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WARRANTY

Wavetek warrants that all products of its own manufacture conform to Wavetek specific-
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 shall 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 opinion 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 to 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 to the products delivered hereunder. No
statement, representation, 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 executed by an
authorized Wavetek employee. Wavetek makes no other warranty of any kind whatso-
ever, expressed or implied, and all implied warranties of merchantability and
fitness for a particular use which exceed the aforestated obligation are hereby
disclaimed by Wavetek and excluded 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, losses or delays however
caused.
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SAFETY

This instrument is wired for earth grounding via the facility power wiring. Do not bypass
earth grounding with two wire extension 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 qualified personnel aware of the electrical hazards.

The instrument power receptacle is connected to the instrument safety earth terminal
with a greenlyellow wire. Do not alter this connection. (Reference: & or /i\ 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 Model

The standard Model 172B is a remote controlled
0.1 mHz to 13 MHz function generator whose func-
tions are sine, square, triangle, pulse, ramps, haver-
sine, havertriangle (see figure 1-1) and dc with 3 digit
frequency, amplitude and dc offset amplitude resolu-
tion. Frequency, amplitude, function, function sym-
metry, dc offset, mode, 50Q load infout and output
on/off are programmable. The frequency may also be
controlled by a remote ac or dc voltage for sweep, FM
and frequency shift keying operations. The output fre-
quency of the generator may be phase locked to 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
program) or gated for a burst of cycles by an external
signal. The output signal 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 duty cycle pulses, sawtooth ramps and non-
symmetrical sine waves. A TTL level signal at
generator frequency is output for synchronizing pur-

poses. Standard programming is by a General Purpose |

Interface Bus (GPIB) conforming to IEEE 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 amplitude pro-
gramming in convenient dBm and rms values, as well
as volts peak-to-peak into a 509 load.

ol
SECTION I
GENERAL DESCRIPTION

1.1.2 Front Panel Option

The front panel option, an instrument mounted key-
board and 40 character display, gives iocal controi of
the instrument. The display shows the values being
programmed and the status of the instrument
parameters when in either local or remote control.

1.1.3 Synthesizer Option

The synthesizer option provides 5V2 digit frequency
resolution with 0.0005% accuracy, low phase noise
and low spurious content. The internal 10 MHz
reference is also output 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

Waveforms

Sine ”\, , square "L , triangle \/ , pulse n ,
1, ramps A\, /N, haversine _/\_ , haver-
triangle _~_ 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 signal when programmed within 2% of the ex-
ternal frequency.

sne A\ -0
TRIANGLE AN\ -0
SQUARE ] -0

POSITIVEPULSE _ M1 11 _,
NEGATIVEPULSE LT LI 1 1 1~°

Figure 1-1.

0- /" \ HAVERSINE
0— N HAVERTRIANGLE

— SKEWED
0= " \___ HAVERSINE
0- L o\ rawes
NOTE:
0- PULSE All these waveforms
may be inverted.
Waveforms




NOTE

The following modes are open loop; fre-
quency of generator is not locked to a
reference signal. Generator frequency is
controiled by external VCG or FM voltage
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 selected 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 waveform starting at — 90° (or
+90°).

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

Frequency Range
0.0001 Hz to 12.99 MHz.

Resolution
3 digit resolution standard. Also see Option 002.

Main Output

AV A VIR WY A NG A A N1, o
dc variable to 30V p-p (15V p-p into 509 load) with
3 digit resolution. . and +1ir variableto +15Vp-p
(7.5V p-p into 50Q load) with 3 digit resolution. Com-
posite waveform/offset not to exceed +7.5V peak
into 509 load. 509 source impedance with selectable
internal 50Q load.

Amplitude Output Conversion

Permits programming of the sine wave output
amplitude in units of volts - root mean square (Vrms)
and decibels relative to one milliwatt (dBm) into 50Q
load in addition to the standard units of volts peak-to-
peak.

Vrms Range: 1 mV to 5.30V.

dBm Range: —56to +27.4 dBm.

DC Offset and DC Voltage Output
0to = 7.5Vdc into 50Q. 3 digit resolution. DC offset is
attenuated by amplitude range attenuator.

1-2

Auxiliary Output
TTL pulse at generator frequency.

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

VCG - Voltage Controlled Generator

In open ioop modes the frequency can be controlled
by an external 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 k.

Symmetry Control

Waveform symmetry variable from 10 to 90% in 10%
steps (50% 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

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

Data Entry

Bit parallel, byte serial, ASCIl character remote pro-
gramming and optional front panel keyboard/display
(see Option 001).

1.2.2 Frequency Precision

Open Loop Accuracy
(For synthesizer accuracy, see Option 002.)

¥ | NOTE: 50% SYMMETRY
S

o 10

g

> SPECIFIED LIMITS
O g4

5

D 44

o

x 21

w11

[10° T4ov T 10 T 9o T 1o T 0
10 100 100 10° 10t 10°

PROGRAMMED FREQUENCY (Hz)




1.2.3 Amplitude Precision

Accuracy

Specified for 1 kHz sine wave or dc voltage output
with internal 50Q load and greater than 1 MQ external
impedance.

AMPLITUDE ACCURACY 3%+

1%+

ABS AMPL. ERROR (dB)

TYPICAL

ACCURACY
4 + T —
—56 -36 —16 +4 +27
+.001 +.01 +.1 +1 +15

OUTPUT LEVEL (‘“3"‘)
Vp-p,

Frequency Response (sine wave, relative to 1 kHz
signal)

NOTE: EXTERNAL LOAD REQUIRED
ABOVE 100 kHz

130

r1.0 SPECIFIED LIMITS
los (1- 15V RNG)
$0.1

+.03
+.01
.003

\TYPICAL
RESPONSE

AMPL ERROR REL TO 1 kHz (dB)

10 5 1K 30K 100K 2M 6M 13M
FREQUENCY (Hz)

NOTE
'L and "\ accuracy are within 0.2 dB
of sine wave accuracy.

Amplitude Resolution

1.2.4 Waveform Characteristics

Sine Distortion

(continuous mode, 2.82V p-p test level)

Total harmonics referenced to carrier are — 46 dB to
30 kHz. Each harmonic reference to carrier is less than:

—40dB to 1 MHz
—30dB to 13 MHz

Square Wave Rise and Fall Time
Less than 20 ns (typically 15 ns).

Waveform Timing

( SYNC OUT
ov

[
SQUARE |

ov

+ PULSE

:

ov

|
| ov
— PULSE | | | | | I | |

CONTINUOUS MODE
N

i
SNV AV AVAVEEY
|
|
| TRIANGLE YAVAVAVEEY
¢ +35V
TRIG IN I [ o
|
square 1 [ | - ov
8
S |+puse | [ | o
= L}
Q- puLsE | -
- ]
x ]
'—

SINE __/\-/— ov
l
L~

HAVERSINE | - ov

]
TRIANGLE —/\/— oV

Range Resolution
10.00 to 14.99V 10 mV
1.00 to 9.99V 10 mV
100 to 999 mV 1imv
10.0 t0 99.9 mV 0.1 mv
1.00 10 9.99 mV 10 uV

NOTE

Minus amplitude shifts all signals except
sync by 180° and shifts baseline to op-
. posite polarity.



GPIB Programming _ ,

General Purpose Interface Bus (GPIB) programming
fully compatible with the IEEE Standard 488-1975
allows the 172B to be directly connected to the GPIB.
The interface is isolated from the generator with op-
tical couplers. The interface provides listener (AH1
and L4), talker (SH1 and T6), service request (SR1),
remote/local (RL1), 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 stored 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 settings, response time is 2 ms (500 settings
per second). The following table may be used to deter-
mine particular programming response times. Mea-
surements were made with a 172B and an HP9825
controller. 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
Freguency Setting 10 ms
Amplitude Setting 13 ms
DC Offset Setting 13 ms
Mode 4 ms
Function 4 ms
Symmetry 4 ms
Output 4 ms
Recall Setting (by number) 6 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 General

Stability (measured at 25 =1°C)
Amplitude and DC Offset

Short Term: 0.025 dB for 15 minutes.

Long Term: 0.05 dB for 6 months.

1-4

Frequency
Short Term: 0.3% for 15 minutes.
Long Term: 1.0% for 8 hours (to 1 MHz).
See Option 002 for synthesizer stability.

Environmentai

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 95% relative humidity.

Dimensions

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

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

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

1.2.6 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 to 12.9999 MHz.

Frequency Resolution

Range Resolution
10 to0 99.999 Hz 1 mHz
100 to 999.99 Hz 10 mHz
1 10 9.9999 kHz 0.1 Hz

10 to 99.999 kHz 1 Hz

100 to 999.99 kHz 10 Hz
1 10 9.9999 MHz 100 Hz
10 to 12.9999 MHz 100 Hz

Settling Time

Frequency reaches full accuracy 2 ms and 50 cycles
after execution.



Accuracy
Better than 0.0005% of program settmg (0.005% on
10-99 Hz range).

Frequency Stability
Short Term: +1 X 1077 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:

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

10 Hz to 999.99 kHz
1 kHz to 4.9999 MHz
5 to 12.9999 MHz

—60 dB or 40 pVv
—55 dB or 40 pV
—50 dB or 40 pVv

Internal Reference Output
10 MHz TTL compatible signal.

External Reference Input
An external sine or square wave within =3 ppm of
10.0 MHz, 1 to 10V rms and 50 +8% duty cycle will
automaticaily replace the internai reference.

1-5
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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 surface of the instru-
ment. Before rack mounting, it may be desirable to
perform the initial checkout (paragraph 2.2.5) to verify
operation of all functions.

2.2 ELECTRICAL INSTALLATION

2.21 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 ona 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 foliowing procedure.

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

2. Remove the small printed circuit board and
select operating voltage by orienting the printed
circuit board to position the desired voltage to
the top left side. Push the board firmly into its
module slot.

3. Rotate the fuse-pull back into the normal posi-
tion and insert the correct fuse into the fuse
holder. Close the cover door.

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

Card Position Input Vac Fuse
100 90 to 105 3 amp
120 108 to 126 3 amp
220 198 to 231 1.5 amp
240 216 to 252 1.5amp

Figure 2-1. Voltage Selector and Fuse

2.2.2 Signal Connections

Use RG58U 500 coaxial cables equipped with BNC
connectors to distribute signals when connecting this
instrument tc associated equipment.

2.2.3 GPIB Connections

The GPIB /O 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 Amphenol
57-10240 or equivalent and connects to a GPIB bus
cable connector (available from Wavetek in 1 and 2
meter lengths). The GPIB interface is optically iso-
lated from the instrument.
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Table 2-1. GPIB Data In/Out from 1 thru 5 and their open position noted (OPEN =
' Binary ‘0"’ in table 2-2). To verify the address, press

Pin Signal ADR on the front panel. The device number (decimal)
. - will be displayed as: “GPIB = (0, 1—-30)"".
1 DIO1 )
2 DIO2 | Table 2-2. GPIB Address Codes
i g:gi True When Low Address
ASCII Binary* Hexa-
g gi{/ decimal
7 NRFD ) Device | Listen | Talk {5 4 3 2 1 |Listen|Talk
8 NDAC True When High
9 IEC 0 (space) @ 00000} 20 40
10 SRQ True When Low 1 : A 00001 21 4
11 | ATN 2 : B |[00010]| 22 42
12 | safety Gnd 3 # C |[0001 1] 23 43
13 | DIO5 4 $ D |[00100| 24 44
14 | D06 | True When Low 5 % E 00101} 25 45
15 | plo7 6 & F loo110]| 26 46
16 | DpIO8 7 ' G |001 11| 27 47
17 | Ren  J 8 ( H [01000| 28 48
18 3\ 9 ) i 01001 29 49
19 10 . J |01010| 2A 4A
20 1 + K {01011]| 2B 4B
1 L Signal Gnd 12 : L |01100| 2C 4C
29 13 — M |01101| 2D 4D
23 14 . N |01110| 2 4E
o4 15 / O {01111} 2F 4F
4 16 0 P |10000| 30 50
17 1 Q 10001 31 51
18 2 R 10010 32 52
19 3 S 10011 33 53
20 4 T 10100] 34 54
21 5 U 10101 35 55
00ono 22 6 V [1t0110]| 3 56
\ | 23 7 w 10111] 37 57
24 8 X 11000 38 58
25 9 Y 11001 39 59
26 : Z 11010| 3A 5A
GPIB 27 ; { 11011} 3B 5B
ADDRESS GPIB 28 < \ 11100] 3C 5C
SWITCH CONNECTOR 29 = ] f1t1101] 3D 5D
30 > 1 11110 3E 5E
Switch
Figure 2-2. GPIB Panel , Settings
0 = Open

224 GPIB Card Address *The 6th and 7th bits which define the ASCH codes

, are used to specify whether a listen or talk address is
g,;;gitg:zs?etstggtt?ﬁ eGggf’éa;ggrrgs: ?Slr;toerrrf:gf ?EZ being sent. Bits 1 'thru 5 are matched against the rear
GPIB address can be changed by the switch on the ~ P2ne! 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 labeled Address 31 is not allowed.
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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 6) may be
necessary for certain circuits. '

Operation verification includes the following pro-

Initial Checkout and Operation Verification

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 reproduced

for recording checkout test results.

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

cedures.
Model
1. Self Test: Verifies the operation of ROM, RAM | Critical Soecificati Rec‘;"‘;’
and microprocessor circuits. This test occurs nstrument | Critical Specifications | mende
ically each time power is turned on.
automatically each time power | Oscillo- 100 MHz vertical Tektronix
2. Open Loop Test: Sine wave output is visually scope bandwidth 465
hecked for correct frequency and visible irreg-
ﬁlariti es d Y g Voltmeter 0.1 to 10V ranges Dana
' 6 digit resolution 5900
0,
3. Functional Test: Verifies triangle and square +0.1% accuracy
waveforms.
Frequency 20 MHz capability Dana
4. Sync Out Test: Verifies presence of sync signal. Counter 8 digit resolution . 80158
+ 2 count resolution
5.  Amplitude Accuracy Test: Verifies amplitude ac- , .
curacy for dc and ac operation. Distortion F}Jndamental frequen- HP331A
Analyzer cies to 10k
6. Frequency Accuracy Test: Verifies frequency gg m\}omcs‘;('o ? MHz
accuracy. pV sensitivity
L . ) . . Spectrum 1 to 80 MHz range HP141T
7. Harmonic Distortion Test: Verifies that harmonic . :
distortion is with specification. Analyzer +0.5 dB amplitude HP85528,
accuracy and
8. Spurious Test: Verifies that spurious are within N?'Se >70 dB below HP85538
specification. : reterence
9. Interface Test: Verifies remote programming Calculator !EIEE 488-1975 compat- | HP9825
capabilities. lole
Table 2-4. Operation Verification
Step Test Tester and Setup Program Desired Results
1 Self Test None. Power ON 172B displays ‘‘SELF TEST"; then in
<5s, “WAVETEK 172B".
2 Open Loop Oscilloscope. Connect to 172B 502 OUT | FREQ 10E6 1 cycle/div sine wave, 10V p-p.
with a 50Q load at the scope input. Set | AMPL DEF O
for 2V/div, horizontal 0.1 ps/div. AMPL 10
FUNC 0
MODE 0
OUTP 0
SYM 0
OFST 0
EXEC
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Table 2-4. Operation Verification (Continued)

Step

Test

Tester and Setup

Program

Desired Results

Functional

FUNC 1
FREQ S5E6
EXEC

1 cycle/2 div triangle wave, 10V p-p.

FUNC 2
EXEC

1 cycle/2 div square wave, 10V p-p.

FUNC 4
OFST 2
EXEC

2 Vdc with no waveform.

Oscilloscope. Set horizontal to 2 ps/div.

FREQ 99.9E3
OFST 0
AMPL 5
SYM 2
FUNC 2
EXEC

+2.5V for 2 us; — 2.5V for 8 us.

Sync Out

Oscilloscope. Connect to 172B SYNC
OuUT.

SYM 8
EXEC

+2.5V for 8 us; —2.5V for 2 us.

Pulse at same frequency and sym-
metry as 502 OUT signal.

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

10

11

Amplitude Accuracy

Voltmeter. Set to Vrms. Connect to
172B 50Q OUT with no 502 load.

FREQ 999
AMPL DEF 1
AMPL 529
OUTP 1
SYM §
FUNC 0
OFST 0
MODE 0
EXEC

5.283 to 5.316 Vrms.

AMPL 0.9
EXEC

0.897 to 0.903 Vrms.

Set voltmeter to dc.

FUNC 4
OFST 7.49
EXEC

7.46 to 7.52 Vdc.

12

Frequency Accuracy

Frequency Counter. Connect to 172B
50Q OUT.

FREQ 12.9999E6
AMPL 1

OFST 0
FUNC 2
EXEC
Standard 1728B:
MODE 0
EXEC

Option 002:
MODE 3
EXEC

Standard 172B: 12.6 to 13.4 MHz.
Option 002: 12.9998 to 13.0000 MHz.

FREQ 1E6
EXEC

Standard 172B: 0.97 to 1.03 MHz.
Option 002: 0.99999 to 1.00001 MHz.

FREQ 99.999E3
EXEC

Standard 172B: 96.9 to 103 kHz.
Option 002: 99.998 to 100.000 kHz.




Table 2-4. Operation Verification (Continued)

17: rds(701)—r2

18: dsp char(r2)

19: wrt 701,"*172B
GPIB TEST
COMPLETE”

20: stp

Step Test Tester and Setup Program Desired Results
15 Harmonic Distortion Distortion Analyzer. Connect to 1728 | FREQ 3000 Total harmonic distortion under
5002 OUT. Set distortion meter to null, | AMPL 5.29 0.5% (- 46 dB).
then to % distortion. FUNC 0O
OUTP 1
EXEC
16 Spurious Spectrum Analyzer. Sweep from 0 to | FREQ 10 All discrete spurious —50 dBm or
100 MHz; video filter set to 10 kHz. AMPL 1 less.
OUTP 0
EXEC
17 Interface Calculator. Connect to 172B GPIB con- | Calculator: 172B displays:
nector. Set 172B rear panel address | O: dim A$[100] “172B CLEARED R".
switch to 00001. Press 172B ADR key | 1:red 701,A$
and verify GPIB address ‘1" on the | 2:rem 7
display. 3: clr 701
4: rds(701)—r1
5: stp
18 Calculator: 172B displays:
6: wrt 701,”....F10E3A| “FR 10E3 AM 5 OFS 0 -RL".
5DOP1T”
7: stp
19 172B: 172B displays:
CMD RCL key “....F10E3A5DOP1IMJR RL” in
last 22 characters.
20 Calculator: 172B displays:
8: wrt 701,“F1E9T1I” “FR 10E3 AM 5 OFS 0O QRL".
9: stp
21 Calculator: Calculator displays:
10: red 701,A% “E 1 F” setting error, frequency.
11: dsp A% 172B displays:
12: sip “FR 10E3 AM 5 OFS O QRT".
22 Calculator: Calculator displays:
13: wrt 701,T2" “P E" (error poll).
14: red 701,A$ 172B displays:
15: dsp A$ “TALK RESPONSE 2 SELECTED
16: stp RT".
23 Calculator: 172B displays:

“172B GPIB TEST COMPLETE
RL™.
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Table 2-5. Acceptance Test Record
(for reproduction)

Location

QA Inspector

Date

Acceptable (»)
A  Self Test and Functions

(steps 1 through 8)

B  Amplitude Accuracy

9 value_____ Vrms

(10) value_______ Vrms

(11) value____ Vdc
C Frequency Accuracy

(12) value._________MHz

(13) value_____ MHz

(14) value______ kHz
D Distortion

(15) value__________ %

(16)

E Interface-GPIB Operation
(steps 17 through 23)
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3.1 DATA ENTRY

Using the Mode! 172B is quite straight ferward and is
best 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

(g )
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 panel push-
button. When power is turned on, wait approximately
8 seconds before programming (for front panel option,
wait until “WAVETEK MODEL 172B” is 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. At least two
seconds must elapse between power OFF and power
ON for proper reinitialization of logic. When the power
comes on, the output is automatically disabled to
allow loading of a program; line transients on the
output are avoided. The generator must get an
execute command to 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”, then within a few seconds, ““WAVETEK None
MODEL 172B"'.
2. Check instrument address. ADR The state of the GPIB address switches will be displayed: G
GPIB = 1, 2, 3, or . . 30 (decimal address and ASCI
listen and talk characters). (Refer to paragraph 2.2.4 to
change addresses.)
3. Check initial conditions:
Output and load OuTP OUTPUT OFF, 50 OHM LOAD OUT (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% (0) S
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Table 3-1. Example of Front Panel Data Entry (Continued)

Equiv-
alent
Front Panel Entry Program
Instruction {Press Keys) Front Panel Display Entry
Function FUNC FUNCTION IS SINE (0) C
Mode MODE MODE IS CONTINUOUS (0) B
4. Look at this signal by con- OUTP 1 LOAD 1 P1
necting the output to an
oscilloscope with a 500
cable.
5. Display a more descriptive OUTP OUTPUT ON, 50 OHM LOAD IN (1) P
readout of programming
(for display only, not nec-
essary in the programming
seguence).
6. Execute the programming EXEC FR 1E3 AM 1 OFS ¢ (this FR_AM__OFS__ format I
(it will now be available to always comes on with EXEC; in this case, frequency of
the oscilloscope). 1 kHz, amplitudeof 1V p-p and offset of OV is output).
7. Look at the equivalent pro- CMD RCL GPADFSCBP1IR (these are the equivalent program R
gram character string. entries; see the last column in this table).
8. Reprogram the instrument:
Ramp waveform FUNC 1 FUNCTION 1 C1
SYM 2 SYMMETRY )
5.1 kHz FREQ 5 ¢ 1 EXP 3 FREQUENCY 5.1E3 F5.1E3
14.9V pp AMPL 1 4 e g AMPLITUDE 149 A149
Offset — 1.2 Vdc OFST - 1 e 2 OFFSET —1.2 D-1.2
9. Initiate these new settings: EXEC WARNING: CLIPPING OR SYNTHESIZER ERROR (with 1
the amplitude of 14.9V p-p and offset of —1.2 Vdc,
peaks are 6.25V and — 8.65V. Maximum allowable are
+7.5V; the negative peak will be clipped at — 7.5V).
10. Change amplitude to AMPL 1 2 e 6 AMPLITUDE 12.6 A12.6
12.6V p-p.
11. Initiate these settings. EXEC FR 5.1E3 AM 12.6 OFS - 1.2 (no clipping occurs). 1

Refer to paragraph 3.5 for complete front panel data.

