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CERTIFICATION

The Hewlett-Packard Company certifies thatl this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureaw of Standards to
the extent allowed by the Bureaw's calibration facilily.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year
from the date of delivery, or, in the case of certain major compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages.

Service contracts or customer assistance agreements are available
for Hewlett-Packard products that require maintenance and re-
pair on-site.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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This manual applies directly to Hewleil-Packard
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93_6, a "Manual Changes' sheet is included with
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Figure 1-1, Model 5323A and Accessories
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SECTION 1|
GENERAL INFORMATION

1-1. DESCRIPTION

1-2. The 5323A Automatic Counter mensures {re-
quency with aufomatic range selection and constant
resolution at all frequencies from 0,125 Hyz to 20 MHz.

1-3. Freguency is measured by counting an arbitrary
number of input periods (X) and accurately measuring
the number of clock periods (Y) during the same inter-
val. Input frequency is then computed by dividing X
by ¥ and multiplying the result by the clock [requency.
Frequency is displayed wilh seven digit resolution,
automatically positioned decimal point, and correct
measurement units,

1-4. Display features included are: 10 percent range-
switching hysteresis, and avtomatic blanking of non-
significant digits.

1-5. Selected measurement times of: .01, .04, .1,
.2, .4, 1, 2, and 4 seconds, are front-panel sclectable
or controlled through the REMOTE PROGRAM con-
nector. Measurement times canbe controlled by using
an external gate signal, {o obtain times other than
those described above, any value from 0 to 4 seconds.

1-6. The Counter will measure RPM by converting
input pulses per second through a X60 multiplier to
events-per-minuate,

Table 1-1.

1-7. IDENTI{FICATION

1-8. Hewlett-Packard uses a two-section, eight digit
serial number (on instrument rear panel) to identify
instruments (000-00000). The first three digits are a
serial prelix number, and the last five digits refer to
a specilic instrament. I the serial prefix on your
instrument does not appear on the title page of this
maxnual, there may be differences between the manual
and your instrument. If there are differences, they
will be described in a change sheet included with the
manual.

1-9, Al instruments with the same prefix are the
same. The group of instruments to which this manual
applies directly is identified on the title page. For
older instraments (lower serial numbers), make man-
ual changes listed in Section VII. For newer instru-
ments, having serial numbers higher than those listed
on thetitle page, manual change sheets are included,
describing the required changes. The manual for an
instrument having special electrical modificationg will
include an insert sheet describing those modifications.
If a change sheet or specialinformation sheetis miss-
ing, the information sheet can be supplied by any
Hewleti-Packard Sales and Service Officelisted at the
back of this manual.

1-10. SPECIFICATIONS

1-11. A complete list of specifications is found in
Table 1-1.

Specifications

RANGE: dc coupled: 0. 125 Hyz to 20 MHz.
ac coupled: 10 Hz to 20 MHz.

MEASUREMENT TIME: Selectable; .01, 0.04,
0.1, 0.2, 0.4, 1.0, 2.0, 4.0 s, or any time
up {o 4 s determined by the duration of an
external gate signal.

GATE TIME: Automatically selected between
measurement time and twice the measurement
time.

SAMPLE RATE: Sum of gate time and computing
time of approximately 1 ms.

ACCURACY: 11 count + time base error i noise.
RANGE SELECTION: Automatic.

HYSTERESIS: Range switching will automatically
position the most significant digit in the first
display position, except when the frequency is
decreasing from 10... to 08... . In this case
range switching is delayed until the inpuf drops

HYSTERESIS Cont'd:
below 09... . This 10% hysteresis prevents
unnecessary range changes due to input Ire-
quency jitter. Hysteresis may be inhibited by
a rear panel switch.

SIGNAL INPUT:
Sensitivity (min.): 0.1 Vrms sine wave,
0.3 V p-p pulse, 25 ns minimum pulse width,
Sengitivity can be decreased by 10 or 100
times using the ATTENUATOR switch,

Impedance: 1 M shunted by 35 pF.

Maximum Input;

Volis ATTENUATOR Selting
120 Vrms (<1kHz) X1
250 Vrms X106
500 Vrms X100

Overload Level: 1.5 Vrms X ATTENUATOR
settings.

02841-1
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Model 5323A

Table 1-1. Specifications (Cont'd}

SIGNAL INPUT Cond'd:
Trigger Level: PRESET io center triggering
about 0V, or adjustable:

Range ATTENUATOR Setting
+1V X1

+10V X10

=100V X100

Trigger Threshold Band: < 1,0 mV, referred

to inpet at 20 MHz.

Time Base

CRYSTAL FREQUENCY: 10 Mi=z

CRYSTAL OVEN: Self-regulating solid-state
type.

STABILITY:
Aging Rate: Less than 3 parts in 107/mo.
Temperature: < +7 parts in 108/°C.

Line Voltage: < 1 partin 107 for +10% line
voltage variation.

QOSCILLATOR QUTPUT: 10 MHz, 1.0V p-p,
5080 (approx.) source impedance 2t rear
panel BNC.

EXTERNAL INPUT: 1.0 Vrms at a frequency
of 1, 2.5, 5, or 10 MHz.

Generat

DISPLAY: T-dipit in-line Nixie® digital read-
out plus positioned decimal point, units an-
nunciator, and RPM annunciator,

BLANKING: All non-significant digits will be
automatically blanked if the measurement
time selected on the front panel is too short

to guarantee full accuracy. TRear panel switch
allows all digits to he digplayed without blank-

ing if desired.

DISPLAY STORAGE: Holds reading and digital
outpul constant between samples.

RPM DISPLAY: Rear pancl switch connects an
internal X60 multiplier that converts meas-
urement from pulses per second to revolu-
fions per minute.

"ARMED" LAMP. Is illuminated between time
of reset and when input signal first reaches
trigger ievel thereafter.

®Burr0ughs Corporation

GATE OUTPUT: OV while gate open, +4V while
gate closed. Available at rear panel BNC.

RESET: Front panel pushhutton switch resels
the counter and causes display to he 0 Hz,

AUTOMATIC RESET: The counter will auto-~
matically reset to zero if the input is removed
during any measurement, or if the period of the
input signal is longer than twice the selected
measurement time,

HOLD: Retains displayed information indelinitely
while new measurement is made, New informa-
tion is displayed immediately when "hold” is re-
moved. A single measurement may be made by
resetting from the "hold"” position.

SELF-CHECK: Measures inlernal 10 MHz signal.

REMOTE PROGRAMMING: All froat panel function
controls are programmable.

Control Signal: Single line control for each
function, Operated by DTL or TTL integrated
circuits or contact closure to ground. Am-
plificer trigger level can be set by the level of
an external 41V input (which is multiplied by
the ATTENUATOR settings: X1, X106, X100).

DIGITAL OUTPUT:

Code: All numerals, decimal point, and unit
information are available as 4-line 8-4-2-1
coded signals, Logie "0 state approximately
0.4V at 10 mA sink; logic "1 state approxi-
mately 5V open circuit, 2.9 k2 impedance.

Print Command: +5V to 0V step, dc coupled;
occurs at end of measuring and computing
cycle.

Storage: Bufier storage is provided so BCD
outpul is held constant while next measure-
ment is being made.

Hold-Off; Inhibits transfer of data to buffer
storage when instrument’s cyele lime is less
than time required for external equipment to
inferrogate BCD outputs. Positive inhihil
+H5V min., +20V max.

Chassis Connector: Special HP manufactured
connector assembly.

CONNECTORS: All are BNC's except for Remote
Programming {Cinch or Amphenol 57-40500-375,
which mates with Amphenol 57-30500, HP 1251-
0086) and Digital Ouiput.

OPERATING TEMPERATURE: 0" to 50°C.

POWER REQUIREMENTS: 115 or 230 volts +10%,
50 to 400 He, 45 watts maximum. FPFast circuit
breaker action with internal power resetl switch
protects supply. Also resets when main power
is turned off. No cooling fan required.

1-2
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Section ¥

General
Table 1-1. Specifications (Cont'd)
WEIGHT: Net, 14 1b (8, 4 kg).
Shipping, 19 1b (8, 6 kg,
. :(212““"1 INCHES AND {MILLIMETERS) b 18 tazn e ceew]
(Y ELs 2IEn R e une e g0 s

ACCESSORIES FURNISHED: Power cord,
7-1/2 ft. HP 10503A, 500 BNC to BNC
cable, 4 1t (122 ¢cm). Rack mount kit with
P.C. extender board,

DIMENSIONS: 3-15/16 in. high, 16-3/4 in.
wide, 11-1/4 in. deep (88,2 x 425 x
286 mm).

