal may be offset by a dc voltage
or inverted 180 degrees, The waveform symmetry
may be varied from 10 to 90% in 10% steps for
variable duly cycle pulses, sawtooth ramps and non-
symmeirical sine waves. A TIL level signal  at
generator frequency is output for synchronizing pur-

poses. Standard programming is by & General Purpose

Interface Bus (GPIB) confarming to |EEE Standard
488-1975, which utilizes an asynchronous handshake
scheme to transmit an 8-bit parallel, byte serial ASCII
language data stream. A stored program feature
allows temporary storage of up to 240 instrument set-
tings by use of Random Access Memory (RAM). Rapid
setting recall allows frequency sweeps. An amplitude
conversion feature allows sine wave amptitude pro-
gramming in convenient dBrm and rms values, as well
as volts peak-to-peak into a 500 load. '
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SECTION
GENERAL DESCRIPTION

112 Front Panel Option

The front panel option, an instrument mounted key-
poard and 40 characier display, gives iocal controi of
the instrument. The display shows the values beirg
programmed and the status of the instrument
parameters when in either local or remote contral.

1.1.3 Synthesizer Opiion

The synthesizer oplion provides 5%z digit frequency
resolution with 0.0005% accuracy, low phase noise
and low spurious content. The internal 10 MHz
reference is also outpui as a TTL pulse for syn-
chronous operation. An external 10 MHz reference
may be substituted for the internal reference.

1.2 SPECIFICATIONS

1.21  Versatility

Wavefarms

Sine A\, , square TLi | triangle v , pulse n
i, ramps .\, f~_ , haversine _/\_ , haver
friangle _~_ and dc.

Operational Modes

Synthesizer. A closed loop mode locking the
generator to a synthesizer for frequency accuracy
and stability. See Option 002,

Phase Lock: Generator locks to an external 10 Hz to
13 MHz signat when programmed within 2% of the ex-
ternal frequency.

SINE /\_/\/\/ -0
TRIANGLE N\, NN -0
LT Lo
POSITIVEPULSE _ ] 71 L1 _,q
NEGATIVEPULSE { [ —1 1+ |~ ?

SAQUARE

Figure 1-1. Waveforms

0- AN HAVERSINE
0- _/\—HAVEF!TF!IANGLE

- SKEWED
0 L HAVERSINE
0- N [~ Rawmes
— - NOTE:
0- PULSE Al these waveforms
may be inverted,




NOTE

The folfowing modes are open loop; fre-
gquency of generator is not focked fo a
reference signal. Generalor frequency is
controifed by externai VCG or FM voitage
as well as programming.

Continuous: Generator runs continuously,

Triggered: Generator is quiescent until triggered by
an external signal or manual trigger, then generates
one cycle at selacted frequency.

Gated: As triggered mode, except generator
oscillates for the duration of the gate signal plus the
remainder of the waveform in progress.

Triggered Haverwave: As triggered mode, except out-
put is a sine or triangle wavelorm starting at -~ 90° (or
+ 90°).

Gated Haverwave: As gated mode, excepl outputis a
sine or triangle waveform starting at —90° (or +90°).

Fregquency Range
0.000% Hz ioc 12.99 MHz.

Resolution
3 digit resolution standard. Aiso see Option 002,

Main Qutput

AV I AV U AN A W AN )14
dc variable to 30V pp {15V pp into 50Q load) with
3 digit resolution. 1. and 1 variableto £15V pp
(7.5V p-p into 508 load) with 3 digit resolution. Com-
posite waveformioliset not to exceed +7.5V peak
into 508 load. 508 source impedance with selectable
internal 504 load.

Amplitude Qutput Conversion

Permilts programming of the sine wave output
amplitude in units of volts - root mean sguare (Vrms)
and decibels relative to ong milliwatt (dBm) into 500
load in addition to the standard units of volts peak-to-
peak.

Vrms Range: 1 mV¥ to 5.30V.

dBm Range: —56 1o + 27.4 dBm.

DC Oifset and DC Voltage Qutput
0 to +7.5Vdg into 502, 3 digit resofution. DC offset is
afteruated by amplitude range attenuator.

1-2
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Auxiliary Output
TTL pulse at generaior frequency.

Phase Lock Input
input: TTL level.
Range: 10 Hz 10 13 MHz

VCG - Voitage Controlled Generator

In open loop modes the frequency can be controlled
by an externat voltage for sweeping or for frequency
modulation {FM). A 5V signal will change the frequency
over the entire control range of 1000:1, three full
decades. On ranges below 10 Hz, control is limited to
10:1,

Input Signal Bandwidth:

50 kHz for small signal {AV = 0.5V).

Input Impedance:; 5 ki2.

Symmetry Control

Wavetorm symmetry variable from 10 to 90% in 10%
steps (S0% is symmetrical). Varying symmetry pro-
vides variable duty cycle pulses, sawtooth ramps and
unsymmetrical sine waves. Symmetry control is
available for frequencies to 999,990 Hz.

Trigger input ) o

In triggered, gated, triggered haverwave and gated
haverwave modes, a TTL (low true} compatible pulse
will frigger or gate the generator.

Data Entry

Bit parallel, byte serial, ASCIHl character remaote pro-
gramming and optional front panel keyboardidisplay
{sea Option 001).

1.2.2 Frequency Precision

Open Loop Accuracy
{For synthesizer accuracy, see Option 002}

£ | NOTE: 50% SYMMETRY
[*

2 10-

e

. ] SPECIFIED LIMITS
O g4

&

2 44

o

T 27

w17

Fvoe Taor Lao Lage 1 oqee T
10 40 100 10 10* 100

PROGRAMMED FREQUENCY (Hz)




1.2.3  Amplitude Precision

Accuracy
Snecified for 1 kHz sine wave or de voltage output
with internal 508 load and greater than 1 Mg external

impedance.
loa AMPLITUDE AGCURACY ag, L
—_ AT 1 kHz
]
=
g SRCCICIED 1 IMITS
£ | 2% 4
i
w
|
=
=
< 19 4
@
Q| TYRICAL
ACCURACY
+ + } -
- 55 - 36 —16 +4 +27
+.001 +.01 +.1 +1 +15

OUTPUT LEVEL ("B"‘)
vp-p

Freqguency Response (sine wave, relative to 1 kHz

signal)

5 | NOTE: EXTERNAL LOAD REQUIRED

2 ABOVE 100 kHz

T 130 .

o 110 SPEGIFIED LIMITS

1103 (1- 15V RNG)

r i

g "‘0.1

% L .03 TR .M \

W1 o1 \ TYPICAL 1

[

5 | s RESPONSE |

<L
t + + i 1 + 1
10~ 5 1K 30K 100K 2M M 13M

FREQUENCY (Hz)

NOTE

L and v accuracy are within 0.2 d8

of sine wave accuracy.

Amplitude Resalution

Range Resolution
10.00 to 1429V 10 mv
1.00 to 999V 10 mv
100 to 999 my 1Tmy
10.0 to 99.9 mv 0.1 mv
1.00 to 9.99 mv 10 uvV
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1.2.4 Waveform Characteristics

Sine Distortion

{continuous mode, 2.82V p-p test level)
Total harmonics referenced to carrier are — 48 dB 1o
30 kHz. Each harmonic reference to carrier is less than:

=40 dB to 1 MHz
—-30dB to 13 MHz

Square Wave Rise and Fall Time
Less than 2Q ns (typically 15 ns}.

Wavefarm Timing

CONTINUOUS MODE

TRIGGER MODE

|

( SYNG OUT
|——| LI l—[ L—-ov

oV
1
|
1
1

HAVERSINE s , — v

I
TRIANGLE —/\/—— ov

|
sauare | [ ] [ 1] 1Lt
1
wpuse | ) L1
ov
1
| v
~euse | [ 1L L]
]
1
NV AVAWANYYY
|
1
mrianGLE LN\ NS\ ov
45V
TRIG IN
|
sauare | [ | - ov
i
i
+PULSE 1 [ ]
: ov
|
i = oV
—puse [T
]
]
SINE

NOTE

Minus amplitude shifts all sfgnals except
sync by 180° and shifis baseline tc op-
. posite polarity.



GPIB Programming _

General Purpose Interface Bus (GPIB) programming
fully cornpatible with the |EEE Standard 488-1975
allows the 172B 1o be direcily connecied to the GPIB.
The interface is isclated from the generatar with op-
tical couplers. The interface provides listener (AHT
and L4), talker (SH1 and T86), service request (SR1),
remote/local (L1}, device clear (DC1) and device trig-
ger {DT1) capabilities. Response time for setting and
executing all parameters is 55 ms (18 settings per
second); for setting and executing amplitude, fre-
quency and dc offset, 39 ms (26 settings per second).
A siored setting (all parameters) may be called by

number and executed in 9 ms (111 settings per’

second), when using the GET command to sweep
stored setlings, response time is 2 ms (500 setlings
per second). The feliowing table may be used to deter-
mine particular programming response times. Mea-
surements were made with a 1728 and an HP9825
coniroiler. Data rates will follow the slowest listener
on the bus and vary with different controllers.

Parameter Time
Command Handshake 2 us
Data Handshake 220 us
Frequency Setting 10 ms
Amplitude Setting 13 ms
DC Oifset Setting 13 ms
Mode 4 ms
Function 4 ms
Symrmetry 4 ms
Cutput 4 ms
Recall Setting {by number) & ms*
Next or Last Setting 4 ms*
Execute 3 ms*
GET 1.6 ms

*2 ms when via GET,

Stored Settings and Sweep

Up to 240 complete instrument settings can be stored
and recalled by number from volatile (RAM) memory.
Settings may be modified or deleted. The setting
number recalled may also be incremented or
decremented and executed by the GET command,
when in a special GET mode. This sweep stepping
time requires 2 ms per setting.

1.2.5 Genera!

Stability {measured at 25 =1°C)
Amplitude and DC Ofiset
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Frequency
Short Term: 0.3% for 15 minuies.
Long Term: 1.0% for 8 hours (to 1 MHz).
See Oplion 002 for synthesizer stability.

Environmental

Specifications apply for 25 + 10°C after 1 hour unless
otherwise noted. Instrument will operate from 0 to
45°C to 10,000 foot altitude at 35% relative humidity.

Dimensions

Fits standard 48.3 ¢cm (19 in.) rack. 43.2 cm (17 in.)
wide; 13.3 cm (5% in.) high; 58.4 cm (23 in.} deep.
Suaplied with rack mount adapters.

Weight
26.3 kg (58 ) net; 30.8 kg (68 Ib) shipping.

Power
90 1o 105V, 108 to 126Y, 198 to 231V ar 216 o 252V
48 1o 67 Hz; less than 200 watts.

1.26 Options

001: Display and Control Front Panel

This option includes a keyboard entry front panel and
a 40 character alphanumeric display. The keyboard
allows you to manually control all instrument param-
eters. The alphanumeric display indicates the values
being programmed and also shows the status of the
instrument when in the remote mode.

002: 5% Digit Synthesizer
Provides synthesizer accuracy for any waveform
selected. The following specifications apply.

Frequency
10 Hz 10 12.9989 MHz.

Frequency Resofution

Range Resolution
10 to 89.999 Hz 1 mHz
100 ta 29999 Hz i0 mHz

1 to 9.8899 kHz 0.1 Hz
106 to 89.999 kHz 1 Hz
100 to 988.99 kHz 10 Hz

1 1o 9.95399 MHz 100 Hz
10 to 12.9898 MH2 100 Hz

Settlting Time

Short Term: 0.025 dB for 15 minutes.

Freguency reaches full accuracy 2 ms and 50 cycles
Long Term: 0.05 dB for 8§ months.

aftes execution.
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Accuracy
Better than 0.0005% of program settmg {0.005% on
10-88 Hz range).

Frequency Stability
Short Term: +1 x 107 of frequency per day.
Long Term: +1 x 107 of frequency per month.
Temperature: 1.2 x 107 per °C.

Signal To Phase-Noise
Greater than 40 dB in a 30 kHz band centered on car-
rier but excluding a £1 Hz band around the carrier.
Spurious
For spurious signals in the range of 400 Hz to
110 MHz, spurious ieveis are;

ManualsPlus.com

172B Max Spurious Signals
Frequency Range {greater value applies)

10 Hz 10 999.99 kHz
1 kHz to 4.9999 MHz
5 to 128829 MH=z

— 60 dB or 40 pv
— 55 dB or 40 p¥
— 50 dB or 40 gV

internal Reference Output
10 MHz TTL compatible signal.

External Referance Input
An exiernal sine or square wave within +3 ppm of
10.0 MHz, 1 to 10V rms and 50 8% duty cycle will
automatically replace the internal reference.
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SECTION

INSTALLATION AND INTERFACE

2.1 MECHANICAL INSTALLATION

After unpacking the instrument, visually inspect all
external parts for possible damage to connectors, sur-
face areas, etc. If damage is discovered, file a claim
with the carrier who transported the unit. The shipping
container and packing material should be saved in
case reshipment is required.

CAUTION

Do not mount this instrument by front panel
alone. Slides or tray support is necessary
to prevent instrument damage.

The generator can be used as a bench instrument or
rack mounted. In either use, ensure that there is no
impedance to air flow at any surlace of the instru-
ment. Before rack mounting, it may be desirable to
pertorm the initiat checkout {paragraph 2.2.5) to verify
operation of all functions.

2.2 ELECTRICAL INSTALLATION
2.2.1 Power Connection

NOTE

Unless otherwise specified at the time of
purchase, this instrument was shipped
from the factory with the power trans-
former connected for operation on a 120 Vac
line supply and with a 3 amp fuse.

Conversion to other input voltages requires a change
in rear panel fuse holder voltage card position and
fuse {figure 2-1) according to the foilowing procedure.

1. Disconnect the power cord at the instrument,
open fuse holder cover door and rotate fuse-pull
ta left to remove the fuse.

2. Remove the small printed c¢ircuit board and
select operating valtage by orienting the printed
circuit board 1o position the desired voltage to
the top left side. Push the board firmly into its
rmodule slot.

3. Rotate the fuse-pull back into the normal posi-
tion and inseri the correct fuse into the fuse
holdar. Close the cover dacr.

4. Connect the ac line cord ic the mating connec-
tor at the rear of the unit and the power source.

Card Position Input Vac Fuse
100 80 to 105 3amp
120 108 1o 126 3 amp
220 198 to 231 1.5 amp
240 2186 to 252 1.5 amp

Figure 2-1. Voltage Selector and Fuse

222 Signal Connections

Lise RGS8BU 500 coaxial cables equipped with BNG
connectors to gistribute signals when connecting this
instrument 1o associated eguipment.

223 GPIB Connecticns

The GPIB VO rear panel connection is shown in fig-
ure 2-2; pin connections and signal names are given
in table 2-1. The panel connector is an Ampheno
57-10240 or equivalent and connects ia a GPIB bus
cable connector (available from Wavetek in 1 and 2
meter lengths). The GPIB interface is optically is0-
lated from the instrument,

2
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Table 2-1. GPIB Data In{Qut from 1 thru 5 and their open position noted {OPEN =
' Binary "'0” in table 2-2). To verily the address, press
Pin Signal ADR on the front panel. The device number {decimal)
. will be displayed as: “GPIB = (0, 1=30)".
1 Do .
o DIO2 | Table 2-2. GPIB Address Codes L
3 | DIos True When Low Address
4 | Dlo4 ASCII Binary* Hexa-
g gﬁ:} decimal
7 NRED _ Device |Listen | Talk {5 4 3 2 1 |Listen|Talk
8 NDAG True When High
g IFC 0 {space} @ 00000 20 40
1 | A 00001 21 41
:(13 i?ﬁ True When Low ’ M g 0001 0| 2 jg
3 # goo011 23
}3 g?ge;y ond 4 $ D |00100| 24 44
14 | DIOB True When Low 5 % E (60101} 25 45
15 DIO?T ¢ 6 F [oD110] 28 48
6 | Dlos 7 G (0011 1] 27 47
17 | ren  J 8 { H lo1o000| 28 48
18 3\ 9 ) | 01001 28 49
19 10 * J {01010 2A 4A
o0 11 + K 01011 22 45
; 12 . L 01100 2 4
g; ¢ Signal Gno 13 — M |0+101[ 20 4D
o3 14 . N |01 1 10| 28 4E
0k 15 / O |01 111} 2F 4F
£ 16 0 P {10000| 30 50
17 1 Q 100601 H 51
18 2 R [10010} 32 &2
19 3 S T 0011 33 53
20 4 T 10100 34 54
. 21 5 v 10140 % 35 55
aongo 20 & v |[101 10| 3 58
' ‘ 23 7 W 101 11| 37 57
24 8 X 11000 38 58
25 Q Y 11001 39 59
26 : z 11010 3A 5A
GPIB 27 ; { t101A1 3aB 5B
ADDRESS GrIB 28 < \ 11100 3¢ 5C
SWITCH CONNEGTOR 29 = 1 11101 3D 5D
30 > 1 11110 3E 5E
Switch
Figure 2-2. GPIB Panel . Settings
0 = Open

224 GPIS Card Address *The 6ih and 7th bits which define the ASCIl codes

. are used 1o specify whether a listen or talk address is
For instruments on the General Purpose_z Interface Bus being sent. Bits 1 thru 5 are matched against the rear
(GPIB), ensure that the GPIB address is correct. The ,

GPIB address can be changed by the switch on the panel address switch.
rear of the instrument (see figure 2-2) by simply setting NOTE
the multiple section switch located on the rear panel

according to table 2-2. The switch sections are labeied Address 31 is not aliowed.
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Initial Checkout.and Operation Verification

The equipment and procedures in tables 2-3 and 2-4
are recommended for incoming inspection and for
testing the instrument after repair. However, additional
after repair tests or calibation (Section &) may be
necessary for certain circuits. '

Operation verification includes the following pro-
cedures. '

1.

Self Test: Verifies the operation of ROM, RAM
and microprocessor circuits. This test occurs
autormatically each time power is turned on.
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Before making an initial checkout, review power and
signal connection requirements (paragraphs 2.2.1
and 2.2.2} and ensure the availability of test equip-
ment equivalent to that listed in table 2-3. An accept-

ance test record sheet (table 2.5) may be reproducad
“for recording checkout test results.

Table 2-3. Equipment Required for Incoming
Inspection and Operation Verification

Model
Recom-
Instrument | Critical Specificaiions | mended

Oscillo- 100 MHz vertical Tektronix
2. Open Loop Test: Sine wave output is visually scope bandwidth 465
hecked for correct frequency and visible irreg-
Elarities a y g Veltmeter 0.1 o 10V ranges Dana
' 6 digit resolution 5900
o,
3. Functional Test: Verifies triangle and square +0.1% acouracy
waveforms. .
3 Frequency 20 MHz capability Dana
4. Sync Out Test: Verifies presence of sync signal, Counter 8 digit resolution _ 8015B
+ 2 count resolution
5. Amplitude Accuracy Test: Verifies amplitude ac- . .
curgcy for dc and zc operation P Distorticn Fundarmental frequen- HP33A
' Analyzer cles 1o 10k
6. Frequency Accuracy Test: Verifies frequency :(?To;;ﬁssiﬁi?ymm
I
accuracy.
N . . - . Spectrum 1 to B0 MHz range HP141T
.7.  Harmonic Distortion Test: Verifies that harmonic . :
distortion is with specification. Analyzer +0.5 dB amplitude HP8552B,
. accuracy and
8. Spurious Test: Verifies that spurious are within N?'Se >70 B below HPB5538
specification. relerence
g. Interface Test: Verifies remote programming Calculator IEFE 488-1975 compat- | HPSB25
capabilities. e
Table 2-4. Operation Verification
Step Test Tester and Setup Program Desired Resulis
1 Self Test MNone, Power ON 172B displays “SELF TEST', then in
=55, "WAVETEK 172B",
2 Cpen Loop ’ Oseilloscope. Connect 1o 172B 502 0UT | FREGQ 10EB 1 gyclefdiv sine wave, 10V p-p.
with a 50% toad at the scope input. Set | AMPL DEF O
for 2Vidiv, horizontal 0.1 pafdiv. AMPL 10
FUNC ©
MODE ©
CUTP 0
8YM 0
OFST O
EXEC
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Table 2-4. Operation Verification (Continued)

ManualsPlus.com

Step

Test

Tester and Setup

Pragram

Desired Resuits

Functional

FUNC 1
FHREQ 5ES
EXEC

1 cyclel2 div triangle waye, 10V pp.

FUNC 2
EXEC

1 cyclef2 div square wave, 10V pp.

FUNC 4
QFST 2
EXEC

2 Vdc with no wavefarm,

Oscilloscope. Set horizontal to 2 gs/div.

FREQ 99.9E3
OFST 0
AMPL S
5YM 2
FUNC 2
EXEC

+2.5V for 2 us; — 2.5V for 8 ps.

Sync Out

QOscilloscope, Connect to 1728 SYNC
DUT.

SYM 8
EXEC

+ 2.5V for 8 us, — 2.5V for 2 ps.

Pulze at same frequercy and sym-
metry as 506 QUT signal.

NOTE: Alfow 1 hour warm-up before performing the following tests.

10

11

Amplitude Accuracy

Yoltmetler. Set W0 Vims. Connect 1o
1728 502 QUT with no 508 load.

FREGQ 999
AMPL DEF 1
AMPL 529
GUTP 1
SYM 5
FUNC 0
OFST 0
MODE O
EXEC

5283 1o 5.316 ¥rms,

AMPL 0.9
EXEC

0.897 10 0.903 Vrms.

Set voltmeter to da.

FUNC 4
OFST 7.49
EXEC

7.46 10 7.52 Vdo.

12

Freguency Accuragy

Frequency Counter. Connect to 172B
508 QUT.

FREQ 12.9999E6
AMPL 1

OF3T O
FUNG 2
EXEC
Standerd 1728:
MODE 0
EXEC

Gption 002:
MODE 3
EXEC

Standard 172B: 126 to 13.4 MHz.
Cption 002: 12.9998 to 13.0000 MHz.

fREQ 1E6
EXEC

Standard 1728 0.97 to 1.03 MHz.
Option 002: 0.9999% to 1.00001 MHz.