3.3 BASIC COMMAND STRUCTURE

The Model 172B is programmed by sending ASCII
coded characters (refer to Appendix A) to the micro-
processor 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,
they are read first from the GPIB and then from the
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keyboard. Thus, if the GPIB port is continuously sup-
plied with characters, then no characters will ever be
read from the keyboard.

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

1. Alphabetic characters — the characters AthruZ,
except E.



GPIB - MICROPROCESSOR
(FIRST PRIORITY) id WITH COMMAND
PROCESSING PROGRAM

|

ANALOG
CIRCUITS

KEYBOARD
(SECOND PRIORITY)

Figure 3-1. Instrument Processing Flow Diagram

2. Numeric characters — the characters 0 thru 9,
E, —, decimai point (.).

3. Special character — Quote ().

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

5. Nonprogramming characters — any character
not in one of the above classes.

The alphabetic characters are used to select actions
or settings. An action is a sequence of events which
happens immediately when the character which
selects it is read by the microprocessor. A setting is a
numeric value which may be changed by programm-
ing. Table 3-2 lists the 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 examine 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 occurs whether or not the instru-
ment is enabled. If the character programmed does
not correspond {0 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, etc.). The instrument
must be enabled 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

Table 3-2. Alphabetic Characters Used
in Model 172B*

ASCII Key- Action (A)
Char- | board or
acter Key Setting (S) Comments
A AMPL - S Amplitude
B MODE S Mode
C FUNC S Function
D OFST S Offset and dc voltage
F FREQ S Freqguency
G ADR A Display GPIB address
1 EXEC A Execute
J TRIG A Trigger
M STOR S Memorize program (refer
to paragraph 3.7.1)
0 GET A GET mode
P ouTP S 509 load and output on/off
Q SRQ S SRQ enable (refer to para-
graph 3.6.5)
R CMD RCL A Display last 37 program-
ming input characters
SYM S Symmetry
T TLK S Talk message specify
(refer to paragraph 3.6.4)
U LAST A Steps to previous num-
bered stored setting
\' AMPL DEF S Specify amplitude units
(refer to paragraph 3.3.2.1)
w NEXT A Steps to next higher num-
bered stored setting
X TRM S Specify terminator character
(refer to paragraph 3.6.6)
Y RCL S Recall stored program
(refer to paragraph 3.7.2)
z — S Same as Y**

*Characters not listed are not used.
**For compatibility with previous 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 be
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 10 to
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 to erase it.

Table 3-3. Numeric Characters Used

ASClI Keyboard
Character Key Function
0 0 Numeric digit
1 1 Numeric digit
2 2 Numeric digit
3 3 Numeric digit
4 4 Numeric digit
5 5 Numeric digit
6 6 Numeric digit
7 7 Numeric digit
8 8 Numeric digit
9 9 Numeric digit
. . Decimal point
= +/- Toggle sign
E EXP Indicates 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 to
table 3-5 for parameter codes.

Since the number input format is so general, the
microprocessor must be told when the last numeric
character has been entered so it can evaluate the
number. This is done by programming either an alpha-
betic, special or terminator 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 panel, and
the setting value is not 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 "'I"" action (EXEC
key on the front panel) or the Group Execute Trigger
(GET).
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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 setting being changed, as
specified by table 3-6. Review table 3-1 for examples
of command structure.

‘Table 3-4. Examples of Value Programming

ASCII Keyboard Standard Notation

100 100 100

0100 0100 100 (leading zeros are ig-
nored)

1E2 1 EXP 2 1x10?

.01E4 .01 EXP 4 .01x10*

.01E304 | .01 EXP 304 .01x10* (last two expo-
nent digits only are used)

1000E-1 | 1000 EXP +/~ 1 1000 x 10"

1E-2- 1 EXP +/— 2 4/~ | 1x10% {two minus signs
cancel)

1E.2 1 EXP 2 1 X 10? (decimal points in
exponent are ignored)

Table 3-5. Codes

Function (C) Codes Symmetry (S) Codes
Sine 0 50% 0,5 or
Triangle 1 50
Square 2 10% - 90% 1-9 or

10-90
DC 4
+ Pulse 6 Ampl (V) Codes
— Pulse 71l v pp into 500 0
Mode (B) Codes Vrms 1
dBm 2
Continuous 0
Triggered 1 Talk (T) Codes
Gated 2 Status 0
Synthesized (option) 3 Error Status 1
Triggered Haverwave 4 Service Request Status
Gated Haverwave 5 Value of Setting 4
External Phase Lock 6
GET (O) Codes
Output Load (P) Codes
Select Previous Num- -1
Load Out, Output On 0 bered Stored Setting
and Trigger
Load In, Output On 1 .

. Trigger on GET 0
Load Out, Output Off 2 Select Next Numbered 1
Load In, Output Off 3 || Stored Setting and

Trigger




Table 3-6.. Ro_und Offs

Setting

Name

Letter Number of Digits

A Amplitude 3 if setting is less than 10

4 if setting is greater than or equal
to 10

For example:

1.5 (not rounded, has only 2 digits)
1.853 (1.85)

96.56E-1 (9.66)

14.997 (15.00), illegal amp!

(6] Offset 3

F Frequency If synthesizer is installed:
5 if setting is less than 10 MHz

6 if setting is greater than or equal
to 10 MHz

If synthesizer option is not installed:

3 if setting is less than 10 MHz

4 if setting is greater than or equal
to 10 MHz

S Symmetry 1

All other settings Nearest integer

3.3.1 Frequency

“F’ followed by its argument denotes frequency in
hertz. The argument value may be between 1.000 x 107
and 1.29999 x 10, fixed or floating. Refer to table 3-6
for round offs. In addition, the special argument value
of zero is permitted. When this is programmed, the
frequency magnitude is set to zero, but the range is
left at its previously programmed value. This facility
allows calibration and wide ranging analog voltage
controlled frequency sweeps.

3.3.2 Amplitude
3.3.21  Amplitude Definition

“V”’ followed by its argument selects the amplitude
programming mode. The argument may be 0, 1 or 2.
Round off is to one digit.

0 Selects volts peak-to-peak into 50Q

1 Selects Vrms

2 Selects dBm

3.3.2.2 All Waveforms

“A’ followed by its argument denotes amplitude (in
volts peak-to-peak into 50%, in Vrms or in dBm, de-
pending on the amplitude mode code (refer to
paragraph 3.3.2.1). The argument value may be be-
tween 1.00x10° and 1.499x10" (1 mVrms to
5.3Vrms, —56 to 27.4 dBm), fixed or floating. Round
off is to 3 digits to 10V p-p and to 4 digits from 10 to

15V p-p. A minus sign in the mantissa will invert the
waveform.

NOTE

When offset is used, three digit resolution

of offset or amplitude may be reduced in

some cases. (Refer to paragraph 3.3.3.)
3.3.2.3 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 — pulse mode are always at zero volts,
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 to the pulses.

3.3.3 Offset and DC Voltage

“D” followed by its argument denotes offset (or, with
no waveform, dc voltage) value in volts. (Offset is in
volts regardless of amplitude mode.) The argument
may be between —7.49 and 7.49 and may be a fixed
or floating point. Round off is to 3 digits. The combined
waveform and offset cannot exceed =+ 7.5V peak. As
offset is increased, it is usually necessary to decrease
the waveform peak-to-peak amplitude to 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 output amplifier and attenuator (see figure 3-2).
In certain cases it may be necessary to decrease the
number of digits of resolution of amplitude or offset in
order to prevent clipping in the output amplifier or to
make the programmed value of offset (or amplitude)
appear at the output despite an unfavorable at-
tenuator setting necessitated by a larger value of
amplitude (or offset).

The sum of amplitude and offset control the output
amplifier and attenuator. The output amplifier is limited
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to 7.5 volts peak and a 3 digit input (X.XX), and the
attenuator can operate at only one value, X 10°, x 107",
X107 or X107

If 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, to maintain
the same value, decreases attenuation by a factor of
10 also.

Waveform Generator

Controlled by amplitude
mantissa 0 - 7.49V peak
(0 - 14.99V p-p).

> Output Amplifier

Forms sum of amplitude
and offset. 7.49V peak

maximum.
Offset Voltage
Controlled by offset [
mantissa 0 - 7.49\{ peak. l
Attenuator

xX10°, X107, x107
and X 107* controlled
by a value derived from
analyzing amplitude and
offset as explained in

the text.
1 CYCLE

OF SIGNAL

OFFSET 1
—————— ov

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

To determine if there is clipping or loss of resolution,
perform the following calculation (amplitude in volts
peak-to-peak). :

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

2. Write the larger of the absolute amplitude or ab-
solute offset in the form N.NN X 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. If
MM.MM is greater than 7.49, then one digit of
resolution must be lost from both amplitude and
offset in order to prevent the output amplifier
from clipping.

4. Perform this step, if step 3 did not result in a loss
of resolution. Write the amplitude or offset,
whichever is smaller 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
nonzero, then resolution is lost, because only
YY.YY can be used to program the waveform
generator circuits.

Example A
Ampl = -3.43
Offset = 4.25

Step 1 4.25+ 1.72 = 5.97. There is no clipping.
Step 2 Absolute offset is larger.
4.25 = 4.25% 10°. Therefore, x = 0.

Step 3 5.97 = 5.97 % 10°. Therefore, there is no loss
of resolution in either parameter.

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

Example B
Ampl = .0964
Offset = .720

Step 1 .720+.0482 = .7682. There is no clipping.
Step2 720 = 720x 107" x = —1.

Step 3 .7682 = 7.682x 10°". Since 7.682 exceeds
7.49, there will be a loss of one digit of resolu-
tion in both amplitude and offset. This means
that the offset will 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 = 2.58% 10°. Therefore, x = 0.

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

Step 4 Absolute offset is smaller.
123 = 0.12300x 10°. YY.YY = 00.12, 277

= 300. Therefore, one digit is lost in the off-
set, which will be .120, not .123.



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

0 Selects sine wave

1 Selects triangle wave

Selects square wav

N
-

4 Selects dc voltage

6 + pulse
7 — pulse
3.3.5 Mode

“B” followed by its argument selects instrument
mode. The argument may be 0 to 6. Round off is to
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 quiescent 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 quiescent 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 option). The generator is
phase locked to a frequency synthesizer for
5v2 digit frequency resolution. (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
peak 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 to the
TRIG IN BNC.

6 Selects external phase lock. When programmed
within 2% of the TTL-level 10 Hz 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 output and two controlling
input signals: trigger and phase reference. The wave-
forms are sine, triangle and square plus their inverted
forms. In the continuous mode, a trigger input has no
effect, and in trigger and gated modes, 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 cycle 2 and positive peak of cycle 3,
cycle 3 will be completed. In the haverwave modes,
waveforms start at a peak value; all other waveforms
are normally symmetrical about signal ground. Notice
the symmetry control effects shown in one series of
waveforms. Symmetry may be set at any multiple of
10% from 10 t0 90%. Fifty percent is normal symmetry.

3.3.6 Load and Output

“P” followed by its argument selects the output and
internal 509 load status. The argument may be 0 to 3.
Round off is one digit.

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

1 Connects the internal load and connects the
generator to the outside circuit.

2 Disconnects generator output and disconnects
internal load.

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

3.3.7 Symmetry

“S" followed by its argument controls the percent of
on, or active, time of the total time for the selected
signal. Symmetry operates on frequencies up to
999,990 Hz. Round off is to one digit.

The argument may be 0 to 9 or 10 to 90. Round off one
digit. The effect of symmetry control is illustrated in
figure 3-1.
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0, 5 or 50 selects 50%
1 or 10 selects 10%

2 or 20 selects 20%

|

9 or 90 selects 90%
3.3.8 Executing the Program

“|” without an argument transfers the programmed
values to the waveform generator circuits; that is, ex-
ecutes the program. No waveform changes can be
made except with this command. This action also
checks the following groups of parameters for con-
sistency.

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

2. Frequency 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 sent to the waveform generator
circuits whether or not a consistency error
is found.

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

3.3.9 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

“J"" 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 programming 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 over the GPIB. The

display uses a 64 character subset of the full 128
character ASCII code: character codes 20, thru 5F .
The other characters are displayed as the first set of
64; 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 to paragraph 3.7.2.)

3.3.12 Eri’ors

When a nonlegitimate argument is programmed, an
error message is generated. If an error occurs in a
programmed setting, the previous value is retained. If
the error 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 3.6.5).

3.4 OPERATING 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 502 load not in the circuit.

3.4.2 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 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
continuous (B0). (Refer to paragraph 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.)

3.4.3 Operating as a Triggered or
Gated Generator

See figure 3-3 for mode and waveform illustrations.

Triggered  The generator is quiescent until a nega-

tive going TTL pulse is fed to the TRIG IN
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Triggered
(Cont)

BNC, the TRIG key is pressed or a *'J”
or GET is programmed, which causes
one cycle of the selected waveform to
be output.

Gated As for triggered, except the generator
runs continuously for the duration of the

TTL level pulse fed to the TRIG IN BNC.

Triggered  As for triggered except the quiescent
Haverwave level is at the negative peak voltage (can
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 5002 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), triggered 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 output until a trigger signal
is applied.

6. |Iftriggering with a TTL signal 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.

3.4.4 Operating as a Voltage Controlled or
Frequency Modulated Generator

VCG operation is the same as the basic waveform
operation (refer to paragraph 3.4.2) plus the connec-
tion of a VCG voltage source to the VCG (FM) IN con-
nector. Input impedance is 5 kQ. Input is disabled
when mode is synthesized or external phase lock.

The VCG input, either dc or ac, can be used to exter-
nally control the frequency of the 50Q OUT signal. A
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positive voltage applied to the VCG IN connector wili
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-
quency, a 2.5 volt VCG input will change the frequency
to 1 kHz. Frequency 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
multiplier (see figure 3-5).

For wide range sweeping with a zero to a positive
sweep voltage, use the special zero-frequency capa-
bility. Set frequency mantissa to zero (FOI) to set a fre-
quency under the lower defined 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%z digit frequency
resolution. (Refer to paragraph 1.2 for signal accuracy
and purity.)

1. Make 502 OUT, SYNC OUT, REF IN and REF
OUT connections for signal and sync, as required.

FREQUENCY
MANTISSA
PROGRAM 108
13 q IN
12 7 - FREQUENCY
MANTISSA OF
] =6 7 OUTPUT
10 _5 0 A
9 4 -4 14
8 - -3 2 4
7 1 -2 4 3
6 - -1 4
5 0 - 5 -
4 4 1 6
3 2 4 7
2 3 1 8 1
1 4 4 9 1
0- 5 10
6 11 4
7- 12
13 4

Figure 3-4. VCG (FM) Nomograph
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*When program is stated with one digit to the left of the
decimal (or two digits to the left of the decimal for values =10
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 OUT.) To use an external
reference signal, apply a sine or square wave
within =3 ppm of 10.0 MHz, 1 to 10 Vrms and
50 £ 8% duty cycle to the REF IN BNC.

3. Refer to paragraph 3.6 if programming remotely.

4. The output must be programmed on (PO or P1).
(Refer to paragraph 3.3.6.) The mode must 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 offset.
Attenuation can be programmed directly in this mode.

1. Refer to paragraph 3.6 if programming remotely.

2. The output 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.)

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 level 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 output 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 external 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 to
the ¢ LOCK IN BNC.

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

3.5 FRONT PANEL OPTION

3.5.1 Keyboard and Display

Keyboard controls are listed in tables 3-2 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, amplitude 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 symmetry, 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 characters to be displayed on the front panel self-
scan display. This is accomplished by first program-
ming a single quote, then the characters to be
displayed, followed either by another single quote or
by the terminator character. When the second quote
or the terminator is programmed, the first 37 charac-
ters programmed after the first quote 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 ASCII talk character)
TRIG 172 TRIGGERED
AMPL DEF AMPLITUDE IN VOLTS PEAK-TO-PEAK (0) or _
AMPLITUDE IN VRMS (1) or AMPLITUDE INDBM (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) SRQ SRQ ENABLED or SRQ NOT ENABLED
OuTP OUTPUT ON, 50 OHM LOAD OQUT (0) or OUTPUT TLK TALK RESPONSE (0, 1, 2 or 4) selected
ON, 50 OHM LOAD IN (1) or OUTPUT OFF, 50 OHM
LOAD OUT (2) or OUTPUT OFF, 50 OHM LOAD IN (3) TRM TERMINATOR IS: (ASCII character) (decimal value)
FREQ FREQUENCY ——_ MICROHERTZ or + /- "—"" or blank (implies " + )
__ MILLIHERTZ or
HERTZ or GET PREVIOUS STORED SETTING ON GET (—1) or
KILOHERTZ or EXECUTE AND TRIGGER ON GET (0) or NEXT
MEGAHERTZ STORED SETTING ON GET (1)
AMPL AMPLITUDE — MILLIVOLTS or STOR SETTING _ STORED or SETTING __
VOLTS DELETED (1 through 240)
OFST OFFSET __ MILLIVOLTS or RCL
_______ VOLTS
SYM — % SYMMETRY (0,1,2, ---o0r9) NEXT SETTING _____ RECALLED
FUNC FUNCTION IS SINE (0) or TRIANGLE (1) or
SQUARE (2)or DC(4)or + PULSE(6)or — PULSE(7) LAST
MODE MODE IS CONTINUOUS (0) or TRIGGERED (1) or
GATED (2) or SYNTHESIZED (3) or TRIGGERED
HAVERWAVE (4) or GATED HAVERWAVE (5) or
EXTERNAL PHASE LOCK (6)

NOTE: The three right-most characters of the display will show the status of the GPIB interface: a '‘Q"’ after an error has occurred, an “‘R"”’

when in remote control, and a "'T" for Talk or an "‘L" for Listen.