& te) 10 E18 eck wEISHT
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1-12. INSTALLATION AND OPERATION

1-13. Installation and operation procedures are de-
scribed in Sections 1 and 11T of this manual, Remofe
programming and usc of the HP 50508 Digital Recorder
are included in Section I,

1-14. APPLICATIONS

1-15. The Automatic Coumner measures frequency
directly from 0.125 Hz to 20 MHz. For tachometry
applications, an internal X60 multiplier converts data
from pulses per second to evenls per minuate,

1-16. The Counter canbe used to measure the carrier
frequency of a pulsed signal (tone burst} without the
use of a transfer osecillator by one of two melhods.
First is to apply an external gate signal and, as long
as the gate signal is removed before the burst ends,
the counter will measure the carvier irequency. Sec-
ond is to set MEASUREMENT TIME switch to a time
known to be shorter than the burst and the MODE
switch to HOLD. Then apply a reset pulse to the
Counter somelime between bursts., The 53234 will
start counting when a burst starts, and will stop before
the burst ends, The two modes of operation are shown
in Figures 1-2A and 1-2B.

Figure 1-2. Pulsed Carrier Measurement
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i ] I
1
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1-17. EQUIPMENT SUPPLIED
AND AVAILABLE

Table 1-2. Eguipment Supplied

Model 5323A

1-18. Equipment supplied is listed in Table 1-2.
Table 1-3 lists some of the equipment available for
use with the 5323A Counier.

Table 1-3. Equipment Available

(For 230 Vac operation)

DESCRIPTION HP PART NO.
Cable: 4 {t. (122 cm) -
50 ohm, male BNC connectors 105034
Rack Mount Kit 05325-60031
Printed Circuit Extender Board 05245-6022
Detachable Power Cord:
7-1/2 ft. (231 cm) NEMA Plug 8120-0078
Fuse: Slo-Blow, 0.4A, 125V 2110-0019

DESCRIPTION HP PART NO.
Recorder interconnecting
Cable 10524A
Digital Recorder 50508

02841-1
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Section I1
Installation

SECTION I
INSTALLATION

2-1. INTRODUCTION

2~2. This gection contains information on unpacking,
inspection, repacking, storage, installation, remote
programming, and use with the HP 50508 Digital
Recorder.

2-3. UNPACKING AND INSPECTION

2-4. If the shipping carton is damaged, ask that the
carrier's agent be present when instrument is un-
packed. Inspect the instrument for damage (scratches,
dents, broken knobs, ete.}. If instrument is damaged
or fails to meel specifications, notify the ecarrier and
the nearest Hewlett-Packard Sales and Service Office
immediately {Sales and Service Offices are listed at
the back of this manual). Retain the shipping carton
and the padding material for the carrier's inspection.
The Sales and Service Office will arrange for repair
or replacement of your instrument without waiting for
the claim against the carrier to be settled,

2-5. STORAGE AND SHIPMENT

2-6. PACKAGING. To protect valuable electronic
equipment during storage or shipment, always use
the besl packaging methods available. Your Hewlett-
Packard Sales and Service Office can provide packing
material such as that used for original factory pacik-
aging. Contract packaging companies in many cities
can provide dependable custom packaging on short
notice. Herearetwo recommended packaging methods:

a. Rubberized Hair. Cover painted surfaces of
instrament with protective wrapping paper. Pack
instrumeni securely in strong corrugated container
{350 1b/sq. in. bursting test) with 2-inch rubherized
hair pads placed along all surfaces of the instrument.
Insert fillers between pads and container to insure a
snug fit,

b. Excelsior. Cover painted surfaces of instru-
ment with protective wrapping paper. Pack instru-
ment in strong corrugated container (350 Ib/sq. in.
hursting test) with a layer of excelsior about six
inches thick paclked firmly against all surfaces of the
instrument.

2-7. ENVIRONMENT. Temperature limitations dur-
ing sterage and shipment should be limited as follows:

a, Maximum temperature: +75°C (187°F}.

. Minimum temperature: -40°C (-40°F).

2-8. RACK INSTALLATION

2-9. The instrument is ready {for bench operation as
shipped from the factory. Additional parts necessary

02841-1

for rack mounting are packaged with the instrument.
To convert for rack installation, refer to Figure 2-1
and proceed as follows:

a. Remove feet (press the foot-release button,
slide foot toward center of instrument, and lift off).

b. Remove adhesive-backed trim strips at fromt
end of sides.

c. Aftach [iller strip along bottom edge of front
panel,

d. Attachflanges tofront end of sides (larger corner

notch toward bottom of instrument). Instroment is now
ready to mount in standard rack,

Figare 2-1, Conversion for Rack Mounting

FILLER TILT STAND
BOTTOM ETRIP FOOT
COVER

FOOT RELEASE
BUTTON

LARGER

TYPICAL FOOT iNSTALLATION

2.10. POWER CONNECTION

2-11. LINE VOLTAGE. The Counter may be operated
from either 115 or 230 volt (£10%) power lines. A
slide switch onthe rear panel permits quick conversion
for operation from either voltage. The Counleris sup-
plied with a 115 volt fuse; be sure to replace the fuse
for 230 volt operation; see Table 2-1,

CAUTION

Before plugging the instrument into the
AC power line, be sure the glide switch
is properly positioned.
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Table 2-1. 115/230 Volt Conversion

CONVERSION 115 vOLT 230 VOLT

Slide Switch Left (115) Right (230)

0.8 Ampere
Slow-Blow
(HP 2110-0020)

0.4 Ampere
Slow -Blow
(HP 2110-0019)

AC Line Fuse

2-12. POWER CABLE. The Counter is supplied with
a detachable three-wire power ecable, To install:

a. Connect flat plug (three conductor female con-
nector) to rear panel AC line comnection.

b. Determine AC line voltage in use. Use a narrow
blade screwdriver and set rear panel 115/230V switch
to same as line voltage in use,

¢. Connect plug (two~blade with round grounding pin)
to three-wire (grounded) power outlet. Exposed por-
tions of instrument are grounded through plug. When
only a iwo-blade outlet is available, wse HP adapler
1251-0048 and connect short wire from side of adapter
fo ground.

2-13. COOLING

2-14. The Automatic Counter does not require a
cooling fan. Adequate ventillation should be provided
to maintain the temperature below +50°C.

2-15. REMOTE PROGRAMMING

2-16. Al controls except the input attenuator, trigger
level, and AC/DC coupling selector can bhe remotely
programmed by contact closure to ground, by saturated
NPN transistor, or by DTL or TTL integrated circuoits.

Model 5323A

To ensure proper operation in asfomatic systems,
remote controls override the manual switches, Re-
motely programmable operations are: reset, sell-
check, measurement fine step, measurement time
interval irom 0 to 4 seconds (duration equal to remote
external gate command}, HOLD, blanking inhibit, and
hysteresis inhibit., A typical NPN transistor circuit
is shown in Figure 2-2,

Figure 2-2. Remote Program Circuit

T30 J6

2N3391
INPUT

(+5V, ENABLE
OV, DISABLE)

2-11. LEVEL control can be remotely set by apply-
ing a de voltage equal Lo the desired iriggering level
(divided by input altenuator setting). LEVEL input
voltage is 11 volt mulliplied by the input attenuator
setting (X1, X10, X100).

2-18. Table 2-2 ligls the pin assignments for JG6, the
remote program connector, mounted on the instrament
rear panel. Wire colors, interconnection data, and
levels are also indicaled,

2-18. DIGITAL RECORDER

2-20. BCD output to drive the HP 5050R Digital Re~
corder dre provided at A11J1 (DIGITAL RECORDER,
rear panel of instrument). Pin assignments and BCD

weighting for the connector signals are shown in
Table 2-3.

2-21. A hold-off voltage from +5 to +20V will prevent
the counterfrom resetting and taking a new measure-
ment. When the Digital Recorder completes its cyele,
this hold off is removed and the counter makes a new
measurement.

Model 3323A
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Installation
Table 2-2. Connections to Remote Program Connector, J6
FUNCTION PIN NO. WIRE COLOR CONNECTS TO* REMARKS
BV 1 Wht -BIk A16(13,14) | .
LEVEL 2 Wht-Brn A2(3, ) +1V (X1, X10, X100)
GROUND 3 Wht-Red Ground | e
RESET 4 Wht-Orn A3(10), J4, 81 Ground will enable.
CHECK 5 Whi-Yel A3(E) Ground will enable.
HOLD 6 Whi-Grn A3P), A1134(11) Ground will enable.
.01 7 Wht-Blu AB{P}, AB(13) Ground witl enable,
.04 8 Wit -Vio AG(N), AS(11) Ground will enable,
1 9 Wht-Gra AG(9), AS{10) Ground will enable.
2 14 Whi-Blk-Gen AB(K), AB(9) Ground will enable.
.4 11 Wht-Blk-Red AB(T) Ground will enable.
1 13 Wht-Blk-Yel AB(HD) Ground will enable.
2 10 Wht-Blk-Brn AG(8) Ground will enable.
4 12 Wht-Blk-Orn AB(T) Ground will enable,
EXT PROG 15 Wht-Blk-Blu A11{Blu} Ground will digable A10, **
GROUND 19 Blk Ground | eeeeemee-
EXT GATE 20 Brn J2, A%(L) Ground will enable A3 Board.
0V (Gate Open). +4V (Gate
GATE QUT 21 Orn J3, A8(R) Closed)
AB(14), A11J4 +5V (Hold-Off). 0V (Print
PRINT 22 Vel (10) Command)
BLANK 23 Gra sS4, A8(F) Ground will disable.
HYSTERESIS 24 Whi S5, A11(Wht) Ground will disable.
No Connections are Made to Pins 16 Through 18 and 25 Through 36,

* All interconnections belween J6 and components are made via the A9 Connector Board Assembply
{refer to Seetion VIII for schematic).