FAEQ 99.999E3
EXEC

Standard 1728; 96,9 to 103 kHz.
Option 002: 32,998 to 100.000 kHz,
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Table 2-4. Operation Verification (Continued)
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Siep Test Tester and Setup Program Desired Results
1b Harmonie Distortion Distortion Analyzer. Connect to 1728 | FREQ 3000 Total harmonic  distortion under
5080 OUT. Set distortion meter fo null, | AMPL 5.29 5% [— 46 dB).
then to % distartian. FUNG @
QUTP 1
EXEC
16 Spurious Spectrum Analyzer. Sweep from 0 to | FREQ 10 All discrete spurious =50 dBm o
100 MHz; viden filter set ta 10 kHz. AMPL 1 lozs.
QUTP D
EXEC
17 imterface Caleulator. Connect to 1728 GPIB con- | Calculator: 1728 displays:
nector, Set 1728 rear panel address | O- dim A[100] 1728 CLEARED R,
switch 1o 00001, Press 1728 ADR key | 1: red 701 AS
and verify GPIB address “1" on the | 2. rem 7
display. 3 clr 7
4: rds{701)—r1
5: stp
18 Calculator: 1728 displays:
6 wrt 701,"....F10E3A “FR 10E3 AM 5 OFS 0 -RL.
sDopr™
7: sip
19 172B: 1728 displays:
CMD RCL key . F10E3ASDOP1IMJIR AL in
last 22 characters.
20 Calcutator: 1728 displays:
8 wii 701,°F1ESTHI" "FR 10E3 AM 5 OFS5 O GRL".
g 5tp
21 Calculatar: Calculator displays:
10: red 701 A% “E 1 F' setting error, frequency.
11; dsp A% 1728 displays:
12 stp “FR 10E3 AM 5 OFS O QRT™.
22 Calculator: Calculator displays:
13: wrt 701,"T2"" “P E" (error poll).
14; red 701 A% 1728 displays:
15; dsp A% “TALK RESPONSE 2 SELECTED
16: sip RT".
23 Calculator: 1728 displays:
17 wis{701)—12 "172B GPIB TEST GCOMPLETE
18: dsp char{r2) RL".

19; wrt 701,728
GP1B TEST
COMPLETE™

20: stp

25
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Tahle 2-5. Accepiance Test Record
{for reproduction)

Location

QA Inspector

Date

Acceptadle (»)
A Self Test and Functions

(steps 1 through 8)

8 Amplitude Accuracy

(9} vatue vrms

(10) value____________¥Vrms

(11) value______ Vdc
¢ Frequency Accuracy

(12} value .MH:z

(13) value., — | Vi

(14} vaiue ___ . . kHz
D Distortion

(15) value______ %

(16)

E Interface-GPIB Operation
{steps 17 through 23)




3.1 DATA ENTRY

Using the Mode! 1728 is quite siraight forward and is
pest understood by trial and error method while the
microprocessor ‘‘converses’ with you during opera-
tion, informing you what was programmed, what is
possible to program and when an error is made. The
example of data entry given in table 3-1 will give you
the feel of using the 172B. Appendix B gives a sum-
mary of programming commands.

The details of power on, command structure and pro-
gramming are given in paragraphs 3.2 and 3.3. Opera-
tion in each mode is discussed in paragraph 3.4, Front
panel keyboard and readout are discussed in
paragraph 3.5. Program functions peculiar to the
GPIB are discussed in paragraph 3.6. These functions
are in strict accordance to ground rules set forth in
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SECTION
OPERATION

|IEEE Standard 488-1975. The operation of the stored
program facility is discussed in paragraph 3.7.

3.2 POWER

Power is turned on and off with a front pang! push-
button. When power ig turned on, wait approximately
8 seconds before programming (for front panel optien,
wait until “"WAVETEK MODEL 172B" s displayed).
When the power is turned on, the generator automati-
cally performs a self test routine. “SELF TEST™ is dis-
played at this time. When testing is completed,
“WAVETEK MODEL 172B" is displayed. Al least two
seconds must slapse between power OFF and power
QN for proper reinitialization of logic. When the power
comes on, the output is automatically disabled to
allow loading of a program; line transienis on the
output are avoided. The generator must get an
execute command 10 provide and output. (Refer to
paragraph 3.3.8.)

Table 3-1. Example of Front Panel Data Entry

Equiv-
: alent
Front Panel Entry Program
Instruction (Press Keys) Front Panel Display Entry
1. Power on. OFF (becomes ON} “SELF TEST', than within a few seconds, “WAVETEK MNone
MODEL 1728
2. Check instrument address. ADR The state of the GPIB address switches will be displayed. G
GPIB = 1, 2, 3, of .. 30 {decimal addrass and ASCII
listen and talk characters). (Refer to paragraph 2.2.4 to
change addresses.)
3. Chegk initial conditions:
Qutput and load QUTP QUTPUT OFF, 50 OHM LOAD QUT (2) P
Amplitude AMPL AMPLITUDE 1 VOLT P-P A
Offset OFST OFFSET 0 VOLTS D
Freguency FREQ FREQUENCY 1 KILOHERTZ F
Symmetry SYM SYMMETRY 50% (D) S
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Table 3-1. Example of Front Panel Data Entry (Continued)

Equiv-
alent
Frant Panel Entry Program
Instruction {Press Keys) Front Paniel Dispiay Entry
Fungtion FUNC FUNCTICN IS SINE {0} o]
Mode WMODE MODE IS CONTINUQUS (@) B
4. Look at thig signal by con- QUTP 1 LOAD 1 A
necting the output to an
oscilloscope with a 500
Gabla.
5. Display a more descriptive OuTR QUTPUT ON, 50 GHM LOAD IN (1} B
readout of programming
{for display only, not nec-
essary in the programming
sequence).
6. Execute the programming EXEC FR 1E3 AM 1 OFS 4 (this FR_AM__OFS__ {format 1
{it wifll now be available to always comes on with EXEC; in this case, frequency of
the oscilloscope). 1 kHz, ampitudeof 1 p-p and offset of OV is output).
Y. Look at the equivalent pro- CMD RCL GPADFSCEBP1IR (these are the equivalent program R
gram character string. entries; see the last column in this table),
8 Repregram the instrurment;
Ramp waveform FUNC 1 FUNCTION 1 €1
SYM 2 SYMMETRY 52
5.1 kHz FREQ 5 EXP 3 FREQUENCY 5.1£3 FS1E3
149V p-p AMPL 1 9 AMPLITUDE 149 A14D
Ofiset —1.2 Vdo OFST - 2 OFFSET —1.2 D-1.2
9. Initiate these new settings: EXEC WARNING: CLIPPING OR SYNTHESIZER ERAQR (with i
the amplitude of 149V pp and offset of — 1.2 Vdg,
peaks arg 6.25Y and — B.65V. Maximum allowabie are
+ 7.5V, the negative peak will be clipped at — 7.5V).
i0. Change amplitude to AMPL 1 & AMPLITUDE 12.6 A2 6
12.6Y pp.
11. Initiate thege settings. EXEC FR 51E3 AM 128 OFS —1.2 (no ¢lipping occurs). 1

Refer to paragraph 3.5 for complete front panel data.

3.3 BASIC COMMAND STRUCTURE

The Model 1728 is prograrmmed by sending ASCII
coded characters (reler to Appendix A} to the micro-
processcr via one of the two possible input ports
{keyboard or GPIB} shown in figure 3-1. If input
characters are present on more than one input port,
thay are read first from the GPIB and then from the
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keyboard. Thus, if the GPIB port is continuously sup-
nlied with characters, then no characters will ever be
read from the keyboard.

Characters used to program the 172B are divided into
classes:

1. Aiphabetic characters — the characters Athru Z,
except E.



GPIB MICROPROGESSOR
(FIRST PRIORITY} | WiTH COMMAND
PROGCESSING PROGRAM

¥
ANALOG
CIRCUITS

KEYBOARD
{SECOND PRIORITY)

Figurs 3-1. Instrument Processing Flow Diagram

2. Numeric characters — the characters 0 thru 9,

E. —, decimai point {.}
3. Special character — Quoie {).

4. Terminator character — initially the ASCII line
feed character {LF). This can be changed by pro-
gramming.

5. Nonptogramming characters — any character
nct in one of the above classes.

The alphabeatic characters are used to select actions
or settings. An action is a sequence of events which
happens immediately when ihe character which
selects it is read by the microprocessor. A setlingisa
numeric value which may be changed by programm-
ing. Table 3-2 lists ihe alphabetic characters and
table 3-3 lists the numeric characters used.

To program an action, simply program the proper
alphabetic character from either enabled port. The
action will then take place, but only if the instrument is
in the enabled state at the moment when that
character is read by the microprocessor. (Refer to
REN, paragraph 3.6.1.)

To examineg the current value of a setting, simply pro-
gram the proper alphabetic character from either in-
put port. The current value will then be displayed on
the front panel. This cccurs whether or not the instru-
ment is enabled. If the character programmed does
nct correspond to a legal setting in the instrument,
nothing happens.

The numeric characters are used to program new set-
ting values. To change a setting to a new value, first
program the alphabetic character which selects the
desired setting (F = frequency, eic.). The instrument
must be enabied at this time, or it will not allow the
new value to be entered. Next, program the new value
using numeric characters; the instrument must be
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Table 3-2. Alphabetic Characters Used
in Model 172B"

ASCII Key- Actian {(A)
Char- | board or
acter Key Setting (S) Comments
A AMPL 5 Amplitude
B MODE g Mode
G FUNG ) Function
B OFST 5 Offset and dc voltage
F FREQ g Frequency
G ADR A Display GFIB address
1 EXEC A Exacule
J TRIG A Trigger
i STOR S Memorize program {refer
to paragraph 3.7.1)
o] GET A GET mode
P OUTP S 502 load and cutput onfoff
SRO 5 SR{ enable (refer to para-
graph 3.6.5)
R CMD RCL A Display last 37 program-
ming input characters
SYM S Symmetry
TLK ) Talk message specify
(refer to paragraph 3.6.4)
§] LAST A Steps 1 previoys num-
bered stored setting
by AMPL DEF = Specify amplitude units
(refer to paragraph 3.3.2.1}
W NEXT A Steps to next higher num-
hered stored setring
X TRW 5 Spacifty terminator character
{refer {0 paragraph 3.6.6)
Y RCL 5 Recall stored program
{refer to paragraph 3.7.2)
z — s Sarme ag Y**

*Characters not iisted are not used.
**For compatibility with previcus instruments.

enabled for these as well. Any sequence of characters
{called the argument of the setting) which gives the
new value is acceptable. For example, all of the se-
guences in table 3-4 will cause the value 100 to he
programmed.

The numbers to the left of the ““E" are the mantissa;
the digits to the right {only two are allowed) are the ex-
ponent. The result value is the mantissa times 1010
the exponent power.
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Only one decimal point and one "E" (keyboard EXP)
are allowed per number; additional ones are ignored.
The sign toggle character may appear any number of
times. It causes the sign of the mantissa (if “E"" has
not been programmed) or the exponent (if “E” has
been programmed) to be reversed (if negative, then
positive, and vice versa) each time it appears. Any
number of nonprogramming characters may be in-
terspersed with the numeric characters, as they have
no effect. If an undesired value is entered, the CLR
key can be used o erase it.

Table 3-3. Numerlc Characters Used

ASCII Keyboard
Character Key Function
0 0 Numeric digit
1 1 Mumeric digit
2 2 Mumeric digit
3 3 Mumeric digit
4 4 Numeric digit
5 5 Mumeric digit
B 6 Mumeric digit
7 7 Numeric digit
8 a Numeric digit
9 9 Numeric digit
. . Decimal point
= +i— Toggle sign
E EXP indicales multiplication
by 10 raised to a power

Several parameters require codes for specific selec-
tions; for example, the function codes of 0 thru 7 to
select sine, triangle or square waves, etc. Refer o
table 3-5 for parameter codes.

Since the number input format is so general, the
microprocessor must be toid when the last numeric
character has been entered 8o it can evaluate the
number. This is done by programming either an alpha-
betic, special or terminatar character. When this is
done, the new value is first tested to see if it is a legal
value for the setting being changed. If it is not legal,
an error message is displayed on the front panet, and
the setting value is nat changed. If it is legal, the new
value is entered into the instrument's memory;
however, it is not sent to the analog circuits. That can
be done only by programming the ' action (EXEC
key on the front panel) ar the Group Execute Trigger
(GET),

3-4
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When a new value is entered into the instrument
memory, it is rounded to the number of significant
digits specified by the selting being changed, as
specified by table 3-6. Review table 3-1 for examples
of command structure.

Tabts 3-4. Examples of Value Programming

ASCII Keyhoard Standard Notation

100 100 T 100

0100 0100 100 (leading zeros are ig-
riared)

1E2 1 EXP 2 1x10°

D1E4 .01 EXP 4 01 =10t

DME304 | .01 EXP 304 01 x 10" {last two expo-
nent digits only are used)

1000E-1 | 1000 EXF  +f—= 1 1000 % 107

1E-2- 1T EXP +/= 2 +/— | 1x%10 {two minus signs
cancel)

1E.2 1 EXP 2 1% 10* {decirmal points in
exponent are ignorad)

Table 3-5. Codes

Function (C) Codes Symmetry {8) Codes

Sine 0 50% 05or
Triangle 1 0
Square 2 10% - 90% 1-9 or
10-90
(3] 4
+ Pulse & Ampl M Codes
= Pulse I vppinto 500 0
Mode {B) Codes vrms 1
dBm 2
Continuous o
Triggered 1 Talk {T) Codes
Gated 2 Status 0
Synthesized (option} 3 Error Status
Triggered Haverwave 4 Service Request Status 2
thed Haverwaye 5 Value of Setting 4
External Phase Lock 6
GET (0) Codes
Cutput Load (P) Codes
Select Previous Wum- -1
Load Out, Oytput On o bered Stored Setting
and Trigger
Load in, Output On 1 .

: Frigger on GET 8]
Load Out, Qutpws Qff 2 Select Mext Numbered 1
Lead In, Qutpur O 3 Starad Setting and

Trigger




Table 3-6.. Round Offs

Setting

Letter | Name Number of Digits

A Amplitude 3 if getling s less than 10

4 if setting is greater than or equal
to 10

For example!

1.3 {not rounded, has only 2 digits)
1.853 (1.85)

96.56E-1 {8.66)

14.997 (15.00), ilegal amp!

6] Offget 3

F Freguency Iif synihesizer is installed:
5 if setting is less than 10 MHz

& i setting is greater than or equal
to 10 MHz

If synthesizer option is not installed:
3 if setting is Jess than 10 MHz

4 if setting is greater than or agual
1610 MHz

5 Symmetry 1

All other settings Mearest integer

3.3.1 Frequency

“F" followed by its argumeni denctes frequency in
hertz. The argument value may be between 1.000 x 10™
and 1.28999 x 107, fixed or floating. Refer to table 36
for round offs. In addition, the special argument value
of zero is permitted. When this is programmed, the
frequency magnitude is set t¢ zero, but the range is
left at its previously programmed value. This facility
allows calibration and wide ranging analog voltage
conirolled frequency sweeps.

3.3.2 Amplitude
3.3.21  Amplitude Definition
"Y' followed by its argument selecis the amplitude
programming made. The argument may be 0, 1 or 2.
Round off is 1o one digit.

0 Selects volts peak-to-peak into 500

1  Selects Vrms

2 Selects dBm
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3.3.2.2 All Waveforms

“A” followed by its argument denctes amplitude (in
volts peak-to-peak into 508, in Vrms or in dBm, de-

pending on the amplitude mode code (refer to

paragraph 3.3.2.1). The argument value may be he-
tween 1.00x107 and 1.499x10" {1 mVrms to
53Vmms, —56 10 27.4 dBmj, fixed or floating. Round
off is to 3 digits ta 10V p-p and to 4 digits from 10 to
15V pp. A minus sign in the mantissa will invert the

wayaform,

NOTE

When offset is used, three digit resolution

of offset or amplitude may be reduced in

sorme cases. (Refer fo paragraph 3.3.3.)
3.3.23 Pulses
The positive and negative pulses are special cases of
the offset square wave. The pulses are square waves
that the microprocessor automatically offsets, so that
the negative peak in + pulse mode and the positive
peak in the — puise mode are aiways ai zero volis,
regardless of the amplitude programmed. With this in
mind, the rules and notation used in paragraphs 3.3.2.2
and 3.3.3 are applicable 1o the pulses.

3.3.3 Offset and DC Voltage

“D" followed by its argument denotes offset (or, with
no waveform, d¢ voltage) value in volts. {Offset is in
valts regardless of amplitude mode.} The argument
may be between — 7.42 and 7.49 and may be a fixed
or floating point. Round off is to 3 digits. The combined
waveform and cffset cannot exceed + 7 5V peak. As
offset is increased, it is usually necessary to decrease
the waveform peak-to-peak amplitude 10 stay within
the peak limit; otherwise, waveform clipping will
result.

The amplitude and offset are not completely inde-
pendent of one another, because they share a com-
mon cutpiut amplifier and attenuator (see figure 3-2).
In certain cases it may be necessary to decrease the
nurmber of digits of resolution of amplitude or offset in
order to prevent clipping in the cutput amplifier or to
make the programmed value of offset (or amplitude)
appear at the oulpul despiie an unfavorable at-
tenuator setting necessitated by a larger value of
amgplitude {or oifset).

The sum of amplitude and ¢ffset control the output
ampfifier and attenuator. The output amplifier is limited
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to = 7.5 voits peak and a 3 digit input {X.XX), and the
attenuator can operate at only one value, x 10°, x 107,
X107 or x 107

It the absolute peak value at the amplifier is ever 7.50
or greater, logic decreases the amplifier input
{amplitude + offset} by a factor of 10 and, {0 maintain
the same vaiue, decreases attenuation by a factor of
10 alsg.

Waveform Generator

Controlled by amplitude
mantissa 0 - 7 49V paak

™ Output Ampiifier

{0 - 14.599V p-p}. Forms sum of amplitucie
and offset. 7.49Y peak
maximaum.

Offset Voltage
Contrgiled by offeet [
mantissa 0- 7.4V peak. [
Attenuator

X110, x107, x10°
and x107 controlled
by a value derived from
anaiyzing armplitude and
offset as exaplained in

the text.
1 CYCLE

OF SIGNAL

OFFSET 1

Figure 3-2. Hardware Diagram of Amplitude
and Offset Generation

To determine if there is blipping or loss of resolution,
perform the following calculation {amplitude in voiis
peak-to-peak). :

1. Add the absolute value of the desired offset
value to ¥ the absclute value of the desired
amplitude. If the sum exceeds 7.49, clipping will
accur. if not, go on {o step 2 to determine if loss
af resolution wilt occur.

2. Write the larger of the absclute amplitude or ab-
solute offset in the form N.NNXx 10" where
N.NN is between 1.00 and 9.99.

3. Take the sum of amplitude and offset computed
in step 1 and write it in the form MM.MM x 10",
where x is the exponent computed in step 2. !
MM.MM is greater than 7.49, then one digit of
resoiution must be tost from both ampiitude and
offset in order to prevent the output amplifier
from clipping.
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4. Perform this step, if step 3 did not result in a loss
ot resolution. Write the amplitude or offset,
whichever is smalier in absolute value, in the
form YY.YYZZZ x 10", where x is the exponent
computed in step 2. If any of the digits in ZZZ are
nonzera, then resolution is lost, because only
YY XYY can be used to program the waveform
generator circuits.

Exampfe A
Ampl = -343
Offset = 4.25

Step 1 4.25+ 1.72 = 597 There is no clipping.
Step 2 Absolute offset is larger.
4.25 = 4.25% 10°. Therefore, x = 0,

Step 3 5.97 = 587 x 10°. Therefore, there is no 1058
of resolution in either pararmeter.

Step 4 Absoite amplitude is smaller.
—3.43 = 3.43000x 10°. Therefore, there is
no foss of resolution anywhere.

Example B
Ampl = 0964
Offset = .720

Step 1 7204 0482 = .7682. There is no clipping.
Step 2 720 = 7.20x 107" x = —1.

Step 3 7682 = 7.682% 107". Since 7.682 exceeds
7.48, there will be a loss of one digit of resolu-
tion in both amplitude and offsel. This means
that the offset wili be .720 and the amplitude
will be .096 (not .0964).

Step 4 Not required.

Example C
Ampl = 258
Offset = 123

Step 1 123+ 1.29 = 1.413. There is no clipping.

Step 2 Absolute amplitude is larger.
2.58 = 2.58x 10°. Therefore, x = 0.

Step 3 1.413 = 1.413% 10°. No loss of resolution so
far.

Step 4 Absolute offset is smaller.
123 = 0.12300x 10°. YY.¥YY = Q0.12 777
= 300 Therelore, one digit is Iost in the off-
set, which wilt be (120, not .123.



3.3.4 Function
“C" followed by ils argument denotes waveform
selection. The argument may be one of the following.
Round off is to nearest integer.

¢ Selects sine wave

1 Selects triangle wave

Seiecis sguaie wave

N

4 Selects d¢ veltage

6 + pulse
¥ — pulse
3.3.5 Mode

“R" followed by its argument selects instrument
mods. The argument may be 0 to 6. Round off is fo
one digit. The following modes are illustrated in fig-
ure 3-3.

0 Selects continuous. The generator runs con-
tinuously with parameters as programmed.

1 Selects triggered. The generator is guiascent un-
til a negative going TTL pulse is fed to the TRIG
IN BNC, the TRIG key is pressed, a **J"" is pro-
grammed or a GET is programmed, which
causes one cycle of the selected waveform to
be generated.

2 Selects gated. The generator is quigscent until a
negative going TTL pulse is fed to the TRIG IN
BNC, which causes the generator to run for the
duration of the pulse.

3 Selects synthesized {an oplion). The generator is
phase locked t¢ a frequency synthesizer for
5% digit frequency resclution. (Refer to para-
graph 1.2 for signal accuracy and purity.}

4 Selects triggered haverwave. As for triggered
except the quiescent level is at the negative
neak voltage {can be offset or inverted for
desired level).

5 Selects gated haverwave. As for triggered haver-
wave except the generator runs continuously for
the duration of the TTL level pulse fed ¢ the
TRIG IN BNC.
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6 Selacts external phase iock. When programmed
within 2% of the TTL-level 10 Mz to 13 MHz
signal present at the ¢ LOCK IN BNC, the
generator phase locks to that reference signal.

Figure 3-3 shows the waveforms and their phase rela-
tionship relative to the sync cutput and two controlling
input signals; trigger and phase reference. The wave-
forms are sing, triangte and square plus their inverted
forms. In the continuous mode, a trigger input has no
gffect, and in tiigger and gated modss, phase
reference input has no effect.

In triggered and gated modes, notice that square
waveforms do not change state immediately upon be-
ing triggered. Trigger duration has no effect on trig-
gered output, but does on gated output. The cycle
count on the gated sine wave shows that when the
gate signal ends in the shaded area; that is, between
the positive peak of ¢ycle 2 and positive peak of cycle 3,
cycle 3 wili be compleled. In the haverwave maodes,
waveforms start at a peak value; all other waveforms
are normally symmetrical about signal ground. Natice
the symmetry control effects shown in gna series of
waveforms. Symmetry may be set at any multiple of
10% from 1010 90%. Fifty percent is normal symmetry.