Three Programmed Inputs

1. "THISNSAA29,CHARACTER STRING’
2. 'THISASTRINGAISATOOALONGATOADISPLAY,\ENTIRELY"
3. " (no character in string)

The Resulting Displays

1. THISNSAAARIACHARACTERASTRINGA A AAA A AA
2. THISASTRINGAIS JOOALONGATOADISPLAY \EN
3. (blank display)

3.6 GPIB INTERFACE

The GPIB interface is an implementation of IEEE
Standard 488-1975. It supports the following interface
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functions: Source Handshake (SH1), Acceptor Hand-
shake (AH1), Talker (T6), 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
exercise 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. GPIB Lines and Commands

Bus Lines

DIO1 - DIO8 Data In/Out Lines
ATN Attention

DAV Data Available
NRFD Not Ready For Data
NDAC Not Data Accepted
EOI End Or Identify
REN Remote Enable
SRQ Service Request
IFC Interface Clear

GPIB Commands

Listen Address

Talk Address
Secondary Address
Universal Commands

DCL Device Clear

SPE Serial Poll 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 signal lines, as shown in
table 3-9. Their functions are:

DI01-DIO8

ATN

DAV, NRFD,
NDAC

These eight lines (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 required 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 DIO1-
DIO8. For each command or data byte
transferred, a complete handshake cycle

DAV, NRFD, must occur. This handshake is designed

NDAC
(Cont)

EQI

REN

SRQ

IFC

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

When ATN is false, this line (End Or
Identify) indicates that the data on lines
DIO1-DIOS8 is (true) or is not (false) the
last byte of a data message. When the
172B receives a data byte with EOI true,
it automaticaily supplies a terminator
character (refer to paragraph 3.6.6)
following the data byte. When the 172B
transmits the last byte of a message
(which is always a terminator character),
it also sets EOI true.

This line (Remote 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 remote mode, the
situation is reversed: GPIB originated
commands are obeyed, while front
panel commands are ignored. A device
enters the remote state whenever it
receives its listen address (refer to
paragraph 3.6.2.1) at the same time as
REN is in the remote state. The device
then stays in the remote mode until
either the REN line is put in the local
state or the device receives a Go-To-
Local (GTL) command or the LOCAL
front panel key is pressed while the in-
terface is not in the local lockout state
(refer to paragraph 3.6.2.4d).

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

This line (Interface Clear) is used by the
controller to reset the interface logic in
all devices connected to the bus to a
known initial state.
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3.6.2 GPIB Commands

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

3.6.2.1 Listen Addresses

Listen addresses are used to command a device to
read any data bytes transmitted over lines DIO1 - DIO8.
There are 31 different available addresses (hexa-
decimal codes 20 thru 3E, ASCIl 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 5 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 data over lines DIO1 - DIO8 whenever ATN is
false. There are 31 different available addresses (hexa-
decimal codes 40 thru 5, ASCll codes “@ "’ thru *'1"").
A 32nd address, called untalk (hexadecimal 5F, ASCI!
““—") is used to command all devices to cease talk-
ing. The lower 5 bits of the 172B 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 (ASCII *“1""), the talk address
is hexadecimal 41 (ASCII “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 172B.

3.6.2.4 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 to the power on state.

AMPLITUDE 1 VOLT
OFFSET 0 VOLTS
FREQUENCY 1 kHz

MODE CONTINUOUS
FUNCTION SINE

LOAD
SYMMETRY

OUTPUT OFF, LOAD OUT
50%

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

2. Serial Poll Enable (SPE) — causes the instrument
to engage in a serial poll by responding with the
serial poll status byte when addressed as a talker.
Data line DIO7 will 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 SRQ 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 reset to 0
and SRQ released as for the serial poll.

3. Serial Poll Disable (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 to take the interface out of it is to put
the REN line in the local state (refer to para-
graph 3.6.1). Local lockout must be sent to the
172B to totally disable front panel modification
of the state of the instrument.

3.6.25 Addressed Commands

Address commands are used to command a device to
perform designated actions. Addressed commands
are recognized only when the instrument is addressed
as a listener. Addressed commands performed by the
172B are:

1. Go To Local (GTL) — commands the 172B to go
to 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 (DCL) com-
mand (refer to paragraph 3.6.2.4).

3. Group Execute Trigger (GET) — causes the
same actions as specified by the GET mode
(*'O") argument (refer to paragraph 3.6.7). If the
172B’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. Otherwise, it will not be done until cur-
rent programming is processed.
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Figure 3-6. 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 possible, 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 64 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. Whenever the microproces-
sor finishes scanning a string, it puts a display on the
front panel which reflects the state of input processing
at that point. If the EOIl line is asserted while sending a
character to the 172B, the currently programmed ter-
minator character will be put into the input string
following the character with the EOL

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 EOQI line asserted.

3.6.4 Talker

“T" followed by its argument sets the particular type
of status message sent by the 172B when asked to
talk on the GPIB (see Appendix C, example 2). The
argument may be 0 thru 4, except 3. Round off is to
one digit. The argument codes are:

0 Status message will give currently programmed
waveform setting values. These will be the same
as the values controlling the analog circuits if no
new values were programmed since the last ex-
ecute action. If this message is sent back to the
172B as programming input at a 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.)

1 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 requesting 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 request if it was on. In the
standard instrument, the only value defined for
this byte is E for error.

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

3.6.5 Service Request Enable

“Q" 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.

3.6.6 End of String or Terminator Specification

“X" followed by its argument designates a new End
Of String (EOS), or terminator, character. The argu-
ment is the decimal value of the ASCII character that
is to be the new terminator. an EOS character
recognized by the 172B. Any ASCH character 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 it is
always recognized, even in a quoted string, it can be
used to insure that the instrument is in a known state,
so that following programming characters will be in-
terpreted correctly.

At power on time, the EOS character is the line feed
control character, ASCIl character (LF) 10,,. When
the 172B issues a talk message, the EOS character is
the last byte sent. In addition, the End Or Identify (EOI)
line 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 a string ter-
minator, a new EOS character will be needed. For ex-
ample, to change the EOS character from an LF to a
Carriage Return (CR), program an ''X13".
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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, or —1.

0. Upon receipt of GET, the programmed waveform
values are transferred 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 occur if an Execute, then a
Trigger action (*'1J”’) were programmed, except
that no error checking is done.

1 Upon receipt of GET, the stored setting next in
sequence after the last stored setting accessed
is recalled if it exists (refer to paragraph 3.7.2).
Then the actions described above for code O are
performed. This is the same sequence of events
that would occur if 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 exists (refer to para-
graph 3.7.2). Then the actions described for
code 0 are performed. This is the same se-
qguence of events that would occur if a Previous
Setting, an Execute and a Trigger action (“UIJ’")
were programmed, except that no error check-
ing is done.

3.6.8 LOCAL Key

Pressing the front panel LOCAL key switches the
GPIB interface to 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
pressed. This allows manual intervention in sequences
of GPIB programming. If it is desired to totally prevent
front panel alteration 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 recalled from Random Access Memory
(RAM). The programs (groups of seven settings)
stored in RAM are lost if 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 unaffected.



3.7.1  Storing Programs

Programs may be stored by keyboard or a command
received over the GPIB interface. To store a program,
first program the seven settings (frequency, ampli-
tude, etc.) which are remembered in a program to 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 settings. In any case, the current
values of the frequency, amplitude, mode, function,
symmetry and load settings are stored into the selected
program. When a program is stored, the settings are
tested for consistency 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 Recalling Programs

The information stored in a program may be
recovered either from the front panel or by a com-
mand over the GPIB. 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 settings 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, a “'Y’’ character 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 memories, 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 numbers 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 result.

Pressing the NEXT key or programming “W’’ causes
the program next in sequence after the last program

program accessed to be recalled. This provides an
automatic way to recall a sequence of programs.
However, the programs need not 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 fo 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 (T0). Program a recall
of the first stored settings (YX where X is 1 - - - 240).
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’’ followed
by a minus sign and the number of the program to be
removed. When the number is terminated, the pro-
gram is removed from storage; there is no other effect.

3.7.5 High Speed Recall

When the GET mode (*'O’’") setting is set to either 1 or
—1, a sequence 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 this
mode of operation, the next (or previous) program is
recalled and executed, and the waveform circuits are
triggered, all within 2 ms of receiving the GET com-
mand. (Refer to Appendix C, 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

generator (VCG, Triangle Generator and Func-
tion/Preamp boards), output amplifier with offset and
attenuator (Attenuation board) and an optional fre-
quency synthesizer (1st Digit/Mixer, 2nd and 3rd Digit
and 4th and 5th Digit/Reference boards). The syn-
thesizer is controlled by logic to produce some multi-
ple of the desired output frequency; its output is within
the 1 to 13 MHz range. In synthesizer mode, this fre-

SECTION 4

CIRCUIT DESCRIPTION

quency is divided down to the desired frequency, by
logic control, at the function generator. The function
generator is then phase locked to it. In function
generator mode, the frequency may be controlled by
VCG voltage as well as logic, and, in external phase
lock mode, phase lock occurs when the 172B fre-
quency remains within 2% of the external signal fre-
quency.

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 analog portion of the 172B. The GPIB input is inter-
faced to the microprocessor by the GPIB board. The
microprocessor also controls the front panel readout
and sends status and error messages on the GPIB.
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Figure 4-1. Overall Block Diagram
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Figure 4-2. Circuit Board Location
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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 to the desired three digits of fre-
quency; and then proportional, positive current to
negative current, according to the desired waveform
symmetry.

The input to the VCG and Symmetry board is internai
bus logic, VCG (Voltage Controlled Generator) voltage
from the VCG (FM) BNC and the synthesizer signal
which may be from 1 to 13 MHz, which is some power
of ten multiple of the programmed frequency. The
logic is controlled by programmed mode, 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 0.1 mHz to 13 MHz is
achieved by selecting a capacitance, then varying the
current from low to high. When near maximum cur-
rent is reached, a smaller capacitance is selected and
the current increased from low to high again. Each set
of capacitance determines a frequency range. This
scheme is used until 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 con-
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 contro! of the frequency of the generator. If in
synthesizer or phase lock mode, VCG is not allowed.
The input VCG voltage, if allowed, is combined with
the other voltages at the digital to analog amplifier to
drive the current generators.

Programming the symmetry selects the resistances
which control 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 circuits. This error voltage is generated by
phase detecting the difference between the square

4-4

wave from the triangle 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 90° 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 to
12.999 MHz; hence, the divide by N circuit prior to the
phase detector.

If the generator frequency is in the 108 range, no divi-
sion is required; however, for each lower range a divi-
sion must occur prior to phase detection and phase
locking of the generator to the synthesizer:

Range N
108 1
108 10
104 1072

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 VCG and Symmetry board. The gen-
erator will free run or will turn on and off in response
to a trigger or gate voltage, 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. Qutput is the triangle and square waveforms to
the Function/Preamp board and a sync signal based
on the square wave to the SYNC OUT BNC. Triggered
output starts at the normal 0° waveform phase or,
when in haverwave modes, — 90° phase.

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 to produce the fall
transition of the triangle.
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The triangle amplifier output is fed to the hysteresis
switch and to the /\, buffer amplifier. The 7\, buf-
fer is fed to the Function/Preamp board (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 output voltage of the triangle
amplifier is rising, the output voltage of the hysteresis
switch is positive, but when the output voltage of the
triangle amplifier reaches +1.25V, it triggers the
hysteresis switch, causing the hysteresis switch out-
put to switch negative. Once the control voltage into
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 —1.25V, the hysteresis switch

output switches back to positive, reversing the proc-
ess. This action generates the triangle waveform.
Since the hysteresis switch output is a square wave,
the result is simultaneous 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 capacitance 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 ftrigger
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 level, the

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 dc level called the trig-
ger baseline, the level from which a waveform cycle
starts and where it will stop. Normally, this is midway
between the peaks. In the haverwave mode and for
square and pulse functions, it is at the negative peak
level.

When the charging level is being held, the negative
current generator still varies its output with cor-
responding frequency 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 circuit determines
whether the trigger control logic is to be ““fired” for
just one cycle, 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 to provide a
leading edge spike to “fire’’ the trigger control 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 amplifier 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 to 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 triangle wave is processed by nonlinear diode
networks to produce a sine wave, and the square
The Function/Preamp board (see figure 4-3 and 4-6) wave is precisely clipped. All three waveforms,
creates a sine waveform and selects the output func- triangle, sine and square, are present for function
tion as one of the following: selection by logic. The selected waveform, or no
waveform, is amplified and presented in both normal

Sine wave and inverted form for final logic selection.

Triangle wave

Square wave

Inverted (with respect to sync) sine wave
Inverted (with respect to sync) triangle wave
Inverted (with respect to sync) square wave

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

No signal the particular range setting.
The input to the Function/Preamp board is the buf- The input is the internal bus logic and the signal
fered triangle wave and square waveform from the selected by the Function/Preamp board. The output is
Triangle Generator board and the internal bus logic. the attenuated signal sent to the Power Amplifier/DC
Output is the selected function or dc, which goes to Offset board. The logic sets the attenuation network
the Three-Digit Attenuator board (see figure 4-7). toaccurately produce an amplitude expressed as XX.X.
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I
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Figure 4-6. Function/Preamp Block Diagram
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4.6 POWER AMPLIFIER/DC OFFSET

As controlled by logic, the Power Amplifier/DC Offset
board (see figures 4-3 and 4-7) amplifies the three-digit
attenuated signal by the amount corresponding to the
amplitude range value; dc offsets the signal, connects
or disconnects the signal from 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 connector.

The three-digit signal is amplified and offset (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 direction 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
control logic.
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Figure 4-7. Three-Digit Attenuator and Power Amplifier/DC Offset Block Diagram




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
12.999 MHz with five-digit accuracy. The function
generator circuit is phase locked to multiples of the
synthesizer output for waveform functions with five-
digit frequency accuracy. Four phase locked loops
(PLL’s) are connected together along with a mixing
system and a reference section of the required fixed
frequencies to make up the synthesizer. These sec-
tions 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
output frequency is to be exactly some multiple of the
reference frequency (fr). The output frequency of the
voltage controlled Variabie Frequency Oscillator
(VCO) is divided by a digital counter circuit. The output
frequency of the divide by N(+ N) is compared with
the reference frequency (fy) by a frequency phase
detector. If the frequency and/or phase of the two
signals differ, an error voltage is generated which
causes the VCO to change its frequency, moving in
the proper direction to correct for the error. There is
an integrator/Low Pass Filter (LPF) between the phase
detector output and the VCO to eliminate high fre-

quencies out of the detector andtoinsure loop stability.
The output frequency is the reference frequency
multiplied by the = N ratio.

Figure 4-9 is a block diagram of the digit 1 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 0 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 output is required to be 10,000 MHz, then the
digit 1 loop output will be 45 MHz. The number 10 will
be loaded into the programmable divider in Binary
Coded Decimal (BCD) form by the logic interface por-
tion of the 172B. The programmable divider translates
this number 10 into the divider ratio 45 with a PROM
look-up table. The programmable divider ratio 45, to-
gether with the fixed divide by 2, gives a total + N of
90. The 500 kHz reference frequency multiplied by 90
gives an output frequency of 45 MHz. The program-
mable divider alone, and a 1 MHz reference fre-
quency, would give the same results; the + 2 is used
to allow a lower maximum operating frequency for the
programmable divider.
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t

Figure 4-8. Simple Phase Lock Loop Block Diagram




500 kHz REFERENCE

FREQ/PHASE INTEGRATOR VARACTOR BUFFER
DETECTOR [ (LPF) 1 TUNED VCO |—p AMPL —
30 TO 47 MHz
+ N COUNTER
+35 to 47 = +2 ]
T NOTE
BCD DATA FOR 1. Programmed Frequency
1st DIGIT (0 TO 12) Digit
OF 5 DIGIT PROGRAM
(SEE NOTE 1) 2. 1st Digit
Divider (+ N)
Output (MHz)

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

OUTPUT
35 TO 47 MHz
XX.XXXX
12345
01 2...12
35 36 37....47
3536 37....47

Figure 4-10 shows a slightly more complex PLL. In
this loop, the VCO output is translated to a different
frequency range before being divided by the +N
counter. A bandpass filter follows a mixer to select
either the resulting sum or difference frequency. This
form of loop causes the VCO output to be different
from N times the reference frequency by a fixed off-
set. Mathematically expressed, fo = Nfy £ fm.

fo =
fr N.fri fm
l A
PHASE
DETECTOR |~ LPF |y VCO
BANDPASS
=N < FILTER ke MIXER |

!

MIXING
FREQUENCY f,

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 frequency of 60.0 MHz from the reference
subsection is mixed with the 40 to 50 MHz VCO. The
difference frequency (10 to 20 MHz) is passed through
a 30 MHz low pass filter into a buffer amplifier. The
amplified signai drives the divide by N counter, which
divides the input frequency by a number ranging from
100 to 199, depending on the frequency setting of
digits 4 and 5. The + N output 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 to the integrator which wili
change its output in the proper direction to reduce the
VCO frequency error towards zero. The 4.01 t0 50 MHz

VCO output is divided by 100 to provide the desired
401 to 500 kHz output. The final 401 to 500 kHz output
varies in 1 kHz steps as the + N ratio varies from 100
to 199. To obtain 500 kHz out, the required VCO fre-
quency is 50 MHz. This mixes with the 60.0 MHz refer-
ence to produce a 10.0 MHz difference frequency.
Digits 4 and 5 will both be zero in the case of a 500 kHz
output, so the + N ratio will be 100. Dividing 10 MHz
difference frequency by 100 will produce 100 kHz to
compare with the 100 kHz reference. If digits 4 and 5
are set to 99, the = N becomes 199, and the VCO will
be forced to 40.1 MHz, which will mix with 60 MHz to
produce a 19.9 MHz difference frequency. The
40.1 MHz VCO will be divided by 100 to form the
401 kHz output.

100 kHz
FREQ 1 PHASE INTEGRATOR VARACTOR BUFFER 40170
DETECTOR | pf ~ (LPF) [ TUNED Ll ampL [ pf +100 > 500 kHz
VCO out
40.1 TO 50 MHz
A
10 TO 20 MHz
+N COUNTER BUFFER LPF j
N=100T0199 |¢—  AMPL |~ DCTO30MHz 60.0 MHz
MIXER
T NOTE
Digits 4 and 5 00 01 02.. 99
BCD DATA FOR Divider 100 101 102....199
DIGITS 4 AND 5 Output (kHz) 500 499  498....401

(0000 TO .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 to 204
instead of 100 to 199. The VCO output is divided by 10
instead of 100, to form a 4 to 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 a 100 kHz signal for the phase

detector. Thus, the final output, after division, will be
5.0000 MHz. If digits 4 and 5 are set to 99, the transla-
tion loop output is 60.401 MHz. In this case, the VCO
output has to be 49.901 MHz to satisfy the loop condi~
tions, and the final output will be 4.9901 MHz. I digits 2
and 3 are also set for 99, the + N ratio will be 204, and
a 40.001 MHz signal will be required from the VCO to
mix with the 60.401 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 to track changes in digits 4 and 5, as well as
digits 2 and 3, which control the loop directly.

100 kHz REF
FREQ/PHASE INTEGRATOR VARACTOR BUFFER DIFFERENTIAL
DETECTOR (LPF) TUNED VCO AMPL +10 OUTPUT 5.0
g > wT0s0MHz [ > TO 4.0001 MHz
IN 100 Hz STEPS
o J
DIODE
MIXER . )
+N COUNTER BUFFER LPF y 60"5: I?(Sg ;‘%’E;"SHZ
N = 105 TO 204 | | AMPL €— DC 7O 30 MHz , >< €———  FROM TRANSLATION
N LOOP; 60 MHz PLUS
OUTPUT OF 4 AND 5 PLL

+

BCD DATA FOR

DIGITS 2 AND 3

(.00 TO .99 MHz2)
OF 5.DIGIT PROGRAM

NOTE
Digits 4and 5 00.... 99 99
Trans Loop (MHz) 60.500. . .. 60.401 60.401
Digits 2and 3 00 00.... 99
Divider ) 105 105.... 204
Output (MHz) 5.0000....4.9901.... 4.0001

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 the difference frequency 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 output. The phase detector
output drives the integrator to a voltage which sets
the VCO to the proper frequency.