**The EXT PROG signal should be grounded, so that the MODE and MEASUREMENT TIME switches

will be disabled,

overriden by remote programming.

-3. Digital Recorder (A11J1) Pin Functions

Table 2

Otherwise, the switches will still control the counter operation and may not be

BCD WEIGHT | .
. s R 8 F 4 E 2
omt Al1J1 PINS
UNITS 2(U) 2 (W) 2(X) 2(V)
101 2(s) 1(U) (V) 2(T)
102 1(P) 2(B) Z2(R) ;(Q
103 2(1) 1(M) 1(N) (K
104 () 2(K) 2(L) i(p‘%
109 2(1) HF) }(1—1) ] (1;)
106 2(D) 2(F) 2{H) 2&)
LXPONENT 2(Y) 2(hy 2(c) 7
+5 VOLTS 1(C, D, L, 8, T, W, % ¥, %, &b ¢ 2(C)
GROUND 1 (A, B) 2 (A, B)
PRINT COMMAND PIN ; ((d)}
PRINTER HOLD-OFF PIN 2{a
i : i ; i -opper side of AT1.
1 Indicates component (top) side of All; 2 Indicates copper (botte_m) stde o ] i
Mating Conneclor for ATETT is (1) HP Part No, 1251-2339, {2) Cinch Jfones Part No. 600-121-26.

2-3
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OPERATION

3-1. INTRODUCTION

3-2. The Counter measures {requency or RPM. The
MODE switeh selects NORM, CHECEK, or HOLD. The
MEASUREMENT TIME switch selects .01, .04, .1,
.2, .4, 1, 2, or 4 seconds. The LEVEL control deter-
mines at what voltagelevel of the input signal together
with the ATTEN switch, the input amplifier will trig-
ger, Figures 3-2 and 3-3 describe the front and rear
panel operating controls. Figures 3-4 and 3-5 provide
step-by -step operating procedures for self-check and
frequency measurements. Seclion I expiains Remote
Operation.

3-3. INTERPRETING DISPLAY

3-4, Directreadoutisprovided for all measurements.
The Counter automatically places the most significant
digit to theleft. Decimal point is positioned and meas-
urement unit is displayed astomatically. When the
Hz/RPM swilchis set Lo RPM, RPM will be displayed,
otherwise Mz, kHz, or Hz will he displayed,

3-5. The BLANKING switch causes the non-significant
digit{s} to be blanked when MEASUREMENT TIME
selectedis too short to obtain an accurate seven-digit
readoul. Table 3-1 lisis the number of digits dig-
played al various time setlings.

Figure 3-1.

Table 3-1. Digits Display Versus Measurement

Time Setting

Most Significant Digit (MSD) of
Input Frequency

“gjn’iuég‘;i‘;t MSD= 1 or Blank | MSD= 2 {hrough 9
Digits Displayed | Digits Displayed

.0t 6 5

.04 6 5

1 7 6

.2 7 6

4 7 1

1 7 7

2 7 7

4 7 7

3-6. When a full input cycle does not occur during
twotimes the selected measurement time, the Counter
displays all zeros.

3-7. ACCURACY

3-8. Accuracy of the 5323A is shown in Figure 3-1;
accuracy for a conventional counter is shownfor com-
parison. The accuracy shown in Figure 3-1 does not

Accuracy Versus Frequency

ID-E . \ \
~
5
~
™
N
N ]
.
N,
\%\
\é\o
s N
3 Noy
2 K3
s &,
- 3
@ ~
Y o)
™S . 4,’5’;7
& © R
P 5- ~
3 3 ~
3 N
= N
-7
10 MULTIPLE PERIOD OF PULSES, |3EC GATE N
3]
-8 e g gt o omge e g g g g g ——rT T -
0 OlHz § ! T TS oo "5 Ik y 0 3 00 5 IMHz 50 20
INPUT FREQUENCY
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include time base errors (as an external time base
could be used), but consists of a +100nsec clockpulse
ambignity and a + trigger error for 100 mV sine wave
input. With the LEVEL control set to PRESET, the
error curves have a 99% confidence level.

3-9, Measurement resolution is limited only by +1
count of the 10 MHz time base, or +100 nsec time
interval error. When MEASUREMENT TIME is de-
creased, resolution will degrade. For example:

Using a 1 second measurement lime, the reselulion
is 1sec/100nsec, or 1 part in 107, and all seven dis-
played digits are significant. Using a 0.1 second
measurement time the resolution is 0.1 sec/100 nsec,
or 1 part in 106, and the Iast digit of 1000000 is sig-
nificant; however, a readout of 9999999 would only be
accurate to £10, and the last digit is blanked,

3-10. HYSTERESIS

3-11. The range selection cirecuaits have a hystere-
sig control designed to reduce confusion when the

Model 5323A

measured signal frequency is decreasing or changing
about a decade value. For gxample:

With the Hysteresis switch on, 1f an input {requency
of 999.9999 Hz increases 1 count to 1,000000 kHz,
the range and decimal point change. However, if fre-
quency decreases from 1,000000 kHz, the range and
decimal point will remain gnchanged until the frequency
is < 0.900000 kHz, then changes to 899,9999 Hz. This
10% hysteresis prevents unnecessary and confusing
range changes,

3-12. RPM MEASUREMENTS

3-13. The Counter will measure RPM directly when
the Hz/RPM switch is set to RPM. In this position,
the internal 10 MHz cloek is divided by 6, and the
display decimal point is shifted one place, giving the
effect of multiplying the input by 60. This will also
increase the MEASUREMENT TIME by 6.

Figure 3-2. Front Operating Contiols

1. POWER switch controls power to all circuits
except part of Oscillator/Multiplier Assembly,
{controlled by rear panel TIME BASE switch).

2. RESET pushbutton returns displayedand inter-
nal count to zero.
3. MODE:
a, Applies 10 MHz internal clock to Gate Board
inCHECK position. Display will be 10.00000
MHz or 100.0000 RPPM,
b, Permits frequency measurements of sig-
nals applied to INPUT connector in NORM
position.

¢. Prevents display from automatically re-
setting in HOLD posgition,

4. MEASUREMENT TIME switch permits meas-
urement time selections of .01, .04, .1, .2,
.4, 1, 2, or 4 seconds.

LEVELcontrol selects input trigger level (mul-
tiplied by ATTEN setting}. Trigger will oceur
at 0V when set to PRESET.

23

6. ATTEN switch attenuates input signal ampli-
tude by factors of 1, 10, or 100 (maximum
overload; 120 Vrms in position 1, 250 Vrms in
position 10, 500 Vrms in position 100),

7. AC-DC swilch provides coupling to input am-
plifier through . 033 1F (AC), or directly (DQ).

8. INPUT, 0.125 Hz to 20 MHz.

32
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Figure 3-3. Rear Operating Controls

12

1. EXT GATE: permits use of an external gate
signal for measurement times other thanthose
on front panel (between 0 and 4 seconds).

2. BLANKING swifchdigables automalic blanking
feature.

3, Hz-RPM switch converls display from ire-
quency (Hz) to evenls-per-minute {RPM).

4. HYSTERESIS switch disables automatic hys-

teresis feature,

GATE OUT: provides 0V when Counter is

counting (gate cycle) and +5V whennot counting.

o

6. RESET: permits use of an externalreset. Re-
set will occar when input is less than +0, 8V,

7. REMOTE PROGRAM connector permits remote
programming of:

a. RESET
b. SELF-CHECK

¢. HOLD

d. BLANKING

e. HYSTERESIS

f. MEASUREMENT TIME

g. LEVEL

h. PRINTER HOLDOFF VOLTAGE

8. DIGITAL RECORDER connector supplies BCD
information to recorder, digital-to-analog con-
verter, or other data processing equipment.

10.

11.

12.

13.

10 9 1 13

TIME BASE switch selects either internal clock
or permils use of an external time base. In
INT position the internal cloeck is available as
an output at connector J1, (10 MHz, 1.0V peak-
to-peak).

J1 connector for applying external time base
of 1, 2.5, 5, or 10 MHz, 1.0 Vrms {with TIME
BASE in EXT)or counter's internal time base
oulput (with TIME BASE in INT).

AC LINE connector connects with flat plug of
power cable,

Line Voltage switch permits selection of 115V
or 230V AC line; ingsert narrow-blade screw-
driver and slide to left for 115V operation,
slide to right for 230V operation,

Fuse provides overload protection; should be
0.8 ampere, slow-blow for 115V operation or
0.4 ampere, slow-blow for 230V operation.

CAUTION
Before plugging instrument to AC power line

be sure slide switch is properly positioned and
correct fuse is installed.