3.3.6 Load and Qutput

“P followed by its argument selects the output and
internal 50Q load status. The argument may be 0 to 3.
Round off is one digit.

0 Disconnects the internal oad and connects the
generator directly to the outside circuit.

1 Connects the internal load and ¢ennects the
generator 1o the cutside circuit.

2 Disconnects generator output and disconnects
internal load.

3 Disconnects generator gutput and connects in-
ternal load to the outside circuit.

3.3.7 Symmetry

“'§" followed by its argurnent controls the percent of
on, or active, time of the total time for the selected
signal. Symmetry operates on frequencies up to
899,990 Hz. Round off is {o ona digit.

The argument may be 0 to ¢ ar 10 to 80. Round off one
digit. The effect of symmeiry control is illusirated in
figure 3-1.
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CONTINUOUS MODE TRIGGERED MODE GATED MODE
_ w0 %0°  90°
] [
TRIGGER INPUT (TTL) | | | | I'
i
SYNG OUT o ' i l
(L) | [ W t ' | ; I |
SELECTED [ R _ ! .
WAVEFORM :
Ve | | GYGLE i 1=+ttt
SINE N\/\/ (‘\/ i : 2/

TRIANGLE |

L_SQU“RE I-—LJ—_ |

W

€ TRIANGLE \/\/\/\
_SQUARE L_[_

TH
i

__Jg?_ﬁ_j _}

INVERTED CGUTPUT NORMAL OUTPUT

1

. L 90° 90°

PHASE LOCK | o .
INPLT NQTE: All gated cycles started are completed. In addition, if the gate signai

] T (TRIGGER INPUT) rises any time after 30° of a cycle, the cycle is complefed plus

an additionaf cycle is generated. As shown, the gate signal rises after 902 of cycle

2, therefore, cycle 3 is gencrated.

TRIGGERED HAVERWAVE MODE

SYMMETRY 10% SYMMETRY 50% GATED HAVERWAVE MODE
TRIGGER .
INPUT |
{rTL) | —
SYNC OUT | J‘ : | |
(TTL} “e L :
SELECTED
WAVEFORM
—— | "\ JAVAVANE
5 {sINE ﬂ -
o
El |
D 4 TRIANGLE
P | I
=
i | SQUARE | l—l | |
QO » -
Z 1 SINE. /
N | \/ \/\/\/‘
2 dTRIANGLE | :
E:d
3 | sQuARE | ;
2 o L L
e |
W
>
4

Figure 3-3. Waveforms for Each Mode




0, 5 or 50 selecis 50%
1 or 10 selects 10%

2 or 20 selects 20%

8 or 90 selects 90%
3.3.8 Executing the Program

“i*" withoul an argument iransfers the programmed
values 1o the waveform generator circuits, that is, ex-
acutes the program. Mo waveform changes can be
made except with this command. This action also
checks the following groups of parameters for con-
sigtency.

1. Amplitude and offset — an error is signalled if
their combined values are so high that clipping
pccurs in the output amplifier,

2 Freguency and mode — an error is signalled if
the mode is synthesized and the frequency is
below 10 Hz.

NOTE

Individually valid programmed setting
values are semnt to the waveform generator
cireuits whether or not a consistency error
is found.

Execution of & program can also be com-
manded with the GPIB Group Execute Trig-
ger (GET) cornmand. In this case no efror
checking is done. '

339 GPIB Address

“G" without an argument causes the address to be
displayed. The address (0 to 30) is set by a set of
switches on the rear panel.

3.3.10 Trigger

=" without an argument causes a trigger pulse to be
sent to the analog circuits when in triggered or trig-
gered haverwave mode. This has the same effect as
applying a trigger pulse to the TRIG BNC, pressing the
keyboard TRIG or proegramming a GET.

3.3.11 Command Recall
“R' without an argument will display the last 37 char-

acters sent to the instrument. These characters are
not returned to the controller aver the GPIB. The
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display uses a 64 character subset of the full 128
character ASCI code: character codes 20, thru 5F,.
The other characters are displaved as the first set of
B4; they are mapped into the first set by their six least
significant digits. This function is used for trouble-
shooting. This character has additional stored pro-
gram functions. {Refer o paragraph 3.7.2.)

3.3.12 Errors

Whan a nonlagitimate argument is programmed, an
error message is genarated. If an error occurs in a
programmed setting, the previous value is retained. 1f
the arror was caused by programming from the front
panel, an error display will appear on the front panel
display. If the error was caused via the GPIB, a service
request will be made if service request is enabled
{refer to paragraph 3.8.5).

3.4 OPEBRATING MODES
3.4.1 Initial Conditions

At power on, the instrument is set as follows: 1 kHz,
1V p-p, continuous, symmetrical sine wave with the
output off and the internal 508 load not in the circuit,

3.42 Operating as a Basic Waveform Generator

When operating as a basic waveform generator, the
generator runs continuously with parameters as pro-
grammed.

1.  Make rear panel 502 OUT and SYNC QUT con-
nectiong for signal and sync, as required.

2. Referto paragraph 3.6 if programming remotely.
3.  The output must be programmed on (PO or P1).

(Refer to paragraph 3.3.6.) The mode must be
continuous (BO). {Refer to paragraph 3.3.5.)

4. Program the desired wavetorm, symmetry, fre-
quency, amplitude and offset. {Refer to para-
graphs 3.3.1 through 3.3.4 and 3.37)

5. Execute the prograrn. (Refer to paragraph 3.3.8.)

3.4.3 Operating as a Triggered or
Gated Generator

See figure 3-3 for mode and wavefarm illustrations.

Triggered  The generator is quiescent untif a nega-

tive going TTL pulse is fed to the TRIG IN
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Triggered  BNC, the TRIG key is pressed or a *'J”

(Cont) or GET is prograrmmed, which causes
one cycie of the selected waveform to
be oulput.

Gated As for triggered, except the genarator
runs continuously for the duration of the
TTL level pulse fed te the TRIG IN BNC.

Triggered  As for triggerad except the guiescent

Haverwave levelis at the negative peak valtage ican
be offset or inverted for desired level).

Gated As for triggered haverwave except the

Haverwave generator runs continuously for the
duration of the TTL level pulse fed to the
TRIG IN BNC.

1. Make rear panel 5082 OUT and SYNC OUT con-
nections for signal and sync, as required.

2. Refer to paragraph 3.6 if programming remotely.

3. The output must be programmed on (PO or P1}.
(Refer to paragraph 3.3.6.) The mode must be
triggered (B1)}, iriggered haverwave {B4), gated
{B2) or gated haverwave (B5). (Refer to para-
graph 3.3.5.)

4. Program the desired waveform, symmetry, fre-
quency, amplitude and offset. (Refer to para-
graphs 3.3.1 through 3.3.4 and 3.3.7.}

5. Execute the program. {Refer to paragraph 3.3.8.)
The generator has no oltput until a trigger signal
is applied. :

6. If triggering with a TTL signai at the TRIG IN BNC
or gating, apply a TTL low at the TRIG IN BNC for
one cycle of waveform (triggered or triggered
haverwave mode) or a burst of waveform for the
duration of the TTL low {gated or gated haver-
sine mode}. If triggering at the front panel, press
TRIG. If triggering on the bus, program a ''J" or
a GET.

3.44 Operating as a Voitage Controlled or
Frequency Modulated Generator

VCG operation is the same ag the basic waveform
operation (refer to paragraph 3.4 2) plus the connec-
tion of a VGG voltage source to the VCG (FM) IN can-
nector. Input impedance is 5 k2. Input is disabled
when mode is synthesized or external phase lock.

Tha VCG input, either de or ac, ¢an be used o exter-
nalty control the fraguency of the 500 OUT signal. A
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positive voltage applied to the VCG IN connector will
increase the generator frequency, and a negative
voltage will decrease the frequency within the range
of operation.

Figure 3-4 illustrates the voltage required to change
the programmed frequency to a desired output fre-
quency. For example, if 500 Hz is programmed fre-
guency, a 2.5 voli VCG input will change the frequency
1o 1 kHz. Freguency can only be changed within a
range and is limited in each range according to fig-
ure 3-5. Range is defined as an exponent of the x 10
muitiplier (see figure 3-5).

For wide range sweeping with a zero tc a positive
sweep voltage, use the special zero-frequency capa-
bility. Set frequency mantissa to zero (FOI) to set a fre-
cuency under the lower gefined limits of figure 3-5.
The range remains as the last frequency range set.

3.4.5 Operating as a Frequency Synthesizer
{an Option)

The generator with synthesizer option is phase locked
to a frequency synthesizer for 5% digit frequency
resclution. (Refer to paragraph 1.2 for signal accuracy
and purity.) :

1. Make 50% QUT, SYNC QUT, REF iN and REF
OUT connections for signal and sync, as required.

JEEQUENCY
NTISSA OF .
PrOGRAM 1o
13 1 N
12 1 _7 - FREQUENCY
MANTISSA OF
" &1 QUTPUT
10 4 _5 0
9 4 —4 1
8 4 -3 1 2 4
7 -2 3 4
g 1 -1 - 4
5 0 4 5
4 1 6
3 4 2 T4
2 3 8
11 4 4 g -
[ £ 10 -}
B 11 -
T~ 12 1
1z 4

Figure 3-4. VCG {FM} Nomograph
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in the 10° range).

Figure 3-5. VCG Range Limits

2. If an external 10 MHz reference is to be used,
apply the signal to REF IN. {This signal is then
available at REF QOUT.) To use an external
referance signal, apply a sine or square wave
within +3 ppm of 10.0 MHz, 1 to 10 ¥rms and
50+ 8% duty cycle to the REF IN BNC.

3. Refer to paragraph 3.6 if programming remotely.

4. The cutput must be programmed on (PO or P1).
{Refer to paragraph 3.3.8.) The made musi be
synthesized (B3). (Refer to paragraph 3.3.5.)

5. Program the desired waveform, symmetry, fre-
quency, amplitude and offset. (Refer to para-
graphs 3.3.1 through 3.3.4 and 3.3.7)

6. Execute the program. (Refer to paragraph 3.3.8.)

3.4.6 Operating as a DC Voltage Source

DC voltage output amplitude is programmed as offsel.
Attenuation can be programmed directly in this mode.

1. Refer to paragraph 3.6 if programming remotely.

2. The gutput must be programmed on (PO or P1).
{Refer to paragraph 3.3.6.} The function must be
DC (C4). (Refer to paragraph 3.3.4.)

3. Program offset for the desired dc amplitude.
{Refer to-paragraph 3.3.3)
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4. Execute the program. (Refer to paragraph 3.3.8)
3.4.7 Operating as a Phase Lock Generator

When programmed within 2% of the TTL ievel 10 Hz
to 13 MHz signal present at the ¢ LOCK IN BNC, the
generator phase locks to that reference signal.

1. Refer to paragraph 3.6 if programming remotely.

2. The outpul must be programmed on (PO or P1).
(Refer to paragraph 3.3.6.) The mode must be
external phase lock (B6). (Refer to para-
graph 3.3.5.} Program the frequency to within
2% of the exiernal reference frequency.

3. Program the desired waveform, symmetry,
amplitude and offset. (Refer to paragraphs 3.3.1
through 3.3.4 and 3.3.7))

4. Apply the 10 Hz to 13 MHz reference signal 1o
the ¢ LOCK IN BNC.,

5. Execute the program. (Refer ta paragraph 3.3.8.)

3.5 FRONT PANEL OPTION

3.5.1 Keyboard and Display

Keyboard controls are listed in tables 2-2 and 3-3.
Readout for the key functions are listed in table 3-7.
Readout is literal and in two slightly different modes;
for example, for frequency, ampiitude and offset,
When FREQ, AMPL or OFST keys are pressed, as for
an inquiry as to status, the words MICROHERTZ,
MILLIVOLTS, etc., are used, whereas when the
operator starts keying in the parameter argument, no
unit of measure is displayed. Coded parameters, such
as symmeiry, function, mode and output, show their
programmed argument in parentheses.

3.5.2 Display

The single quote character ("} is used to cause a string
of characiers to be displayed on the front panel sel-
scan display. This is accomplished by first program-
ming a single guote, then the characters to be
displayed, followed either by another single quate or
by the terminator character. When the second guote
or the lerminator s programmed, the first 37 charac-
ters programmed after the first guote are displayed on
the front panel. If fewer than 37 characters are pro-
grammed, then blanks are added to fill the display.

Examples { A indicates a blank character).
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Table 3-7. Key and Readout

Readout {lower case words added Readout {lower case words added
Key for understanding only) Key for understanding only)
ADR GPIB = (Decimal Address, ASCII listen character EXEC FR (frequency) AM (amplitude) OFS {offset)
and ASCI| talk character) )
TRIG 172 TRIGGERED
AMPL DEF AMPLITUDE IN VOLTS PEAK-TO-PEAK {0) or _
AMPLITUDE IN VRMS (1) or AMPLITUDE IN DBM (2} CLR ENTY Clears any Unexecuted setting of the last parameter
entered
CMD RCL Lists last 37 characters programmed (refer to
tables 3-2 and 3-3) SR 5SRO EMABLED or SRQ NOT ENABLED
QUTF OUTPUT ON, 50 OHM LOAD OUT (0) or QUTPUT || TLK TALK RESPCONSE (0, 1, 2 or 4) selected
OM. 50 OHM LOAD IN (1) or OUTPUT OFF, 50 OHM )
LOAD OUT (2} or QUTPUT OFF, SOOHM LOAD IN{3) TR TERMINATOR IS: (ASCI character) {decimal value)
FREQ FREQUENCY __ WICROHERTZ or - =" or blank (implies ' + ')
MILLIHERTZ ar
___ HERTZar GET FREVIOUS STORED SETTING ON GET (=1} or
KILOHERTZ or EXECUTE AND TRIGGER OM GET (0} or NEXT
MEGAHERTZ STORED SETTING ON GET {13
AMPL AMPLITUDE _ MILLIWOLTS or STOR SETTING ___ STORED or SETTING __._
___ VOoLTs DELETED (1 through 240)
OFST OFFSET . MILLIVOLTS ar RCL
_.___ VOLTS
SYW — % SYMMETRY {0, 1,2 ---¢r 9 NEXT SETTING RECALLED
FUNC FUNCTION IS SINE {0} or TRIANGLE {1} or
SOQUARE(2)or DC(4)or + PULSE(6}or — PULSE(T) LAST
MODE MODE 15 CONTINUOQUS {() or TRIGGERED (1) or
GATED (2) or SYNTHESIZED {3) ar TRIGGERED
HAVERWAVE (4) or GATED HAWERWAVE (5) ar
EXTERNAL PHASE LOGK (6)

NOTE: The three right-most characters of the display wilt show the status of the GPIE imterface: a """ after an efror has ocgurred, an 8"

when in remote contral, and a “'T" for Tafk or an 'L for Listen.

Three Programmed Inputs

1. THIS ASARAZY ACHARAGTEH STRING'

2. THISASTRING AIS JOOALONG TOADISPLAY , ENTIRELY'
3. " (no character in string}

The Resutting Displays

1. THISAISAAARS,CHARACTERASTRING A A A AA A AA
2. THIS,STRINGAIS JOOAL ONGATOADISPLAYAEN

3. (blank display)
3.6 GPIB INTERFACE

The GPIB interface is an implementation of IEEE
Standard 48R-1975_ It supports the following interface
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functions: Source Handshake (SH1), Acceptor Hand-
shake (AH1)}, Talker (T8}, Listener {L4), Service Re-
quest (SR1), Remote Local (RL1), Device Clear (DC1)
and Device Trigger (DT1). Devices connected to the
GPIB can have one or more of the three capabilities:
talk, listen and control. The talk capability allows a
device to send data {such as voltmeter or counter
readings) out over the bus. The listen capability allows
a device to receive data (such as device programming
information or a printer receiving data to be printed)
from the bus. The control capability allows a device to
control the flow of data over the bus. Although there
may be more than one device connected to the GPIB
with control capability, only one device at a time may
erercise that capability on the bus. One device’'s con-
trol capability must be active at all times; this device
is called the controller.

Programming examples are given in Appendix C.



Table 3-8. GP!B Lines and Commands

Bus Lines

DIOT - DIGS Data In/Qut Lines
ATN Attention

DAV Data Available
NRFD Not Ready For Data
NDAC Not Data Accepted
EQI End Or Identify
BEMN Ramgcte Enatle
SRQ Service Reguest
IFG Interface Clear

GPIB Commands

Listen Address

Talk Address
Secondary Address
Universal Commands

pCL Device Clear

SPE Serial Paoll Enable

SPD Serial Poll Disable
Addressed Commands

GTL Go To Local

sDC Selective Device Clear

GET Group Execute Trigger
3.6.1 Bus Lines Defined

The GPIB consists of 16 signhal lines, as shown in
table 3-9. Their functions are;

DI01-DIOS

ATN

DAV, NRFD,
NDAC

These eight linas (Data In/Out} are used
to send commands and data encoded as
8 bit binary numbers (bytes).

This line {Attention) is operated only by
the controller. it specifies whether the
information on lines DIO1-DIO8 is data
{false) or a command (true). Whenever
ATN is set true, no activity is allowed on
the bus except for controller-originated
messages; additionally, every device
connected to the bus is reguirad to
receive and process every command
sent by the controller.

These are the *handshake" lines (Data
Valid, Not Ready For Data and Not Data
Accepted} which regulate the transmis-
sion of information over the lines DIOQ1-
D108. For each command or data byte
transferred, a complete handshake cycle
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DAV, NRFD, must occur. This handshake is designed

NDAGC
{Gont)

EQI

REN

SRQ

IFC

to hold up the bus until the slowest
device has accepted the information,

When ATN is false, this fine (End Or
Identify) indicaies that the data on lines
DIC1-DIOCS is {true) or is not (false) the
last byte of a data message, When the
172B receives a data byte with EQI true,
it automatically supglies a terminator
character (refer to paragraph 3.6.8)
following the data byte. When the 1728
transmits the last byte of a message
{which is always a terminator character),
it also sets EQI true.

This fine (Remate Enable) is used to con-
trol whether devices on the GPIB are in
local or remote mode. In local mode,
devices respond to front panel com-
mands and do not respond to GPIB origi-
nated commands. In remete mode, the
situation is reversed: GPIB criginated
caommangds are cbeyed, while front
panel commands are ignored. A device
enters the remote slate whenever it
receives its listen address (refer 1o
paragraph 3.6.2.1) at the same time as
REN is in the remote state. The device
then stays in the remote mode untl
either the BREN line is put in the local
state or the device receives a Go-To-
Local {GTLY command or the LOCAL
frant panel key is pressed while the in-
terface is not in the local lockout state
{refer {o paragraph 3.6.2.4d).

This line {Service Request) is used by
the devices on the bus to signal the con-
trolier that they need attention. {Refer to
paragraph 3.6.5 for 172B Service Re-
guest Enable) Since the SRQ fine is
common to all devices, additional tests
must be made o determine which
devices are signalling. The Serial Poll
capability is usually emploved to ac-
complish this.

This line (interface Clear) is used by the
controller to reset the interface logic in
all devices connected 1o the bug to a
known initial staie.
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3.8.2 GPIB Commands

Commands are sent over lines DIO1 - DIO8 with ATN
true. They are divided into five classes.

3.6.21 Listen Addresses

Listen addresses are used to command a device to
read any data bytes transmitted over lines DIOT - DIOS,
There are 31 different available addresses (hexa-
decimal codes 20 thru 3E, ASCH codes 'SP thru
=) A 32nd address, called unlisten {hexadecimal
3F, ASCII ", is used to command all devices not to
read data bytes. The 172B listen address is selected
by the rear panel DIP switch, which specifies the
lower & bits of the address. (Refer to table 2-2)

3.6.2.2 Talk Addresses

Talk addresses are used to command a device to
transmit ¢ata over lines DIO1 - DIO8 whenever ATN is
false. There are 31 different aveailable addresses (hexa-
decimal codes 40 thru 58, ASCll codes “ @' thru 1™},
A 32nd address, calied untalk (hexadecima| 5F, ASCH
“—="Yis used to command all devices to cease talk-
ing. The lower 5 bits of the 1728 talk address are
selected by the same rear panel DIP switch used to
select the listen address. Thus, if the 172B listen ad-
dress is hexadecimal 21 (ASCI *'!'", the talk address
is hexadecimal 41 {ASCI| A",

3.6.2.3 Secondary Addresses

Secondary addresses are used following a talk or
listen address to provide the ability to address more
than the 31 devices provided for by simple talk or
listen addresses. Secondary addresses are ignored
by the 1728.

3.6.24  Universal Commands

Universal commands are used to command a device
to perform designated actions. Universal commands
are recognized at all times. Universal commands per-
formed by the 172B are:

1. Device Clear (DCL) — resets the following set-
tings 1o the power on state.

AMPLITUDE 1 VOLT
OFFSET 0 VvOLTS
FREQUENCY 1 kHz

MODE CONTINUCUS

FUNGTION SINE
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LOAD OUTPUT OFF, LOAD OUT
SYMMETRY  50%

This information is also set into the waveform gener-
aling circuitry.

2. Serial Poll Enable (SPE) — causes the instrument
to engage in a serial poH by responding with the
serial poil status byte when addressed as a talker.
Data line DIO7 wiil be on, if service is being re-
quested on the SRQ line (in particular, the status
byte will be an ""E"’, if service is being requested,
Zero, if not). When the status byte is read, it is
reset to zero, and the 5RQ line is released (of
course, it may still be held down by other
devices). The status byte is also available by
reading the 172B talk message number 2. When
this message is read, the status byte is resetto 0
and SRQ released as for the serial poll.

3. Serial Poll Disabie (SPD) — removes the instru-
ment from the serial poll mode activated by the
SPE command.

4. Local Lockout {LLO} — causes the GPIB inter-
face to enter a state where the front panel
LOCAL key is inoperative. Once in this state, the
only way {o 1ake The interface cut of it is to put
the REN line in the loca! state (refer {0 para-
graph 3.6.1}. Local leckout must be sent to the
1728 to totally disable front pane!l modification
ot the state of the instrument.

3.6.25 Addressed Commands

Address commands are used to command a device 1o
perform designated actions. Addressed commands
are recognized onty when the instrument is addressed
as a listener. Addressed commands performed by the
1728 are:

1. GoTo Local {GTL) — commands the 172B to go
10 the local mode {refer to paragraph 3.6.1 for
explanation of REN line}.

2. Selective Device Clear (SDC) — causes the
same action as for Device Clear (BDCL) com-
mand {refer {0 paragraph 3.6.2.4)}.