Figure 4-14 shows the mixer subsection and how the
different loops connect together. As previously
described, the digits 4 and 5 loop output is shifted up-
ward to 60.401 to 60.500 MHz to drive the digits 2 and
3 loop. The output of the 2 and 3 loop varies from
4.0001 to 5.0000 MHz as a function of digits 2, 3, 4
and 5. This output is mixed with a 30.0 MHz signal ina
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
output, 35 to 47 MHz, in a diode mixer and the dif-
ference frequency selected by a low pass filter. Take
a frequency of 12.3456 MHz as an example. Digits 4
and 5 are set to 5 and 6, respectively. The output of
the digits 4 and 5 PLL will be 444 kHz, and the transla-
tion loop will shift this up to 60.444 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, so
the output of the digit 1 PLL will be 47 MHz. This

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 is set to the 1 to
13 MHz range, the function generator is phase locked
directly 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 is the block diagram of the reference sub-
system. All reference frequencies are derived from a
single, high stability, 10 MHz crystal controlled oscil-
lator. This signal is multiplied by 3 to produce the
30 MHz reference, and this is then multiplied by 2 to
form 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 to form a 100 kHz reference. If it is neces-
sary to lock the synthesizer to an external 10 MHz
system clock, the external clock is fed to a level
detector/buffer ampiifier. The output of the buffer
amplifier and the internal 10 MHz oscillator are both
fed to a phase detector, which in turn is fed to an in-
tegrator/low pass filter. If the external clock input is
greater than 1 volt, a relay is closed automatically,
connecting the integrator output to a variable
capacitor 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
printed circuit board oriented, showing which func-
tions are related to what boards.

401 TO 500 kHz FREQUENCY/ INTEGRATOR VARACTOR BUFFER
FROM PHASE | (LPF) __»| TUNEDVCO | AMPL . 6040170
DIGITS 4 AND 5 DETECTOR 60.4 TO 60.5 MHz 60.500 MHz
BUFFER
< LPF DIODE
AMPL MIXER

60.0 MHz FROM
REFERENCE BOARD

Figure 4-13. Translation Loop (Part of Digits 2 and 3 Board) Block Diagram

414



DIGITAL LOGIC INPUTS

LOW PASS
> FILTER

0 TO 13 MHz

500 kHz

BANDPASS
FILTER
34 TO 35 MHz

60.500 TO 60.401 MHz

|

TRANSLATION
LOOP

) DIGIT 1 PLL
35 TO 47 MHz
1 MHz
STEPS
DIGIT 1/MIXER
BOARD
100 kHz | DIGITS 2 AND 3
STEPS ' PLL 4.0001 TO |
5.0 MHz

—P

10 kHz

STEPS T

DIGITS 2 AND 3
BOARD
—>
{kHz | DIGITS 4 AND5
STEPS PLL; 500 TO
401 kHz

—

100 Hz

STEPS

f

DIGITS 4 AND 5/
REFERENCE

BOARD

g¢—— 60 MHz

T
N

100k

60 MHz

Figure 4-14. Synthesizer Block Diagram

— >
OUTPUT

0 TO 12.9999 MHz

IN 100 Hz STEPS

REFERENCE SIGNALS FROM TIME BASE
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- 30 MHz

iINTEGRATOR 10 MHz x3 x 2
(LPF) O l'o__> (o] & MULTIPLIER > MULTIPLIER [—9 60 MHz
|
|
| » 500 kHz
I
|
1 PHASE +20 +5
, DETECTOR |g—L 3| DIVIDER DIVIDER |- 100 kHz
i
|
|
l
I
l
|
10 MHz LEVEL
EXTERNAL — 9! DETECTOR/
IREFERENCE BUFFER

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

REF
30 MHz

4 TO 5 MHz
FROM
DIGITS 2 AND
3 BOARD

BUS IT
INT BUS ; DEGOBER > DIGIT 1 < REF

PLL 500 kHz
BPF
35 TO 47 MHz

0 TO 13 MHz
LPF BPF LPF TO VCG AND

SYMMETRY

BOARD
4TO 5 MHz 34 TO 35 MHz

Figure 4-16. Digit 1/Mixer Block Diagram
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100 kHz
REF l
60 MHz ‘_l
BUS DIGITS 2 70 UL, 4TO5MHzTO
INTBUS — oecoper ] AND 3 PLL 210 ] > DIGIT 1/MIXER
X BOARD
40 TO 50 MHz
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
R
INT BUS DECODER
U, 400 TO 500 kHz
0A1MHz — | DIGITS4 +100 ——p IN 1 kHz STEPS
AND 5 PLL TO DIGITS 2
AND 3 BOARD
40 TO 50 MHz
x2 > 60 MHz )
MULTIPLIER
—» x3 &> 3oMHz | 3
MULTIPLIER 4
m
> @
VCXO z
(@]
m
» 100 kHz
> * UL
oMbz » 500 kHz
500
10531;_‘ AAAA UL # 10 MHz
z EXT
O——» REF |¢—
PLL

Figure 4-18. Digits 4 and 5/Reference Block Diagram
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4.8 FRONT PANEL OPTION

The front panel (Option 001) contains a 46 key key-
board and a 40 character alphanumeric display to
allow the user to manually program the 172B and to
learn its status under both manual and remote pro-
gramming. The front panel also contains the power
on/off switch. The front panel assembly is connected
electrically by two cables. 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 board at con-
nector J20. The front panel assembly consists of three
subassemblies: the keyboard, the self-scan display
and a PC board which interfaces to the microproces-
sor in the 172B. The microprocessor accesses the
keyboard and display just as if they were read and
write memory locations.

48.1 Keyboard

The keyboard itself consists of 46 printed circuit
switches arranged in a 6 X8 crosspoint array. The
keyboard matrix is scanned by a keyboard encoder
chip. When a contact closure is detected, the encoder
stops scanning, provides a delay for contact bounce,

provides a data ready strobe pulse. The output 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. Periodically, the microprocessor,
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 is 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 5x 7 dot matrix, with two blank
columns between characters. The display consists of
a display panel and a driver board.

The information displayed on the front panel is stored
in a Random 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 lower order ad-
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dress lines from the 172B address bus are used by the
RAM as the display space addresses 0 through 39; the
higher order address bits are decoded on the micro-
processor board and brought to the front panel as the
display enable line. When this line is true, the word ap-
pearing on the data lines O through 5 is written into
RAM at the address appearing on corresponding ad-
dress lines. Whenever the RAM is not being written
into, its contents are being read to the display. The
display requires a 20 kHz clock signal, valid data in-
puts for each particular character space, as that
space is being scanned, and scan disable and reset
signals to 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
GPIB, the keyboard and the 172B subsystems and ac-
ting on these inputs as dicated by the software. Soft-
ware directs the processor to address the subsystems
and issue commands and data which direct the 172B
to output the desired signals.

Software refers to a sequence of commands ex-

. Thissequence

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 to run; therefore, the software is one of the most
vital elements of the digital section. All information
transfer takes place under the control or supervision
of the software. Programs are composed of machine
language instructions, messages and tables that pro-
vide sequencing information.

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

The two 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 and
drive a 43 wire data bus terminated on the mother
board.

4.9.1 Microprocessor Board

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



MICROPROCESSOR

~

ADDRESS
>
BUFFER > (15 LINES)
<¢———>| BUFFER [« —» (8?_?;23)
TOIFROM
RAM, ROM,
«——»| BUFFER |« —» ?gTITthsL) ?  GPIB, KEYBOARD
( & DISPLAY
SYSTEM CLOCKS
——-»150MMHHZ
rem— Z
CLOCK P BUFFER 3 3.5 MHz
——» 1.25 MHz
> 625 kHz
POWER ON'
—— :
RESET
ADDRESS ——
CONTROL €—p| 8Kx8
STATUS TO/IFROM
(8 LINES)
—» O |le——>{ Burrer > ANALOG
PORT < » CONTROL SECTION
@8 LINES)
3 KEYBOARD ENABLE
- »| DECODER ————| BUFFER
—p DISPLAY ENABLE

Figure 4-19. Microprocessor Board Block Diagram

shows the basic blocks of the microprocessor. Ad-
dress lines are buffered to the mother board. Eight bi-
directional data lines are received and driven to the
mother board. Control signals necessary to describe
the transaction are buffered to the mother board.
Ten megahertz clock pulses are generated and buf-
fered to the mother board. Clocks are available down
to 625 kHz 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 memories on ROM support the basic
program in the 172B.

An 1/O port generates eight control lines sent to the
analog section of the instrument. These conirol lines
are used to provide the microprocessor a facility to
trigger the instrument or provide other control func-
tions as options.

Eight status lines are sent to the microprocessor to
indicate that a synthesizer has been installed and if
the synthesizer is phase locked.

49.2 Memory RAM Board

The memory RAM board (see figure 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 between a refresh cycle and a microprocessor
cycle. In addition, the RAM board contains a 16 byte
read/write scratch pad memory that transmits all data
to the analog section of the instrument in 5 ps.

The RAM address is set to 6000, through 6FFF,.. A
read or write is initiated by the microprocessor by
using an operation request within the address space
6000, to 6FFF,e. If a refresh cycle is not in progress,
data are accepted or presented 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 request 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 < |—
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‘ "_—_’»
CONTROL
LINES BUS RECEIVERS

AND DRIVERS
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(USING 8-BIT BYTES)
4096 BYTES/32,768 BITS

INTERNAL INSTRUMENT
INTERFACE 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 ail 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 transferred
to analog modules. All data are coded 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
selects 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.

4.9.3 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 gs.
The function generator receives three digits from
scratch pad locations 4 and 5 and one range
digit plus sign bit. The synthesizer receives all
five digits, but does not store the range digit. The
most significant digit may be overranged to 12
on the 10° range for a maximum frequency of
12.9999 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 one
digit to the power amplifier attenuator. Sign bits
for amplitude and range digits are alsotransferred.

The MSD of amplitude may be overranged to a
value of 14.99 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 is not complemented if the sign bit is set.

4. Symmetry — A one digit value from 0 to 9 selects
the symmetry required. Zero and five select
50%, while digits 1 through 9 select symmetries
at 10% intervals.



Table 4-1. Scratch Pad Memory Format

Address
Data Sign Bit Data Byte
Sending Group Byte
Sequence A3 A2 A1 AO|S | Description RD? D6 D5 D4 TDescription D3 D2 D1 DO |Description
0 o olo o + OFFSET 0O 0 O O |DCOFFSET {{0O 0 ,0 O | DCOFFSET
— OFFSET i MSD l MD
O - 710 0 = gm
. 0 1 1 1 1 0 0 1
e

1 ~ [0 0o 1 NOT USED 0 0 0 0 | DCOFFSET
w
* l LSD
y 0-95
° 1 0 0 1

2 0o 0|1 O NOT USED NOT USED

3 0o o1 1 NOT USED NOT USED

4 0o 1]0 0 0 0 O O |FREQUENCY [[0 o0 .0 o0 | FREQUENCY

¢ MSD (5) l DIGIT (4)
0-124 0- 9
1 1 0 0 10 0 1

5 s lo 1o 1 FREQMULT + J0O o0 0 O I|FREQUENCY |0 o0 ,0 o | FREQMULT
Ng FREQ MULT — l DIGIT (3) l 10— 10°
] 0- 9, — 10*

w 1 0 0 1 0 1 1 0
3

6 wio 101 o 0 0 O 0 |FREQUENCY [0 0 0 0 | FREQUENCY

& l DIGIT (2) l DIGIT (1)
0 - 9!0 0 - gm
10 0 1 1 0 0 1
7 o 1|1 1 NOT USED NOT USED
8 1 0]0 o0 NORMAL 0 0 0 O | AMPLITUDE |0 0 ,0 0O | AMPLITUDE
INVERTED l MSD l MD
(OUTPUT) 0- 144 0-9
o 1 1 1 0 1 0 0 1
=]

9 w1 oo 1 AMPLMULT + |0 0 0 O | AMPLITUDE || 0 0 0 0O | AMPL MULT
e AMPL MULT — l LSD l 10°= 10"
£ 0-9 0dB— -60dB
o 1 0 0 1 0o 0 1 1
2

A 1 01 0 NOT USED NOT USED

B 101 1 NOT USED NOT USED

C 1 1 0 O Function Mode
_ 0 0 0 O SINE 0 0 0 O |CONTINUOUS
= 0 0 0 1 TRIANGLE 0 1 0 O GATED
w 0 0 1 0 SQUARE 0 1 0 1 | TRIGGERED
g 0 1 0 O DC 0 1 1 O |GATED HVRSN
= 0 1 1 1 | TRIGHVRSN -

1 0 0 O |SYNTHESIZE*
10 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 A0 |S |Description D7 D6 D5 D4 Description |ID3 D2 D1 D0 Description
D 1 110 1 Symmetry Load
0 0 0 o 50% Output Load
0 0 0 1 10% 0 0 | OFF ourt
- 0 0 1 o0 20% 0 1 OFF IN
= 0 0 1 1 30% 1 0 | ON ouT
» 0 1 0 o0 40% 11 ON IN
3 0 1 0 1 50%
w 0 1 1 o0 60%
< 0 1 1 1 70%
2 1 0 0 0 80%
3] 10 0 1 90%
2]
E =11 101 o NOT USED NOT USED
F 1111 NOT USED NOT USED
*Option

5. Function — A one digit value selects the re-
quested function. These values differ from those
used to command the instrument from the key-

8 Data lines (DIO1 through DIOS8)

5 Control lines (ATN, IFC, SRQ, EOI 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 GPIB.

7. Load — A one digit value selects the load and
enables the output. These values also differ from
those used to command the instrument from the
keyboard or GPIB.

4.10 GPIB/MICROPROCESSOR INTERFACE

The GPIB/microprocessor 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 Request (SR1), Remote Local
(RL1), Device Clear (DC1) and Device Trigger (DT1).
This bus transfers messages in bit parallel and byte
serial fashion. The bus has 16 signal lines, 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 following
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 isolation through optical couplers.

In order to reduce the number of opto-isolators, the
messages are transferred in bit serial fashion through
two Universal Asynchronous Receiver/Transmitters
(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 operation of the UART is fairly simple. Each UART
consists of two independent sections called receiver
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Figure 4-21. GPIB/Microprocessor Interface Block Diagram

4-23



and transmitter, and both of them may operate
simultaneously. The UARTs are primarily used to con-
vert parallel information into serial and serial informa-
tion into parallel. The receiver receives its information
in serial and converts it into an 8 bit parailel byte,
whereas the transmitter converts an 8 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 takes actions according to that. There
are six status bits tied to the microprocessor data bus:
Data Ready, 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 mode to find
out whether GPIB has accepted the data byte sent
through the UART. Any time the microprocessor
wants to send a byte via GPIB, first it checks that the
Talk status bit is true and then it checks that GPIB
Busy status bit is false. {f the GPIB Busy status is
false, 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 serially across the opto-
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 listener on the GPIB senses the
DAV line is low, he accepts the byte by raising the
data accepted (NDAC) signal high. The NDAC signal is
received and causes the GPIB Busy signal to go fow
(false). Once the GPIB Busy signal goes low, the micro-
processor can transmit another byte in the same
manner.

4.10.3 End

The End bit is monitored 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 treats it as
a terminating character.

4.10.4 Remote

The Remote bit indicates to the microprocessor
whether the 172B is in remote control or local control.

4.10.5 Talk

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

4.10.6 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 to the GPIB when it wants to talk. The controller
will eventually cause a talk status bit to be generated
and allow the microprocessor to place a talk byte on
the interface.

4.11 POWER SUPPLY

The power supply consists of the Pass Transistor
board, the Power Supply Regulator 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 volt voltage reference is a zener diode, and
the — 24 voit supply, in turn, uses the + 24 voits as
reference. (See figure 4-22.) The regulator sections
are current limiting stages, which limit the power sup-
ply current under supply overload conditions. The +
and —15 volt supplies (not shown in figure 4-22)
operate 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 transistor board. The ground reference for the
isolated +5 volt supply is isolated from common
ground. System ground, isolated + 5 volt ground and
chassis ground are isolated from one another.
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5.1 INTRODUCTION

Faults may 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. Successful fault isola-
tion depends upon a thorough knowledge of the cor-
rect instrument operation.

Major groups of the various assemblies are shown in
table 5-1. Fault isolation is discussed in the following
paragraphs in terms of these groups. The locations of
boards and assemblies called out in table 5-1 are
shown in figure 4-1.

Table 5-1. Assembly Guide

Board
Ejector
Color

Assembly Group

Black | Pass Transistor/Regulator | Power Supply

Black | Power Supply Regulator
NA Rear Pane! (Transformer,

Capacitors, etc.)

Yellow | VCG and Symmetry Function Generator (func-
Green | Triangle Generator tion generator calibration
Blue Function/Preamp usually required when any
Gray Power Amplifier/DC Offset | function generator board
Violet | Three Digit Attenuator is replaced)

Orange | Digit 1/Mixer Synthesizer (Option 002)
Red Digits 2 and 3

Brown | Digits 4 and 5/Reference

White [ Microprocessor Microprocessor

White | Memory RAM

White | GPIB Interface GPIB Interface

NA GPIB Decoder

NA Front Panel

Front Panel (Option 001)

g
SECTION a
TROUBLESHOOTING

5.2 POWER SUPPLY

In case the generator is malfunctioning, power supply
voltage is always the first thing to be checked. Test
points for all 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 to be lower than
normal, it indicates there is an overloaded or short cir-
cuit condition in the system. Turn off the generator im-
mediately to avoid 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
to 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 FUNCTION GENERATOR

If 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 -250
Color Assembly +5 [COM | -5 | ISO [ ISO |+12 | =12 | +15 |COM | -15 | +24 | -24 | -250
Yeliow VCG and Symmetry 19,20 |22-24 33,34 |26-28 |30,31 43 41
Green Triangle Generator 19,20 |22-24 33,34 | 26-28 |30,31
Blue Function/Preamp 19,20 |22-24 33,34 |26-28 |30,31
Gray Power Amplifier/ 19,20 |22-24 33,34 |26-28 30,31 { 39,40 | 36,37
DC Offset
Violet Three Digit 19,20 |22-24
Attenuator
Orange Digit 1/Mixer 19,20 [22-24 50 33,34 |26-28 |30,31
Red Digits 2 and 3 19,20 |22-24 | 50 33,34 |26-28 |30,31
Brown Digits 4 and 5/ 19,20 |22-24 50 33,34 |26-28 30,31
Reference
White Microprocessor 49-52 1,2,99,
100
White Memory RAM 49-52 1,299, { 53 3
100
White . . | GPIB Interface 49-52 11,299, 163,78 | 62,77 | .
100
NA GPIB Decoder P17-20 |P17-19
NA Front Panel J1-23 | J1-21 J1-7 J1-26
J2-1,2 1J2-3.4 J2-24

Table 5-3. Function Generator Troubleshooting

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

Symptom

Further Observation

Probable Cause

Cure

1. Frequency accuracy
out of spec. Problem
has to do with the three

. Problem always happens at the

same setting(s), between 1.00 and
9.99 of every frequency decade.

—_

Frequency D/A converter.
Frequency data latch.
Internal bus.

Repiace VCG board.

digit setting.

. All frequencies too high or too low.

Waveform time symmetry normal.

vy

VCG gain control.
Triangle peak voltage too high or
too low.

Replace VCG board
or Triangle Generator
board.

. Waveform time symmetry also out

of spec.

Current generator.

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.

Frequency range switch.
Component connected to the tri-
angle amplifier input.

Replace Triangle
Generator board.




Table 5-3. Function Generator Troubleshooting (Continued)

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

Symptom

Further Observation

Probable Cause

Cure

Frequency accuracy
out of spec. Problem
has to do with the
range multiplier.

. Out of spec at one partiéular

frequency decade, but greater
than 0.999 Hz.

1. Frequency range switches or
_capacitors.

2. Frequency range data latch or
decoder.

Replace Triangle
Generator board.

. Less than 0.999 Hz.

—

. Capacitance multiplier.
2. Frequency range data latch or
decoder.

Replace Triangle
Generator board.

. Time symmetry out of

spec.

. Triangle waveform also nonlinear.

—_

Frequency range switches.
2. Component connected to the tri-
angle amplifier input.

Replace Triangle
Generator board.

. Triangle waveform linear.

1. Current generator.
2. Current mirror circuit.

Replace Triangle
Generator board.

. Time symmetry problem only at

frequency 0.999 Hz or less.

Capacitance multiplier circuit.

Replace Triangle
Generator board.

. Low frequency
(<100 kHz) sine distor-
tion out of spec.

. Time symmetry also out of spec.

Refer to Symptom 3 for time sym-
metry problem.

Replace Triangle
Generator board.

. Nonlinear triangle waveform.

Refer to Symptom 1(5).

Replace Triangle
Generator board.

. Triangle waveform appears to be

good.

Sine converter circuit.

Replace Function/
Preamp board.

. All waveforms are badly distorted.

Preamp or power amplifier.