02841-1
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Figure 3-4.

Model 5323A

Self-Check

Set POWER switeh to ON.
Sot TIME BASE switch {rear panel) to INT.
Set MODE swiich to CHECK.

Set BLANKING switch (rear panel) OFF,

[oh)

6,

Set MEASUREMENT TIME switch to any
position,

St Hz/RPM switch {rear panel)ioIlz. Display
ghould be 10.00000 MHz.

Set I1z/RPM swiich to RPM. Display should
be 100.0000 RPM.

3-4

02841-1
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Figure 3-5.

" Section IH
. Operation

Frequency Measurement

14 13 3,4,5

12 3811 1

I. Set POWER switch to ON, 10. Comnect unknown signal to INPUT jaclz,
2. Set TIME BASE switeh (rear pancl} to INT. 11. Set AC-DC switch Lo AC (10 Hz o 20 MHz) or
310 5 Ty T+
3.  Sct BLANKING switch (vear panel) to ON, DC (0.125 Hz Lo 20 MHz).
4.  Set Hz/RPM switch (rear panel) to Hz. 12, Adjust LEVEL control for a steady display.
I there is no count, or if count is uncertain,
5. Set HYSTERESIS switch (rear panel) to ON. switch ATTEN to a lower factor and readjust
LEVEL control. Nermally, the PRESET posi-
6. Set MODE switch to CHECK to verily proper tion will provide a steady display, with no DC
Counter operation (see Figure 3-4). Return offset voltage on the input signal.
MODEFE switch to NORM.
7 Sot the MEASUREMENT TIME switch to the 13. The COUNT ING l‘amp will 11191{111112&(-:, and the
L ¥ ARM lamp will go off when the measurement
desired measurement time. - -
is being made,
8.  With no input signal, the ARM lamp should be
iluminated. 14, Read irequency from display. Decimal point
is correclly positioned, and correct measure~
9. Set ATTEN switch to X100. ment unit (MHz, kHz, or Hz) is displayed.
02841-1 3-b
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SECTION IV
THEORY OF OPERATION

4.1, NTRODUCTION

4-2. This sectiondiscusses the operation of individual
circuits. Assemblies that make up the instrument are
covered in detail in Section VIII, opposite each sche-
matic diagram, Compute and Display Cycle timing,
arithmetic operation, and overall Block Diagram are
also described in this section.

4-6. INVERSION. AND and OR gates are shown in
Figure 4-2 (A, B), A circle on the output of a logic
symhol indicates a LOW when activated as shown in
Figure 4-2 {(C and D). Thus, a circle indicates in-
version. An AND gate with an invertedoutput is called
a NAND gate; an OR gale with an inverted output is
called a NOR gate, A unity-gain amplifier with an
inverted output is called an inverter, Figure 4-2 (E).

Figure 4-2. Gate Symbols

4-3. Logic Symbols
A B
4-4. Two states exist in the binary system, 1 and 0.
HIGH (H) and LOW (L) are used to represent the levels
of 1 and 0. HIGH always represents the more posi- A
tive level, whether it be positive or negative logic. AND OR
Figure 4-1 shows four pairs of logic symbols that have
the sametruth tables and canbe usedinterchangeably.
The same function isperformed by what appearsto be
two different logic symbols, c 5] E
4-5. GATES, Figure 4-2(A) represents a hasic AND ]
gate, The AND gate output is HIGH if all inputs are ]
HIGH. An AND gate may have two or more inputs.
Figure 4-2(B) represents a basic OR gate. The OR NAND NOR INVERTER
gate outpul is HIGH if one or more of its inputs is
HIGH. An OR gate may have two or more inputs.
Figure 4-1. Logic Function Comparison
A B c Y
A Y A A ---—0 A —
Z Zz Z z
8 —0 B — B —o B—
Z=A-B Z=A-B Z=A'B Z= A-B
A A A A
z Zz z Z
8 8 B B
Z=A+B Z=A+B Z=A+B Z=A+B
A B z A B Z A 8 Zz A B z
L L L L L L L L H L L. H
L H H L H L L H L L H H
H L H H L L H L L H L H
H H H H H H H H L H H L
02841-1 4-1
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4.7. INTEGRATED CIRCUIT OPERATION

4-8. AND/OR Invert Gate

4.9, The DUAL AND/OR Invert Gate package is
shown in Figure 4-3, The output (Z) will be LOW
under three conditions:

a. Inputs A and B are both HIGH, or
b. Inputs C and D are both HIGH, or

c, Inputs A, B, C, and D are all HIGH. At all other
times, Z will be HIGH.

Figure 4-3, AND-OR Invert Gate (1820-0063)

A 2A 28 20 ZD 27 GRD

TOP VIEW

410, Dual D Triggered Flip/Flop

4-11, The Dual D Triggered Flip/Flop package is
shown in Figure 4-4, The Q output will assume the
same state as the D input at the positive {ransition of
the clock (CIK) pulse, The Q output is always oppo-
site of the Q output. If the R input is LOW, the @ out-
put will go LOW regardless of the D and CLK inputs.
If the S input is LOW, the Q output will go HIGH re-
gardiess of the D and CLX inputs.

4-12. BCD to Decimal Decoder/Driver

4-13. The BCD to Decimal Decoder/Driver package
is shown in Figure 4-5. The negative logic 4-bit BCD
input controls the state of one of 10 high-vollage output
transistors (part of IC package), used to drive display
tubes. Each of the 6 vnused states (10 through 15}
will turn off all output transistors to produce a blank
display.

4-2
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Figure 4-4. Dual D Triggered Flip/Flop (1820-0077)

Ve R D Gk s a &

Figure 4-5, BCD to Decimal Decoder/Driver
(1820~0092)

9 B 7T & 5 4 {In) (lp)
T3 [ I Y [ o =) 58 ) ) S )

! 234arrsrreir s

0 1 2 3 GRD Vg il (1p)
Lty Digterltetar fugied 0N
RERERN o

T 7w i n|n i
WL u | n 2
[E 7 e tuin 3
# P L | u 4
Uik L | 5
HlL |n | =# 5
Liv | [w 7
W in [0t 8
RN Y
B ot NONE |

4.14. Four-Bit Buffer Storage

4-15. The 4-bit Buffer Storage package is shown in
Figure 4-6. The 4-bit BCD input will be gated into
the buffer when the G1 inpul is enabled by a LOW or
open. The non-inverted oufput (Za, Zbh, Ze, Zd) is
in-phase with the inpui when G1 is LOW or open. The
inverted output (Za, Zb, Ze, Zd)is enabled when G2 is
HIGH. When G2 is LOW, the inverted ocutput is HHHH,

02841-1
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Figure 4-6. 4 Bil Buffer Storage (1820-0116)

fo 2y In In OV G, Iy Ig
el fist il Dzl el {1l ol {9

D) HP

I 21212 51716 17 8
Ty Tg e Zg GF Ve le g

4.16. Blanking Decade Counter

4-17. The Blanking Decade Counter package is shown
in Figure 4-7, The counter has two reset states de-
termined by the reset control input, If the reset con-
trol is LOW, a HIGH reset pulse will set the counter
to LLLL (Blank). If the reset control is HIGH, & HIGH
reset pulse will set the counter to HHHE {(zero). The
negative logic outputs are shown onthe timing diagram.

Section IV
Theory

4-18. Four-Pole Switch

4~19. The 4-Pole Switch package is shown in Fig-
ure 4-8, The dashes in the input columns indicate
that the state may be either HIGH or LOW without
affecting the output (Z). Gx enables X inputs, Gy
enables Y inputs,

Figure 4-8. 4 Pole Switch (1820-0135)

Voo Ox Xn fa Y4 Xp Zg T
161 5L {14 13412 HLHGLIS

G‘GYX"YHZI\
L[C[ZLn
LT Ao
Lo L
Litfalalc
D) HP Cia[CT=TR
mEnan
NS MNE
HICT=TH|[C
HiHi- |- o
I 2137141718 6 7 8
n= 4,B,C,0

Gy Xp Zp Yp Xc Zc Yo GRD

Figure 4-7. Blanking Decade Counter (1820-0119)

HESET
7o Zameser Voo CONT INPUT
6L BE1 fial _ha] fzl [n | Jiol |s

D] HP

I EFEFEFEFEFER
e Zc

COUNTING CYCLE FROM BLANKED STATE

| 2 3 4 5 5 T 3] 9 [u] i

h
Zp mﬂML

& GND L+ J
Zpa

410}

!