3. Group Exacute Trigger (GET) — causes the
same actions as specified by the GET mode
('O} argument {refer to paragraph 3.6.7). If the
1728's microprocessor is idle {i.e., not process-
ing a previously sent programming string), a GET
command will be completed within 2 ms of
receipt. Otharwise, it will not be done until cur-
rent programming is processed.
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TALKER 0:
5 A D | c P S EOS
g
DESIGNATES T
STATUS
TYPE SETTING LETTER WHICH CURRENTLY
CODE “VALUE SELEGTS SETTING (POWER-ON
LETTERS SHOWN)
TERMINATOR
ER1:
TALK CHARACTER
E, N, L., N Lo, ..  No, Lg WITH EQI
Fa e CAT ATEA EQS ERROR TYPES:
\ \\ 1 = SETTING ERRCR [INVALID VALUE)
2 = WARNING
DESIGNATES ERRORTYPE LETTER FOR . ~
ERROR WHICH ERROR 3 = STORED SETTING PROGRAM NOT PRESENT
TYPE OGCURRED
CODE
TALKER 2: TALKER 4
/P AE A EOS /vAAMPLlTUDEAem A EO8
DESIGNATES DESIGNATES SETTING  SETTING
POLL VALUE NAME VALUE
TYPE TYPE
CODE CODE

Figure 3-8. Status Formats

3.6.3 GPIB Data Transfers

The 172B will both accept programming characters
and transmit status information over the bus. To pro-
gram the instrument, first send the listen address
{with ATN on), followed by the programming data {in
ASCII, with ATN off). The instrument microprocessor
accepts the data as fast as possibie, until either 64
characters are received or there is a pause during the
transfer of data. At that time, the entire string of
received characters is scanned by the microproces-
sor, which carries out the programming instructions
contained in it. While this is happening, the instrument
can accept an additional 84 characters of data over
the bus; if more are sent, the bus will hang until the
microprocessor completes a scan and accepts the
next 64 character string. Wheneaver the microproces-
sor finishes scanning a string, it puts a dispiay on the
front panal which reflects the state of input processing
af that point. If the EQl line is asserted while sending a
character to the 172B, the currently programmed (@r-
minator character will be put into the input string
following the character with the EQL

To read a message from the 172B, first send the talk
address (with ATN on} over the bus. The instrument
will then send the message currently selected by the
Talk Message Select (T) setting. The last character of

this message will be the currently programmed termi-
nator character with the EQIl line asserted.

364 Talker

T followed by its argument sets the particular type
of status message sent by the 1728 when asked to
talk on the GPIB (see Appendix C, example 2). The
argument may be 0 thru 4, except 3. Round off is fo
one digit. The argument codes are:

0 Status message will give currently programmed
waveform setting values. These will be the same
as the values contraliing the analog circuits if no
new values were programmed since the last ex-
ecute action. If this message is sent back to the
1728 as programming input at & later time, it will
restore the frequency, amplitude, offset, mode,
function, output and symmetry settings to the
values they had when the message was read
from the 172B. (See figure 3-6.)

Status message will give a list of the first 12 er-
rors since the last time this message was read
from the instrument. After this message is read,
the list of errors is cleared to blanks, so that a
subsequent read will get only “E" until another
error happens.
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2 Status message contains the status byte which
describes why the instrument is reguesting ser-
vice on the GPIB. It is the same byte which is
read by a serial poll. Reading this message also
turns off the service requeast if it was on. In the
standard instrument, ike only value defined for
this byte is E for error.

4 Status message gives the current value (il any)
of the setting selected by the last alphabetic
character sent to the 172B. I that character
selects an action or a nonexistent setting, the
response is a blank characler.

3.6.5 Service Request Enable

QY followed by its argument suppresses or enables
service requests. The argument may be 0 or 1. Round
off is to one digit. The argument code is:

0 Suppresses all service requests.

1 Enables all service requests,

168 End of String or Terminator Specification

X" followed by its argurmnent designates a new End
Of String (EQS), or terminator, character. The argu-
ment i the decimal value of the ASCII character that
is to be the new terminator: an EQS character
recognizec by the 172B. Any ASC! characler is ac-
cepted.

The terminator character has two uses. During out-
put, it is appended to the end of every response to a
talk request on the GPIB. During input, it signals the
end of a group of programming characters. Since itis
always recognized, even in a quoted string, it can be
used to insure that the instrument is in a known state,
s0 that following programming characters wilt be in-
terpreted corractly.

At power on time, the EOS character is the line feed
controi character, ASCIl character {(LF} 10,,. When
the 1728 issues a talk message, the EOQS character is
the iast byte sent. In addition, the End Or Identify {EOI)
ling is pulled low (END message) during the EOS char-
acter transmission. If the GPIB controller does not
look for the END message (EOI line low), and it does
not recognize the Line Feed (LF) as & string ter-
minator, a new EOQOS character will be needed. For ex-
ampie, 1o change the EQS character from an LF fo a
Carriage Return {CR), program an ""X13""

3-18
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3.6.7 GET Mode

Q" followed by its argument selects what actions oc-
cur when a Group Execute Trigger {GET) command is
sent to the 172B. The argument may be 0, 1 cor =1,

0 Upon receipt of GET, the programmed waveform
valugs are ftransferred to the waveform
generator circuits, and then the microprocessor
sends a trigger pulse if the mode is triggered or
triggered haverwave. This is the same sequence
of events that would oceur if an Execute, then a
Trigger action ("'I4'") were programmed, except
that no error checking is done.

1 Upon raceipt of GET, the stored setting next in
sequence after the last stored seiting accessed
is recalled if it exists {refer to paragraph 3.7.2).
Then the actions described above for code 0 are
performed. This is the same seguence of events
that would occur H a Next Setting, an Execute
and a Trigger action {""'WIJ"") were programmed,
except that no error checking is done.

—1 Upon receipt of GET, the stored setting previous
in sequence before the last stored setting ac-
cessed is recalled if it exisis (refer 1o para-
graph 3.7.2). Then the actions described for
code 0O are performed. This is the same se-
quence of events that would occur if & Previous
Selling, an Execute and a Trigger action {*'UIJ")
were programmed, except that no error check-
ing is dane.

3.6.8 LOCAL Key

Pressing the front panel LOCAL key switches the
GPIB interface 1o the local mode if it is not in the local
lockout mode. The “R” {remote) character on the
right side of the display will go off when this key is
pressad. This allows manual intervention in sequences
of GPIB programming. I it is desired to totally prevent
front panel alteraticn of the instrument’s state, the
GPIB interface must be put into the local lockout
mode (refer to paragraph 3.6.2.4, item 4.).

3.7 STORED PROGRAMS

Up to 240 different states of the instrument can be
stored in and racailed from Random Access Memory
{RAM). The programs {groups of seven setlings)
stored in RAM are logt it instrument power is turned
off. Each progrm contains information specifying in-
strument frequency, amplitude, offset, mode, func-
tion, symmetry and load; all other instrument settings
are ynaffected.



3.7.1 Storing Programs

Programs may be stored by keyboard or a command
recelved over the GPIB interface. To store a program,
first program the seven settings {frequency, ampli-
tude, etc.) which are remembered in & program o the
desired value, if not already programmed. Then press
the STOR key or program the letter “M*’, followed by a
number between 1 and 240, which identifies the par-
ticular program. The previous program with that
number assigned, if there was one, is erased by the
entry of the new seitings. In any case, the current
values of the frequency, amplitude, mode, function,
symmetry and load settings are storedinto the selected
program. When a pregram is stored, the seitings are
tesied for congislency in the same manner as with an
Execute command {refer to paragraph 3.3.8). The pro-
gram is always stored whether or not errors were
detected.

3.7.2 Recailing Programs

The information stored in a program may be
recovered either from the front panel or by a com-
mand over the GFIB. To recall from the front panel,
press the RCL key, followed by the number of the
desired program. When the next nonnumeric key is
pressed, the seven seltings stored in the selected pro-
gram are transferred to the display memory and the
analog scratch pad memory. Then data is available to
be sent to the analog circuitry of the instrument, or, if
desired, it may be examined and possibly altered by
use of the front panel keys. Recalling a program over
the GPIB is a similar process. First, 2 "Y' ¢haracter is
programmed, followed by the number of the desired
program, When the number is terminated, the pro-
gram information is transferred to the display and
analog scratch pad memaories, as above. To preserve
compatibility with previous models, the CMD RCL key
("R"”) and ""Z"" also access stored programs, acting
like the letter “¥Y"".

The identifying nurbers of programs in RAM range
from 1 through 240 If the number of a program which
does not exist or an illegal identifying number is pro-
grammed, an error will resuli,

Pressing the NEXT key or programming "W causes
the program next in sequence after the last program
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program accessed to be recalled. This provides an
auiomatic way t¢ recall a sequence of programs.
However, the programs need nét be numbered con-

 secutively. If there is no program following the last

program accessed, an error occurs.

Pressing the LAST key or programming “U"” causes
the program previous in sequence before the last pro-
gram accessed to be recalled. This action works like
the NEXT {"“W'") action previously described, except
that programs are recalled in descending numeric
order.

3.7.3 Recalling Stored Settings
for External Storage

To save existing stored instrument settings, the set-
tings stored at each address must be recalled to the
analog scratch pad memory and placed on the GPIB
as a status talk message, where they may be re-
corded on magnetic tape or whatever.

Program a status talk message (TO). Program a recall
of the first stored settings (YX where X is 1 - - - 240Q).
Place the scratch pad memory contents on the GPIB
by sending the 172B talk address with ATN on. There-
after, program "W to call up the next stored settings.
Continue the process until all settings are transmitted.
{Refer to Appendix C, example 3.)

3.7.4 Deleting Programs

To delete a program, program the letter "M’ tollowed
by a minus sign and 1the number of the program to be
removed. When the number i3 terminated, the pro-
gram is removed from storage; there is no other effect.

3.7.5 High Speed Recall

When the GET mode ("0} selting is set to either 1 or
—1, a seguence of programs may be recalled in
either ascending or descending order at high speed
by sending Group Execute Trigger (GET) commands
to the instrument (refer to paragraph 3.6.7). In thig
mode of operalion, the nexi {or previous) program is
recalled and executed, and the wavefarm ¢ircuils are
triggered, all within 2 ms of receiving the GET com-
mand. (Refer to Appendix G, example 4.)
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4.1 INTRODUCTION

The major components of the Model 172B are shown
in figures 4-1, 4-2 and 4-3. The blocks in figure 4-3 cor-
respond to actual assemblies. Each circuit board is
shown as a block diagram In subsequent figures.

The analog portion of the 172B consists of a function
generaior (VCG, Triangle Generator and Func-
tion/Preamp boards), output amplifier with offset and
attenuator {(Attenuafion board} and an optional fre-
quency synthesizer (1st DigitMixer, 2nd and 3rd Digit
and 4th and 5th Digit/Reference boards). The syn-
thesizer 8 controlled by logic to produce some muifi-
ple of the desired output frequency; its ouiput is within
the 1 to 13 MHz range. In synthesizer mode, this fre-
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SECTION
CIRCUIT DESCRIPTION

quency is divided down to the desired frequency, by
logic control, at the function generator. The function
generatoi is then phase lockea fo il In function
generater mode, the frequency may be controlied by
VCG voltage as well as logic, and, in external phase
lock mode, phase lock occurs when the 1728 fre-
guency remains within 2% of the external signal fre-
guency.

The digital portion of the 172B consists of the bus and
front panel inputs to the microprocessor {Micro-
processor and Memory RAM boards) and its output to
the anatog portion of the 172B. The GPIB input is inter-
faced to the microprocessor by the GPIB board. The
microprocessor aisc contrals the front panel readout
and sends status and error messages on the GPIB.

VGG p o FUNCTION AMPLITUDE, | "V »
INPUT % GENERATCR . "| OFFSET & ATTN ?
'y
EXTERNAL 1 CONTROL CONTROL
PHASE
e G
INPUT FREQUENGY | CONTROL
SYNTHESIZER
GPIS et GPIB ___ IMICROPROCESSOR
INPUT == INTERFACE | CONTROLLER
READOUT & S E |
KEYBOARD FRONT PANEL

Figure 4-1. Overall Block Diagram
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REAR PANEL ASSY .
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Figure 4-2. Circuit Board Location



4.2 VCG AND SYMMETRY

The purpose of the VCG and Symmetry board (see
figures 4-3 and 4-4} is to provide positive and negative
currents to the Triangle Generator board that are pro-
portional in amplitude 1o the desired three digits of fre-
quency; and then proportional, positive current fo
regative current, according to the desired waveform
symmetry.

The input to the VUG and Symmeiry board is iniernai
bus logic, YCG (Voltage Controlled Generator) voltage
from the VCG (FM) BNGC and the synthesizer signal
which may be from 1 to 13 MHz, which is some power
of ten multiple of the programmed Irequency. The
logic is controlled by programmed mods, frequency
range and the three-digit frequency value.

The frequency of the generator is determined by the
rate of charge and discharge of the “'range’ capaci-
tance on the Triangle Generator board (see figure 4-5)
by the positive and negative currents. The entire
range of frequencies from C.1 mHz fo 13 MHz is
achieved by selecting a capacitance, then varying the
current from low to high. When near maximum cur-
rent s reached, a smaller capacitance is selected and
the current increased Trom low to high again. Each set
of capacitance determines a frequency range. This
scheme is used untii 1 MHz is reached. From 1
through 13 MHz, an additional boost in current is used
in lieu of a change in capacitance. (Symmetry control
is inhibited on this range.) This boost is logic ¢on-
trolled (see figure 4-4), as is switching in individual
alignment resistors for each range. See frequency
range blocks on the diagram. Internal bus control
logic from the microprocessor also selects three digits
of frequency within a range and determines whether
or not external voltage {VCG) will be allowed to share
in the controt of the frequency of the generator. If in
synthesizer or phase lock mode, YCG is not allowed.
The input ¥CG voltage, if allowed, is combined with
the other voliages at the digitat o analog amplifier ©
drive the current generators.

Programming the symmetry selects the resistances
which ¢ontrgl the balance between the positive and
negative current generators,

In phase lock or synthesizer mode, the analog voltage
that controls the current generators is supplemented
with the error voltage required to maintain phase lock
with an external signal or phase lock with the syn-
thesizer circuiis. This error voltage is generated by
phase detecting the difierence between the square

4-4
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wave from the itriangle generator hysteresis switch
and the external signal or the synthesizer signal,
whichever was selected by mode logic. The generator
square wave will be in phase with the external input
and the sine wave 50° out of phase when external
phase lock is selected. The external signal and the
generator signal must be within 2% of frequency for
phase lock to occur. The compared synthesizer fre-
guency is always within 2% of the generator frequen-
cy. The synthesizer itself has a range of only 1 o
12.999 MHz; nence, the divide by N circuit prior to the
phase detector.

If the generator freguency is in the 10® range, no divi-
sion is required; however, for each lower range a divi-
sion must occur pricr to phase detection and phase
locking of the generator 1o the synthesizer:

Range N
10¢ 1
108 10
104 102

etc.

The purpose of the Triangle Generator board (see fig-
ures 4-3 and 4-5) is to produce both the triangle and
square waveforms at the frequency determined by the
currents from the ¥CG and Symmetry board. The gen-
erator will free run or will turn on and off in regponse
o a trigger or gate voliage, depending on the mode
selected.

Input to the board is trigger voltage applied at the
TRIG IN BNC, internal bus control logic and positive
and negative currents proportional to the programmed
frequency and symmetry from the VCG and Symmetry
board. Output is the triangle and square waveforms to
the Function/Preamp board and a sync signal based
on the square wave to the SYNC QUT BNC. Triggered
output starts at the normal 0* wavetorm phase or,
whien in haverwave modes, — 80° phasa.

The diode switch, which is controlled by the hysteresis
switch, is used to switch the positive or negative cur-
rent to the timing capacitor selected by the frequency
range logic. When the positive current is switched into
the timing capacitor, the voltage across the capacitor
will rise linearly to generate the triangle rise transi-
tion. When the current is negative, the voltage across
the timing capacitor will fall linearly t¢ preduce the fall
transition of the triangle.
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The triangle amplifier output is fed to the hysteresis
gwitch and to the A\, buffer amplifier. The A, buf-
fer is fed to the Function/Preamp beard {see fig-
ure 4-6). The hysteresis switch has two voltage limit
points {+1.25 and —1.25) at its input.

During the time the outpul voliage of the triangle
amplifier is rising, the output voltage of the hysteresis
switch is positive, bui when the outpul voltage of the
triangle amplifier reaches +1.25V, it triggers the
nysieresis switch, causing the hysteresis switch out-
put to switch negalive. Once the control voliage inio
the diode gate becomes negative, it switches the posi-
tive current out and the negative current in to the tim-
ing capacitor, so that the direction in the voltage
change across the capacitor reverses, starting a
linear decrease of the waveform. When the decreas-

ing voltage reaches —1.25Y, the hysteresis switch

output switches back 1o positive, reversing the proc-
ess. This action generates the triangle waveform.
Since the hysteresis switch output is a square wave,
the result is simullanecus generation of a square
wave and a triangle wave at the same frequency.

The frequency is range controlled by selecting various
capacitance and finely controlled by the ¢charging cur-
rents. Symmetry of the waveforms is controlled by the
degree of imbalance between positive and negative
currents. To avoid the use of very large capacitors for
the low frequency ranges, a capacilance multiplier
circuit simulates a larger capacitor by a proportional
decrease in charging current.

The enabling of generator operation is controlled by
allowing or preventing the selected timing capacitor
to charge. For continuous operation, the trigger
amplifier maintains a positive level above the positive
peak developed by the charging capacitors. This
reverse biases {turns off) the start/stop diode switch,
preventing the trigger amplifier from affecting con-
tinuous operation.

When in trigger mode, the trigger amplifier outputs
some level below the positive peak charging ievel, the
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diode switch is forward biased (turned on} holding the
charging level constant and preventing the capacitor
from charging to the positive peak. This stops opera-
tion and holds the output at a do level called the trig-
ger baseling, the level from which a waveform cycle
starts and where it will stop. Normally, this is midway
between the peaks. In the haverwave maode and for
square and pulse functions, it is at the nagative peak
level.

When the charging level is being held, the negative
current generator still varies its output with cor-
responding freguency control inputs. These varying
currents must be taken up through the diode switch to
keep the timing capacitors from varying their charge,
and thus the trigger baseline. The baseline compensa-
tion circuit monitors the output from the negative cur-
rent generator to control the trigger amplifier, and
thus the necessary compensating current through the
diode switch.

The generator mode control circuil determines
whather the trigger control logic is to be “tired” for
just one cycie, or is to be held on for the duration of
the trigger input during gated mode or is to be held on
continuously during continuous mode. When in gated
mode, the trigger signal is directly coupled for con-
trolling the trigger control logic. In the trigger mode,
the trigger signal is capacitively coupled 1o provide a
leading edge spike to “'fire” the irigger controd logic.
The trigger control logic determines that after a wave-
form starts, it always stops at a complete cycle at the
same phase at which it started. The trigger control
logic latches the trigger ampilifier for an enabling out-
put from the time the cycle starts to when the
negative peak of the last cycle is reached (just one
cycle in the trigger mode). Upon reaching the
negative peak, the timing capacitor wants 10 continue
charging positive again as usual, but stops upon
reaching the trigger baseline. A square wave from the
hysteresis switch synchronizes the last negative peak
time for unlatching the trigger amplifier.
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4.4 FUNCTION/PREAMP

The Function/Preamp board (see figure 4-3 and 4-8)
creates a sine waveform and selects the output func-
tion as one of the foilowing:

Sine wave

Triangle wave

Square wave

Inverted (with respect to sync) sine wave
Inverted {with respect to sync) triangle wave
Inverted {with respect t0 sync) square wave
No signal

The input to the Function/Preamp board Is the buf-
fered triangle wave and square waveform from the
Triangle Generator board and the internal bus logig,
Output is the selected function or dc, which goes to
the Three-Digit Attenuator board (see figure 4-7).
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The triangle wave is processed by nonlinear diode
networks to produce a sine wave, and the square
wave s precisely clipped. All three waveforms,
triangle, sine and sguare, are present for function
gelection by logic. The selected waveform, or no
waveform, is amplified and presented in both normal
and inverted form for final logic selection.

4.5 THREE-DIGIT ATTENUATOR

The Three-Digit Attenuator board (see figures 4-3 and
4-7) accurately controls the amplitude of the output
signals from the Function/Preamp board and within
the particular range setting.

The input is the internal bus logic and the signal
selected by the Function/Preamp board. The cutput is
the attenuated signal sent to the Power Amplifier/DC
Offset board. The logic sets the attenuation network
toaccurately produce an amplitude expressed as XX.X.

iNT
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v
SINE n, FUNCTION
— CONTROL
T
CONVERTER LOGIC i
1
1
I
SQUARE
! — e o i
SHAPER —a Fune |
SELECTION |
FROM "\ ouT Ny éac -
> | — AMPLITUDE
| (INVERTED}
LI
— = — — J
+ AMPLITUDE J .
(NORMAL) >
ngfﬁp #  +/- AMPLITUDE

SWITCH

Figure 4-6. Fuanction/Preamp Block Diagram
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4.6 POWER AMPLIFIER/DC OFFSET

As controlled by logic, the Power Amplifier/DC Offset
board {zee figures 4-3 and 4-7) ampiifies the three-digit
attenuated signal by the amount corresponding 1o the
amplitude range valug; d¢ offsets the signal, connects
or disconnects the signal irom the output BNC and
connects or disconnects an internal load termination.
The input to the board is the three-digit accurate
signal (X.XX} from the Three-Digit Attenuator board
and internal bus logic. The output is the finally proc-
essed signal to the output BNC connecior.
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The three-digit signal is amplified and otfset (if re-
quired) at the power amplifier circuit. The three-digit
value of offset (X. XX} is logic controlled as is the posi-
tive or negative directicn of offset. The sum of offset
and signal amplitude is amplified to 15 volts peak
{30V p-p). then attenuated to the logic controlled range
value. The range value is logic selected to be the
greater of amplitude or offset programmed range. The
output signal is then output and loaded according to
cantral fogic.