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

5. 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 Symptom 1(4).

Replace VCG board
or Triangle Generator
board.

. Square wave has excess over-

shoot or slow rise time.

Preamp or power amplifier.

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

. Square wave ok, but badly dis-

torted triangle.

Triangle amplifier No. 1 or No. 2.

Replace Triangle
Generator board.

. Otherwise.

Sine converter.

Replace Function/
Preamp board.




Table 5-3. Function Generator Troubleshooting (Continued)

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

Symptom

Further Observation

Probable Cause

Cure

6. Amplitude accuracy
out of spec at 1 kHz.

1. All waveform amplitudes out of
spec between 1V p-p and 15V p-p.

2. Ratio is not correct when ampli-
tude is ranging from 9.99, 0.999,
0.0999 to 0.00999V p-p.

3. Inverting output (' - amplitude)
ok, but not normal output (“+"
amplitude).

4. Sguare wave amplitude out of
spec.

5. Triangle wave amplitude out of
spec.

6. Excess amplitude roll off at high
frequency.

Three digit attenuator. '
. Internal bus.

N —

1. Output attenuator.
2. Attenuator control logic.
3. Internal bus.

Noninverting amplifier.
. Relay.

N —

Square wave shaper circuit.

Gain control resistors.

1. Frequency compensation compo-
nents.

2. Frequency compensation compo-
nents in power amplifier.

Replace Attenuator
board.

Replace Power Ampl/
Offset board.

Replace Function/
Preamp board.

Replace Function/
Preamp board.

Replace Function/
Preamp board.

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

7. DC offset problem.

1. DC offset circuit.
2. Ofiset controt fogic.
3. Internal bus.

Replace Power Ampl/
Otfset board.

8. Trigger and gate prob-
lem.

9. No waveform output at
50Q OUT.

1. Voltage at 5002 OUT is saturated to
maximum positive or negative.
SYNC OUT is normal.

2. SYNC OUT is normal and dc voit-
age at 50Q OUT is normal when dc
voltage is selected.

3. No SYNC OUT when continuous
mode is selected.

4. Generator runs if diode CR15 in
Hysteresis Switch subassy of Tri-
angle Generator board is removed.

Trigger logic and trigger amplifier.

1. Power amplifier.

2. Function/preamp.

Waveform switching relay and control
logic.

. Triangle generator loop.
. Current mirror circuit.
3. Current generator.

N =

—_

. Trigger circuit.
2. GEN MODE control logic.

Replace Triangle
Generator board.

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

Replace Function/
Preamp board.

Replace Triangle
Generator board.
Replace VCG board.

Replace Triangle
Generator board.

10. Output waveform is
not the waveform pro-
grammed.

No other programming error.

1. Function selecting relay.
2. Function control logic.
3. Internal bus.

Replace Function/
Preamp board.

11. Generator frequency
does not lock to exter
nal frequency.

1. Phase not locked at alt frequencies.

2. Nophaselock at a frequency range.

1. Generator frequency is not within
+ 2% of external frequency.

2. Phase detector or filter.

3. Input circuit.

Loop filter selection circuit.

Change the generator
frequency.
Replace VCG board.

Replace VCG board.
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5.4 INTERNAL DATA BUS

All 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,
74LS139 or 74LS175, to hang up an entire line. A

Table 5-4. Internal Data Bus Location

Description Bus Line Pin No.*

Strobe STRB
A3
Data A2
Group Al
AO
Sign S
D7
D6
D5
Data D4 10
Byte D3 11
D2 12
D1 13
DO 14

WO ~NOO A WN =

NOTE

Table 4-2 describes the data content of each line on
the internal data bus.

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

defective receiver can cause incorrect generator
responses everywhere.

When the bus is not sending data, no EXECUTE com-
mand, the voltage at each bus is biased to approxi-
mately + 3 volts. If the bus voltage is greater than
+ 4 volts, or less than + 2 volts, there is a defective
bus receiver or driver on the line. The defective com-
ponent can be located by removing one board at a
time. The bus voltage will be back to normal when the
defective 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 5-5
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, so there is less chance of confu-
sion; and the frequency counter will give
high resolution readings with minimum
gate time on this range.
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Table 5-5. Synthesizer Troubleshooting

Symptom

Discussion

. The function generator

output
frequency is correct on the 1 to
12.9999 MHz range, but is not correct
on one or more lower ranges.

1. This indicates the synthesizer subassembly is functioning properly, and.the problem is
on the VCG board where the main function generator is phase locked to the synthesizer
output.

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

The output frequency is wrong on the
1 to 12.9999 MHz range, but one or
more of the lower ranges works.

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

There is no change infrequency switch-
ing between continuous (BO) and syn-
thesized (B3) modes.

The VCG board is not receiving the digital command to switch into the synthesized mode.
Check the front panel to make sure 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 172B 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 is operating properly and the problem is likely to be
in the synthesizer section. Refer to Symptom 6. A good frequency source 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 from the frequency counter used for
testing.

The synthesized frequency is off by a
small, constant percentage error at all
frequencies.

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

-B.--There is.a failure within the synthesizer..— . |-

tual output frequencies for a range of input frequencies. For example: Programmed fre-
quencies from 1.0000 MHz to 1.0067 MHz work properly. Programmed frequencies
from 1.0068 MHz to 1.0099 MHz give an output frequency of 1.0067. This pattern then
repeats: 1.0100 thru 1.0167 work properly and 1.0168 thru 1.0199 give an output of
1.0167 MHz. This pattern also repeats at any other frequency: the first three digits work
properly and the fourth and fifth digit work properly when programmed between 00 and
67. Armed with these data, and a knowledge of the synthesizer 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 5/Reference PC board, or the translation
loop located 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 translation loop or digits 4 and 5 loop, and can be corrected with a simple calibration
adjustment. Determining which of these two possible loops are bad requires going in-
side the 172B 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 1.0254 MHz;
all programmed frequencies from 1.0200 thru 1.0299 MHz measure 1.0354 MHz, etc.
Again, the indications are that the digit 2, 3 loop and all following stages are operating
correctly because the synthesizer follows each 10 kHz change in programmed fre-
quency even though the output frequency is not correct. The digit 4, 5 loop or the
translation loop is functioning incorrectly and outputting a single frequency instead of
following the programming changes. Again with these symptoms, one of the two loops
may have a defective component or the oscillator natural frequency 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.

1. An.indication-of the specific failure location-can-be obtained by a careful-study-of the-ae- -



5.6 MICROPROCESSOR

When microprocessor problems are suspected,
always check the +5, —5 and + 12V power supplies
(refer to paragraph 5.2). If all voltages are present,
use table 5-6 to troubleshoot. Replace board
assemblies one at a time, until 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
isolate 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 microprocessor through the data
and address busses. Because of the intimate relation-
ship of the front panel and microprocessor, it can be
difficult to isolate a problem to a particular area.
(Refer to table 5-8 for troubleshooting hints.)

Table 5-6. Microprocessor Troubleshooting

Symptom

Possible Cure

172B will not power
up.

-

. Replace RAM board.

Replace Microprocessor board.

172B powers up, but
gives ERROR when
key is pressed.

N -

Replace RAM board.

. Replace Microprocessor board.

172B powers up with
ERROR in left margin.

Replace Microprocessor board.

2. Replace RAM board.

172B powers up and
reads different GPIB
address other than
the setting.

. Check the isolated + 5V (refer

to paragraph 5.2).
Replace GPIB Interface board.

172B will not talk or
listen on GPIB.

. Correct the listen address set-

ting on rear panel.
Check the isolated +5V (refer
to paragraph 5.2).
Replace GPIB Interface board.

While running, 172B
resets itself and dis-
plays “‘“WAVETEK
MODEL 172B”.

-

Replace Microprocessor board.
Replace RAM board.

Table 5-7. GPIB Interface Troubleshooting

Symptom

Discussion

1. When addressed as a listener or talker,
the 172B does not display an L or T on
the right-hand corner of the display.

Find the GPIB listen and talk addresses by pushing the ADR key. They will be displayed.
Program the controller to send the listen address. (The HP 9825 controller message is
wrt 7xx, where xx is the 172B address.) L, or RL, should appear on the right-hand corner of
the display; if not, the malfunction is in the GPIB Interface board. The talk address problem
is similarly dealt with.

2. Displayed parameter values differ
from GPIB programmed values.

Use the CMD RCL key to display the programming received by the post-interface circuits. If
this differs from GPIB programmed vaiues, duplicate the programming by using the front
panel controls. Correct display isolates the malfunction to the GPIB Interface board.




Table 5-8. Front Panel Troubleshooting

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

Symptom

Discussion

When power is first turned on, the front
panel readout displays ‘SELF TEST".
After a shortdelay, the microprocessor
commands the front panel to display
“WAVETEK 172B”. The message is
not displayed.

If this message never appears, the problem can be on any of the digital boards. Most iikely
it is not a front panel problem. While a front panel failure could cause the front panel not to
accept data, it is much more likely the microprocessor never reached the portion of the
operating program that causes the initial display. Replace the Microprocessor and Memory
RAM boards one at a time. Test the 172B with each replacement.

After the turn-on delay, the initial
random characters are replaced by
another meaningless display.

The microprocessor is reaching the front panel. Examine this message carefully for clues as
to the possible problem; for example, “V@VDTDJ062B" instead of “WAVETEK 172B"
would indicate the 1" bit of the data word was hung in a false condition. This could be oc-
curring in the front panel bus receivers, memory or in the display component itself. Another
type of failure mode might be “WAWATETE1717"" indicating a hung ‘2"’ bit on the address
lines driving the memory IC. In any case, the malfunction is most likely in the front panel.

The display is missing portions of
characters or characters are jittering
in position.

The problem is most likely the display component, although the — 250V regulator could be
causing the flicker. Replace the front panel.

The keyboard ‘‘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 172B cannot be commanded by any means, the
problem is most likely not in the front panel. A front panel address or data bus driver or
receiver could fail in a manner to permanently hang a bus line, preventing the microproces-
sor from operating properly. Unplug the front panel from the mother board (J20), with power
off. Turn power back on and again try to command the 172B via GP!B. If the 172B runs

properly, the problem is in the front panel.

The keyboard fails to ‘“‘beep”, but
commands the 172B properly.

The probiem is in the circuitry associated with the audio sounder. Replace ihe froni panei.

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

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

The following four calibration procedures may be used
to totally align the 172B periodically, or they may be
used individually to calibrate the functional group to
which they apply. Individual procedures would be used
in the case of a circuit board replacement or for out-
of-spec operation of a particular functional group.

The completion of these calibration procedures
returns the instrument to correct calibration. All limits
and tolerances 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 microprocessor 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 Panel. ... ... ... ... ... .. .. paragraph 8.5

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.

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

The air inlet for the instrument cooling fan contains
a filtering screen that must be cleaned periodically.
To clean, 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 procedures given in table 6-1.

c

SEcTiON U
CALIBRATION

6.3 FUNCTION GENERATOR CALIBRATION

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

1. Frequency Counter: Dana Model 8110
2. DVM: Dana 5900
3. Distortion Analyzer: HP Model 334A

4. Oscilloscope: Tektronix Model 7904 with
a. Dual Trace Amplifier 7A26
b. Dual Time Base 7B92
c. Differential Comparator 7A13

5. 50 Ohm 5W Termination: Tektronix 011-0099-00
6. Scope Probe: Tektronix P6101
7. Probe Tip BNC Adapter: Tektronix 013-0034-02

6.4 SYNTHESIZER CALIBRATION/VERIFICATION

Use the test equipment listed here, or equivalent, 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: Wavetek

6.5 FRONT PANEL CALIBRATION

1. Repeatedly pressany front panel switch to obtain
an audio tone.

2. Adjust R15 on the front panel PC board for the
greatest volume.

CAUTION

There are exposed high voltage points (250
volts) in the display section.
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Table 86-1. Power Supply Calibration/Verification Procedures

Cal Desired
Step| Check ‘Tester Points Program Adjust Results Remarks
1 + 15V DVMin TP7 (gnd) Power ON R24 +15.0 Vdc All test points and adjust-
dc mode TPS (initial setup) 20 mV ments are located on
power supply regulator bd.
2 - 15V TP8 —15.0 Vde Verify.
+100 mV
3 +12v TP10 +12.0 Vdc
+350 mV
4 -5V TP11 —5.0vVdc
+100 mV
5 + 5V (iso) TP14 (gnd) + 5.0 Vdc
TP13 +200 mV
6 + 24V TP3 (gnd) R10 +24.0 Vdc
TP5 +200 mV
7 — 24V TP4 —24.0 Vdc Verify.
+200 mV
8 + 5V (logic) TP15 (gnd) R58 +5.0 Vdc
TP12 +100 mV
Cal Desired
Step | Check Tester | Points Program Adjust Results Remarks
1 Trigger DVM in TP1 FREQ: 9.99E2 R54 0V £10 mVdc 999 Hz, inverted, 10V p-p,
Baseline dc mode (function/ FUNC: 4 (triangle dc, trig mode. Allow 1 hour
preamp bd) | QUTP: 1 gen bd) warm-up.
MODE: 1
AMPL: —-10
EXEC
2 Symmetry TP2 R124 0V +1 mVdc
Zero (triangle (triangle
gen bd) gen bd)
3 Inverted TP3 R53 0V 2 mvde
Zero (function/ (function/
preamp bd) preamp bd)
4 Standard TP2 R79
Zero (function/ (function/
preamp bd) preamp bd)
5 Offset TP4 R75 OV =5 mvdc
Inverted (pwr ampl/ (pwr ampl/
Zero offset bd) offset bd)
6 Offset TP2 R72
Standard (pwr ampl/ (pwr ampl/
Zero offset bd) offset bd)
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Table 6-2. ,Function Generator Calibration Procedures (Continued)

_ Cal Desired
Step | Check Tester Points Program Adjust Results Remarks
7 Power 50Q OUT R53 oV =1 mVdc
Amplifier (rear panel) (pwr ampl/
Zero offset bd)
8 Positive Scope TP1 FUNC: 2 R79 +2V £10 mVp cont mode.
Triangle with com- (function/ MODE: 0 (triangle
Peak parator preamp bd) | EXEC gen bd)
9 Negative R76 -2V £10 mVp
Triangle (triangle
Peak gen bd)
10 1000:1 2 channel 50Q OUT OUTP: 0 R58, R75 5 0.5 mson , no internal load (load
Symmetry scope (rear panel) | FREQ: 1E4 (VCG bd) each Y2 cycle at scope). 10 kHz range,
with 500 EXEC (100 £10 Hz) 0 Hz; R58 and R75 settings
load FREQ: O {use scope with must be done in sequence.
EXEC 1 ms/div sweep)
R28 (VCG bd): ccw

11 Bottom FREQ: 1E2 R33 Symmetry
Symmetry EXEC (VCG bd) +0.1% (10 ps)

12 Top FREQ: 9.99E2 R67 Symmetry
Symmetry EXEC (VCG bd) +0.1% (1 us)

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

14 Bottom Counter FREQ: 1E2 R28 100 =1 Hz
Frequency EXEC (VCG bd)

15 Top FREQ: 9.99E2 R2i 999 +5 Hz Repeat steps 14 and 15
Freguency EXEC (VCG bd) until all settings are in

tolerance.

16 Frequency 50Q OUT FREQ: 12.99E6 Ca1 12.99 MHz Check over 1-12.99 range

(rear panel) | EXEC (triangle +50 kHz and distribute the error.
gen bd) Verify 1E6 (£ 5%) and 1E7
(£4%).
17 FREQ: 9.99E5 R22 999 +5 kHz
EXEC (VCG bd)
18 FREQ: 9.99E4 Ca4 99.9 kHz
EXEC (triangle +500 Hz
gen bd)
19 FREQ: 9.99E3 R20 9.99 kHz +50 Hz
EXEC (VCG bd)
20 FREQ: 9.99E1 R18 0.01001s +£50 ps
EXEC (VCG bd) (50 us)
21 FREQ: 9.99 R17 0.1001s £0.5ms
EXEC {VCG bd) (0.5 ms)
22 FREQ: 9.99E-1 R120 1.001s x5 ms
EXEC (triangle (5 ms)
gen bd)
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Table 6-2. Function Generator Calibration Procedures (Continued)

Cal Desired
Step| Check Tester Points Program Adjust Results Remarks
23 HF Aber- 2 channel FREQ: 1E6 C12 Best < 5% overshoot
rations scope EXEC (pwr ampl/
with 500 offset bd)
load
24 Sine Scope FREQ: 9.99E2 R11 +5V +£20 mVdc Internal load, 999 Hz
with com- FUNC: 0 (function/ at positive peak output. Center R45 on pwr
parator & OUTP: 1 preamp bd) ampl/offset bd.
distortion EXEC
25 analyzer; R9 -5V +20 mVdc
load re- (function/ at negative peak
moved preamp bd)
26 R107 Symmetrical Connect scope to distor-
(function/ residue tion analyzer output.
preamp bd)
27 R1 Minimum distor- After this step, repeat
(function/ tion (0.15% typ) steps 24 thru 26 once.
preamp bd)
28 Negative DVM in R45 3.535V £ 3mVrms
Sine Unity ac mode (pwr ampl/
Gain offset bd)
29 Positive- - -AMPL:-10 --R95 . 1.3.535V %3-mVrms|-
Sine Unity EXEC (function/
Gain preamp bd)
30 Gain FUNC: 1 R5 2.775V £3mVrms | With average responding
EXEC (function/ DVM. Otherwise, use com-
preamp bd) parator to set peaks to
+5Vp £20 mV.
31 Posi- DVM in 502 OUT FUNC: 2 R36 +5Vp 10 mV Slow output, internal
tive peak dc mode | (rear panel) | FREQ: 0.1 (function/ load.
EXEC preamp bd)
32 Nega- R43 —-5Vp 10 mV
tive peak (function/
preamp bd)
33 + DC Offset FUNC: 4 R62 +7.49V + 7.49 Vdc output, internal
Gain OFST: +7.49 (pwr ampl/ + 20 mVdc load.
EXEC offset bd)
34 — DC Offset —7.49V Verify.
Gain +20 mVdc
35 Haver FUNC: 1 R37 —5V +50 mVdc Gated havertriangle base-
Baseline OFST: 0 (triangle line output.
AMPL: 10 gen bd)
MODE: 5
FREQ: 999
EXEC
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Table 6-3.

Synthesizer Calibration/Verification

Cal Desired
Step | Check Tester Points Program Adjust Results Remarks
1 Time Base Counter REF OUT Power ON L2 10.00000 MHz Allow 1 hour warm-up.
(rear panel) | (initial settings) (digits 4 +50 Hz
& 5 bd)
2 Verify 5092 OUT FREQ: 12.9999E6 12.99990 MHz Verify.
12.9999E6 (rear panel) | FUNC: 2 +65 Hz
AMPL: 10
OUTP: 1
MODE: 3
EXEC
3 Verify FREQ: 10.9999E6 10.99990 MHz
10.9999E6 EXEC +55 Hz
4 Verify FREQ: 9.9999E6 9.99990 MHz
9.9999E6 EXEC +50 Hz
5 Verify FREQ: 999 999.000 Hz
999 Hz EXEC +5 mHz
6 Verify FREQ: 10 10.00000 Hz It is normal for this reading
10 Hz EXEC + 500 uHz to show some cycle-to-

cycle jitter.