L
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4.20. Decade Counter and Shift Register

4-21. The Decade Counter and Sh?fft Register {)ac_Li?gi
ig shown in Figure 4-9, The dnge operates el 11,;310
ag a counter or as & shift reglvster as shovt.'n 11111 e
tiiming diagram. A HIGH reset inpui will q;} a | Or'lc
puts TIGH. Both input and output use uegaAlv“e og:,‘e;
The shift input should be HI(}H when countfn;gl, 011"83 o
getting, The maximum counting frcguency o' 1¢

0190 is 10 MHz and the 1820-0191 is 2 Mifz,

Figure 4-9. Decade Counter and Shift Register
” (1820-0090/91)

SHIFT _f_,._LJ_.f, _,,,_N,’,..__,ﬁ'_r" ' . "

I

Figure 4-10, Up/Down Presettable Decade Countexr (1820~0176)

upE  DOWN
Ze 7

Do PRE-
7. 7, MESELUP WH PRES [

CcLK
CARRY

4-4

Vee mput mpuTenp Ta ls
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4.22. Up/Down Presettable Decade Counter

4-23, The Up/Down Presettable Decade Counter p%clt{—
age is shown in Figure 4-10. A number betwgenltl \0
9 may be preset and then the decade will count 0-11;;1;’
up or down from this value. The preset cm‘mt‘ ;\Vl °
set according to the fruth table when _the pr ?bct lnllpbe
goes HIGH. The up and down count 1111)qts .‘>hOl11 c" b

inhibited by a HIGH when enabling press&t. The ¢ eu i
can be reset to zero by applying & I-?IGH ﬁo th? T ?th
input while the up and down count yq)uts ?11116 S o
(inhibited). A LOW input to a count input will cha bt
the state of the decade (up or down); the unused coun
input must be inhibited by a HIGH.

4-24, J-K Flip/Flop

4.5, The dual J-K Magter-Slave Flnip/ Flop package
ig shown in Figure 4-11. When both mputs are Li(é\ﬁ,
the clock has no eltect. When the .J 111puE is H 1
the positive clock trangition witl set @ HI(.:V‘}‘I... Wl}uﬁ
the K inpul is HIGH, the positiveplock t'l’anhltiﬂ(i;‘; x\sj
cause @ to go HIGH, When both 111put_s ar?\. IIIQ :'ti ;2
flip/flop wiil change gtate (toggle) with c:u;l'l poL&l ';i
trangition of the clock input. A LOW R inpu w17
override other inputs and reset the Q olutput IfOV».
The ¢ and Q outputs are always opposite in ievel,

4.26. Divide by 16 Counter

4.97, The Divide hy 16 Counter pack‘age is ShOW]-l in
Figure 4-12, and is a 4-bit binary ripple cou\mtef.
The negative logic 4 -pit BCH qutputs and the —L 1() -(,).u,_l
put are shown in the timing diagran. A 1"e.?etj§,lig,né1
(HIGH) sets the outputs HIGH. '}‘ile counter will aG-
yvance on the leading edge of the input pulse.

[ TfRaliebipfofiift
o |[wln{njn [HjHIHIH]
meEnnaniin
S oTe [w e[ ejn] K
eI I
sTTCTH| T W LA iH]
aToio e el o] v
TR et e

e TRin R H[H{H] L

(S FI NI
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Figure 4-11. Dual J-K Flip/Flop {1820-0208)

I o
:) CLK 4 R
I Jd R Q cLK @

Figure 4~12. Divide by 16 Counter {1820-0209)

TRUTH TABLE
IN|ABIC|D
o [TV
i e
Zg ZARESET Vee INPUT 7’1 ni o
|5 B L5300 £ 4 OO | A 1 I ) O e lnilc
4iL|L|H|L
sin|C[nlx
D P 6lLlH|H]L
1 7iHin|H]L
st | n
olw|LTC W
| 2134 s e 78 IOfL|HILIH]
L Zn GND 16 IiH|H| L
i e o win
THE =6 QUTPUT WILL GO HIGH ON MmN "
COUNT 8 AND LOW ON COUNT i6 OR
RESET 14 L{H|HIH
iIS|HIH|H|H

4.28. Divide by 6 Counter

4-2%9. The Divide by 6 Counter package is shown in
Figure 4-13. The Gate Control input must be L.OW fo
enable the gated output. The reset 0" or reset "5"
inputs must be HIGH to enable the resel, The counter
will advance on the leading edge of the input pulse.

02841-1

Section IV
Theory

Figure 4-13. Divide by 6 Counter (1820-0210)

RESET GATEGATED
5 .. CONT out
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4-30. Four-Bit Binary Full Adder

4-31. The 4-Bit Binary Full Adder package is shown
in Figure 4-14, with its truth table. The adder adds
two 4-bit binary numbers (A1, A2, A3, A4, and B1,
B2, B3, B4) and a carvy-in {Cijp) to produce their sum
{(r1, ¥2, =3, 24) and a carry-out (C4). The inputs
Al, A2, B1, B2, and Cjp determine 21, 22, and the
internal carry (C2). The inputs A3, A4, B3, B4, and
internal carrvy C2 determine %3, 24, and C4.

4-32. THEORY OF OPERATION

4-33. The operation of the HP 5323A is divided into
three cycles: Gate, Compute, and Display. A flow
diagram included in Section VII {Figure 8-2) depicts
the three cycles and the MEASUREMENT TIME proc-
ess. A block diagram incladed in Section VI {Fig-
ure 8-3) shows the functional relationship of the major
assemblies and eritical signals used by the assemblies.
These figures should befolded out for referenceduring
the [ollowing discussion.

4-34. Gate Cycle

4-35, Inpui frequency (Fx) conneets to AZ (Amplifier/
Trigger) via A1 (Attenuator)., The input signal trig-
gers A2 and the narrow pulse produced, goes to A3,
This pulse appears al the input of the Iéx flip/flop,
when MODE is set to NORM. When MODE is sel to

CHECK, internal eclock pulses (Fy or %—y) will appear
at the %}_c flip/flop instead of FX.

4.5
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Figure 4-14. Four-Bit Binary Full Adder {1820-0305)
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4-36. The first Fx pulse will set the %}Eﬂip/ﬂop to
Q HIGH, enabling the Single Cycle Register and the
X-Gate Enable [lip/ilop, producing the GATE signal.
GATE regets the D-Register to D = 15 signaling start
of the Gate cyele. The COUNTING lamp will be on,
The EXT GATE sighal must be high to initiate the
GATE signal.

4-37. The clock pulse from Al4 {Oscillator/Multi-
plier) enables the Gate Conirol flip/flop enabling the
Y-Gate. Y-Gate output is a series of COUNT Y pulses,
which are accumulated in the Y-Register. The clock
frequency is 10 MHz. COUNT Y pulses will be 10 MHz
when the Hz/RPM switch is in Hz, or 10/6 MHz when
in RPM.

4-6
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4-38. The next Fx pulse enables ihe X-Gate, and a
COUNT X pulse will oceur, COUNTX pulses continue

at the %25 frequency and are accumulated in the X-

Register. When the Y -Register confents equals the
selected measurement time, a TIME signal occurs
enabling the Single Cycle Register and X-Gate Enable
flip/flop. The X and Y -Gates will be disabled by the
next inpul pulse, terminating COUNT X and COUNT Y
pulses and the GATE signal will return to its initial
state.

4-39. When the input frequency period is longer than
the selected measurement time, the Gate Control uses
the Single Cycle Register to terminate the Gate Cycle
onthe second positive slope zero-crossing of the input,
A PRESCALE signal is sensed by AT{Control Board),
which alters the Compute Cyele to correct for gingle-
cyele operation.

4-40. Notice that clock and inpul frequencies are
gynchronized by the %}5 flip/flop so that maximum

error during the Gate cycle is equal to one clock pe-
riod (100 nsec for Hz or 600 nsec for RPM). The
selected measurement time is (T). At the end of the
Gate Cycle Y-Register contains Fy x T {or g % T [or
RPM) and X-Register containg Fx x T. The X and
Y -Registers contain information needed to calculate
frequency F. When no inpul signal occurs after the
TIME signal, a low-frequency reset signal occurs at
2 xMeasurement Time,

4-41. Compute Cycle

4-42. TFrequency (F} is calculated by dividing X-
Register contents by Y-Register contents and multi-
plying the result by the clock freguency (Fo), (F =
%X Fo). F is calculated one digit at a time. As each
digit is calculated, it is transferred to the Bisplay,
decimal point position and measurement units for the
Display are determined by the magnitude of X and Y.
F calculation is performed by A5 (Adder Board) and
A7, refer to Figures 4-15 and 4-17.

4-43. To divide X by Y, a process of repeatedly sub-
lracting ¥ from X is used. To subtract Y from X, a
technique known as nines complementing is used. The
nines complement of X is the difference between each
digit of X and the number 9. Sequentially, the nines
complement of X {called Xe) is added to Y; Y is then
added toX until a left~-digit carry occurs; the last sum
{(without the carry)is then complementedand added to
Y to regtore the remainder. The last step is required
because ¥ must be added to X undil a carry occurs,
which is one step too far in the division process. The
restored remainder is then multiplied by 10, and the
process repeated todetermine the nextdigit of ¥. The
number of times that Y was added to X before a carry
occurs is the value of the first digit of ¥ (called 7).
Figure 4-16is anexample of the arithmetic operations
periormed by AS; the first digit of F is 3.