AMPL RANGE LOAD
INT ___ )  CONTROL INT ___  CONTROL
BUS LOGIC BUS LOGIGC
1
| |
0.7.49 ' : o
— ouT
Rl 3-DIGIT PE:';_H M;:I?LLUEDE el )
ATTENUATOR | | ATTENUATOR | INT
0 dB LOAD
_20 @B |
—40dB —
| _60dB
INT
BUS | 3-DIGIT AMPL
—P CONTROL
LOGIC
i
- _ J
INT 0749 +i— OFFSET _
BUS | DC OFFSET DC&%@FTET OFFSET
— »  CcONTROL |———p ol | orrsE
LOGIC AMPLIFIER | *
|
| |
—_ —_— — — — — e _— e e o e

Figure 4-7. Three-Digit Attenuator and Power Amplifier/DC Offset Block Diagram
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4.7 SYNTHESIZER {An Option)

The synthesizer (see figure 4-3: Digit 1/Mixer, Digits 2
and 3, Digits 4 and 5/Reference boards) provides 1 to
12.993 MHz with five-gdigit accuracy. The function
generator circuit is phase locked to mulliptes of the
synthesizer cutput for waveform functions with five-
digit freguency accuracy. Four phase locked 1oops
{PLL’s) are connected together along with a mixing
system and a reference section of the required fixed
frequencies {0 make up the synthesizer. These sec-
fions are packaged as Digit 1/Mixer board, Digits 2
and 3 board and Digits 4 and 5/Reference board.

Figure 4-8 is the block diagram of a simple PLL. The
oulput frequency is 1o be exactly same multiple of the
reference frequency (). The cutput frequency of the
voltage controlled Variabie Frequency Oscillator
{VCQ) is divided by a digital counter circuit. The output
frequency of the divide by N{ - N) is compared with
the reference frequency (ff} by a frequency phase
detector. If the frequency andfor phase of the two
signals differ, an error voltage is generated which
causes the VCO to change its frequency, moving in
the proper direction 1o correct for the error. There is
an integratorfLow Pass Filter (LPF) between the phase
detector output and the VCO to eliminate high fre-
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quencies out of the detectorandtoinsure loop stability.
The output frequency is the reference frequency
muitiplied by the + N ratio.

Figure 4-9 is a block diagram of the digit T PLL of the
five-digit synthesizer. The output of this loop goes
from 35 to 47 MHz, as the most significant digit of the
synthesizer output frequency is varied from-Q to
12 MHz. This block diagram is different from figure 4-8
in that there is a fixed + 2 ahead of the programmable
divider. This makes the total + N ratio twice that of
the programmable divider alone. If the total syn-
thesizer ocutput is required to be 10,000 MHz, then the
digit 1 ioop output wifl be 45 MHz. The number 10 wil
be loaded into the programmable divider in Binary
Coded Decimal (BCD) form by the logic interface por-
tion of the 1728, The programmable divider transtates
this number 10 into the divider ratio 45 with a PROM
lock-up table. The programmable divider ratio 48, o
gether with the fixed divide by 2, gives a total ~ N of
90. The 500 kHz reference frequency multiplied by 80
gives an output frequency of 45 MHz. The program-
mable divider alone, and a 1 MHz reference ire-
quency, would give the same resuits; the + 2 is used
1o allow a lower maximurm operating frequency for the
programmable divider.

REFERENGE
FREQUENCY f;

l

OUTPUT

P FREQUENCY
fo = N.fr

PHASE ;fs‘:“é VARIABLE
MOSCILLATOR
DETECTOR FILTER

?

Figure 4-8, Simple Phase Lock Loop Block Diagram
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500 kHz REFERENCE

FREQ/PHASE INTEGRATOR VARACTOR BUFFER
DETEGTOR | | (LPF) L TUNEDVCC [ AMPL | —  OQUTPUT
30 TO 47 MHz 35 TO 47 MHz

+N COUNTER
+35t047 | 2 1
T NOTE
BCD DATA FOR 1. Programmed Frequency XX.XXXX
15t DIGIT (0 TO 12) gt 1 2345
OF 5 DIGIT PROGRAM

{SEE NOTE 1) 2. 1st Digit g 1 2....12
Divider (= N} 3538 37....47
Quiput (MHz} 35 36 37....47

Figure 4-9. Digit 1 PLL {Part of Digit 1/Mixer Board) Block Diagram

Figure 4-10 shows a slightly more complex PLL. In fn =
this loop, the VCO output is translated to a different fr Nefpxfm
frequency range belore being divided by the =N &
counter. A bandpass filter follows a mixer to select

either the resulting sum or difference frequency. This

form of 1oop causes the VCO output to be different PHASE i
from N times the reference frequency by a fixed off- DETECTOR (—p LPF L g VCO
set. Mathematically expressed, fg = Nff£fm.

BANDPASS
N e Fnter (e MEER e
MIXING
FREQUENGY fy,

Figure 4-10. PLL With Mixer Block Diagram
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Figure 4-11 shows the block diagram for digits 4 and 5
PLL. A fixed fraquency of 60.0 MHz from the reference
subsection is mixed with the 40 to 50 MHz VCO. The
ditfference frequency {10 to 20 MHz) is passed through
a 30 MHz low pass filter into a buffer amplifier. The
ampiified signai drives the divide Dy N counter, which
divides the input frequency by a number ranging from
100 to 199, depending on the frequency setling of
digits 4 and 6. The = N oulput is compared with a
100 kHz signal from the reference board in the phase
detector. If there is a phase error, the phase detector
will output a voltage pulse 10 the integrator which will
change its output in the proper direction to reduce the
VGO frequency errar towards zero. The 4.01 to 50 MHz
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VCO output is divided by 100 to provide the desired
401 10 500 kHz output. The final 401 to 500 kHz output
varies in 1 kHz steps as the + N ratio varies from 100
to 198. To obtain 500 kHz out, the reguired VCO fre-
quency is 50 MHz. This mixes with the 60.0 MHz refer-
ence to proguce a 10.0 MHz diiference frequency.
Digits 4 and 5 will both be zero in the case of a500 kHz
output, s0 the = N ratio will be 100. Dividing 10 MHz
difference frequency by 100 will proeduce 100 kHz to
compare with the 100 kHz reference. If digits 4 and 5
are set {p 99, the = N becomes 199, and the VCO will
be forced to 40.1 MHz, which will mix with 60 MHz 1o
produce a 19.9 MHz difference frequency. The
401 MHz VCO will be divided by 100 to form the
401 kHz output.

100 kHz
FREG 1 PHASE INTEGRATOR VARACTOR BUFFER 401 TQ
DETECTOR g (PR Ly TUNED Lyl  ampL | +100 e 500 kHz
VGO ouT
40.1 TQ 50 MHz
10 TO 20 MHz
+ N COUNTER BUFFER LPF l
N = 100 TO 199 {q—] AMPL l— DC TO 30 MHz 60.0 MHz
MIXER
T NOTE
Digits 4 and 5 00 o1 02.... o9
BCD DATA FOR Divider 100 101 102....18%
DIGITS 4 AND 5 Cuiput (kHz) 500 489 498.... 407

(000G TG 0099 MHZ)
OF 5-DIGIT PROGRAM

Figure 4-11. Digits 4 and 5 PLL {Part of Digits 4 and 5/Reference Board) Block Diagram




Figure 4-12 shows the digits 2 and 3 PLL. This loop is
almost identical to the digits 4 and 5 PLL. The offset
frequency is 60.401 to 60.500 MHz instead of 60.0 MHz
and the =+ N counter ratio varies between 105 {o 204
instead of 100 to 198. The VCO output is divided by 10
instead of 100, to form a 4 ta 5 MHz output. If digits 4
and 5 are 00, the translation loop output to this loop
will be 60.500 MHz. If digits 2 and 3 are 00, the =N
ratio is 105. Under these conditions, the required VCO
frequency is 50.0 MHz. This mixes with 60.5 MHz to
produce a 10.5 MHz difference, which is divided by
105 in the + N to give 2 100 kHz signal for the phase
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detector. Thug, the final output, after division, will be
5.0000 MHz. If digits 4 and 5 are sel to 99, the trangla-
tion loop output is 60.401 MHz. In this case, the VCO
output has to be 49.901 MHz to satisty the loop condi-
tions, and the final output will be 4.9901 MHz. If digits 2
and 3 are also set for 39, the + N ratio will be 204, and
a 40.007 MHz signai will be required from the VGO to
mix with the §0.401 MHz to produce the 20.400 MHz
difference frequency into the =N. In this case, the
final output will be 4.0001. Thus, the output of this loop
is seen (o tracik changes in digits 4 and 5, as well as
digits 2 and 3, which contro! the loop directly.

100 kHz REF
‘ _
FREQ/PHASE INTEGRATOR VARACTOR BUFFER DIFFERENTIAL
DETECTOR (LPF) TUNED VCO AMPL +10 OUTPUT 5.0
™ wrosompz [ ™ ™ TO 4.0001 MHz
[N 100 Hz STEPS
! o 2
DIODE
MIXER ! .
+ N COUNTER BUFFER LPF / 50”3 I?(Sg gEgSHZ
N = 105 TO 204 AMPL 4— DCTO 30 MHz >< € —  FROM TRANSLATION
LOOP; 60 MHz PLUS
OUTPUT OF 4 AND 5 PLL
BCD DATA FOR NOTE
DIGITS 2 AND 3
(.00 TO .99 MH2) Digits 4 and 5 00.... o9 99
OF 5-DIGIT PROGRAM Trans Loop (MMz)  80.500....60.407  60.401
Digits 2 and 3 00 00.... 99
Divider 105 105.... 204
Output(MHz) 5.0000....4.9901. .. .4.0007
Figure 4-12. Digits 2 and 3 PLL (Part of Digits 2 and 3 Board) Block Diagram
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Figure 4-13 is a block diagram of the transiation loop.
its function is to produce a signal 60 MHz higher than
the 401 to 500 kHz signal from digits 4 and 5 PLL {i.e,,
60.401 to 60.500 MHz). In this loop there is no divide
by N. The VCO output is mixed with a 60.0 MHz refer-
ence frequency and ihe diiference irequency is
selected by a low pass filter, buffered and applied
directly to the frequency phase detector for compari-
son with the digits 4 and 5 outputl. The phase detector
output drives the integrator to a voltage which sets
the YCO to the proper frequency.

Figure 4-14 shows the mixer subsection and how the
different loops connect fogether. As previously
described, the digits 4 and 5 loop cutput is shifted up-
ward to 60.401 to 60.500 MHz to drive the digits 2 and
3 loop. The oufput of the 2 and 3 loop varies from
4.0001 to 5.0000 MHz as a function of digits 2, 3, 4
and b. This output is mixed with a 30.0 MHz signal in a
double balanced modulator, and the sum of the two
signals is selected by a 34 to 35 MHz bandpass filter.
The output of this filter is mixed with the digit 1 loop
cutput, 35 1o 47 MHz, in a diode mixer and the dif-
ference frequency selected by a low pass filier. Take
a freguency of 12.3456 MHz as an example. Digits 4
and 5 are set to 5 and 8, respectively, The output of
the digits 4 and 5 PLL will be 444 kHz, and the transla-
tion lcop will shift this up {0 80,444 MHz, Digits 2 and
3 are set to 3 and 4; therefore, the output of the digits 2
and 3 PLL will be 4.6544 MHz, and, after mixing with
30.0 MHz, this will be 34.6544 MHz. Digit 1 is 12, 50
the output of the digit 1 PLL will be 47 MHz. This
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47 MHz is mixed with 34.6544 and the difference is
taken to form a 12.3456 MHz signal. This is the syn-
thesizer section output which is then passed to the
function generator. If the generator 1s set to the 1 10
13 MHz range, the function generater is phase locked
directiy to this signal. if the generator is on a lower
range, the synthesizer output is divided by some
power of 10 before the generator is locked to it.

Figure 4-15 iz the block diagram of the reference sub-
sysiem. All reference frequencies are derived from a
single, high stability, 10 MHz crystal controiled oseil-
lator. This signal is multiplied by 3 to produce the
30 MHz reference, and this is then mulliplied by 2 to
farm the 60 MHz reference. The 10 MHz is also divid-
ed by 20 to form a 500 kHz digital signal and this is
divided by 5 1o form a 100 kHz reference. If it is neces-
sary to lock the synthesizer to an external 10 MHz
gystem ciock, the external clock is fed to a level
detectorfoutfer amplifier. The output of the butfer
amplifier and the internal 10 MHz oscillator are both
fed 1o a phase detector, which in turn is fed to an in-
tegrator/low pass filter. If the external clock tnput is
greater than 1 volt, a relay is closed automatically,
connecting the Integrator output to a variable
capaciior for fine tuning the crystal oscillator. This
locks the internal oscillator to the external system
clock.

The block diagrams of figures 4-16 through 4-18 are
prinied circuil board oriented, showing which func-
tiong are related to what boards.

401 TO 560 kHz FREQUENCY/ INTEGRATOR VARACTOR BUFFER
FROM  __p  PHASE (LPF) p| TUNEDVCO i g AMPL | 804 TO
DHGITS 4 AND 5 DETECTOR 80.4 TO 60.5 MHz 80.500 MHz
BUFFER
< LPF DIODE
AMPL MTXER

60.¢ MHz FROM
REFERENCE BOARD

Figure 4-13. Translation Loop {Part of Digits 2 and 3 Board)} Block Diagram
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DIGITAL LOGIC INPUTS

| ! )
| barie | LOW PASS
— ! FILTER -
35 TO 47 MHz K F AU
1 MHz / z OUTPUT
STEPS i 0 TO 12.9999 MHz
! < IN 100 Hz STEPS
| 500 kHz
| BANDPASS
! FILTER |
34 TO 35 MHz |
DIGIT 1/MIXER y
BOARD w
o
m
- - - — " — - w
=
o
=
8
100 kHz | DIGITS 2 AND 3 r
sTEps ' PLL 4.0001 TO e 30 MHzZ g
. 5.0MHz <
— -~ &
10kHz | — 100 kHz | B
STEPS ° -
T 80.500 TO 60.401 MHz EJ
| b
r | LLi
| ;@
H i
I :
| TRANSLATION g
J: LOGP —— 60 MHz
DIGITS 2 AND 3 ‘ :
BOARD _ .
|
______________4_,____,__ |
| |
—
{kHz | DIGITS 4 AND 5
STEPS PLL; 500 TO
401 kHz
—b - 100 KHz i
100 Hz j |
STEPS f
— e : 60 MHz |
DIGITS 4 AND 5/
REFERENGE
BOARD

Figure 4-14. Synthesizer Block Diagram
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10 MKz
EXTERNAL
tREFERENGCE

iINTEGRATOR 10 MHz x3
{LPF) _Q/Ir O—p VCXO i  MULTIPLIER
I
l
|
I
I
I PHASE +20
- DETECTOR . DIVIDER
!
I
|
!
|
|
1
LEVEL
—  »{ DETECTOR/
BUFFER

= 30 MHz
%2
1 MULTIPLIER [~ 60 MKz
— 500 kHz
-5
DIVIDER | 100 kHz

Figure 4-15. Reference Subsystem {Part of Digits 4 and 5/Reference Board) Block Diagram

REF
30 MH=z

4 T0 5 MHz
FROM
DIGITS 2 AND
3 BOARD

BUS DIGIT 1 " REF
INT BUS DECODER PLL 500 kHz
BPF
38 TO 47 MHz
0 TO 13 MHz
LPF x BPE LPE TO VCOG AND
SYMMETRY
BOARD
4 TO 5 MHz 34 TO 35 MHz

Figure 4-16. Digit 1/Mixer Block Diagram

4-16



ManualsPlus.com

100 kHz
REF {
60 MHz j
BUS DIGITS 2 . UL, 4TO5MHzTO
INT BUS — ™ pecober ™ AND 3 PLL 41719 ] ®  DIGIT 1/MIXER
\ BOARD
40 TO 50 MH2
400 TO 500 kHz
IN 1 kHz STEPS TRANSLATION
FROM DIGITS 4 » PLL
AND 5/REFER.
ENCE BOARD

Figure 4-17. Digits 2 and 3 Block Diagram

BUS
—»
INT BUS DECODER

I-U-IJ 400 TO 500 kHz
0AMHz — — 5 DIGITS4 - 100 IN 1 kHz STEPS
AND 5 PLL l\ TO DIGITS 2
AND 3 BOARD
A 40 TQ 50-MHz
2 B
MULTIPLIER »- 50 MHz
"y
x3 | |
™ MULTIPLIER »30MHz | @
Piatnkb i i
-
VCXO z
ah? "
f 100 kHz
R — < n ﬂu
. = 500 kHz
A
10E:;.1-|r-| . A AN p 10 MHz
z
EXT
O——» REF [q4——
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Flgure 4-18. Digits 4 and 5/Reference Block Diagram
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4.8 FRONT PANEL GPTION

The front panel (Option 001) containg a 46 key key-
board and a 40 character aiphanumeric display to
allow the user to manually program the 172B and to
learn s status under both manual and remote pro-
gramming. The front panel aisc containg the power
on/off switch. The front panel assembly is connected
electrically by two cabies. One cable is on the power
switch and can be disconnected near the front panel.
The other cable carries the keyboard and display
signals and is plugged into the mother bgard at con-
nector J20. The front panel assembly consists of three
subassemblies: the keyboard, the self-scan display
and a PC board which interfaces {o the microproces-
sor in the 172B. The microprocessor accesses the
keyboard and display just as if they were read and
write memory locations,

481 Keyboard

The keyboard itself consists of 48 printed circult
switches arranged in a 6 X8 crosspoint array, The
keyboard malrix is scanned by a keyboard encoder
chip. When a contact closure is detected, the encoder
stops scanning, provides a delay for contact bounce,

--tatehes-a binary codeonto s -data—output-tines—and -

provides a dala ready strobe puise. The ouiput data is
a binary number between 0 and 63 corresponding to
the key depressed. When the keyboard contact clo-
sure is released, the encoder resumes scanning for
the next closure. Periodicaily, the microprocessaer,
under program control, reads the encoder data output
lines. The keyboard address is decoded on the micro-
processor board and brought to the front panel as the
keyboard out line, When this line is true, the encoder
output ig gated onto the 172B data bus lines, to be
read by the microprocessor. The data ready strobe
also triggers a 100 ms, 3 kHz audible tone each time a
key is depressed.

4.8.2 Display

The display is a gas discharge device consisting of
seven rows common to all character spaces, and 283
columns which are enabled consecutively, to display
40 characters on a 5x7 dot matrix, with two blank
cotumns between characters, The display consists of
a display panel and a driver board.

The information displayed on the front panel is stored
in a Bandom Access Memory (RAM) located on the
front panel PC board. Each character location on the
display has a separate memory address into which the
microprocessor can write, The six [ower order ad-
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dress iines from the 1728 address bus are used by the
RAM as the display space addresses O through 38; the
higher order address bits are decoded on the micro-
processor board and brought to the front panel as the
display enable ling, When this line is true, the word ap-
pearing on ihe data iines 0 inrough 5 is writien inio
RAM at the address appearing on corresponding ad-
dress lines. Whenever the HAM is not being writien
into, its cohtents are being read to the display. The
display requires a 20 kHz ctock signal, valid data in-
puts for each particular character space, as that
gpace is being scanned, and scan disable and reset
signals o start each scan of the panel.

4.9 MICROPROCESSOR (Microprocessor and
Memory RAM Boards)

The microprocessor (see figure 4-19) acts as the cen-
tral processing unit, receiving information from the
GPI8, the keyboard and the 172B subsystems and ac-
ting on these inputs s dicated by the software. Soft-
ware directs the processor to address the subsystems
and issue commands and data which direct the 1728
to output the desired signals.

Software refers to a sequence of commands ex-

“TECUEd by the MRl MHiCTOpT o Essor. THIS Sequencs

of instructions stored in ROM commands the micro-
processor to perform according to the 172B specifica-
tion. The microprocessor is powerless without a pro-
gram 1o run; therefore, the software is one of the most
vital elements of the digital section. All infarmation
trangter takes place under the control or supervision
of the software. Proegrams are composed of machine
language instructions, messages and tables that pro-
vide seguencing information.

Program data from the ROM temporary data from the
RAM and input data from the kevboard or GPIB are
hooked up to the microprocessor through an inter-
cannection bus on the mether board. Data from the
microprocessor software is sent to the rest of the in-
strument via a scratch pad memaory. Table 4-1 indi-
cates the format of the contents of the scratch pad.

The twa boards of the microprocessor section (micro-
processor and memory RAM) may be installed in loca-
tions C, D or E {see figure 4-1). The cards receive ang
drive a 43 wire data bus {erminategd on the mother
board.

4.9.1 Microprocessor Board

This board contains an eight bit processor, software in
ROM, butfers, decoders and two /O ports. Figure 4-19
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MIGROPROCESSOR

-

ADDRESS
"
BUFFER > (15 LINES)
4— P BUFFER |4 > (BETJES)
TOIFROM
RAM, ROM,
4—» BUFFER % — gg”l_m% *  GPIB, KEYBOARD
& DISPLAY
SYSTEM CLOCKS
E—
—b .z
CLOCK BUFFER [ —» 2.5 MHz
1,25 MHz
L — 625 kHz
POWER ON’
“ RESET
ADDRESS —»
CONTROL —ni B3KXx38
STATUS TOIFROM
(8 LINES)
If(; SUFFER » © 5 ANALOG
—® popr M > - # CONTROL SECTION
(8 LINES)
_p KEYBOARD ENABLE
| DECODER —— BUFFER
— DISPLAY ENABLE

Figure 4-18. Microprocessor Board Block Diagram

shows the basic blocks of the microprocessor. Ad-
drass lines are buffered 1o the mother board. Eight bi-
directional data lines are received and driven to the
mother board. Control signals necessary tc describe
the transaction are buffered to the mother board.
Ten megahertz clock pulses are generaied and buf-
fered to the mother board. Clocks are avalilable down
to 625 kHe for other processor cards. All these signals
are common to the processor section, but are not car-
ried to the analog sections of the instrument (function
generator and synthesizer).

Integrated circuit memaories on ROM support the basic
program in the 172B.

An IfQ port generaies eight control lines sent to the
analog section of the instrument. These control lines
are used io provide the microprocessor a facility to
trigger the instrument or provide cther control func-
tions as options.

Eight status lines are sent to the microprocessor o
indicate that a synthesizer has been installed and if
the synthesizer iz phase |ocked.

4.9.2 Memory RAM Board

The memory RAM board (see tigure 4-20) contains
4096 eight bit bytes of volatile storage composed of
eight 4K x1 dynamic RAM chips. Refresh logic is
located on this board with the logic necessary to arbi-
trate petween a refresh cycle and 4 microprocessor
cycle. In agdition, the RAM beard contains a 16 byte
read/write scratch pad memary that transmits all data
to the analog section of the instrument in 5 ps.

The RAM address is set to 8000,, through 6FFF,,. A
read or write is initiated by the microprocessor by
using an operation request within the address space
6000,, to BFFF,;. if a refresh cycle is not in progress,
data are accepted or presenied depending upon the
transaction requested on the data bus and an opera-
tion acknowledge is asserted. Data are latched until
accepted and the microprocessor has removed the
operation reguest signal.