This completes the verification
fault isolation.

before attempting

portion of this

procedure. If negative

results were obtained, complete the

calibration procedure

7 30 MHz RF milli- TP3 Power ON L3 Maximum reading { Place digits 4 & 5 bd on the
Multiplier voltmeter (digits 4 (initial settings) (digits 4 extender bd. Remove
& 5 bd) & 5 bd shield. Connect probe gnd
30 MHz lead to board common as
MULT) near TP3 as possible.
8 60 MHz TP4 L4 Maximum reading | Note: Turn instrument
Multiplier (digits 4 power OFF while removing
& 5 bd or replacing boards.
9 Digits 4 DVM Junction FREQ: 10.9999E6 L1 1.70 Vdc Connect DVM ground to
& 5 VCO CR1/C3 EXEC (digits 4 board common.
& 5 bd
40 MHz
VCO)
10 Translation Terminal C1 1.30 Vdc Replace digits 4 & 5 bd and
Loop VCO VC on place digits 2 & 3 bd on the
60.4 MHz extender bd (2 if possible).
Module Connect DVM ground to
60.4 MHz module common.
C1 is the trimmer capaci-
. ! tor protruding from the
underside of the 60.4 MHz
module.
11 Digits 2 Terminal L1 3.50 Vdc Connect DVM gnd to
& 3 VCO VC on 40 MHz module case. L1is
40 MHz accessible thru a hole in
module top of the 40 MHz module.
(digits 2 '
& 3 bd)




Table 6-1. Power Supply Calibration/Verification Procedures (Continued)

Cal Desired
Step| Check Tester | Points Program Adjust Results Remarks
12 Digit 1 VCO Pin VC on FREQ: 1.0000E6 3.46 Vdc Replace digits 2 & 3bd and
35 MHz EXEC place digit 1/mixer on the
module A1 extender bd. L1 is acces-
(digit 1/ sible thru a hole in top of
mixer) the 35 MHz module.
13 |Output Mixer RF milli- TP2 FREQ: 5.8500E6 L7 Maximum reading
meter EXEC (30 MHz
BPF)
14 TP3 L11, L12
(input
mixer)
15 TP4 L13, L14 After this step, reinstall
(34.5 MHz digit 1/mixer board.
BPF)

6-6



7.1 DRAWINGS

The foliowing 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 reference, 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

-y
- SECTION I
PARTS AND SCHEMATICS

numbers. These same numbers are found in the parts
lists. Each printed circuit assembiy has its own parts
list; the parts list number is the assembly number.
The printed circuit board will appear as a component
in the parts 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 needed to 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
ChassisPartsList . ............. ... 1101-00-0726
Front Panel Assembly . ... ... .. .. . 0102-00-0968
Front Panel PartsList.............. 1101-00-0968
Front Panei Logic Schematic . . ... . .. 0103-00-0938
Front Panel Logic Assembly . ... ... .. 0101-00-0938
Front Panel Logic Parts List .. ... ... 1100-00-0938
Rear Panel Schematic . ...... . ... .. 0104-00-0792
Rear Panel Assembly .. ... .. ... .. 0102-00-0792
Rear Panel Parts List .. ...... . .. .. 1101-00-0792
GPIB Decoder Schematic .. .. ... .. 0103-00-0554
GPIB Decoder Assembly .. .. ... . ... 0101-00-0554
GPIB Decoder Parts List ... ..... .. 1100-00-0554
Mother Board Assembly ... .. ... .. .. 0101-00-0717
Mother Board Parts List ... ... ... ... 1100-00-0717
Signal Routing on Mother Board . . . . .. ——
Pass Transistor/Regulator Schematic . 0103-00-0713

Pass Transistor/Regulator Assembly .. 0101-00-0713
Pass Transistor/Regulator Parts 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.
Memory RAM Schematic .. ... ... . .. 0103-00-0708
Memory RAM Assembly . ....... .. . 0101-00-0708
Memory RAM Parts List ... ... ... ... 1100-00-0708
Microprocessor Schematic .. ... . ... 0103-00-0699
Microprocessor Assembly .. ... ... .. 0101-00-0699
Microprocessor Parts List .. ... ... .. 1100-00-0699
GPIB Interface Schematic ... ... ... . 0103-00-0685
GPIB Interface Assembly . . ... ... .. 0101-00-0685
GPIB Interface Parts List .. ... ... ... 1100-00-0685

Power Amplifier/DC Offset Schematic . 0103-00-0710
Power Amplifier/DC Offset Assembly . . 0101-00-0710
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 . ........ ... ... . 0101-00-0592
Power Amplifier Subassembly

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

No. 3 Assembly . ........ ... ... 0101-00-0593
Power Amplifier Subassembly

No.3PartsList ... .. ... .. ... .. . 1208-00-0593
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Drawing Drawing No.
3 Digit Attenuator Schematic ... ... .. 0103-00-0715
3 Digit Attenuator Assembly . .. . ... .. 0101-00-0715
3 Digit Attenuator Parts List . .. ... . .. 1100-00-0715
Function/Preamp Schematic ... ... .. 0103-00-0707
Function/Preamp Assembly .. ... . . .. 0101-00-0707
Function/Preamp Parts List ... ... ... 1100-00-0707
Triangle Generator Schematic .. . . . .. 01083-00-0714
Triangle Generator Assembly . .. ... .. 0101-00-0714
Triangle Generator Parts List . .. ... .. 1100-00-0714

Hysteresis Switch, Triangle
Generator Assembly
Hysteresis Switch, Triangle
Generator Parts List

0101-00-0558

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

Buffer Ampilifier, Triangle
Generator Assembly
Buffer Amplifier, Triangle

....... Generator Parts-List-- . ... ... .. ... 1208-00-0560
VCG and Symmetry Schematic . . . . .. 0103-00-0711
VCG and Symmetry Assembly .. ... .. 0101-00-0711
VCG and Symmetry Parts List . ... . .. 1100-00-0711
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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,
Digit 1/Mixer Assembly

35/40 MHz VCO Module,
Digit 1/Mixer Parts List

Digits 2 & 3 Schematic
Digits 2 & 3 Assembly
Digits 2 & 3 Parts List

60.4 MHz VCO Module,
Digits 2 & 3 Schematic

60.4 MHz VCO Module,
Digits 2 & 3 Assembly

60.4 MHz VCO Module,

. Digits2& 3 Parts List ...

Drawing No.

0103-00-0706
0101-00-0706

- 1100-00-0706

Digits 4 & 5/Reference Schematic . . . .

Digits 4 & 5/Reference Assembly
Digits 4 & 5/Reference Parts List

0104-00-0519
0102-00-0519

1206-00-0519

0103-00-0704
0101-00-0704
1100-00-0704

0103-00-0520
0102-00-0520

1206-00-0520

0103-00-0705
0101-00-0705
1100-00-0705
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uaAn
THIS DOCUMENT CONTAINS PROPRIETAR;I INF?I"; (f;’gg;’;;r DEM/L A
WAVETEK AND MAY NOT BE REFRODUCED FOR ANY CEAL FANEL COMX OUTING
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. PART ) 7/ 0, W (6) @ [
INTERNAL TOOTH
LOCK WASHER (6) L— NOTE: MOTHER BoAaeD
SOLDER(2) .00y 3KV CAP MUT(C) BNC CONN. FLAT (RPEF)
FROM RARTITION TO MOTHER SHOWN TORSIDE, L2545
BOARD (2 FLCS) INSTALL IN CHASSIS 42749 @ YR 6 ACS)
AS SHOWN

MOTHER BOARD
(PEF.)

DETAIL"F"

INSTALL GEOMMETS
SEE DETAIL A"

(3)) INSTAL L INSULATORS WiTH DOUBLE ——
SIDED TAPE, 7YR ON BOTH SIDES
gﬁpfggﬂf/bﬂ (REF. BN /#00-00-689/)

@ CABLE CLAMP (3)
SEEDFTAIL "B”

@\

N—cano e 6) AP

MNO.4-40x /8" MOUWTING
b2 FANEL

JIF29¢43

LR
(SEE SHEET 2GF 2)

@
COAX ROUTING AS R RR R
03”0%/,{"/.% 11500001
MOUSE i
MOTHER BD. (7) o0 © 00000 ©
\-sy/vc oUT/ TRIG IN
VCG /IN/PLK 1,
PEF 11y PEE OUT
FUNCTION | COAX | SHIELD | cotor T LENGTH ON)
PEF. IN JI-29 | _Ji-27 GRN /47
REE.OUT | J/-43 | JI-42 | GRN/WHT /37
VCG IN JZ-25 | J4-27_ | RELJWHT 247
LK TN JE-50 | JZ-49 BLK 1557
SYNC OUT | I5-26 | J5-25 | BLU/WHT /77 ]
721G IN J5-50 | J5-29 BLU /7%
@ TYP OTHER SIDE (2)
DFETAIL 'B”

CABLE CLAMP LOCATION

70P

LOCATE DIECTLY
ON BASE OF .

CHASS/!IS
MOTHER BOARD QLgn
/7” 1
REY ECN BY IDaTE[APP
G 2785 £ lofirfy [z
NO. 4-40x Yy2” PAN HEAD H 3553 DC 12183
SCREW WITH INTERNAL BE SURE .00/ CAP. TERMINALS
TOOTH LOCK WASHER (8) WAEE AWAY FROM CHASSIS < 3777 AAsT |sc p
RRTITIOMS BELORE
TIGHTENING
LEF: DETAIL “F
REMOVE ALL BURRS [DRAWN DATE
AND BREAK SHARP EDGES | D). COOPER. 7.257
. om0 e s [TITLE
RELEASE APPROV ASSEMBA Y
F | £CN 2141 | DLHPER |/ TOLERANCE UNLESS C//A$/S
£ |ECV #2/3]  |L EACHART | 5580 FNSH  rocess §f"T ”%33 S aNeLES 11°
D # I??'I Jﬂbﬂ/;f - 17‘79 J ) DO-I;IOT SCALE DWG |MopELNo. DWG NO. REV
NOTE: UNLESS OTHERWISE SPECIFIED C | ECN ¥ 194/ D COOPER | 3-26-79 SCALE /72 0/02-00-07 2 ;7/
D | &n# o1 hiniad |20 e 23338 swEeT_ /o2
8 7 6 [ 5 k) 4 | 3 2 1
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l REV I ECN I BY Ions‘ app’

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-

O A e S OBUGED FOR ANY NO. 6-32 x Fa" FLAT HEAD

REASON EXCEPT CALIBRATION, OPERATION, AND CADRATE SCREW ( TOP AND

"AINTEN_ANCE WITHOUT WRITTEN AUTHORIZATION. EOTTOM (OVE S 8&[5‘) xg JFZS PECEP’-ACLE ’_0 BNC PANEL MTG.
PASS TRANSISTOR BOARD 4-40x 36 “ DHD. SCREW
(CEE. JFZPPLUG) WITH INT. TOOTH LOCK

+ R WASHER (4)
NO. 4-40xY/e” FLAT HEA = L b .
SCREW (4 PLCS. EA.END) S . : D
S _ : REAR PANEL ASSY. =
\\ S kS - [’N/

. &

]
-

BEF. 632x 38
/ e —
BNCEANEL INSTALLATION

/. REMOVE PLATE

2. DRESS BNC PANEL TO
PEAR SLOT (BNC FIAT TORSIDE)

3. /MSTALL BNC PANEL TO
PLATE

&4, INSTALL PLATE BACK ON REAR
PANEL AND TIGHTEN

. c
J49 (PEF)

NO. 6-32x ¥8” FLAT HEAD SCREW (CAD.
(¢ PLCS.) €Al PLATE)

@ @ SEE bEMHIL ©° 0
PLACE BLOCK INSIDE
CHASSIS AND FOSITION o BNC PANEL(REF.)
g 0K SUPPORT, AS (¢)@ RC. BOARD LEGEND | “505F | ecmmer
< R (5)@ BD.KEY AND TITLE | BD.No [PANER|TTEM M. | e
PASS TRANSISTOR BLACK
FOR PC. BOARD PEMOVAL @
SEEDETAIL YIEW "D" POWER SLPPLY REG. BLACK
AN i (© | miceo P WHITE D)
~
RED STRIPE ©| cr15 WHITE D)
(PIND 0 >< ®)| em WHITE (s
NO.4-20x %8 " FLAT HEAD SCREW
q W/THSPLIT LOCK WASHER B
0 AND NUT (2PICS. EA. SIDE) -
/ (@) | Power amp/ DC OFFSET GREY
N J / (%f ézj o FLATHEAD SCREW () |pisirs arTenuaror vioLeT | @) ]
CAUTION: FIT SHIELD IN - -
FEONT PANEL ASSY. BOTTOM COVER WITH DOUBLE SIDED Q) |FomcTion PRE-AMP BLue
: TAPE INSAME POSITION AS MOTHER BD. () | aneLe Generaror CREEN
I\_@ @ |vea YELIOW |
W) | o617 1/ mixee ORANGE
PULL-UP =
YR BOTH ENOS ™) | prair 2 avp 5 ee0 | @) ]
(2P p}cTED ®) | oiGir 4 anps /EEF. BROWN 1

/ 3y
/ 5TPLL
MOTHER BOARD
(REF) M
7;4,DE (EEF-) (PEF.) M?‘T::.RAE:K SHARP EOCES PRDQ.JgeOPE)Q g’ WAVETEK SAN DIEGO » CALIFORNIA A
slch g o DETAIL C e
. 4" ‘C" RELEASE APPROV
SUPPOPT FAD APPLY JNSULATION TAPE TO SURPORT R TRCTY eIy ASSEM B Ly
D ALLOWING FOR ie” OVERHANG ON 3 SIDES. e ot SPECIFIED CHASSIS
PLACE RAD INSIDE CHASSIS AND ROSITION w R WAVETEK PROCESS XXX 1010 ANGLES £1°
"UNDER" MOTHER BD. FOR SUPPORT 4S DETAIL "E DETAIL "D T T e
NOTE: UNLESS OTHERWISE SPECIFIED (C’:/é/,gst)/J SHOWN. CONY HOLD DOW'\/ 7Y2 BC. BD. BEMOVAL 22 72 0p-00-0726 | 1
BeRr 23338 sweer 2 oF 2
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[“EV r ECN I 34 Ione[ aep

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPY CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

REFERENCE DESIONATORS PART DESCRIPTION ORIC-MFGR-PART-NO MFOR WAVETEK NO. aTY/PT
NONE ASSY DRWG; CHASSIS 0102-00-0726 WWTK  |0102-00-0726 1
1 BNC BD 1400-00-6021 WYTK  |1400-00-6021 1
2 MTG. BKT 1400-00-6332 WVTK | 1400-00-5332 2
INSULATOR 1400-00-5891 WVTK | 1400-00~6891
REF: 3200-03-0001
4 CHASS1S 113-1575 CALMK |1400-00-7770 1
) INSULATOR, BOTT 1400-00-7830 WTK  |1400-00-7830 1
34 SUPPORT PAD 1400-00-9173 WTK  {1400-00-9173 2
20 RETAINER PLATE 1400-00-9183 WWTK  |1400-00-9163 1
19 RETAINER PLATE 1400-00-9240 WVTK  {1400-00-9240 1
29 LABEL.REAR SUPPORT 1400-00-9780 WVTK  |1400-00-9780 1
31 LABEL, REAR SUPPORT : 1400-01-0010 WVTK  |1400~01-0010 2
32 COVER. TOP 113-1575-94C CALMK |1400-01-1002 1
33 COVER, BOTTOM 113-1575-93C CALMK |1400-01-1012 1
NONE CAP, CER, . OO1MF; 3KV DD30-102 CRL 1500-01-020% 2
6 BNC CONN Ues57/V AMPH | 2100-01-0003 6
9 LOCK: SOCKET CA-24-200-DL cA 2100-03-0046 2
10 SOLDER LUG 1497 SMITH |2100-04-0012 6
WAVETEK CHASSIS 1101-00-0726 "
PARTS LIST PAGE: 1
REFERENCE DESIGNATORS PART DESCRIPTION ORIC-MFGR-PART-NO MFGR WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFCR-PART-NO MFOR WAVETEK NO. QTY/PT
30 CONN 60598-8 AMP 2100-05-0017 & NONE CABLE. 4 COND, 200A 8722 BELDN |6001-70-0007 1
3% GUIDE, BOARD 119-287 CALMK |2100-06~0004 &
36 CARD GQUIDE. BROWN 115-287 BROWN CALMK |2100-06-0007 2
37 CARD GUIDE,RED 115-287 RED CALMK |2100-06-0008 2
38 CARD GUIDE, DRANGE 113-287 ORANGE CALMK |2100-06-0009 2
39 CARD GUIDE, YELLOW 113-287 YELLOW CALMA |2100-06-0010 2
a0 CARD GUIDE, GREEN 115-287 GREEN CALMK |2100-06~0011 2
41 CARD GUIDE, BLUE 115-287 BLUE CALMK |2100-06-0012 2
a2 CARD GQUIDE, VIOLET 113-287 VIOLET CALMK |2100-06-0013 2
43 CARD GUIDE, GREY 113-287 GREY CALMK |2100-06-0014 2
44 CARD QUIDE. BLACK 115~287 BLACK CALMK |2100-06-0013 4
14 TY-WRAP TY-323M T8 2800-00-0006 4
13 WIRE MOUNT, ADHESIVE 6025-08-BLK GRAHL | 2800-00-0024 3
15 STANDOFF, SWAGE 6911-2-3C LYNTR |2800-03-0003 4
.125 H, .250 DIA
4-40,.093 MAT'L
16 GROMMET. RUBBER 91117 SMITH |2800-10-0004 a
18 MOUSETAIL 2829-75-2 RUBTK |2800-12~0003 7
WAVETEK Chassts o1 000726 " WAVETEK Cliassts 11012600726 i
PARTS LIST PacE: 2 PARTS LIST PACE: 3
REMOVE ALL BURRS [DRAWN DATE
M‘A':DE:IRAELAK SHARP EDCES WAVEEK SAN DIEGO ® CALIFORNIA
TITLE
RELEASE APPROV
TOLERANCE UNLESS PARTS LIST
FINISH OTHERWISE SPECIFIED CHASSIS
WAVETEK PROCESS ;:" : g;: ANGLES *1
NOTE UNLESS OTHERWISE SPECIFIED SCSLOE R o ;(’728 DWG1~1001 ‘00‘0726 “EJ
REOHOER MO, Adase CUPRESS W 23338 SHEET of 1

7 6 5 4 4 3 2 ‘ 1




THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO (2
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY )
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

SHRINK SLEEVING
OVER FISH PAPER

(BEF. P/ N: &00)-21-6000)

FOLD FIPST [20W OF INSTALL SWITCH
TABS TOWARD CENTER SUPPORT BD.
) N A4S SHOWN
PoP RIVE T(2>% SOLDER AND
(F/N 2800-/2-0010) CLIP LEADS (@)

DETAIL C”

NO.2-Ebx 14 * PAN HEAD
SCREW WITH SPLIT LOCK
WASHER AND M/T(ZPLCS)

NO. &-32 X{" FLAT HEAD @m}
WITH FLAT WASHER AND

PIN 3
PIN 4
PIN 1

FINZ

D
/@—Na4-40x 8 LAN

PIN NOS WIRE GA) COLOR | DESTINATION
/ 20 GRN Si-2
2 20 BLK S/-3
3 20 RED S/=1
4 MOT_USED
5 NIT USED
[Z) 20 WHT Si-4
7 F7) GRAZYEL | SHIELD
8 MOT USED
9 NOT DSED

HEAD SCREW WITH
SPLIT LOCK WASHER
(2ACS.)

NO.L-LOx 78" PAN HEAD
SCKEW WITH SPLIT LOCK
WASHER (© PLCS.)