02841-1

Model 5323A

Figure 4-15. Timing and Control Diagram
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Figure 4-16. Arithmetic Operation 4-44_  The first step in the calculation is to double

the X~Register contents to correct for the division of

Fx ...
the 5 flip/{lop. AT enables the 4-pole swilches in

AbB, so that X+ X occurs. When a single-cycle meas-

AN urement occurs, X +X is inhibited because F was not

divided by two (refer to Figure 4-15).
oot e 4-45. .The next operation initiated is complementing
o ) o X -Register contents and adding the results to the Y-
Register contenis (Xc + Y). A7 then sets the 4-pole
XY o s‘wit(‘:hes to perform an X + Y operation. The opera-
tion is repeated until a carry from the Adder occurs
- (equivalent to a negative remainder), The correctre-
o) mainder is restored by using the Xe + Y operation,
l because we have made one extra subtraction. The
40X X < uks 3 1) o o r.enllaincier_is now multiplied l?y 10, and ‘the second
v o123 Uocaery Fis chg%t of ngl be calculated. This process is repeated
o ey o . antil all 7 digits of F have heen determined. Note the
(Restore remainior) v 12 by (IT Y-Register contents are recirculated duringthe com-

Bemainder pute cyele (¥ remains unchanged),
4. X timves 10 QNN ] { A — — i

4-46, Shift pulses for X and Y-Registers and control
pulses for the 4-pole switches in A5 ave generated by
AT, using clock pulses. The carry pulses are used
by the Control Board io generate COUNT Z and DIS-

- Continue for remainine § digils

PLAY signals.
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4.47. Display Cycle

4-48. The Compute and BDisplay Cycles occur at the
same time. As each digit of F is calculated il must
pe transferred ko buffer storage and the Display. At
the start of the Compute and Display Cycles, the
GATE signal ending the Gate Cycle resels the D-
Regisier to D = 0.

Model 53234

4-49. During the Compute Cycle, when the first divi-
sion is attempted (first digit caleulation) 4 carry may
oceur, Each time such a carry oceurs, a DISPLAY
pulse is generated by AT (refer to Figure 4-17).
These DISPLAY pulses increment either the E or D-
Registers, depending on the state of the Range Detec-
tor. In case of an immediate carry during first digit
calculation, the DISPLAY pulse would decrease the

Figure 4-17. Display 310. 2101 kHz
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E-Register count, and no COUNT D pulse would occur.
DISPLAY pulses will continue to decrease the E-
Register count until a successful subtraction occurs
{no carry), and a COUNT Z pulse is produced by the
Control Board. The initial COUNT Z pulse causes the
Range Detector to disable the E-Register input and
enable the D-Register input. The COUNT Z pulses
are accumulated in the Z-Register and represent one
digit of ¥,

4-50. When a carry occurs after successful subtrac-
tion, DISPLAY and COUNT D pulses are generated,
The most significant digit (MSD) is now transferred
from the Z-Register to the buffer storage and Dis-
play, and the D-Register advanced to D=1, Each
new DISPLAY pulse will produce a COUNT D pulse
to advance the D-Register, until all 7digits have been
calculated and displayed. The last digit will be trans-
ferred at D = 6.

4-51. At D = 4, the contents of the Exponent Register
are transferred to the decimal and measurement unit
decode logic. The location of the decimal point and
the measurement unit (MHz, kHz, or Hz) are deter-
mined and iransferred to the Display and Annunciator.
When the Hz/RPM switch is set to RPM, the clock fre-
auency is divided by 6, and the E-Register is changed
by one count (X10) resulting in multiplication by 60.

4-52, After the lagt digit has been calculated, DIS-
PLAY pulses will continue to be generated by AT and
continue to advance the D-Register, unlegss a HOLD
is present., U the MODE swiich is set to HOLD at

02841-1
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this time, the Clock Gate in A3 will be disabled, in-
hibiting the DISPLAY and COUNT D signals to pre-
serve the display. ¥ no HOLD is present, or when it
is removed, the D-Register will advance fo D = 7.
D =T is a blank state, but D = 8§ causes the PRINT
Command and R signal to be generated. The R sig-
nal is an automatic reset which clears the X, Y, and
Z-Registers.

4-53. At D =9, the ARM signal is genevated, turning
the ARM lamp on, resctiing the Range Detector, in-
hibiting the clock in AT and enabling the Gate Control
in A3 for the next Gate Cycle.

4-54. When the BLANKING switch is ON, the Blank -~
ing Comtrol logic will aatomatically blank the sixth
and/or seventh display digit, if the selected meas-
urement time is so short that false resolution would
occur.

4-55. When the HYSTERESIS switch is OF¥F, and the
first digit changes from 1to9 in successive measure-
ments, the decimal point and display will shift, and
the measurement unit may change. To prevent this
condition, the hysteresis feature may be used. With
the HYSTERESIS switch ON, the Hysteresis Control
logic senses the state of the MSD < 2 Memory and 7 -
Register contents, When the first digit changes from
110 9, the first Display digit will be blanked, the E-
Register will be advanced, and an extra COUNT D
pulse will advance the D-Register 1o D = 1. The {irst
digit (Z = 9) will be transferred to the second display
posilion, and the remaining digits are calculated and
displayed, Hysteresis is effective only for descending
range changes.
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SECTION V
MAINTENANCE

5-7. INTRODUCTION

5-2. This section gives maintenance and service
information. Included is a table of recommended
test equipment, disassembly and repair procedures,
in-cabinet performance check which may be used 1o
verify proper Counter operation, overall troubleshool-
ing procedures, and adjustments. Theory of operation
and specific troubleshooting information for each as-
sembly are located in Section VIII, opposite cachsche-
matic diagram.

5-3. ASSEMBLY DESIGNATIONS

5-4. Table 5-1 lists the designations, name, and
Hewlett-Packard part number of assemblies used in
this instrament,

5-5. TEST EQUIPMENT

5-6. Test equipment recommended for maintaining
and checking performance is listed inTable 5-2, Test
equipment having equivalent characteristics may be
substituted for the equipment listed.

5-7. ASSEMBLY CONNECTION
IDENTIFICATION

5.8, Throughout the manual, connections lo printed
circuit assemblies are referred to in abbreviated
form. For example, connection to A3, pin10 ig A3(10).

Table 5-1. Assembly Identification

Agsy Name HFP Part No.

05323-60006
(05325-60035
05323-60011
05323-60005
05323-60002
05323-6006G3
05323-60004
05323 -60009
05323-60014
05323-60007
05323-60001

Al Attenuator Board

A2 | Input Amplifier Board
A3 | Gate and Reset Board
Ad X-~Register Board

A5 Adder Board

AG Y-Register Board

AN Control Board

AR Display Control Board
Al Connector Board

A10 | Function Switch

A1l | Main Board

A12 | Digplay Board 05323-60008
A13 | Annunciator Board 05323-60017
Al14 | Oscillator/Multiplier Board | 05325-60008
Al15 | Crystal/Oven 10 MHz 05325 -60012
Al16 | +5.1V and.+175V Supply 05325-60022
A17 | 12V Supply 05325 -60006

02841-1

5.9. IN-CABINET PERFORMANCE CHECK

5-10. GENERAL. The periormance check, Table 5-3,
and test card can be used to verify proper operation
of all circuits in the Counter and may also be used:

a. Ag part of an incoming inspection check ol in-
strument specifications.

b. Periodically, for instruments used in systems
where maximum reliability is important.

¢. Aspartof aprocedure tolocatedefective circuits.

d. After any repairs or adjustments, and before
returning instrument to regular service,

e. Asapermanent record of instrament maintenance
performed, because the test record pages are perfo-
rated and may be removed,

5-11. VARIABLE LINE VOLTAGE. During the test
(Table 5-3), Counter should be connected to avariable
voltage source so the line voltage maybe varied +10%
from nominal (115 or 230 Vae).

5-12. INSTRUMENT COVER REMOVAL

5-13. To remove top or bottom cover, remove the
four serews which secure cover to instrument. Slide
cover toward rear of instrument and Hft off. To re-
place cover, reverse procedure.

WARNING

115/230 VAC AND +175 VDC SUPPLY WIRES
ARE EXPOSED WHEN EITHER TOP COR BOT-
TOM COVER IS REMOQVED. USE EXTREME
CAUTION DURING TROUBLESHOOTING, AD-
JUSTMENT, OR REPAIR. AVOID DAMAGE TO
INSTRUMENT BY REMOVING POWER BEFORE
REMOVING OR REPLACING COVERS, ASSEM-
BLIES, OR COMPONENTS.

5-14. ASSEMBLY LOCATION

5-15. Top internal, front and rear panel views of the
Counter are shown in Figure 5-1. This figure shows
the location of the agsemblies, connectors, and chas-
sig parts.