The RAM stores up to 240 complete instrument set-
tings. The contents of the RAM are lost whenever
power is shut down.
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« DATA BUS _|>.

(8 LINES)
- >

ADDRESS BUS - }-

{15 LINES}
- M

CONTROL

LINES BUS RECEIVERS

AND DRIVERS

RAM STORAGE
(USING 3-BIT BYTES)
4096 BYTES/32,768 BITS

INTERNAL INSTRUMENT
INTERFAGE BUS -

SCRATCH PAD INTERNAL BUS
TO ALL BOARDS

(10 LINES)

Figure 4-20. RAM (Random Access Memory) Writable and Readable for Data Storage Block Diagram

The RAM card includes a 16 byte scratch pad memory
containing the data to be sent to the analog sections
of the instrument. Data are transferred at a rate of
four BCD characters per microsecond along with four
address lines to all analog modules. Each line is ter-
minated on the mother board. Scratch pad locations
are accessed by the microprocessor and filled with
properly formulated data for each analog module.
Table 4-1 indicates the location of the data trangferred
to analeg modules. All data are ceded in four bit BCD
digits. There is frequency and amplitude overranging
in the most significant digits, as indicated by 12,, and
14,,, respectively, in table 4-1,

These values may differ from those transmitted to the
instrument from a controller. The microprocessor
selacts its method of getting the output, then fills the
scratch pad with properly formatted data. Data are
sent to analog modules only when an execute com-
mand or GET is received.

49.3 Data Format

The internal data format for control parameters is as
follows.

1. Offset — Three digits of offset are transferred
with an allowable value in the range of 0 7.49.
The amplitude range digit will determine the ac-
tual voltage range selected.
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2. Frequency — Five digits of frequency plus one
range digit and sign are transferred within 2 ps,
The function generator receives three digits from
scratch pad locations 4 and 5 and one range
digit plus sign bit. The synthesizer receives ali
five digits, but does not store the range digit. The
maost significant digit may be overrangad to 12
on the 10° range for a maximum frequency of
12.9959 MHz. The range digit is the power-of-ten
multiplier required (the decimal point follows the
most significant digit).

3. Amplitude — Three digits of amplitude are
transferred to the attenuator module and cne
digit to the power amplHier attenuator. Sign bits
for amplitude and range digits are alsotransierred.

The MSD of amplitude may be overranged to a
value of 14.98 by transferring a 14 in the most
significant digit on the top range (10%. Therefore,
the amplitude value can extend from 0 to 999
and be overranged to 14.99. All digits are BCD
coded, sign-magnitude fashion {3 digits). An
asserted sign bit indicates a negative value. The
value ig not complemented if the sign bit is set.

4. Symrmetry — A one digit value from 0to 9 selects
the symmetry required. Zero and five select
50% , white digits 1 through 9 select symmetries
at 10% intervals.
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Table 4-1. Scratch Pad Memory Format

Addrass
Data Sign Bit Data Byie
Sending Group Byte
Sequence A3 A2 A1 AQ| S | Description ‘DT D6 D5 D4 Description ||D3 D2 D1 DO [Description
0 0 oo o0 +OFFSET O 0 O 0 |DCOFFSET ([0 O 0 0 | DCOFFSET
— OFFSET ¢ MSD MD
0 - ?m 0 - glu
_ o1 1 1 10 0 1
g
1 - 10 ola 1 NOT USED O 0 0 0 | DCOFFSET
[17]
o LsSD
o 0-9,
o 1 0 0 1
2 0 o1 0 NOT USED NOT USED
3 o ool1 1 NOT USED NOT USED
4 o 1]lo o 0 0 @ 0 |FREQUENCY )lo o0 0 0 |FREQUENGCY
¢ MSD (5) DIGIT (4)
0-12, G-8,
11 0 0 1.0 0 1
5 Tlo 1|0 1 FREQMULT + fO O D O [FREQUENCY [0 0 ,0 0O | FREQMULT
= FREQ MULT — l DIGIT (3} 10— 10°
o o-9, — 10
i 10 0 1 0 1 1 0
3
& glo 1[1 o 0 0 0 O |FREQUENCY [0 0 0 0 | FREQUENCY
r ¢ DIGIT (2) DIGIT {1)
0- gm D - gm
10 60 1 1 0 0 1
7 0 111 NOT USED NOT USED
8 1 ola o]o NORMAL 0 0 0 0 [AMPLTUDE [t 0 © , 0 O | AMPLITUDE
INVERTED l MSD MD
(QUTPUT) 0-14, 0-9
- 11 1 0 1 0 0o 1
2
8 w |1 0|0 1]o|AMPLMULT + |0 ©0 0 ©O | AMPLITUDE [0 0 0 0 | AMPLMULT
g AMPL MULT — l LSD 10%— 107
= 0-% 0dB— —60dB
o 1 8] 0] 1 0 ¢] 1 1
3z
A 1 0i1 o NOT USED NOT USED
B 101 A NOT USED NOT USED
c 1 1|0 D Function Mode
- ¢ 0 0 0 SINE 0 0 0 0 |CONTINUOUS
= 0o o0 o TRIANGLE o 1 0 o© GBATED
w 0 0 1 0 SQUARE ¢ 1 0 1 | TRIGGERED
e 0 1 o © DC o 1 1 0 |GATED HVRSN
= O 1 1 1 | TRIGHVRSN -
f 0 0 0 |SYNTHESIZE*
1 0 0 1 EXT LOCK
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Table 4-1. Scratch Pad Memory Format {Continued)

Address
Data - Sign Bit Data Byte
Sending Group Byte )
Sequence A3 A2 A1 AD IS |Description D7 D& D5 DA Descrintlon |ID3 D2 D1 DO Descriptlon
D 1110 1 Symmeiry Load
¢ 0 0 0 0% Qutput Load
0 0 0 1 10% 0 o | OFF ouT
- 00 1t 0 20% oA OFF IN
-y 0 0 1 1 30% 1 0 | OM ouT
@ 01 0 0 40% 1 1 ON IN
S 0 1 0 1 50%
w 0 1 1 0 60%
5 0 1 1 A 70%
] 1.0 0 © 80%
w
[E} 1 0 u] 1 0%
2
E 2l 11 o0 NOT USED NOT USED
F (R IR T NOT USED NCT USED
*Option
5. Function — A one digit value selects the re- 8 Data lines {DIO1 through DIOS}
quested function. These values differ from those
used to command the instrument from the key- 5 Control lines (ATN, IFC, SRQ, EO! and REN).

~ board or the GPIB.

6. Mode — A one digit value selects one of seven
modes. These values differ from those used to
command the instrument from the keyboard or
the GP!B.

-7. Load — A ane digit value selects the load and
enables the output. These vaiues also differ from
thoge used to command the instrument from the
keyboard or GPIB.

4.1¢ GPIB/MICROPROCESSOR INTERFACE

The GPIB/micraprocessor interface allows the instru-
ment to be remotely programmed by a minicomputer,
calculator, etc., via the General Purpose Interface Bus
(GPIB). The GPIB interface is an implementation of
IEEE Standard 488-1975. It supports the following
488-1975 defined interface functions: Source Hand-
shake {SH1}, Acccepter Handshake (AH1}, Talker (T6),
Listener (L4}, Service Reguest (SR1), Remote Local
{RL1}, Device Clear (BC1) and Device Trigger {DT1).
This bus transfers messages in bit parallel and byte
serial fashion. The bus has 16 signaliines, and they are:
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3 Handshake lines {NRFD, NDAC and DAV)

These lines are defined in paragraph 3.6, as is opera-
tion with the GPIB.

The GPIB/microprocessor interface does the foliowing
three functions:

1. Detects the My Listen Address {MLA) and My
Talk Address (MTA).

2. Does the proper listen handshake when either
attention (ATN) is true, or the listen latch is set,
and transfers messages when the talk latch is set.

3. Provides isciation through optical couplers.

In order to reduce the number of opto-isclaters, the
messages are transferred in bit serial fashion through
two Universal Asynchronous ReceiverfTransmitters
{(UART). (See figure 4-21.) All 16 GPIB lines are buf-
fered and terminated through bus transceivers. The
UART and status outputs are connected to the micro-
processor data line via tri-state buffers.

The cperation of the UART is fairly simple. Each UART
consists of two independent sections called receiver
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5 MH
H - CLOCK |
1.25 MHz
— RECEIVER —}
h J |
_ PARALLEL OUT
UART UART »  Bus
.,
MIGRO- PARALLEL IN SERIAL | SERIAL OUT SERIAL IN DRIVER
SERIAL RECEIVER
PROCESSOR B TRANS » »
7 DATA LINES MITTER RECEIVER |
BUS TRANS-
1 GONTROL LINE CEIVER
AT R N R IR GPIB
< » # DATA,
| . BUS
PARALLELOUT | SERIAL SERIAL IN SERIAL OUT s:m;sl_ !
== | TRANS- >
REGEIVER MITTER D:gl\ﬁg
! PARALLEL IN J
e | - e
OPTICAL
COUPLERS
MICRO- MICRO- bi?l?
. PROGESSOR _p|PROCESSOR 1i0 GPIB
' ADDRESS BUS P ECODER| |ACCEPTED
BUS REGEIVER
| GPIB COMMAND (g———— .y I
DATA READY COMMAND l—— SELECTOR |4— l — DAV
L DECOPRER & ENCODER |« BUS NRFD } HANDSHAKE
STATUS l—— N
OUTFUT N DRIVER (d—t— DAC
| RECEIVER
MICRO- e | EOl
PROGESSOR END CONTROL
< EOI
| Data “ * LatcH [
BUS _
] Y |
REMOTE :
MICRO- LATCH BUS IFC
| I Pnogsgson HAND- HAND- HEE:;&:H 4—|*— aen [ CONTROL
: 8
ORIVER GPIB BUSY GPIB HAKE SHAKE g —————»5RQ
LATCH |
| TAL - 4 !
TALK TALK [
\ * * LATCH ‘
! LISTEN I — | ¥ i
| - ]
MICROPROCESSOR GPIB “ ADDRESS ‘
INTERFACE COMP REAR PANEL
| MICRO- [ 1
. _ |PROGESSOR MICRO-
‘ —™  gus . % PROCESSOR | 2! gpie
RECEWERS ACCEPT : I 8 | ADDRESS
Blaceckoshial 4 | SWITCHES
| MICRO- | 5
l ” PROSE:SOH < <
DRIVERS
i OPTICAL I
COUPLERS

Figure 4-21. GPIE/Microprocessor Interface Block Diagram
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and transmitter, and both of them may operale
simultanecusly. The UARTs are primarily used ta con-
vert parallel infarmation into serial and serial informa-
tion into parallel. The receiver receives its information
in serial and converts it into an 8 bit parallel byte,
whereas the transmitter converts an 3 bit parallel byte
into bit serial output. The transfer rate of the serial
output is determined by the clock frequency of the
UART. Here the UART clock frequency is set at
1.25 MHz.

The interface completely insulates the microproces-
sor from GPIB and hence the microprocessor is
relieved from the GPIB transactions. The microproc-
essor constantly monitors the status outputs from the
interface and fakes actions according to thal. There
are six status bits tied to the microprocessor data bus:
Data Reacy, GPIB Busy, End, Remote, Talk and
Listen.

4.10.1 Data Ready

The Data Ready bit informs the microprocessor that
the UART has received valid data from the GPIB. Only
when this bit is true will the microprocessor read the
byte from the UART.

4.10.2 GPIB Busy

The GPIB Busy bit is used during the talk mede to find
out whether GPIB has accepted the data byie sent
through the UART. Any time the microprocessor
wants to send a byle via GPIB, first it checks that the
Talk status bit is true and then it checks that GPIB
Busy status bit is faise. If the GPIB Busy status is
faige, then the microprocessor will load a byte into the
UART and cause the GPIB Busy signal to go high
{true). This prevents the microprocessor from loading
any more bytes into the UART. The byte loaded into
the UART is transmitted. seriatly across the opio-
coupler to the GPIB side of the UART. When all the 8
bits of the byte are present, the data valid (DAV) line is
set low. When the iistener on the GPIB senses the
DAV line is low, he accepts the byte by raising the
data accepted (NDAC) signal high. The NBAC signalis
received and causes the GPIB Busy signal to go low
{false). Once the GPIB Busy signal goes low, the micre-
processor can transmit another byte in the same
manner,

4.10.3 End

The End bit is moniiored by the microprocessor any
time it reads a byte from the UART. if this bit is true,
then the microprocessor assumes that it has received
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the last byte of the message sequence and ireats it as
a terminating character.

4.10.4 Remote

The Remote bit indicates to the microprocessor
whether the 1728 is in remote control or local control,

4.10.5 Talk

The Taik bit will be set any time the 172B receives its
assigned talk address. When the micropiocessor
senses this bit as true, it sends the appropriate talk
message.

4.10.8 Listen

The Listen bit will be sent any time the 172B receives
its assigned listen address. When the microprocessor
senses this bit as true, it prepares to receive the data
bytes through the UART.

4.10.7 Service Request

Service Request (SRQ) is a bit sent by the microproc-
essor o the GPIB when it wants to talk. The controiler
will eventually cause a talk status bit to be generated
and allow the microprocessor to place a taik byte on
the interface.

411 POWER SUPPLY

The power supply consists of the Pass Transistor
board, the Power Suppiy Requiator board and the rear
panel mounted transformer. The pass transistor board
contains power transistors plus three IC regulators for
the power supplies, while rectifier, regulator,
reference and sensing circuits are on the regulator
board.

The + 24 voit voltage reference is a zener diode, and
the —24 voll supply, in turn, uses the + 24 voils as
reference. {See figure 4-22.) The regulator sections
are current {imiting stages, which limit the power sup-
ply current under suppiy overload conditions. The +
and - 15 voit supplies {not shown in figure 4-22)
operaie in the same manner.

The +12, -5 and isolated +5 volt supplies (not
shown in figure 4-22) use IC regulators located on the
pass transisior board. The ground reference for the
isclated +5 volt supply is isolated from common
ground. System ground, isclated + 5 volt ground and
chassis ground are isolated from one another,
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o

i POWER 1| 1 CURRENT —24V OUT

™ TRANSISTOR | w
L -
CURRENT
SENSE
REF
YOLTAGE | '\
[i:;;;:::——b REGULATOR VOLTAGE SENSE
FROM FULL

TRANS- WAVE !
FORMER RECTIFIER

T

POWER

+ 24V OUT
TRANSISTOR B

CURRENT
SENSE

CURRENT
| SENSE

REGULATOR VOLTAGE SENSE

Figure 4-22. Power Supply Block Diagram
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5.1 INTRODUCTION

Faults rmay be isolated to circuit board, power supply
or front panel. Familiarize yourself with the 172B by
reviewing the operating procedures in this manual as
well as the circuit descriptions. Successtul fault isola-
tion depends upon & thorough knowledge of the cor-
rect instrument operation.

Major groups of the various assemblies are shown in
table 31, Fauit isolation is discussed in the fallowing
paragraphs in terms of these groups. The locations of
boards and assemblies cailed out in table 5-1 are
shown in figure 4-1.

Table 5-1. Assembly Guide

Board

Ejector

Color Assembly Group
Black Pass Transistor/Raegutator 1 Power Supply

Black | Power Supply Regulator
HA Rear Fanel (Transformer,
Capacitors, etc.)

Yellow | VCG and Symmetry Function Generator {func-
Green | Triangle Generator tion generator calibration
Blug Function/Freamp usually required when any
Gray Power Amplifier/DC Offset | function generator board
‘Yiofet | Three Digit Attenuator is replaced)
Orange | Digit 1{Mixer Synthesizer (Optian 002)
Red Digita 2 and 3
Brown | Digits 4 and 5/Referance
White | Microprocessor Micraprocessor
White | Memory RAM
White | GPIB Interface GPIB Interface
NA GPIE Decoder
NA Front Panel Frant Panel {Option 001)

ManualsPlus.com

SECTION 5

TROUBLESHOOTING

5.2 POWER SUPPLY

In case the generator is maifuncticning, power supgly
voltage is always the first thing to be checked. Test
points for ali power supplies are on top edge of the
power supply and regulator board. Table 5-2 shows
the supply distribution to each PC board.

If the power supply voltage is found 1o be lower than
normal, it indicates there is an overloaded or short cir-
cuit condition in the system. Turn off the generator im-
mediately 1o aveid further damage. Remove all PC

. boards that use the overloaded supply. Use an ohm-

meter to find the board having a short circuit condition
by measuring the impedance between the ground and
the supply line. If this is not successful, do the follow-
ing. {This procedure is not recommended for the + 5V

supply.)

1. Monitor the supply voltage with a voltmeter at
the Power Supply Regulator board.

2. From table 5-2, locate all the PC boards related
1o the overloaded supply.

3. Remove one of the boards and turn on the
generator just long enough to make a voltage
reading from the voltmeter,

4. If the supply voltage was back to normal, the
removed board was the defective board.

5. If supply voltage is not back to normal after all
the PC boards have been tested, possibly the
regulator board itself is defective.

5.3 FUNCTICN GENERATOR

It the generator is malfunctioning, first check the
power supply voltages (refer to paragraph 5.2).
Because some problems are due to the system being
out of calibration, calibrate the function generator
before troubleshooting (refer to paragraph 6.3).
Troubleshoot using table 5-3.
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Table 5-2. Power Distribution

Power at Assembly Pin Number
+,=15
Board +,=5 +,-24
Ejector *,=12 +5 | GND - 280
Color Assembly #5 [COM | -5 | ISO | ISO [+12 | 12 | 15 [COM | -15 | +249 | -24 | -250
Yellow VTG and Symmetry 19,20 | 22-24 33,34 12628 |30, 43 41
Green Triangle Generatar 19,20 | 2224 3334 | 2828 30,91
Blue Function/Preamp 19,20 | 22-24 33.34 (26-28 (303
Gray Power Amplifierf 18,20 | 22-24 33,34 | 2628 (30,31 ;39,40 36,37
DC Offset
Violet Three Digit 16,20 |22-24
Attenyator
Crange Digit 1/Mixer 19,20 |22-24 50 33,34 |26-28 130,31
Hed Digits 2 and 3 19,20 |22-24 | 50 3334 (2628 (3031
Brown Digits 4 and 5/ 18,20 |22-24 50 33,34 1 26-28 |30,31
Reference
White Microprocessor 49-54 |1,2,99,
100
White Mamory RAM 49-52 1,295 | 53 3
100
White. | GP1B Interface 4952 11,299, [63,78.|.62.77
100
NA GP{B Decoder P17-20 |P17-18
NA Front Panel J1-23 §J1-21 J1-7 J1-28
J2-1.2 |J2-3.4 J2-24

Table 5-3. Function Generator Troubleshooting

NOTE: This information is for frequency problems apparent while the generator is in open loop, comtinuous mode.

Sympiom

Further Observation

Probable Cause

Cure

1. Frequency accuracy

. Problem always happens at the

—

. Freguency DiA canverter.

Repiace VCG board,

out of spec. Problem same setting(s}, between 1.00 and 2. Fraguency data latch.
has to do with the three 9.99 of every frequency dacade, 3. internal bus.
digit setting.
. All frequencies too high or tog low, 1. VCG gain control. Replace WCG board
Waveform tirme symmetry normal. 2. Triangle peak voltage too high or or Triangle Generator

106 Tow.

board.

. Waveform time symmetry also out

of spec.

Current genearatar.

Replace VCG board.

. Problem happens only at 1 to

13 MHz, or 100 kHz to 1 MHz.
Also refer to Symptom 5.

Frequency compensation compo-
nents.

Replace Triangle
Generator board.

. Triangle waveform also distorted.

1.
2.

Freguency range switch.
Comporent connected to the tri-
angle amplifier input.

Replace Triangle
Generator board,
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Table 5-3. Function Generator Trouhleshooting (Continued)

MNOTE: This information is for frequency problemns apparent while the generator is In open loop, continuous mode.

Symptom

Further Obsarvation

Probable Cause

Cure

2. Freguency accuracy

out of spec. Problem

has lo do with the
range multiplier.

. Out of spec at one particular

frequency decade, bui greater
than 0.89% Hz. o

1. Freguency range switches or
capacitors.

2. Frequency range data latch or
decoder.

Replace Triangle
GFenerator board.

. Less than 0.999 Hz.

1. Capacitance multiplier.
2. Frequency range dala latch or
decoder.

Replace Triangle
Generator board.

3. Time symmetry out of
spec.

. Triangle waveform aiso nonlinear,

1. Freguency range swiiches.
2. Component connected to the tri-
angle amplifiar input,

Replace Triangle
Generator board.

. Triangle waveform linear.

1. Current generator.
2. Gurrent mirror cirguit.

Replace Triangle
Generator board,

. Time symmetry problem only at

frequency 0.999 Hz or |eas.

Capacitance multiplier circuit.

Replace Triangie
Generator board.

4. Low frequency
{= 100 kHz2) sine distor-
tion out of spec.

. Time symrneiry also out of spec.

Refer to Symwptorn 3 for time sym-
metry problam.

Replace Triangle
Generator board.

. Monlinear triangle waveform.

Refer to Symptom 1(5).

Replace Triangle
Generator board.

. Triangle waveform appaars (o be

good.

Sine converter cirguit,

Replace Functionf
Preamp board,

. Ali waveforms are badly distorted.

Preamp or power ampiifier.

Replace Function!
Preamp board or
Power Ampl/Offset
board.

3. High frequency
{ =100 kHz} sine distor-
tion out of spec.

. Frequency accuracy out of spec

at frequency >1 MHz.

1. Current generator is saturated.
2. Current mirror circuit is saturated.
3. Refer to Symplom 1{4},

Replace VOG board
or Triangle Generator
board.

. SQuare wave has excess over

shoot or slow rise time,

Preamp or power amplifier.

Replace Functionf
Preamp board or
Powar AmpliOffset
board.

. Square wave ok, but badly dis-

torled triangle.

Triangle amplifisr No. 1 or No. 2.

Repiace Triangle
Generator board.

. Rherwise.

Sine convarter.

Replace Function/
Preamp board.
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NOTE: This information (s for frequency problems apparent while the generator is in open locop, continuous mode,

Symptom Further Observation Probable Cause Cure
6. Amplitude accuracy 1. All waveform amplitudes out of t. Three digit attenuator. Raplace Attenuator
out of spec at 1 kHz. spec between 1V p-p and 15V pp. 2. Internal bus. Doard,

2. Ratio is not correct when ampli- 1. Output attenuator. Replace Power Ampl/
tude is ranging from 9.99, 0.999, 2. Attenuator control logic. OHset board.

0.0998 1o 0.00893Y pp. 3. Internal bus.