A

WIPE SURFACE SHOWN WITH LINT FREE
TISSUE AMD AEPLY FRECUT TAPE AS
SHOWN. LEAVE BACKING N 7TARPE LUNTIL

REV ECN BY I DATE] APP

2082 L | 29 ]

’ - .
MT (@ PLCS.) 0 KEYBD. IS APPLIED 70 RO FAVE L
(DO NOT TOUCH ADHESIVE SUEFACE
@) e OF TAFE) c
Op
0
/]
7 O
@) DETAIL £
RTVI62(TYP& PLC)
70 REMOVE KEYBCARD B
START HERE —
SEEDETAIL"A" ]
5. For keyboard removal:- cut RIV with xacto knife
against panel surface, not keyboard. Pry keyhoard 1
away from panel mounting surface using flat blade " v 7
screwdriver at narrow end of keyboard and peel ggmvé‘éd ?T/ON
keyboard away from panel surface. /(fVB RD 1 L
Y ¥ em e SEE NOTES 1 THRUS
4. Apply RTV to surface of keyhoard and front panel
as shown. Allow to dry 15 to 30 min tack free. REMOVE ALL BURRS DRAWN DATE
(24 hours for full cure) AND BREAK SHARP EDGES | L. COOPER |62 WAVETEK SAN DIEGO » CALIFORNIA A
MATERIAL PRQJENGR
-|7-81 J TITLE
3. Burnish keyhoard surface with moderate pressure using clean cloth. RELEASE APPROV A\S\SEMBL Y
)
2. Remove tape backing & install keyboard in front panel recess. Z,OLERANCE;';"EIEE;D FE’O/VT ‘ ANEL
FINISH ! Ve
WAVETEK PROCESS X o ANGLES 1
1. For keyboard installation:- wipe mounting surface with clean cloth. DO NOT SCALE DWG | MODEL NO DWG NO. REV
NOTE: ‘UNLESS OTHERWISE SPECIFIED scaLt 0102- C0-098
s 23338 sweer | oF [
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1

l REV | ECN I BY [DATEl APP
THIS DOCUMENT CONTAINS PROPRIETARY iNFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR WAVETEK NO. QTY/PT
NONE ASSY DRWG, FRONT 0102-00-0968 WUTK  [0102-00-0968 | 1
PANEL
2 FRONT PANEL 1400-00-7030 WYTK  [1400-00-7030 | 1
FROM: 1400-00-7031
s LENS, READOUT 1400-00-7680 WUTK  [1400-00-7680 | 1
REF: 3200~03-0007
7 BRKT, SWITCH MTG. 1400~-00-7703 WTK  |1400-00-7703 | 1
3 PLATE, NAME 1400-00-8240 WWTK  [1400-00-8240 | 1
15 INSULATOR. PUR SWITCH | 1400-00-8370 WTK  |1400-00-8370 | 2
REF : 14600-99~0001
3 OVERLAY. KEYBOARD 1400-00-9790 WWTK  [1400-00-9790 | 1
1 I.D. , INSTRUMENT 1400-00-9800 WYTK  [1400-00-9800 | 1
8 HANDLE, WHITE 1400-01-3152 WwoTK  |1400-01-3192 | 2
FROM: 1400-00-6951
14 SWITCH SUPPORT BD 1700-00-0730 WTK  [1700-00-0730 | 1
? PLUG, FPIN 03-06-2091 MOLEX |2100-02-0011 1
16 SOLDER LUG 14836 SMITH [2100-04-0025 | 1
10 PIN, MALE 02-06-2103 MOLEX [2100-03-0003 | 9
12 SWITCH, POMER 5102-00-0006 WTK |3102-00-0006 | 1
13 KEYBOARD 25MD200P73079 CRL  [3108-00-0008 | 1
LE ASSEMBLY NO. REV
WAVETEK ASSY, FRONT PANEL 1101-00-0968
PARTS LIST PacE: 1
REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR~-PART-NO MFOR | WAVETEK NO. aTY/PT
NONE CABLE, 4 COND, 206A 8722 BELDN [6001-70-0007 | 1
TITLE ASSEMBLY NO. REV
WAVETEK ASSY, FRONT PANEL 1101-00-0968
PARTS LIST pacE: 2

REMOVE ALL BURRS
AND BREAK SHARP EDGES

DATE

MATERIAL

WAVETEK SAN DIEGO  CALIFORNIA

TITLE
RELEASE APPROV
PARTS LIST
TOLERANCE UNLESS
o OTHERWISE SPECIFIED ASSY, FRONT PANEL
WAVETEK PROCESS XK 010 ANGLES 1
DO NOT SCALE DWG MODEL NO DWG NO. REV
NOTE: UNLESS OTHERWISE SPECIFIED SCALE 172B 1101-00-0968
—
oenr 23338 sneer 1 OF 1

BISHOP GRAPHICS/ACCUPRESS
REQRDER NO. A-3894

2

1




8 ' 7 | ¥ 4 | 3 2 | i
| [ REV I ECN I BY IDATEl APP
L’;I‘? DOCUMENT CONTAINS H;SDPHBIEI&‘R(V“NIE‘FO’% - I
:EAXE‘Z%K AND MAY NOT Bziizmggggi%gon ANy BUOg y ngz/-/%_ RFACE DISPLAY TIMING
PY C. . ,
AINTENARGE WITHOUT WHITYEN AGTUORIZATION, | +5v CIRCUIT
CONNECTOR
o R25
| 10K
/ +5v 7402 R26 D
> 8795 s 12 oK S8
P 3 A2 | BLANK/ ve [, +5v
6)>— DBUS 5/ (B®)
,7z_ 5¢ . )2, . | U0 T RI ,R2RIRARS
@
5;._Dgu,53/ o | LSI63 ey +5y—LSie3 10K (5) 15V
1 e :
o> [ (e 2 14 3.2 cvLck:< 2 2
| /3 Ql A 3 +5v a
9>—DBUS 4/ (BG) 5 4 2 gz B a 7 Lso4
19> v2 11los cls o 11%62 Loy
10>—DBUS I/ (86) o 8
S '3 14 | VoS 3
—] e) vz it 5] —%4 Loy,
11>~ DBEUS 2/ (B&) j | oo amio 7 %
25 9 <vorlo 1519 |7 l v U3>0Z LDC/
18)— DBUS @/ (B6) hi5 | " /1
U9 ) 0
ZD— 12V I uis RESET > % o
= L5163 |plo |- 7902 9 8
) Su—— I 14 LS00 g LDE/
+5v 5 ™, L500 9
a4 >—— | U3 & cxd 13 84 ia
MMCo8I10AL 2|, 1 10
IBy— v 24 TRG = (Sé%?) ura |, c
Vcc ) A L.
5,7.20,22,239— N/C 23l ag s | 1Bl gla
225, cselll é T cl=
‘::)AZ cs4 :; Vel . Dfe
Lsoo o435 I_. —_— iR Vpof8 250 KHz
194 18 voD i /6 v
| /2, FRZ @ 1 3 S i ’27 .:+5v
+sv—f2 B: 2| % /3 e MS I RESET/
cs3 b1 LS00
paf2 I L2, 5 7402
D3 5 ] ’ Jtq a
0 ale : 0 RESET
sy 8] Y% 2 e psl7 L <
| MASTER
l CLOCK
ce m—
e - \ 220PF
KE YBOARD veo-23 | 1H; 1}
ENCODER I 4amHz CRYSTAL X
urz d
+5v
+5v I LSI63 3 3 B
JG00 PRO L1 . |9
CONNEC TOR s | L504  s5gur &3 Lso4 Ls04 Rl ]
J3- - 330PF
L6/RG vcc ! 2 L ool Slose? 2 el ||
13— 29, B4 I I }:LKENT L2
r2é——Fx, B5
14 %—S—QXZ Be ',Q,,(O 55 Vec 2
37}
(5 — A | M 3y aold—nsc
039 4 13
g&— Iy, 89 RII 8 Q/IF——N/C
46———vo  pam I 10K e @eff— ne
READY}
5(——-—————ng/ ST o 2ln Q3”_
&,’<____Eeo$2 - I - o 8lenp cofl2—— e —
3 &—+Elv. o +sv 1 v ]
i F_.__Z_Z Ys 4
2¢—— 23y, DS1 I
24 27 BEEPER .
— 24
14 Y, Ve CcRY emMB-06 I ]
5 5 eV
4093 R9 Q/ l
4 10 9 /K
urs cLK W 2N3903 i
REMOVE ALL BURRS RAWN DATE
19 AND BREAK SHARP EDGES |S. CHERMACK]514-81
R7 7T, 14040 1) 4093 MATERIAL WAVETEK SAN DiGo « caLrorma A
KBOUT/ +5v —1] 3 q -\ :R\[TITLE
3, ALL DIODES ARE FD6666. 5V Hipsr |4 2| Y'® RELEASE APrRov SCLHEMATIC
2. ALL RESISTORS ARE IN OHMS. T e —| L OG/C/DECODER BD
1
1. ALL CAPACITORS ARE IN MICROFARADS. WAVETEK PROCESS X000 ANGLES 1
DO NOT SCALE DWG MODEL NO. DWG NO. REV
NOTE: UNLESS OTHERWISE SPECIFIED SCALE ,72 B 0/03_00.0938
" SEOT GRAPHICEACCUPRERS f beny 23338 SHEET [/ oF 2



|

|

l Vo I

caz l l
|

|

RELEASE APPROV

TOLERANCE UNLESS

FINISH
WAVETEK PROCESS

OTHERWISE SPECIFIED
XXX £.010 ANGLES £1°
XX 2.030

SCHEMAT:
LOSIC/DECOLER =

8 7 5 ¥ 4 Sk '3 L2 1
l REV I ECN I BY lDAYEl APP
THIS DOCUMENT OONTAINSG:q_gPRBI:IAOl:ngquer
N Rt
mvgéx :ﬁg Mgssfm BE REPRODUCED FOR ANY DISPLAY DRIVER CIRCUIT
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION. RIS
JOK SIP sy
R26e (102 I I I T B A
IOKSIP : | FLUORESCENT
Mg iy 51 | DISPLAY
: : w20 1 Vi DCaos4az
| I /N 8600-00-0224 1 | +aav
1 ! +5Vv e[ =~ -[--{--
LS 954 - o 6 7 l8lz |3 |4 |5
2 I / I 4
5 1415 P v nnty 2 liz ‘//,@} 34
ETO! A Q1 Vap Va5 =5
7 10 8 15
(1p2) BCpe Al Q2| 3 2 e
BCD3 Glpp a3id
. 5 13 3] val [zo 33 +5y
U7-i3 ” A3 4 4] 4815 19 32 tasv
U7-9 <144 Qs ;;’ 5 78 3 ‘ R24
(res) { YTl AS Qe © 7 30 5|6, S"OK
-5 2lpe qrle 38 2 SERI (1C3)
l v7-53 —Ha7 el — N 104/ —2]ax e 39 ’ 7 o8/
uT-7 A8 Aoli8 (101 2221]/ 40 2] vze on
s @ - 4! 9| @810 \
8L ANK/——— L 45y a2 3 5
‘7 (Ds) 75 F Vss|
Vos AL A9 7 222111 27 44 2 ;
j2 19 |2z
8 /5 28 a5 I 2
9 /4 29 a6 /8
J 3| vez [2o 26 a7 77
4| 4a/5 [19 25
5 18 24 1DAy _!j IM/:; BLANK/
& 7 75 48 (105 12 14 VD3
LoB/ —£] 49 /1
(ich) =17 50 10| VE7
-_—m_————-—-—-—-—————————————-———————————————ﬁ 5/ 9] 9580
+44v 52 8 v 5
DISPLAY POWER SUPPLIES | Y 53 5] %
72 e 22 54 2
| 8 /5 B 55 / 12
) 74 20 56 18
3| V&3 |20 23] 57 17
cR
e | 414815 [19 15 75 T
_M——l_% = 5 m +a4y = +5v
> RI4 2 i7 17 58 et E_I
10 Qz 2 59 1
2N2EISA 1 bC/ —=4
Crcn =25} O o] ves
T/ BLANK, +5v o/ 4810
El crs 2N2:86 R19 (’05)/ ? w2 2 5
33.2 +44V. Vssh
<4 A < A +aavpc &3 3 s
5V 37 + +51- v, + N/ 2 |1
f z5 5v/ c7 . 7 /e 13 L4 2
1 fa i« RIS cR7 "7“ NI/ cs P 15 Iz %5 7 6
Uiiia ok ol 439 £2 Zsov) 7sov B 14 /3 o /8
Gk K/ VW RZ0 3 Ueg 20 12 o7 7
o U30 c5 2K 481
2 FIL 1 4 9 " Z i3 _
i rara e @ 5 vi37 c'/ele C'Rg 5 8 1 Lo4r . 3 pLans
D
7, 1o % s 5V gl Z 17 9 68 2 14
o & ©9 /1 7
FiLo Lo/
i .00! REI Gchn A 0 =
; — 30/ K - 77 51 ve9
1L BLANK / 1 72 s | 4870
2= (1D5)
2=, ~17 05 73 3
9 Q3 2Na0a7 72212, ® 74 2l ls
ENZ2ISA 8 15 7 75 ! |
R23 S 4 8 7% /8 \
CR3 +5v-/ IOt K 3| ves |zo 5 |77 17|
< R22 al«815 [79 ] e
4.99K 5 78 £
v A 17 2 + 44V 37 .
\Y v Loe) —E .
!
Gen 112 1/ 37 j
+44v FiL 1 .
FiLo
FB/
+5v +Sv-/ REMOVE ALL BURRS |3RAWN DATE
, cre cn |+ cas _awo snea suare ocs . HERMACKIS 148 | NAVAVEE TEEK ca o - cavonn
s THRU /ooo//6 ¥ . //5 or ] 4 9-17-9)[TiTLE

DO NOT SCALE DWG

MODEL NO.

DWG NO. REV

NOTE: UNLESS OTHERWISE SPECIFIED SCALE 1728 ClIOF- 000333
[ER% 23338 sHeET £ of -
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MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEFT CALIBRATION, OPERATION, AND
MANNTENANCE WITHOUT WRITTEN AUTHORIZATION.

I I |
| oispLaY TIMING CIRcuIT I | AL | e AL
MASTER CLOCK | "R | | / - U5 i Vel I
| J_ | l I | U6 ' Uu12 u13 l. ‘ga EII | D —R4— ‘,/~\\ ASSEMBLY REV ///\\\
? T % 858 ?'f 5 | | 0 1 0 | | | 8 DISPLAY DRIVER CIRCUIT —R— , \ /' / N e
. | ¢ I s U TP, Ul . UM . UBN—~- w7 =~ Us
o —~C— | —cn— —— | I | 2 M . L 2 [ |
AT = Ut u10 | IF é > 3 é ) g
s o S— — = ! | ==
L ] [ ] ~
e = e e | L o o e ——
) , U _cm:._'l.rgsﬁ o Ut T T R13 . A ' 1
L[] AN i i —F—  —%—  —C8—  —Ci— | Eﬁﬂ] BEEEE 2
| il ! BeepeR || | 1 | | S | N J Tl vTeea I
| ~-~ T | ‘ u21 | + o5,
|| | ° ¢ - " O L2t 1 L
o —C31- — SR EE
. U —ro— a) L__C_I{J_ L _l . UEUSS INTERFACE CIRCUIT, U L —C2— | 5 v S g 2 e l @ Tl
| (—KEYBOARD ENCODER s 1™ S B | DispLaY POWER SuppLES \__Jis v
| !:I | 1 } | v | ~CR2->4 I
S D | S ‘ U30 MO —R14— O 3le) T
U ! " | B
. | g | o | ?. + —R16— BO
-C1- —C18— . | - -O 6 ~R17— .
—R6— A | | Cias B

e
REMOVE ALL BURRS DRAWN DATE
AND BREAK SHARP EDGES | \A A\ ,E"'EK
SAN DIEGO * CALIFORNIA
MATERIAL PROJ ENGR
TITLE
s Pca
T v —— -
TOLERANCE UNLESS ‘-OG‘C /DCCCDE R .
—— ot SPECIFIED
WAVETEK PRQCESS XX O ANGLES 1
L AREE —
DO NOT SCALE DWG MOOEL NO DWG NO REV
e 772 8 [oior-00-0938]
’ B
1DENT 23338 SHEET oF




1

THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

lREVl

l BY lDATEI APP

REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFOR | WAVETEK NO. aTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR | WAVETEK NO. QTY/PT
NONE ASSY DRWG, LOGIC/ 0101-00-0938 WTK |0101-00-0938 | 1
DECODER BOARD NONE TRANSIPAD 10120 METRS |2800-11-0003 | 3
NONE SCHEMATIC, LOGIC/ 0103-00-0938 WyTK  |0103-00-0938 | 1 pS1 BEEPER QMB-06 STMIC |3000-00-0085 | 1
DECODER BOARD
FBL BALUN CORE 2873000902 FARIT |3100-00-0002 | 1
NONE TRANSFORMER 172B-0050 WYTK  [1204-00-0030 | 1
R18 RES, MF, 1/8W, 1%, 100 RNS5D-1000F TRW  |4701-03-1000 | 1
co CAP, CER, . 001MF, 1KV pD-102 CRL  |1S00-01-0211 | 1
R10 RE R? RES, MF, 1/8Y, 1%, 1K RNS5D-1001F TRW  |4701-03-1001 | 3
€12 €13 €14 €15 C16 CAP, CER, MON, . 1MF, SOV | CACO3Z5U1042030A CORNG |1500-01-0405 | 33
€17 €18 €19 €20 €21 Ri R11 R2 R24 R25 R3 RES, MF, 1/84, 1%, 10K RNS5D-1002F TRW  [4701-03-1002 | 9
c22 €23 C24 €25 C26 R4 R5 R7
€27 c28 €29 C30 €31
€32 €33 €34 C35 C36 R& RES. MF. 1/8M. 1%, 100K | RNSSD-1003F TRW  |4701-03-1003 | 1
€37 €38 €39 C40 C41
Caz c43 C5 R14 R17 RES, MF, 1/8W, 1% 10 RNS5D—10ROF TRW  [4701-03-1009 | 2
c10 CAP. CER, . 022MF, 25V HY-525 SPRAG |1500-02-2309 | 1 R12 R20 RES, MF, 1/84, 1%, 2K RN55D-2001F TRW  |4701-03-2001 | 2
c3 CAP, CER, 330PF, 1KV DD-331 CRL  |1500-03-3111 | 1 R21 R23 RES, MF, 1/8W, 1%, 30, 1K. | RNSSD-3012F TRW  |4701-03-3012 | 2
c1 CAP, CER, 47PF, 1KV DD-470 CRL  [1500-04-7011 | 1 R19 RES, MF, 1/8W, 12, 33.2 | RNSSD-33R2F TRW  [4701-03-3329 | 1
c2 CAP, MICA, 220PF, 500V | DM13-221J ARCO  |1500-12-2100 | 1 R13 R15 RES. MF. 1/8, 1%, 499 RNSSD-4990F TRW  |4701-03-4990 | 2
c7 CAP, ELECT. 4MF, 350V TVA-1401 SPRAG |1500-30-4005 | 1 R22 RES, MF, 1/8W, 1%, 4.99K | RNSSD-4991F TRW  |4701-03-4991 | 1
ci1 CAP, ELECT, 1000MF/146V | CRE SERIES 1000/16 caPAR [1500-31-0211 | 1 R13 R26 RES MDDULE 4310R~101-103 BOURN |4770-00-0008 | 2
RADIAL LEAD, SP .20
CR1 CR2 CR3 CR4 CRS DIODE 1N4148 FAIR 4807026664 9
ca cs CAP, ELECT, 33MF, 25V CLE-L SERIES 33/23 CAPAR [1500-33-3002 | 2 CR& CR7 CRB CR9
RADIAL LEAD, SP .14
a2 a3 TRANS 2N2219A NSC  |4901-02-2191 | 2
ce CAP, ELECT, 47MF, 30V CRE SERIES 47/30 CAPAR [1500-34-7003 | 1
TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. REV
WAVETEK PCA, LOGIC/DECODER BD 1100-00-0738 WAVETEK FCA, LOGIC/DECODER BD 1100-00-0938
PARTS LIST PAGE: 1 PARTS LIST PAGE: 3
REFERENCE DESIGNATORS PART DESCRIPTION OR1G-MFGR-PART-NO MFGR | WAVETEK NO. | GTY/PT REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO MFGR | WAVETEK NO. | GTY/PT REFERENCE DESIGNATORS PART DESCRIPTION DR1G-MFGR-PART—ND MEGR | WAVETEK NO. | GTY/PT
RADIAL LEAD, SP .20
a1 TRANS 2N3903 NSC  |4901-03-9030 | 1 U1z 1c 7415138 T ~41~
NONE LDGIC/DECODER BOARD | 1700-00-0938 WUTK  [1700-00-0938 | 1 ! 8007-41-3810 | 1t
as TRANS 2N4047 FAIR [4901-04-0470 | 1 U10 U1l U13 U17 ic 7805163 ©  |8007-41-
L1 CHOKE, . 6MH 1537-30 DELWN [1800-00-001% | 1 st 7-41-6310 | 4
. Q4 TRANS 2N6486 MOT  |4901-06-4860 | 1 us c 741524 —ap-g010 | 1
NONE SKT, 1C, 24PIN DILB-24P-108 BURND (2100-03-0029 | 2 240 m 8007-42-4010 | ¢
J3 CABLE ASSY CA-D14IDSP-E-CD-005 | CA 6002-00-0003 | 1 ut u7 1c 74L8: -43-
NONE SKT, IC, 40PIN DILB~30P-108 BURND [2100-03-0030 | 1 368 m 8007-43-6810 | 2
2 CABLE ASSY CA-D24IDPP-E-CD-012 | CA 6002-00-0004 | 1 u20 IC, PROGRAMMED 8600-00-0224 WTK -
NONE SOCKET, 14 PIN ce814-01 T1 2100-03-0032 | 1 REF: 8000-27-1600 8600-00-0224 | 1
uz 1c aT95 SI¢  |B00O-08-9500 | 1
NONE SKT, IC, 22 PIN DILB-22P-108 BURND (2100-03-003% | 5
uis 1c CD4093BE RCA  |@000-40-9300 | 1
1 SKT, IC. 28 PIN CA-245PU-10SD ca 2100-03-0045 | 1
U26 Y27 U2B U29 IC, DISPLAY DRIVER UCN4B810A SPRAG |8000-48-1000 | 4
2 LOCK, SDCKET CA-24-~200-DL ca 2100-03-0045 | 1
U21 U2 U23 U24 URS IC, DISPLAY DRIVER UcNeB13A SPRAG |B000-48-1300 | S
NONE SOCKET, 18 PIN DIBL-18P-108 BURND |2100-03-0050 | 4
ua 1c MLM&S10AL MOT  [8000-68-1000 | 1
TP1 TP2 TP2 BUSS BAR STANDOFF 2110-001 ARTWR [2100-05-0024 | 3
uta ua Ic 74L500 T 8000-74-0010 | 2
vi CRYSTAL, 4MHZ 180-302 WTK  |2300-99-0008 | 1
ue Ic 7402 T 8000-74-0200 | 1
vi DISPLAY, FLOUR. DC40SAZ ITRON |2400-03-0010 | 1
(40 CHARACTER) u1s U ©c 74,504 T 8000-74-0410 | 2
NONE SPACER, SWAGE 6310-1/2-2-C LYNTR |2800-04-0015 | 4 v30 1c 7474 T1 8000-74-7400 | 1
.500 H,.250 DIA
.150DIA THRU, . 062MTL va 1c 741574 TI 8000-74-7810 | 1
NONE SPACER, SWAGE 6310-3/4-2C LYNTR |2800-04-0016 | 4 ute 1c 14040 RCA  [s001-40-3000 | 1
.750 H,.250 DIA
.150DIA THRU, . 06ZMTL us ic AY-5-3600PRO 61 8005-36-0000 | 1
TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. REV TITLE
\A/AV‘E TEK PCA, LOGIC/DECODER BD 1100-00-0938 V/AVET‘EK PCA, LOGIC/DECODER BD 1100-00-0938 MVETEK PCA, LOGIC/DECODER BD ﬁs:gféz-“'gvaa REV
PARTS LIST pace: 2 PARTS LIST Pace: 4 PARTS LIST prce: 5