5-1
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Figure 5-1, Top Internal, Front and Rear Papels Table 5-2. Recommended Test Equipment

FRONT Instrument Type Required Characleristics . ROCDmmendeciTyp
Oscilloscope 50 MHz Bandwidth, plug-in capabilities HP. ISOA _
Vertical Plug-in 50 mV/em sensitivity, 50 MHz Bandwidth HP 1801A°
Time Base Plug-in 50 nsec/cm sensitivity HP 1820A°
Frequency Synthesizer 50 Hz to 20 MHz, 100 mVrms HP 510013 :
_ _ Synthesizer Driver 1 MHz output, 1.0 Vrms HP 5110}3"_"_'. S
: A AiOSZ :_'-.R'-_l/gs" S ;-msé ms; R Digital Recorder _ Compatible with BCD weighting used HP 5050B . o
Gelnin L I O S 509 Feed-Thru He
Termination 101004
Cabhle Assembly Compatible with Digital Recorder/Counter HP 10524A
REAR : Low-Fre . 4
quency Function e by s or
: Generator 0.1 Hz to 1100 Hz, 1V peak-to-peak, =2% HP 202A
Variable Attenualor 12 dB in 1 dB3 steps HP 355C
Variable Attenuator 120 dB in 10 dB steps HP 355D
Pulse Generator 30 nsec, +0.3V, 10 Mi=z HP 222A
RF Vollmeter 10 mV to 10V, 20 MHz, +3% FS HP 411A
DC Volt-Ohm-Ammeter 0 to +10V, +1%, R x 1 eapability HP 4124
BNC "T" Connector HP Part No. 1250-0781
Variable Line Vollage Variable from 103 to 127 Vac (207 to 253 Vac)
TOP : Source
VHF Oscillator 20 MHz, 300 mVrms HP 32001
Frequency Standard 1 MHz, stability < 2 parts in 1011 per month HP5065A or HPH061A
Resistive Probe 10:1, 10 p¥, DC to 20 MHz HP 100034A
Electronic Counter 20 MHz, B8-digit readout HP 5245M
Current Probe 10 mA to 50 mA, 1 mV/mA sensitivity HP 1110A
DC Probe Amplifier Compatible with probe used HP 1111A
Logiec Probe Compatible with DTL and TTL voltage levels HP 10525A
Resistive Probe 50: 1, DC to 10 MHz HP 10002A
5-16. REMOVAL OF PRINTED CIRCUIT {. When reinstalling the hoard, do not connect any
BOARDS wire to the terminal between IC15 and IC19 (see Sec-
tion VIII}. This is a special test point.
5-17. MAIN BOARD (Al11). To remove this board:
5-18, DISPLAY BOARD (A12)
a. Remove top cover (see paragraph 5-12),
a. Remove the Main board (A11) {see paragraph
h. Remove the 10 wires which are connected to the 5-17).
top of the board by push-on connectors. Each terminal
on the hoard is color-coded to the mating wire eolor. b. Remove printed circuit board A2, A17, A3, A4,
A5, and AB.
c¢. Remove the T screws that secure the board to )
the chassis and connector J4. ¢. Remove Annunciator Board (Al3) by removing
two muts and washers that secure the assembly to the
d. Slide board toward rear of Counter until A11J2 front panel.
is disengaged from the Display Board {A12).
d. Remove the WHT-RED wire which is connected
e. Raise the front of the board to clear the Display to the Display Board by a push-on connector.
Board {A12) and slide the board forward until A11J1
is out of the rear panel slot, Remove the board from e. Remove the 4 screws that secure the board to
the unit. the chassis. Remove board from unit.
5o 02841-1 02841-1 o
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5-19. CONNECTOR BOARD (A9)

a. Remove top and bottom covers (see paragraph
5-12).

b. From top of Counter, remove 3 large screws
attaching the Main Board (All) to conmector A9J4.

c. From bottom of hoard, remove connectors af-
tached to A9J2 and ABJ3.

CAUTION

Take carenol toput a strain on connecting wires
or bend them too many times. This will cause
the wires (o break or become weakened.

d. Unsolder the 7 wires and 2 coaxial cables con-
nected to the front of the board.

¢, From top of Counter, remove the 8 wires con-
nected to the board by push-on connectors. These
connectors are accessible through a cutouf in the
chassis, localed behind the Disgplay Conlrol Board
{A8). The AT and A8 boards may be removed Lo pro-
vide more access {o the connectors.

i. From the bottom of the Counter, remove the 6
screws and spacers that secure the board to the chas-
sis. Do not remove the 3 screws securing connector
A9J4 to the board. Remove the board from the bottom
of the Counter.

Table 5-3.

Model 5323A

5-20. REPAIR

5-21. Printed Circuit Component
Replacement

5-22., Component lead holes in the circuit hoards
have plated-through walls to ensure good electrical
contact between conductors on opposite sides of the
board. To prevent damage to the plating and the re-
placement component, apply heat sparingly, and work
carefully,

5-23. Replacing Integrated Circuits

5-24. Following are two recommended methods of
replacing integrated circuits:

a. SOLDER GOBBLER. This is the best methot.
Solder is removed from board by a soldering iron with
a hollow tip connected to a vacuam source.

b. CLIP-OUT. This method should be used as a
last resort only., Clip the leads as close to the case
as possible. With a soldering iron and long nose
pliers, carefully remove the wires {rom each hole.
Then clean the holes.

5-25. ADJUSTMENTS

5-26. The adjustments in Table 5-4 are in the order
they should be performed, but should not he done
unless:

a. A trouble has been repaired which would affect
these values.

h. The instrument does nol meel all specifications
while performing the check in Table 5-3 {In-Cabinet
Performance Checks).

In-Cabinet Performance Check

FREQUENCY/RPM MEASUREMENTS
1. SELF-CHECK
a. Set Counter controls as follows:

MODE . oo
MEASUREMENT TIME
TIME BASE

Hz/RPM

2. DECIMAL POINT/MEASUREMENT UNITS
a. Set Counter controls as follows:

MODE . . . . . .
MEASUREMENT TIME
LEVEL.

ATTEN

AC-DC .
BLANKING

Hz/RPM . .
HYSTERESIS

TIME BASE

b, Display should be 10. 00000 MHz, and COUNTING lanp ON,

CHECK
4

INT

Hz

Record on test card,

NORM

.4
PRESET
X1

ne

ON

Hz

ON

EXT
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Table 5-3. Tn-Cabinet Performance Check (Cont'd) R

termination,

Table 5-3A,

Synthesizer
Frequency

10 MHz

1 MHz

100 kHx

10 kHz

1 kHz
100 Hz
20 Hz
0 Hz

3. ACCURACY

4., HYSTERESIS

are disregarded during this test,

FREQUENCY/RPM MEASUREMENTS (Cont'd)

Becim

b. Connect Frequency Synthesizer outpui fo Counter INPUT through a 50-olim fee

Conneet Synthesizer Driver I MHz output to Counter external time base IN?UT.:‘ (.r.
Connect Digital Recorder to Counter DIGITAL RECORDER connector.

Note

Reier to Operating and Service Manual for Digital Recorder
Installation and Operation Information.

al Point/Measurement Unit

Display

NN. NNNNN MHz
N, NNNNNN MH:z

NNN,

NNNN kHz

NN. NNNNN kHz
N.NNNNNN kHz

NNN,

NNNN Hz

NN, NNNNN Hz

0.

Table 5

R =R Bor i ) JEE N JURE WL

Hw

Disconnect Digital Recorder.

-3B. Accuracy

L 111111 MH=
. 222222 MHz
. 333333 MHz
.444444 MHz
. 556555 MH=
. 666666 MHz
LTTTTTT MHz
. 848888 MHz
. 999999 MHz

a. Set Counter controls as shown in step 2a,

Set synthesizer frequency to 1. 0000000 Milz, then decrease to , 98888888 MHz.
should he . 988888 MHz. Record on test card,

¢. Set HYSTERESIS to OFF¥, Display should he 988, 8888 kHx. Record on test card.

dthrougli’

ear panel);

Printed
Exponent

LR B A B LN B R |

a. Set synthesizer [requency to the values in Table 5-3B. Digplay should be within 21 count
of the gelected frequency. Record display value and printed value on test card; printed
and displayed values should be identical,

Display

e. Set synthesizer frequency to the values in Table 5~-3A. Decimal point location, measurement B
unit, and printed exponent arc shown in Table 5-3A. Displayed and printed digil values (N)
Record display and printed exponent on test card,

02841-1
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: 5~ ~Cabinet Perfor o 2 '
Table 5-3. In-Cabinet Performance Cheok (Cont'd) Taple 5-3. In-Cabinet Performance Check {Contrd)

FREQUENCY/RPM MEASUREMENTS (Cont'd)

RESET AND HOLD

5, BLANKING

a. Set Counter controlg as shown in step 2a. 1. RESET S
. - i : a.  Connect equipment as described in step 6c of Frequency/RPM Tests. Set function generator” |
b.  Sct synthesizer to 2 MUz, output for 1 kHz sine wave at 1V P-P. ) R
: TAS SMENT © 5 as s in Table 5-3C. The ber igits digplayed is :
c. Set MEASUREMENT TIME as shown in Table 5-3C 1e number of digits display b.  Set Counter controls as shown in step 2a of Frequency/RPM Tests, except set MEASURE-