3. Inverting output {* —"" amplitude) 1. Moninverting amplifier. Rgplace Function!
ok, but not normal gutpul {*' ' 2. Relay. Preamp board.
amplitude).

4. Square wave amplitude put of Square wave shaper cirguit. Aeplace Functionf
Snec. Pragmp board.

5. Triangle wave amplitude out of Gain contraol resistors. Replace Functionf
Spec. Preamp board.

6. Excess amplitude roll off at high 1. Frequency compensation compo- Replace Functionf
frequency. nents. Preamp board.

2. Frequency compensgation compo- Replace Power Amplf
nents in power amplifier. Oitzet board.
7. DG offset problem. 1. BC oifset circuit. Heplace Power Amplf
: 2. Oftset control togic. -Offset board.
3. Interna) bus,

8. Trigger and gate prob- Trigger logic and trigger amplifier. Replace Triangle
lem. Generator board.

9. No wavetorm output at 1. Voltage at 5010 OUT is saturated 1o 1. Power amplifier, Replace Power Ampls
5002 QUT. maximum positive or negative. Olfset board,

SYNC OUT is normal. 2. Functionipreamp. Replace Function/
Preamp toard.

2. SYNC QUT is normal and de volt- Waveform switching relay and control Reptace Funstiond
age at 500 OUT is normal when dc logic, : Freamp board,
voltage is selected.

3. Mo SYNC OUT when continuous 1. Triangle generator loop. Replace Triangle
mode is selected. 2. Gurrent mirror circuit. Generator board.

3. Current generator. Replage VGG board.

4, Generator rung if dinde CR15 in 1. Trigger circuit. Replace Triangle
Hysteresis Switch subassy of Tri- 2. GEN MODE contrel logic, Generator board.
angle Generator board is removed.

10, Qutput waveform is Mo other programming error, 1. Function selecting refay. Raplace Functionf
not the waveform pro- 2. Func¢tion control logic, Preamp board.
grammed. 3. Internal! bus.

1. Generator freguency 1. Phase not locked at alt freguencies. 1. Genarator frequency is not within Change the generator

does not lock to exter
nal frequency.

2. MNophase lock at a freguency ranga,

=+ 2% of external frequency.
. Phase detector or filter.
3. Input circuit.

ma

Loop fitter selection circuit.

frequency.
Replace VCG board.

Replace VCG board.
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5.4 INTERNAL DATA BUS

Al the internal programming data sent to the function
generator and the frequency synthesizer sections are
sent in multiplex fashion through the 14 internal bus
lines. It takes only one defective bus receiver,
74ALS139 or 74L5175, 1o hang up an eniire line. A

Tahle 5-4. Internal Data Bus Location

Description Bus Line Pin No.*
Strobe STRB 1
A3 2
Data A2 3
Group Al 4
AR 5
Sign 5 G
Dy i
Bl 8
D5 9
Data D4 10
Byte D32 11
b2 12
B 13
Do 14
NOTE

Tabla 4-2 describes the dala confent of 2ach ling on
the internal data bus.

*PC-to-Mather board connector (Function Generator or Synthesizer
boards).

ManualsPlus.com

defective receiver can cause incorrect generator
responses everywhere.

When the bus is not sending data, no EXECUTE com-
mand, the voltage at sach bus is biased to approxi-
mately + 3 volis. If the bus voltage is greater than
+ 4 volts, or less than + 2 volts, there is a defective
bug receiver or driver on the line. The defective com-
nponent ¢an be located by removing one board at a
fime. The bus voltage will be back to normal when the
defeciive board is removed. Tabie 5-4 gives the bus
location.

5.5 SYNTHESIZER

When the 172B output frequency is incorrect in the
synthesizer mode, the problem may be on one of the
three synthesizer boards, or, it may be in the function
generator section. The following checks in table 55
can be made external to the 172B with a frequency
counter.

NOTE

Tests in the synthesizer mode are done on
the 1 to 13 MHz range for two reasons. The
natural output of the synthesizer is 1 to
13 MHz, s0 there is less chance of confu-
sion; and the frequency counter will give
high resolution readings with  minimum
gate Yme on this range.
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. Table §-5. Synthesizer Troubleshooting

Symptom

Discussion

The functien generator output
fregquency is ¢orrect on the 1 to
128899 MHz rangs, but iz not corract
on one or more lower ranges.

1. This indicates the synthesizer subassembly is functioning properly, and the problemn is
on the YCG board where the main funclion aenerator is phase locked to the svnthesizer
output.

2. When a particular range and all lower ranges do not wark, and all higher ranges do
work, the problem |5 in the decade digital divider string on the VOG board.

The output frequency is wrong on the
1 to 12.9292 MHz range, but one or
mare of the lower ranges works.

Check the open loop frequency {continuous mode, BO). I this frequency is greater than 4%
from the programmed frequency, the function generator frequency may be oulside the
capture range of the function generator phase lock loop {(PPL). (Refer to paragraph 5.3.)

There iz no change infrequency switch-
ing between continucus (B0) and syn-
thesized (B3) modes.

The VCG board i8 not receiving the digital command o switch into the synthesized mode,
Check the front panel to make sura the display is not indicating a programming error. If
there is no programming error, refer to internal Data Bus, paragraph 5.4. Frequency must
be greater than 10 Hz.

The 1728 does not operate properly in
synthesized mode, but does in external
phase lock {B6} mode (with the proper
external signal provided}.

The main generator phase lock circuitry |s operating propetly and the problem is likely to be
in the syrthesizer section. Refer to Symptom 6. A good frequency scurce for the external
phase lock check is the 10 MHz reference output available on the rear panel of the 172B.
A different frequency such as 1 MHz may be available frem the frequency counter used for
testing.

The synthesized frequency is off by a
=mali, constant percentage error at alt
frequencies.

The error is in the synthesizer time base, which is an adjustment located on the Digits 4 and
5/Reference PC board; adijust or replace the board,

. -Fhere is a failure withinthe.synthesizer. .. .1

4= & inciication of the specific-failura location-can be-oblainec-by a-careful study-of theae-- - - -

tual output frequencies for a range of input frequencies. For example: Programmed fre-
quencies from 1.0000 MHz to 1.0087 MHz work properly. Programmed frequencies
from 1.0068 MHz to 1.0089 MHz give an output frequency of 1.0067. This patiern then
repeats: 1.0100 thru 1.0167 work properly and 1.0158 thru 1.0199 give an output of
1.0187 MHz. This pattern also repeats at any other frequency: the first three digits wark
properly and the fourth and fifth digit work property when programmed between 00 and
67. Armed with these data, and a knowledge ot the synthaesizer structure (refer to the
synthesizer block diagrams in Section 4}, you may deduce the problem lines within the
digits 4 and 5 PLL located on the Digits 4 and S/Reference PC board, or the transtation
loop ocated on the Digits 2 and 3 Translation Loop PC board. With these particular
symptoms, it is likely the Voltage Controlled Oscillator (VCO} frequency has shifted in
the transiation loop or digits 4 and 5 loop, and can be corrected with a simple ¢alibration
adjustment. Determining which of these two possibla loops are bad requires going in-
side the 1728 and measuring the actual output of digits 4 and 5.

if spare boards are available, substitution will reveal which of the two is defective faster
than making on board measurements.

2. Another example: All programmed frequencies from 1.0000 thru 1.0099 MHz measure
1.0154 MHz; all programmed frequencies from 1.0100 thru 1.0199 measure 10254 MHz;
all programmed frequencies from 1.0200 thra 1.0288 MHz measure 1.0354 MHz, eic.
Again, the indications are that the digit 2, 3 loop and alt following stages are operating
correctly because the synthesizer follows each t0 kHz change in programmed fre-
guency even though the output frequency is not correct, The digit 4, 5 100p or the
translation loop is functiening incarrectly and outputting a single frequency instead of
following the programming changes. Again with these symptoms, ene of the two loops
may have a defective component or the oscillator natural frequancy may have shifted
more than the loop can correct for, and repair consists of a simple calibration adjust-
ment. Refer to the synthesizer calibration procedure.
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5.6 MICROPROCESSOR

When microprocessor problems are suspecied,
always check the +5, —5 and + 12V power supplies
{refer to paragraph 5.2). If all volitages are presgent,
useg table 56 to troubleshoot. Replace board
assemblies one at a time, uniil the problem is
eliminated.

5.7 GPIB INTERFACE

Because the 172B has more than one programming
channel (GPIB and front panel), it is relatively easy to
isclate interface problems. (Refer to table 5-7.}

5.8 FRONT PANEL

The front panel assembly contains circuitry for two
distinct functions; display and keyboard, both com-
municating with the micropracessor through the data
and address busses. Because of the intimate relation-
ship of the front panel and microprocessor, it can be
difficult to igclaie a problem to a particular area.
(Refer to table 5-8 for troubleshooting hints.)
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Table 5:-6. Microprocessor Troubleshooting

Symptom Possible Cure

[y

1726 will not power Replace RAM board.
up. 2. Replace Microprocessor board.

 gives ERAOR when

1728 powers up, but Replace RAM board.

. Replace Migroprocassor board.

-

key is presged,

172B powers up with 1. Replace Microprocessor board.
ERROR in left margin. 2. Replace RAM board.

1728 powers up and 1. Check the isclated + 5V (refer
reads different GPIB to paragraph 5.23.

address other than 2. Replace GPIB Interface board.
the setting.

1726 will not talk ar 1. Correct the listen address set-

listen on GPIB. ting on rear panel.

2. Check the isolated +5Y (refer
to paragraph 5.2).

3. Replace GPIB Interface board.

While running, 1728 1. Raplace Microprocessor board.
resets itself and dis- 2. Replace RAM board.

plays “'WAVETEK
MODEL 17287

Table 5-7. GPIB Interface Troubleshooting

Symptom

Discussion

1. When addressed as a listener or talker,
the 172B does not displayan L or T on
the rigitt-hand carner of the display.

Find the GFIB ksten and lalk addresses by pushing the ADR kay. They will be displayed.
Program the controlter to send the listen address, {The HP 9825 controller message s
wri 7xx, where xx is the 172B address.} L, or RL, should appear on the right-hand corner of

the display: if not, the maliunction i in the GPIB interface board. The talk address problem
is similarly deall with.

2. Displayed parameter valpes differ
fram GFIB programmed values.

Use the CMD RCL key to display the programming received by the post-interface circuits, If
this differs trom GPIB prograrmmed values, duplicate the programming by using the front
ranel controls. Correct display isslates the malfunction to the GPIB Interface board.
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Table 5-8. Front Pansl Troubleshooting

CAUTION: There is high voltage (- 250 volts) present in the front panel.

Sympiom

Discussion

-

YWhan power is first turned on, the front
panel readout displays "SELF TEST'.
After a short delay, the microprocessor
comrmands the front parel to display
“WAVETEK 172B". The message is
not displayed.

It this messags never appears, the problem can be on any of the digital boards. Most likely
it is not a front panel problem. While a front panet failure could cause the frant panel not 1o
accept data, it is much mose likely the microprocessor never reached the portioh of the
operating program that causes the initial display. Replace the Microprocessor and Memary
RAM boards one at a time. Test the 172B with sach replacement.

After the turn-on delay, the initial
random characters arg replaced by
annther meaningless display.

The micropracaessor is reaching the front panel. Examine this message carefully for cluesas
to the possible problem; for example, "V@&VDTDUOG2R" instead of “"WAVETEK 172B"
waould indicate the 17 bit of the data word was hung in a false condition. This could be ac-
curring in the front panel bus receivers, memory or in the disptay component itself. Another
type of tailure mode might be “WAWATETE1717" indicating a hung 2" hit on the address
tines driving the memory IC. In any case, the mallunction is most likely in the front panel,

The display iz missing partions of
characters or characters are jittering
in position.

The problem is most likely the display compaonent, although the — 250 regulator could be
cauging the flicker. Replace the front panel.

The keytigard "'beeps™ normally when
a key is depressed, but the processor

ignores it (no response on the display}.”

The problem may be in the front panel or in the microprocessor. Command the 172B via the
GPIB and check for proper operation. If the 172E cannot be commanded by any maans, the
problem is most likeky not in the front panel. A front panel address or data bus driver or
receiver could Tail in a manngr to permanently hang a bus line, preventing the microproces-
sor from operating properly. Unplug the frant panel from the mother board (J20), with power
off. Turn power back on and again try to command the 1728 via GPIB. If the 172B runs

properly, the problem is in the front panel.

!’J‘I

The keyboard fails o "beep™, but
commands the 172B properly.

The probiem is in the citcuilry associated with the audio sounder. Repiace the front panel.

The keyboard neither beeps or com-
mands the 1728, but 172B works
properly with the GFIB interface,

The problem is with the keyboard encoder, or the keyboard membrane switch itgsell. Re-
ptace the front panel,
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6.1 INTRODUCTION

The fotlowing four calibration procedures may be used
to totally align the 172B pericdically, or they may be
used individually to calibrate the functional group to
which they apply. Individual procedures would be used
inthe case of a circuil board replacement or for out-
of-spec oparation of a particular functional group.

The completion of these calibration procedures
refurng the instrument to correct calibration. All limis
and iolerances giveninthese procedures are calibra-
tion guides and should not be interpreted as instru-
ment specifications. Instrument specifications are
given in section 1 of this manual.

The functional groups are shown in table 5-1 with a
listing and location of individual assemblies within the
groups. The microprocesser group and the GPIB group
require no calibration. The calibration procedures
included herein are:

Power Supply. ... .. ... ... ... paragraph 6.2
Function Generator. .. ... .. . | paragraph 6.3
Synthesizer. ... ... ... ... .. ... paragraph 6.4

Front Pamel. ... ... ... .... .. _paragraph 65

Periodic calibration of all groups is needed because
of component aging, which depends on the instrument
on-time and environment. Use three months as an
initial calibration period. If possible, keep records of
parameter values and increase the time between
calibrations as the records indicate.

In any case, the power supplies should be verified or
adjusted before attermpting any other calibration pro-
cedure or fault isolation.

The air inlet for the instrument coeling fan contains
afiltering screen that must be cleaned periodically.
Toclean, remove the screen retainer and screen (at
the rear of the instrument). Vacuum or wash and dry
the screen as necessary or annually.

6.2 POWER SUPPLY CALIBRATION/
VERIFICATION

Verify that line selector {refer to paragraph 2.2.1)
matches the line voltage. Use a Dana 5900 DVM or
equivalent to perform the proceduraes givenintable 6-1.
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SECTION
CALIBRATION

8.3 FUNCTION GENERATOR CALIBRATION

Use the test equipment listed hers, or equivalent, to
perform the procedures given in table 6-2.

1. Frequency Counter: Dana Medel 8110
2. DvM: Dana 5300

3. Distortion Analyzer: HP Model 334A

A

Oscilloscope: Tektronix Model 7804 with
a. Dual Trace Amplifier 7A286

b. Dual Time Base 7B92

¢. Differential Comparator 7413

5. 80 Ohm 5W Termination: Tektronix 011-0098-00
6. Scope Probe: Tektronix P6101
7. Procbe Tip BNC Adapter: Tekironix §13-0034-02

6.4 SYNTHESIZER CALIBRATION/VERIFICATION

Use tha test equipment listed here, or eguivalent, to
perform the procedures given in table 6-3. If the
verification portion of table 6-3 indicates that the syn-
thesizer does not require calibration, only items No.
1 and No. 4 will be required as test equipment.

1. Frequency Counter: Dana 8110
2. RF Millivoltmeter: Boonton 92C
3. DVM: Dana 5900

4. 172B Extender Board: Wavetak

6.5 FRONT PANEL CALIBRATION

1. Repeatediypress any front panel switch to obtain
an audio tcne,

2. Adijust R15 on the front panel PC beard for the
greatest volume.

CAUTION

There are exposed high voltage points (250
volts) in the display section.

6-1
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Table 6-1. Power Supply Calibration/Verification Procedures

Cal Desired
Step| Check ‘Tester Points Program Adjust Results Remarks
1 + 15V DYM in TPT {gnd} Power ON R24 +15.0 Vdc All test points and adjust-
dec modse TPG finitig! =atup) =20 my ments are located onh
power supply regulator bd.
2 ~—15Y TPE —15.0 Vdc Verify.
+100 m¥
3 +12Y TP10 +12.0 Ve
+ 350 my
4 —5Y TP11 = 5.0 vde
+100 m¥
5 + 5V (iso} TP14 (gngl) + 5.0 Vde
TP13 =200 mY
6 + 24y TP3 (gnd) R10 + 24.0 Vde
TPS + 200 mv
7 — 24y TR4 —24.0 Vdc Verify.
+ 200 my
B + 5Y (logic) TP15 (gnd) R58 +5.0 Vde
TP12 + 100 my
- - Table 62 Function Generator Calibratiomr Procedures -~
Cal Desired
Step | Check Tester | Points Program Adjust Results Remarks
1 Trigger DVYM in TP1 FREL: 9.90E2 R54 0¥ +10 mVdc 999 Hz, inverted, 10V p-o,
Basgiine dc mode {functiond FUNC: 4 {triangle de, trig mode. Allow 1 hour
preamp bd) | OUTP: 1 gen hd) warm-Up.
MODE: 1
AMPL —10
EXEC
2 Symmetry TPZ R124 0V =1 midc
Zerg {triangle {triangte
gen bd} gen b}
3 Inverted TP3 R53 o¥ + 2 mvdo
Zerno {functiont {function!
preamy bd) preamp bd}
4 Standard TP2 R79
Zero {function/ (function/
preamp bd} preamp bd)
5 Offset TP4 R75 Vv +5 myde
Inveried {pwr amp¥ {pwr ampl!
Zero offzet bd) Gffset bd)
& Ofizet TR2 Rv2
Standard {pwr ampl! {pwr ampi!
Zero offsat bd) offset bd)
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Table 6-2. Function Generator Calibration Procedures (Continued)

Cal Deasired
Step | Chack Tester | Points Program Adijust Results Remarks
7 Power 502 OUT R53 oV +1 mvde
Amplifier {rear panel) {pwr ampll
Zero offset bd)
] Positive Scope TP1 FUNC: 2 R7e +2¥ £10 myvp cont mode.
Triangle with com- {function/ MODE: O {triangle
Peak parator preamp k) | EXEC gen bd)
g Negative R76 -2V =10 mvp
Triangle (triangle
Peak gen bid)
10 1000:1 2 channg! 500 OUT QUTP: O R58, R75 5 +05mson , nointernal load {load
Symmetry scope {rear panel} | FREQ: 1E4 (VG bd) each % cycle at scope). 10 kHz range,
with 500 EXEC (100 £10 Hz) 0 Hz; R5& and A7S settings
lgad FREG: © {use scope with must be done in sequence.
EXEC 1 msidiv sweep)
R28 (VCG bd): cow

11 Bottorn FREQ: 1E2 R33 Symmetry
Symmetry EXEC (VCG by | £0.1% (10 psd

12 Top FREQ: 9.99E2 R&7 Symmetry
Symmetry EXEC NCG bedy +0.1% (1 us)

13 High FREQ: 1E5 R72 Syrmmetry Repeat steps 11 - 13 until
Frequency EXEC (VGG bd) +0.3% {30 ms) all settings are in tolerance.
Symmetry

14 Bottom Caounter FREQ: 1E2 RZ28 106 1 Hz
Frequency EXEC (WCG bd)

15 Top FREC: 9.99E2 R21 609 +5 Hz Repeat steps 14 and 15
Frequency EXEC (VCG bd) until ali settings are in

tolerance.

16 Fregquency 500 OUT FREQ: 12.90E6 (0.3 12.99 MHz Check over 1 - 12.99 range

{rear panel} | EXEC {triangle 250 kHz and digtribuie the error.
gen bd} Yerify 166 { £ 5%) and 1EV
(4%
17 FREQ: 9.99E5 Ro2 999 =5 kHz
EXEC VCG bd)
18 FREQ: 9.99E4 G4 889 kHz
EXEC ({triangle +500 Hz
gen bd)
19 FREQ: 3.88E3 R20 999 kHz x50 Hz
EXEC WCG bd}
20 FREQ: 9.99E1 R18 0.010015 %50 us
EXEC (VGG bd) (50 us)
21 FRECk .99 R17 010015 =05 ms
EXEC {VCG beh) {0.5 ms)
22 FREQ: 9.99E-1 R120 1.001s £5ms
EXEC {triangle {5 ms)
gen bd)

6-3
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Table 6-2. Function Generator Calibration Procedures (Continued'}

Cal Desired
Step| Cheack Tester | Points Program Adjust Results Remarks
23 HF Aber- 2 channel FREQ: 1E6 C12 Best < 5% overshoot
rations sCope EXEC (pwr amplf
with 500 offset b
load
24 Sine Scope FREQ: 9.99E2 R11 + 8V + 20 mvde Internal load, 999 Hz
with com- FUNC: {function/ at positive peak cutput. Genter R45 on pwr
parator & CUTP: 1 prearmyg bd) ampliofiset bd.
distortion EXEC
28 analyzer; R9 — 5V =20 mVdc
load re- {functionf at negative peak
moved preamp bd)
26 R107 Symmetrical Connect scope to distor-
{functiond residue tion analyzer output.
preamp bdj
oF R1 Minimum distor- Afer this step, repeat
{function/ tien (0.15% typ) steps 24 thru 26 once.
preamp be)
28 Negative OVM in f45 3838V +3mvims
Sine Linity ac e {pwr ampl}
Gain offset bd)
29 Positive - . AMPL:. 310 Ro5 |S535V £ 3-mVrmsp
Sine Unity EXEG {funactiond
Gain preamp bd}
30 Gain FUNG: 1 RS 2775V £3mvrms | With average responding
EXEC {funciion/ VM. Otherwise, use com-
preamp bd) parator to set peaks to
+5Vp £20mV.
N Posi- DM in 509 Ut FUNG: 2 R36 +5Vp £10my Stow output, internal
tive peak de mode | (rear panel} | FREQ: 0.1 {function/ load.
EXEC preamp bd)
iz Nega- RA43 —-5Vp =10 mV
thve peak {function/
preamp bd)
33 + DC Offzet FUNC: 4 ABZ + 749V + 7.4% Vdc outpuat, internal
Gain OFST. +7.48 {pwr amplf + 20 mvdc load.
EXEC otfset bd)
34 —DC Offset —7.48Y Verify.
Gain + 20 mvdec
35 Haver FUNC: 1 R37 — 5 50 mvdc Gated havertriangle base-
Baseline OFST: 0 {triangle ting ouiput.
AMPL: 10 gen bd)
MODE: 5
FRECQ: 999
EXEC
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Table 6-3. Synthesizer Calibration/Verification

Cal Desired
Step | Check Tester Points Program Adjust Results Remarks
i Time Base Counter REF QUT Power ON L2 10.00000 MHz Adlow 1 hour warm-up.
(rear panel} | (initial settings) {digits 4 +50 Hz
& 5 ba)
2 Verity 500 QUT FREQ: 12.9999E6 12.89950 MHz Verify.
12.9999E6 {rear panel) | FUNC: 2 + 65 Hz
AMPL: 10
OUTP: 1
MODE: 3
EXEC
3 Yerify FREQ: 10.9999E6 1099990 MHz
10.9999E6 EXEC + 55 Hz
4 Wearify FREC: 9.9998E6 9.99990 MHz
8.9995E6 EXEC + 50 Hz
5 Verify FREQ: 998 999,000 Hz
999 Hz EXEC +5 mHz
& Verify FRECQ: 10 10.0000C Hz Itis normai for this reading
10 Hz ) EXEC 1 500 pHz to show some cycle-to-

cycle jitter.