NOTE. UNLESS OTHERWISE SPECIFIED

REMOVE ALL BURRS Torawn DATE
AND BREAK SHARP EDGES
MATERIAL PROJENGR WAVETEK SAN DIEGO  CALIFORNIA
TITLE
—
RELEASE APPROV PARTS LlST
TOLERANCE UNLESS oG
FINISH OTHERWISE SPECIFIED PCA, L IC/DECODER BD
WAVETEK PROCESS XXX - g;g ANGLES "1
DO NOT SCALE DWG  |MODEL NO DWG NO. REV
Toae 1728 1100-00-0938
benr 23338 SHEET 1 OF ]
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1 i | - '
8 7 6 5 4 ; 2 | 1
REV ECN BY DATE APP
T T en. MiGh1S. BELONGING. 10 A | ECN 2785 |f= lohi{eg
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
D
J6-4 N { T498
Tb-5 Yl T2 '
Jb6 >— T49-1
T2 9  VEIL/WHT -/4GA.
| YELWHT g — — c sk 1| SVAC IN —
| BLU/WHT- 22 GA. Tro-ra
o | | G| ] T
o VIQWHT I " ORN 522 | £ o0 CCRI N 14 GA. - T T
I BHOZ” ¢z g |+ Jl6-10
| i 5V DIG COM 2700uf = 52000ut J16-13
BLK/WHT - 14 GA. 25V ey |
B BLK/WHT. = | Ji6-1
Co o 756545 € 7 D VAC IN T/6-2
| | BrRN D 4 " YEL/ WHT -/14GA. JI6-3F
—— e | WHT GRY ' | 7
I CoRcoM | BRN(EVROPE) | ON TR H l RED -22GA. et C
CONN. | BIk(Es) | F1 B [ 5Vac IS0
T\ 3 amP - —
HOT PHASE —————— v, |
SAFETY GROUND ——GND e £L/GRY | || F8 | SVAC ISO
NEUT PUASE ———{P_J}—; | | BLY 3| 8 RED-226A. -8
1 - -
CHASSIS |, Qg 4 ffY/W”T F WHT = | J16-9
BLUE © ! GRN - /5 VAC
| FeONT |~ _cenyree] 6|71 J/5-14
PANEL JI51S5
L ANEL | CHASSIS BIK— |
l
oen 31 GRN/WHT 15V com «
! - J/5-8
JI5-9
sk 3
WHT - | TI5-11
| GRN /5 VAC J15-/2
GaY L | -J/5-
| BLU 24 VAC 2
| B
| BLU/WHT 24 v com -
ery 3| J/5-1
WHT I J15-4
| JI5-3
| BLU 24vAC Ji5-6
I
REMOVE ALL BURRS DATE
AND BREAK SHARP EDGES
- 5% | \AVAVETEK e occo - curoms| A
e MY TITLE
RELEASE APP;}V SCHEMA T/C
POWER SUPPLY
TOLERANCE UNLESS AND
FINISH o7 SPECIFIED X
WAVETEK PROCESS ::;" izg;g ANGLES =17 PEGULATOE REAR IANEL
NOTE: UNLESS OTHERWISE SPECIFIED R DO NOT SCALE DWG _ JmooEe no. DWG NO. REV
0104-0C-0792| A
8 7 l 6 5 ‘ (=% 23338 sweer [ of /



REV ECN BY DATE APP
o A | v #2132 |LE55
THIS DOCUMENT CUNIAINSG:"':;SJI’NBIEII_S;‘;"‘IEr;#E
x:vg'NEK ﬁ:g M'iff'.?é“r sRel REPRODUCE? ggn :n; B |ECN ¥ 2375 C
MAINVENANGE WITHOUT WRITTEN AUTHORIZATION. C | EcN 2785 Il §
NMYLON FLAT WASHER WITH INT. TOOTH D |Ecn 2966 iz
LOCK WASHER AND NUT. ECN 2977 (e i) /s
3227 (ci 7) 7
D
X6-32x Y/5* SCREW WITH
INT. TOOTH LOCKWASHER.
(€3]
GPIB BOARD —
CREFD
BNC PANEL
SHOWN ROR REF. ONLY;
INSTALLED AT
CHASSIS LEVEL
C
Y6 -32x5/8% PHD. ff
SCREW WITH INT &
TOOTH LOCKWASHER <
(4)  DONOT TIGHTEN "
NOW AT THIS LEVEL [
¢
|
% o
ﬁ; ? D\
¥g-4OxT" R HD. e
SCOEW WITH INT.
TOOTH LOCKWASHER
(4) SHOWN FOR.
EF. OMLY
B
S S —
(USED ON T1AND 72) SHOULDER WASHER Vel T e
%6~32x 3% * SCREW WITH WASHER AND NUT (2)
INT. TOOTH LOCKWASHER (2)
o— - :
A SECURE T1ANDT2 TO PANEL BEFORE }
TIGHTENING BRACKET SCREWS :
L~ E 1 /8" ITH
A COMPLETE WIRING PRIOR TO INSTALLATION ik A
OF CAPACITOR ASSEMBLY TO PEAR PANEL TAND NI .
o areax s oes D CoOPER._Ee77
%832 376" PAN HEAD o s 2.C00 WWAVE TEK v oucocnroms| A
LT D (e Y fr T RS P T o
WITHIN THE PANEL RELEASE. aprRov ASSEMBLY
e St REAR PANEL
WAVETEK PROCESS _-;:xig;g ANGLES +1°
NOTE: UNLESS OTHERWISE SPECIFIED sc::.(: NOT SCALE DWG _ |M00EL No. 2;"20? ] J O_pz RZ"D
}% 23338 SHEET / OF 3
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THIS DOCUMENT CONTAINS PROTRIETARV' INFQ.%- )
MAVETEK AND MAY NOT é‘s"i«"zﬁio;;g‘g%ﬁ? ant NO.6 NUT "METAL LOCK *
R e AGE WITVOUT WRITTEN AUTHORIZATION. @\/ NO. G FLAT SOLDER LUG, REF. ITEM S/
THIS PRESS NUT MUST ' : NO.& SPLIT WASHER
, CENTER PIN N BE INSERTED FIRST : PANEL(REF)
JNSULATCR > . NO. 6-32x 38" CAP
2 : 5 SCREW
NUT —
ADD SHRINK SLEEVING (I.5 7 LOAG)
TO TERMINALS (4 PLCS)
_— - W WHT (@) USE MO./0-32 x 98" P HD SCREW
DETAIL "D (B)IBGA, (1468 WITH LOCK WASHERS UNDER AND
TRANSFORMER TYR GROUND (UG ON TOP OF LUG(TYR 4)
BEACKET \S(‘ TACK- U)P oe~(4} ) 4)
_— 3 PLACES I4GA, (Y864 NOTE . ASSEMBLE CAPACITOR BRACKETS(2)
e——— RG-/749U COAX 7% NOTE: ALL CONNECTORS 70 BE ' COMPLETELY BEFORE MOLNTING
YELJWHT 1 MECHANICALLY SECURE TO CHASSIS 2 70 BEAR PANEL
v e L o
DETAIL "C” WHT 110 - BOTH CAES. ¥ G-32x 387 SCREW WITH
- =}
COAX DETAIL FLAT “WASHER enD
YEL/WHT [9 SPLIT LOCK WASHER (5)
KB-TZX 58" RHD. SCREW
WITH LOCKWASHER
EED [7]8 AND NUT (2)

# 4 SLEEVING

JE?S PECEPTACLE

70 JF2P PLUG, HEAT SENSOR
ASS TRANSISTOR BOARD.

/NS;T?LL VINYL COATED SLEEVING
#

CAUTION: THIS TAB MUST BE IN LOCATION StiOWN

SEE
DETAIL "A” DETAIL"D*
POWER RECEPTACLE WIRING < I/SOV CAPACITOR (C1)
(CORCOM) o RN (@) e, eer
- = , et YELWHT  NSTALL BRIDGE ASSY. WITH #6-32 "

BRNYWHT PIN T EXGE’VQ - X ————  veuywnr{ SCREW WITHINT TOOTH ockwasice

WHT, PING i oo (USE HEATSINK COMPOUND)

Yo
BLK, AN 2 O % WHT (2] - (1112 GA (1)/8GA

70 9 PIN MOLEX < eep, s 2 7 R @ BLO@ -l @ e
(22 5ATYR) GRN/YEL 7O \ .‘(
BN LUGH#1 J49 2
GRN,PIN 1 (GEEAE PONEL) @ @ FOR DETAIL
. - WIEING
o1 SLEEVING ‘» OF J1G v J49
SEEF SHiT3of3
1) BLk, BLK, YELJWHT
2] ORN, ORN
3] VIQWHT, BLK/WHT, BLKJWHT J/6
4] GRY, GRY 0)
5] GRY/WHT, GRY/WHT

@) GRN/YEL TO T1

(6] GRA/YVEL TOGRND LUG #2 DINNO. WIPECOLOR 6, _
— = ?L?WH—T_ 27'4 N OT./;Q: ADD /it ABER
z LY STISKERS TO JI= AND JIt
YEL/WHT #8 SLEEVING 3 BLU 2
AND q BLU/WHT |
VIQ/WHT 5 Ly ]
7O FAN s TUSE, iR
8 WHT/GRN i
9 WHT/GEN
0 NOT USED .
1 GRN
2 GRN
A vhid
/
JUMPERS PEQED. ISy GRPN 22
PIN1TO 4 Ble/wyr REMOVE ALL BURRS DRAVN DatE
2 S Bl AND BREAK sHARP Evces |2, COOPER. 6677
2y ay 2. COOPER WVAVE TEK worco - caroms
8 9 WHI/GRN o Dt for2 1T TILE
[l 372 GRN [ ot ASSEMBLY
A - APPLY ¥290 LOCTITE, ALLS SCREWS THRU : AN 1470 15 GRN ‘
BOTH TRANSFORMERS AS SHOWN, SEE DETAIL A" TOLTRANCE DRSS LPEAR FPANEL
( CORCOM WIRING) S ¢ PROCESS :;;'“x' “ono SANGLES 21
NOTE: UNLESS OTHERWISE SPECIFIED SCADLOE NOTSCALEDWG [P ™® uéc/Bg_w_O7g? ab
[ 23338 Sweer 2 oF 3
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NO JUMPERS USED

XX 2.030
‘ DO NOT SCALE DWG ~ [MODEL NO DWG NO. 4‘?_
NOTE: UNLESS OTHERWISE SPECIFIED o5 0/02-00—0792 1
ioent 23338 SHEET J OF .3

RELEASE APPROV

ASSEMEBL Y

TOLERANCE UNLESS

FINISH
WAVETEK PROCESS

OTHERWISE SPECIFIED
XXX £.010 ANGLES 17

FPEAR FANEL

8 7 6

2

8 7 | 6 5 ¥ 4 2 l 1
LREV I ECN I BY IDATEI APP
THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.
D
LUG #E8 4) —
2100-00-00/8
c3 &
29 LONG, /4 GA. - . in r,\
(70 BRIDGE) +" TERMINAL B%
OFANGE / .
I-0PG WIRES
(3) 26" LONG 18 GA. (326" LONMG-/8GAH Q\@ C
70: ya9- 462 ¢ (/)(Tgi'gi?%vgé/dse: e
ORANGE
4= WHT WIRES / 3
J49 (3) 26" LOM5 18GA PV
S > ‘27 tons /4@4\' %
€=
(3) /18 GA. FROM: /- WHT 14GA WIRE /6"16 < &
J49-/ —Jl6-6 y
J49-2 —JiG-5 -
J49-& — UG- 4
PED /
3-BLUE WIRES
(2) 26" LONG I8GA
) C"LONG HGA
B
J/6
J49 J16
WIRING WIRING
FINNO| DESTINATION |COLORY GA. PINNO.  DESTINATION [ COLOR| GA. -
/ Je-G CED | /8 / WAT | 78 4
Z i -5 PED | /8 z WHT | /8 ]
e NOT USED 3 WHT | /8
g "3 ORN |78 2 J49-8 PED [ /8 1
z 73 oRN__| /8 5 J49-2 RED | /8 -
2 FTC5 OPN 78 3 J49-1 PED | /8 -
7 NOT USED 7 NOT USED
5 Jit-% PED | 78 =} NOT USED
9 RED |22
70 NOT USED
72 MOTOSED PED |22
IE] WNOT USED REMOVE ALL BURRS W |
1z By |78 S %"&%é—: FEEET 2 \NVBVETEK oo orcocuvoms| A
/5 BLY /18 r/iM] ..lﬁu g‘ud?‘ TLE

1



THIS DOCUMENT CONTAINS PROPRIETARY INFOR-
MATION AND DESIGN RIGHTS BELONGING TO
WAVETEK AND MAY NOT BE REPRODUCED FOR ANY
REASON EXCEPT CALIBRATION, OPERATION, AND
MAINTENANCE WITHOUT WRITTEN AUTHORIZATION.

[REVI

ECN

I BY IDATEI APP

REFERENCE DESIGNATORS PART DESCRIPTION DRIG-MFGR-PART-NO MFOR | WAVETEK ND. | aTYsPT
33 BNC CONN KC-19-152 KING  [2100-01-0006 | 1
16 CONN, 9PIN 03-06~1091 MOLEX |2100-02-0010 | 1
3 CONN, 13P IN 03-09-1131 MOLEX |2100-02-0012 | 1
17 PLUG, 15PIN 03-09-2151 MOLEX |2100-02-0013 | 2
54 CONN HOUSING 1-87025-6 A |2100-02-0077 | 1t
NONE CONNECTOR JUF28 WINCH |2100-02-0081 | 1
20 RECEPTACLE &vJ1 CORCM (2100-03-0026 | 1
22 Lue 35 ILSCO |2100-04-0018 | 4
51 SOLDER LUG 14856 SMITH (2100-04-0023 | 2
23 PIN, FEMALE 02-06-1103 MOLEX |2100-05-0002 | 5
24 PIN, MALE 02-09-2118 MOLEX |2100-05-0008 | 22
ss CONN PINS 87027-3 AP [2100-09-0047 | &
18 conn 27-843 aPH  [2100-07-0009 | 1
47 LABEL. RECEPT 85-1303 CORCM |2400-04-0001 | 1
NONE FUSE, 34, 2350V 312003 LITFU [2400-05-0018 | 1
8 FAN FILTER 3502 PAMOT (2600-01-000% | 1
25 FAN, MODIF1ED 2600-99-0002 WUTK  |2600-99-0002 | 1
TITLE ASSEMBLY NO. REV
WAVETEK REAR PANEL ASSY 1101-00-0792 c
PARTS LIST PAGE: 2
REFERENCE DESIGNATORS PART DESCRIPTION DRIG-MFER-FART-NO WFOR aTv/PT REFERENCE DESIGNATORS PART DESCRIPTION CRIG-MFOR-PART-NO MFOR | WAVETEK NS. | QTY/PT
NONE ASSY DRWG REAR PANEL | 0102-00-0792 WVTK  [0102-00-0792 | 1 FROM: 2600~00~000%
NONE SCHEMATIC REAR PANEL | 0104-00-0792 WYTK  [0104-00-0792 | 1 46 TIE MOUNT TM-256C PANDT |2800-00-0003 | 1
2 TRANSFORMER | 172B-0033 WWTK  |1204-00-003% | 1 NONE TY-WRAP TY-5234 ™ 2800-00-0006 | 20
NONE TRANSFORMER 1728-0034 WUTK  |1204-00-00%4 | 1 27 INSERT # & 74-11-106-13 SO0TCO |2800-09-0017 | 12
6 SHIELD: PUR 1400-00-6210 WYTK  |1400-00-6210 | 1 28 INSERT #8 74-11-108-13 SOTCO |2800-09-0018 | ©
7 BRKT 1400-00-7043 WUTK  |1400-00-7083 | 1 29 CAP, MTG, BKT FUMR STM  |2800-12-0006 | 1
9 SCREEN COVER 1400-00~7323 WYTK  {1400-00-7323 | 1 30 CAP, MTO, BKT FHMR-2 STM  |2800-12-0007 | 1
1 BRKT, XFMR 1400-00-7343 WTK  |1400-00-7343 | & 53 NUT, PRESS, 6-32 8-632-1 PEM  |2800-16-0014 | 4
10 BRKT, XFMR, MTG 1400-00-7783 WWTK  |1400-00-7783 | 2 34 WASHER, SHOULDER 2648 SMITH |2800-27-0004 | 1
s BNC MTG PLATE 1400-00-7790 WUTK  [1400-00-7790 | 1 3s NYLON FLAT WASHER 2264-N-385 AMTOM |2800-28-0005 | 1
12 REAR PANEL 1400-00-7810 WWTK  [1400-00-7810 | 1 40 SLEEVING, BLK 3/8 IN. | SLEEVING.BLACK 3/8" | NATBR |3000-00-0024 | 2
a8 LABEL, OPTION 1400~00-8880 WUTK  |1400-00-8880 | 1 a1 SLEEVING, BLACK #4 SLEEVING, BLACK #4 NATBR |3000-00-0025 | 2
a5 I.D. LABEL 1400-00-59090 WUTK  |1400-00-9090 | 1 42 SLEEVING, BLACK #8 SLEEVING, BLACK #8 NATBR |3000-00-0026 | 2
52 IPOLYESTER FILM 1400-01-3191 WUTK  (1400-01-3191 | 2 a1 BRIDGE ASSY 30 AMP MDA9F0-1 MOT  |4899-00-0010 | 1
REF : 1600-99~0002
NONE CABLE. 4 COND, 206A 8722 BELDN |6001-70-0007 | 1
c1 CAP, CER, MON, . 1MF, 50V | CACO3Z3U104Z030A CORNG |1500-01-0403 | 1
14 CAP. ELECT, 2700MF, 23V | 91C23HAZ72 MEPCO |1500-32-7202 | 1
12 CAP, ELEC, 32000MF, 13V | FAHM32000~13-B3 CDE  |1500-33-2301 | 1
TITLE ASSEMBLY NO. REV TITLE ASSEMBLY NO. REV
WAVETEK REAR PANEL ASSY { 1101-00-0792 c WAVETEK REAR PANEL ASSY 1101~00-0792 [
PARTS LIST PacE: 