Thig completes the verification partion of thizs procedure. If negalive resufts were obiained, complate the calibration procedure
hefore attempting fault isafation.

7 30 MHz AF milli- TP2 Power ON L3 Maximum reading | Place digits 4 & 5 bdon the
Mubtiplier voltrneter (digits 4 {initial settings) {digits 4 extender bd. Remove
& 5 bd) & 5bd shield. Connect probe gnd
30 MHz lead t¢ board common as
MULT) near TP2 as possible.
g 80 MHz TP4 L4 Maximum reading { Note: Turn instrument
Multiplier (digits 4 power OFF while removing
&5 hd of raplacing boards.
a Digits 4 DM Junetion FREQ: 10.9999E6 L1 1.70 Vdc Connect DVM ground to
& 5VCO CR1/C3 EXEC {digits 4 board common,
& 5hbd
40 MHz
VCO)
10 Translation Terminal ct 1.30 Vdc Replace digits 4 & 5 bd and
Laop WYCO VG on plage digits 2 & 3 bd on the
60.4 MHz extender bd {2 if possible).
Moduie Connect DVM ground 10

&0.4 MHz mogule common.
C1 is the trimmer capaci-
tor proteuding  from  the
underside of the 80.4 MHz2

mogule.
11 Dgits 2 Terminai L1 3.50 Vde Connect PWM gnd to
& 3 VCO VG on 40 MHz module case. L1 is
40 MHz accessible thru a hole in
module top of the 40 MHz module.
(digits 2 '
& 3 bd)
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Tabie 6-1. Power Supply CallbratiohNarilication Procedures {Continued)

Cal . Desired
Step| Check Tester Points Program Adjust Results Remarks
12 Digit 1 VCO | Pin VG on | FREQ: 1.0000E6 3.46 Vdc Replace digits 2& 3bd and
35 MHz EXEC place digit 1fmixer on the
module Al extender bd. L1 is acces-
{digit 1/ sible thri a hole in top of
mixer} the 35 MHz module.
13 |Output Mixer RF milli- TPZ FREQ: 5.5500E8 L7 Maximum reading
meter EXEC {30 MHz
BFF)
14 TP3 L11, L12
{input
mixer)
15 TP4 L13, 114 After this step, reinstall
(34.5 MHz digit 1/mixer board.
BFF}
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7.1 DRAWINGS

The following assembly drawings, parts lists and
schematics are in the arrangement shown below,

7.2 ORDERING PARTS

When ordering spare parts, please specify part.

number, circuit reterence, board, serial number of
unit and the function performed.

The part numbers for printed circuit boards are etched
on the boards just as the circuits are. When the
boards are loaded with components the boards are

considered assemblies and stamped with assembly
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- SECTION
PARTS AND SCHEMATICS

numbers. These same numbers are found in the paris
iists. Each printed circuit assembly has its own parts
list: the parts list number is the assembly number.
The printed cirguit board will appear as a component
in the paris list.

7.3 ADDENDA

Under Wavetek's product improvement program, the
latest designs are incorporated into each instrument
as quickly as development and testing permit.
Because of the time needsd 1o prepare manuals, it is
not always possible to include the most recent
changes. Whenever this occurs, addendum pages are
prepared and inserted.

Drawing Drawing No,
Chassis Assembly ... ... ... ..., 0102-00-0726
Chassis Parts List .. ... 1101-000726
Front Panel Assembly ... ...... ... 0102-00-0968
Front Panel Parts List ...... ... _. 1101-00-0968
Front Panel Logic Schematic .. ... ... (0103-00-0938
Front Panrel Logic Assembly . .. ... . .. 0101-00-0938
Front Panel Logic Parts List . ... ... .. 1100-00-0938
Rear Panel Schematic ... ... . 0104-00-0792
Rear Panel Agsembly ... ... ... ..., 0102-00-0792
Rear Panel Parts List .. ..... .. .. 1101-00-0792
GPIB Decoder Schematic .. ... . 0103-00-0554
GPIB Decoder Assembly .. ... . 0101-00-0554
GPI8 Decoder Parts List ... ... 1100-00-0554
Mother Board Assembly . ... ... . 0101-00-0717
Mcther Board Parts List ... ..., .. ... 1100-00-0717

Signal Routing on Mother Board . e

Pass Transistor/Requiatar Schematic = 0103-00-0713
Pass Transistor/Regulaicr Assembly .. 0101-00-0713
Pass TransistorfRegulator Farts List .. 1100-00-0713

Power Supply Regulator Schematic .. . 0103-00-0712
Power Supply Regulator Assembly .. 0101-00-0712
Power Supply Regulator Parts List .. 1100-00-0712

Drawing Drawing No.
Memery RAM Schematic . ... .. ... .. 0103-00-0708
Memory RAM Assembly . ... ... ..., 0101-00-0708
Memory BAM Parts List .. ... .. .. 1100-00-0708
Microprocessor Schematic ... ... 0103-00-0699
Microprocessor Assemply ... ... ... 0101-00-069¢
Microprocessor Parts List .. .. .. .. .. 1100-00-0695
GPIB Interface Schematic ... .. . . 0103-00-0685
GPIB Interface Assembly ... .. ... ... 0101-00-0685
GPIB Interface Pans List . ... .. .. ... 1100-00-0685

Power Amplifier/DC Oftsel Schematic . 0103-00-0710
Power Amplifier/DC Offset Assembly = 01031-00-0710
Power Amplifier/DC Offset Parts List . . 1100-00-0710

Power Amplifier Subassembly

No. 1 Assembly . ... . . ... 0101-00-0591
Power Amplifier Subassembly

No 1Partslist .. . . ... . .. . 1208-00-0591
Power Amplifier Subassembly

No. 2 Assembly . . . . 0101-00-0582
Power Amplifier Subassembly

No.2Partslist ... .. . ... . . 1208-00-0592
Power Amplifier Subassembly

N 3 Assembly ... .. ... ... .. 0101-00-0593
Power Amplifier Subassembly

No.3PartsList .. ... ... ... ... 1208-00-0583
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Drawing Drawing No.

0103-00-0715
0101-00-0715
1100-00-0715

3 Digit Attenuator Schematic
3 Digit Attenuator Assembly
3 Digit Attenuator Parts Ligt

0103-00-0707
0101-00-0707
1100-00-0707

Function/Preamp Schematic
Function/Preamp Assembly
Function/Preamp Parts List

0103-00-0714
0101-00-0714
1100-00-0714

Triangle Generator Schematic
Triangle Generator Assembly ... ... ..
Triangle Generator Parts List

Hysteresis Switch, Triangte
Generalor Assembly
Hysteresis Switch, Triangle
Generator Parls List

0101-00-0558

............. 1208-00-0558
Trigger, Triangte Generator Assembly . 0101-00-0559
Trigger, Triangle Generator Parts List . 1208-00-0559

Buffer Amplifier, Triangle
Generator Assembly
Buffer Amplifier, Triangle

0103-00-0711
0101-00-0711
1100-00-0711

VCG and Symmetry Schematic
VCG and Symmetry Assembly
VCG and Symmetry Parts List
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Drawing

Digit 1/Mixer Schematic . . . ..

Digit 1/Mixer Assembly .
Digit 1/Mixer Parts List

35/40 MHz VCO Module,

Digit 1/Mixer Schematic .. ... ... ..

35/40 MHz VCO Module,
Cigit 1/Mixer Assembly
35/40 MHz YCO Module,

Digit 1/Mixer Parig List

Digits 2 & 3 Schematic
Digits 2 & 3 Assembly

Digits 2& 3 Parts List . ........ . .,

680.4 MHz VCO Muodule,
Digits 2 & 3 Schematic

80.4 MHz VCO Module,
Digits 2 & 3 Assembly .

80.4 MKz VCO Module,
Digits 2 & 3 Parts List .

Digits 4 & 5/Reference Schematic . . ..
Digits 4 & 5/Reference Assembly . . ..

Digits 4 & S/Reference Parts List

Drawing No.

0103-00-0706
0101000706
1100-00-0704

0104-00-0518
(0102-00-0519

1206-00-0519

(103-00-0704
0101-00-0704
1100-00-0704

013G3-00-0520
0102-00-05820

1206-00-0520

103-00-0705
M101-00-0705
1100-00-0705
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APPENDIX A

Table A-1. American $tandard Code for Information Interchange {ASCIN
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PRIMARY COMMAND GROUP (PCG) SECONDARY
COMMAND
GROUP
(SCG)

'MSG = INTERFACE MESSAGE

Bt = DIOT .. b7 = DIO?
’REQUIRES SECONDARY COMMAND
*DENSE SUBSET {COLUMN 2 THROUGH 5)

DG4
OCi
NAK
EM
CAN

SOM
EOT
ENQ
BS
HT

i

T T I P I

DCL
LLO
FPU
SPD
SPE

GTL
SDGC
PPC
GET
TCT

Device clear

Lacal lockout

Parailei poll unconfigure
Serial poll disable

Serial poil enable

Go to lacal

Selected device ciear
Parallel poll configure
Group execute trigger
Take control

Unlversal Command Group

Addressed Command Group
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APPENDIX B
Table B-1. Programming Command Summary
Control and Data Model 172B | ASCI! Function (C) Codes
Names Key Character
Ciear Entry CLR None Sine 0
Activate Keyboard LOCAL None Triangle 1
invert and minus +i- — Square 2
Decimal point . None 3
0 0 0 DC 4
1 1 1 + Pulse N 6
2 2 o — Pulse 7
3 3 3
4 4 4 Mode (B) Codes
5 5 5
B 6 5] Continuous ]
7 I 7 Triggered 1
8 8 8 Gated 2
9 e 9 Synthesized 3
Amplituge AMPL A Triggered haverwave 4
Operating mode MODE B Gated haverwave 5
Function {waveform) FUNC C External phase lock 6
Reterence offset OFST B
X 10 multiplier EXP E Output Load (P) Codes
Frequency FREG F
Bus address status ADR G Load out, output on 0
Execute EXEC I Load in, output on 1
Trigger TRIG J Load out, output off 2
GET mode GET O Load in, cutput off 3
50Q load condition OUTP P
Recall commands CMD RCL R .
Symmetry SYM A S;mmetry {8) Codes
Amplitude definition AMPL DEF V 50% Oor§
Display (None) 10% thru 90% 1 thru 9
Talk response TLK T
Previcus setting LAST U
End of string TAM X GET (C) Codes
Service reguest SRQ Q E te and tri
Store setting STOR M xecute and trigger :
Recall setting RCL Y Goto next_program, gxecute and tngge_r
. Go to previous program, execute and trigger — 1
Nexi setting NEXT W
Recall fast {None) Z
Ampl Def (V) Codes
Number of Significant Digits V p-p into 500 0
Frequency 5 floating (6 when overranging, 10 MHz) vrms 1
Amplitude 3 floating (4 when overranging, 10V p-p) dBm into 508 2
Oftget 3 floating
All other 1 floating Talk (T) Codes
SRQ (Q) Code Status 0
Error status 1
Off 0 SRQ reason 2
Enabled 1 Last setting 4
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APPENDIX C

Table C-1. 1728 Programming Examples
In the following examples, the 172B GPIB address Also, the 172B’s address on the HP 9830 calculator is
switches are set to 00001, Therefore, the 172B's ad- then 1" (Listen address, ASCI exciamation point) or

dress on the HP 9825 calculator is 701 (the 7 selecis A" (Talk address, ASCIF letter A). Send CMD “2U!"
the GPIB interface card, and the 01 selects the 1728). to write; CMD ""?A5™ to read.

Example 1. Sweep amplitude from 1 to 11 voils in 10 milfivoif steps.

Program for the HP 8825 (HPL Language).

Program Remarks

0: wrt 701,"DOF1E4ABOC1P153™ Set up other 172B waveform parameters: 0 volts offset, 10 kHz fre-
guency, continuous mode, triangle waveshape, load and output
connected, and 30% symmetry. Note that since the Execute action
{designated by the letter "1} is not programmed, this information is
not yet programmed inte the waveform generator circuits. This will
happen when the first amplitude is programmed.

1. 1—A The variable A will be used to hold the current value of the
amplitude being sent to the instrument.

20 owrt 701,"A AT Send amplitude value to 172B. This is done by sending first the
' ASCIl letter A, then the amplitude in variable A, followed by the let-
ter I, which causes the Execute action, that transfers the informa-
tion programmed since the last Execute was sent to the waveform
generator circuits.

3 A+.01-A Increment amplitude variable by 10 millivgits.
4: tA<=11gto 2 Test if value of amplitude variable is less than or equal to 11 volts. If
0, go back to statement 2 and send another amplitude. If not, pro-

ceed {o statement 5,

5 sip Stop program.

Program for the HP 9830 {BASIC Language).

1060 CMD U " DOF1E4BOCIP153” Set up other 172B waveform parameters: 0 voits offset, 10 kHz fre-
quency, continuous mede, triangle waveshape, load and output
connected and 30% symmetry. Note that since the Execute action
(designated by the letter “I"'}is not programmed, this information is
not yet pregrammed into the waveform generator circuits. This will
happen when the first amplitude is programmed.

1010 FOR A = 1 TO 11 STEP .01 The variable A will be used to hold the current value of the
amplitude being sent to the instrument.

C-1
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Tabte C-1. 172B Programming Examples (Continued)

Example 1. Sweep Amplitude from 1 to 11 volts in 10 millivolt steps. (Continued)

Frogram for the HP 9830 (BASIC

) (Continued).

Program

Remarks

1020 CMD U1

1030 OQUTPUT (13,")"A" AST"

1040 NEXTI

1050 STOP

Send amplitude value to 1728. This is done by sending first the
ASCI letter A, then the amplitude in variable A, followed by the let-
ter I which causes the Execute action, that transfers the informa-
tion programmed since the last Execute was sent to the wavefarm
generator circuits.

Increment A by 10 millivolts and test if 11 volts have been reached.

Stop program.

Example 2. Testing SRQ bit, polling and reading error message from the 1728.

Program for the HP 9825 (using the rds function)

0:

1:

10:

11

12:

dim E$ [50]
wrt 701,C30"
if bit (7,rds {7)ygto 5

dsp “SRQ NOT QN

gto 2
dsp "SRQ CON"'
wri 701, "T1"

rds {701) — A

if A=69 gto 10

dsp “BAD STATUS BYTE ' ;sip
red 701, E%

dsp E$

stp

Cause an error in the 1728 so that it will request service.

Wait at statement 2 until SRQ comes on.

Set 172B Talk message response setting to select the error
message. It is necessary to do this before polling because the 9825
poiling function sends the instrument talk address before the Serial
Foll Enable (SPE) command. Thus, the 172B sees itself briefly ad-
dressed as a talker and fetches the selected talk message at that
time.

Poll 172B and put its status byte in the variable A,

Testif correct status byte {68 = decimal equivalent of ASCI! letter .
If not, statug byte is bad.

Read error string into the string variable ES.

Display error siring, Should look like E 1 C.

c-2
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Table C-1. 1728 Programming Examples {Continued)

Example 2. Testing SRQ bit, polling and reading error message from the 1728. (Continued)

Program for the HP $830.

Program Remarks
1000 DIM ES [50]
1010 CMD 201", C30C" Cause an error in the 172B so that it will request service.
1020 |IF STAT13< =0 THEN 1050 Wait at staternent 1020 until SRQ comes on.
1030 DISP “SRQ NOT ON”
1040 GO TO 1020
1050 DISP “SRQ ON”
1060 CMD *?U” Set up calculator to talk for sending commands.
1070 FORMAT 5B Binary tormat for sending commands,
1080 QUTPUT (13,1070)258 85,83,24, Perfarm the following: turn on ATN line; send UNTALK commandg;

1090

1100

1120

1130

1140

1180

1180

1170

65,512

A=RBYTE13
IF A=6% THEN 1130
STOP

QUTPUT (13,1070)256,95,25,512

CMD “*75A"
ENTER (13,*) E%
DISP E3

STOP

send calculator listen address (so calculator can receive status
byte); send Serial Poll Enable {(SPE) command; send 172B's talk ad-
dress, which commands it to send the status byte to the calculatar;
finally, turn off ATN. Note that the 172B's talk address is sent after
the SPE command; this ensures that the instrument will not try to
access a talk message during a poll.

Pell 1728 and put its siatus byte in the variable A

Testif correct status byte (89 = decimal equivalent of ASCH letter E).

Finish poll by unaddressing 172B (with 95) and sending a Serlal Poll
Disable command (25).

Address 172B to talk and calculator to listen.
Read error string into the string variable ES.

Display error string. Should look like E 1 C.

C3
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Tabie C-1. 172B Programming Examples (Continued)

Exampie 3. Reading Contents of Stored Settings Into Calculator.

Program far the HP 3825.

Program | Rermarks
0: dim &% [80]
1 wrt 701, TOQ1Y" A Initialize: Select talk respense zerp, which reports back a condensed

reading of amplitude, offset, frequency, mode, function, load and
symmetry. Also, enable GPIB Service Reguest (SRQ) for errors and
recall the storeg setting selected by the value in the variable A,
which has previously been set to the iowest numbered setting to be

read.
2: red 701, 5% Read program information just recalled into the variable S%.
3 owrt 701,"W” Command 1728 to advance to and recall next program.
4: (instructions to save 5% on tape or
other storage) '
5: wait (100) Insure that 100 ms have elapsed since the “W'' was sent to aliow

time for the SRQ to be valid. This statement may be unnecessary if
statement 4 lasis ionger than 100 ms,

6: if not bit (7, rds (?}ygto 2 Test if SRQ line is on. If not, go to statement 2 and read next pro-
gram. If on, the last setting has 2een read.

Program for the HF 9830.

1000 DIM S$ (80)

1010 CMD "' ToQ1Y™ Initialize: Selecttalk response zero, which reports back a condensed
reading of amplitude, ofiset, frequengy, mode, function, load and
symmetry. Also, enable GPIB Service Reguest {SRQ) for errars and
recall the stored setting selected by the value in the variable A,
which has previously been set {0 the iowest numbered setting to be

read.
1020 QUTPUT (13"} A
1030 CMD “?A5" Address 172B 1o talk ang 9830 to listen,
1040 ENTER (13.,*) 8% Read program information just recalled into the variable S3.
1050 CMD )1 w" Command 1728 to advance to and recall next program.

1060 {instructions to save 5% on tape
or gther storage)

C-4
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Table C-1. 172B Programming Examples {Continued)

Example 3. BPeading Contents of Stored Settings Inta Calculator (Continued)

Program for the HP 9830 {Continued).

Program Remarks

1070 WAIT (100} Insure that 100 ms have elapsed since the "W' was sent to allow
time for the SRQ to be valid. This statement may be unnecessary if
statement 10680 lasts longer than 100 ms.

1080 IF STAT13:>1 THEN 1040 Test if SRQ line is on. If not, go 1o statement 1040 and read next pro-
gram. If on, the last setting has been read.

Example 4. Logarithmic frequency sweep using high speed recall of stored settings.

Pragram for the HP 9825,

0: wrt 701, A1D0OBOCOP180™ Initialize settings to produce a 1 volt continuous sine wave.

1; forl = 1 toc 240 . Generaie 240 setlings with frequency logarithmically spaced be-
tween 1 kHz and 1 MHz,

2. {I—-1¥80+3—E Compute exponent of next frequency.

3 wrt 701,"FUAQIE, "M 1 Send new frequency to instrument and store into the program se-
lected by 1.

4 next I

5: wit 701,"¥Y1" Recall first program to begin sweep.

6: “LOQOP'": wrt 701,701 Fragram the 172B to fetch the next stored program when a Group

Execuie Trigger is sent o i1.

7: forl = 110 239 Send 239 GETs to the 172B to fetch and execute the stored pro-
grams numbered 2 through 240, which wili sweep the output fre-
guency from 1 kHz to 1 MHz.

8: trg 701
9 nextl

10 wrt 701,70 -1 Program the 172B to fetch the previous stored program when a
Group Execute Trigger is sent to it.

11: forI = 110 238 Send 239 GETs to the 172B to fetch and execute the stored pro-
grams numbered 239 through 1 in descending order, which will
sweep the frequency from 1 MHz to 1 kHz.

120 trg 701
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Table C-1. 172B Programming Examples {Continued)

Example 4. Logarithmic frequency sweep using high speed recail of stored setfings. {(Continued)

Program for the HP 9825 ({Continued).

Program

Remarks

13: nextl

14: gio "LCOP”

Program for the HP 9830

1000

1010

102C

1030

1040

1050

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

1160

CMD “?UJ!","A1DOBOCOP150"

FORI = 170 240

E={I-1¥80+3
CMD U1

QUTPUT (13,*Y'F" 101E,"M" 1

NEXT I

CMD “2ul”, "y
CMD "2U1" "o
FORI = 1 TO 23§

QUTPUT (13,1100)255,8,512;
FORMAT 3B
NEXT I

CMD "7, 0 —1"

FORI =170 239

OUTPUT {13,1100)256,8,512;
NEXT I

GO TO 1070

Initialize settings to produce a 1 volt continuous sine wave,

Generate 240 settings with frequencies logarithmically spaced be-
tween 1 kHz and 1 MHz.

Compute exponent of next frequency.

Send new frequency to instrument znd store it into the program se-
lected by 1.

Recall first program to begin sweep.

Frogram the 1728 to fetch the next stored program when Group
Execute Trigger is sent to it.

Send 239 GETs to the 1728 g fetch and execute the stored pro-
grams numbered 2 through 240, which will sweep the output fre-
quency from 1 kHz to 1 MHz.

Program the 172B 1o fetch the previous stored program when a
Group Execute Trigger is sent 1o it.

Send 239 GETs to the 1728 to fetch and execute the stored pro-
grams numbered 239 to 1 in descending order, which will sweep
the frequency from 1 MHz to 1 kHz.
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