8 in T3 -3C. Record a5t card. .
shown in Table 5-3C. Record on test carc | ENT PIME to 1 aod TIME BASE to INT.
d. Set synthesizer to 1 MHz and repeat step 4e, :

c. Depress and release the RESET pushbution,

.. Sel synthesizer to 9. 888888 MHz and repeat step 4c. : . _ .
e.  Sel synthesizer P ! i d. Display should be zero for ! second, then display 1 kHz 42%. Record on test card,

Note e. Remove signal at Counter INPUT,

Change frequency [from 10. 00000 MHz to 9. 888888 MHz to
enable hysleresis circuits,

t. Display should reset to zero afier 1 to 2 seconds and ARMED lamp should illuminate,
Record on test card.

g. Re-connect signal fo INPUT.
{. Set synthesizer to 1 MHz., Set Counter BLANKING switch OFF and MEASUREMENT TIME

switeh to .01, Seven digits should be displayed Record on lest card k., COUNTING lamp should illuminate and digplay should be 1 kKHz £2% after 1 second. Record

on test card,

Table 5-3C. Blanking Check 2. HOLD
: a. Setl function generator frequency to 1.1 kHz sine wave at 1V P-P. Set MODE Lo HOLD and
DISPLAYERD DIGITS ' AC-DC to AC.
i, 0 2 MH MH: 0, 888888 MHz : X -
MEASUREMENT TIME 2222 1 Mz L DOORRR AE : b. The Display should be 1.1 kHz +2%, Record on test card,

g '.; 3 g ¢. Depress and release RESET.
1 i T G d. Display should reset to zero for 1 second, then digplay 1.1 kHz +2%. Record on test card,
.4 7 T 6
.2 0 i & 3. LOW-FREQUENCY RESET
-1 6 ! b 2. Set MODE to NORM and AC-DC to DC.

04 5 6 5
.01 5 6 § b, Sel MEASUREMENT TIME as showa in Table 5-3E.

k ¢, Decrease function generator frequency until Counter reads zero, The lowest displayed
6, RPM g : frequency for a particular measurement time should be within +£5% of the value shown in

Table 5-3E. Record on tesl card,

a. Set Counter controls as shown in step 2a, except set Hz/RPM to RPM and MEASUREMENT

TIME to . 1. Adjust synthesizer [requency to values in Table 5-3D. Record display value * Fable 5-3K
on test card. -5 LOWEST DISPLAYED
b. Discomect synthesizer and synthesizer driver from Counter. Set Counter TIME BASE to INT, MEASUREMENT TIME FREQUENCY 5%
¢. Connect Low Frequency Funclion Generator to Counter INPUT with BNC "T" comnector. { .01 50 Hxz
Connect oscilloscope vertical input to the "T" connector. .04 12.5 Hz
d. Set function generator output for a 1V P-P, 10 Hz sine wave measured on oscilloscope. .1 5 Hz
: 7 I
e. Display should be 600, 000 RPM +2%. Record on test card. i 12.2g EZ
[. Set Function Generator Frequency to 1 Hz (1V P-P sine wave). Display should he 60, 0000 : N
t 3 ) . 1 0.5 Iz
RPM +2%. Record on test card. 5 :
_ 2 0.25 Hz
@. Set Function Generator Frequency to 0.1 Hz {1V P-P sine wave). Display should be L 4 0. 125 Hz

6. 00000 RPM +2%. Record on test card.
SENSITIVITY

Taple 5-3D. BRPM Displa
y 1, SENSITIVITY MEASUREMENT

FREQUENCY DISPLAY . . o
D . i a. Connect Froguency Synthesizer to INPUT using a 50-ohm feedthrough termination. Insert
10 MHz 600. 00N RPM HP 355C and D Variahle Attenuators between synthesizer and fermination. Connect an
1 MHz 60, 000N RPM RF Voltmeter to the INPUT using a BNC "T" connector,
100 kHz 6. 0000N RPM _
10 kHgz 60000N., RPM b. Set Counter controls as shown in step 2z of frequency tests. Connect the Synthesizer
1 kHz 60000. N RPM Driver 1 MHz output to Counter time base INPUT connector.
100 iz 6000, NN RPM ¢, Set syithesizer output frequency to 20 MHz.
0 Hz 0. RPM
5-6 02841-1 5.7
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Model 5323A

Table 5-3. In-Cabinet Performance Check {Cont'd)

L.

&.

a.

[ e e

a.
b.

C.

&,

b,

d.

e.

SENSITIVITY {Cont'd)

Set attenuators to 0 dB.

Digplay should be 20.00000 MHz 1 count. Slowly increase affenuation in 1 dB steps until
count becomes unstable. Record the RF voltmeter reading on the test card (should be
£ 100 mVrms).

Bisconnect synthesizer from INPUT,

2. PULSE OPERATION

Connect a Pulse Generator to INPUT using a 50-ohm feedthrough termination, Connect
osgeilloscope in parallel with the input using a BNC "T" connector,

Set Pulge Generator controls for a +300 mV peak-to-peak pulse, 30 nsec wide, at a
repetition rafe of 10 MHz, measured with oscilloscope.

Set Counter controls as shown in step 2a of frequency tests, except set TIME BASE to INT.

Adjust Counter LEVEL control for a sfable displayed count. Display should be 10, MHz.
Record value on test card. Repeat 2b through 2d for an amplitede of -300 mV P-P,

3. GATE OUT AND EXTERNAL GATE

Connect Pulse Generalor to Coanter EXT GATE using 50-ohin feedthrough termination,
Connect ascilloscope in parallel with EXT GATE using a BNC "T" connector,

Adjust Pulse Generator for a repetition rate of 10 Hz at maximum pulse width, Adjust
the amplitude to +3V P-P,

Remove oscilloscope and "T" connector from EXT G.ATE.
Conneet the oscilloscope {to Counter GATE QUT.
Set MODE {o CHECK and MEASUREMENT TIME to 4,

Display should be 10 MHyz with ARMED and COUNTING lamps alternately flashing
(COUNTING lamp may be very dim). Record on test card,

The GATE OUT signal viewed on the oscilloscope should be a 4V P-P (minimum) pulse
train at 10 Hz, Record on test card.

4. INTERNAL OSCILLATOR OUTPUT

Conneci oscilloscope to the {ime base INPUT connector.
Verify that the Counter TIME BASE is set to INT,

The internal time base output should be a minimam of 1,0V P-P. Record on fest card.

REMOTE PROGRAMMING
1. ENABLE/DISABLE FUNCTIONS

Usging a DC Volt-Ohm-Ammeter, with the Counter POWER switch OFF, verify continuity
hetween J6(20) and EXT GATE jack, J6{21) and GATE OQUT jack, JF6(3) and chassis ground,
and J6(19) and chassis ground. Record on test card, Refer to Figure 5-2 for J6(REMOTE
PROGRAM) connector pin locations.

Set the Counter POWER to ON and measure the de voltage between J6(1) and chassis ground,
The voltage should be +5V £0.5V. Record on test card,

Connect J6(15) to chassis ground using a clip lead or test box {sce Figure 5-2},

By connecting appropriate pins to ground, verify operation of CHECK and HOLD modes,

measurement times, RESET, and HYSTERESIS and BLANKING disable. Record on test card.

Remove all external grounds to J6 from steps 1c¢ and 1d and connect oscilloscope between
J6(22) and chassis ground., Set MODE to CHECK and MEASUREMENT TIME to .01, PRINT
output should be a pulse train with a vepetition rate of 100 Hz, pulse width of 156 psec, and
amplitude of < +0, 5V with respect to +8V baseline, Record on test card.

Model 5323A

Table 5-3. In-Cabinet Performance Check {Cont'd)

intenance;

POWER SUPPLY REGULATION

1. 115/230 LINE VOLTAGE CHECK

a. Mark the nominal line voltage used in testing the instrument by making an X in the -
appropriate box on the test card.

b. Comnect the Counter power cord to a variable ac voltage source. Seti ac voltage to
LOW LINE (see Table 5-3F). Set Counter POWER 1o ON.

¢,  Connect the DC~Volt-Ohm-Ammeter to J6(1) (+5V}. The measured voltage should be
+5 + 0,5 Vde. Recoxrd on test card, Set the Counter POWER to OFF,

Table 5-3F, Line Voltage

Description 115 Volts 230 Volts
L.OW LINE 102.0 204.0
NORMAL LINE 115.0 230.0
HIGH LINE 128.0 256.0

d. Repeat steps 1b and 1e for NORMAL LINE voltage.
e, Repeat steps 1b and 1c¢ for HIGH LINE voltage,

Figure 5-2, Remote Program Test Box

Co e e
46 (REMOTE PROGRAM,
- TEST BOX
- I
1 (36 1yt
nnen35 17— N/C
: (34 16)—
L (a3 sy 1EAT PRO3 o) EXT PROG
I
t 1.2 B
32 1a>— : o 2
N/e < <31 13—t o I
4
(30 12>— < 4
1 a1 4
__I.,.......{as 15— » O 4
28 10>— -0 2
I 2!
1 <27 9) T 04 O .
t [
; {26 8>— " o] .04
E Vs ~ | -0l
1 GBS Tr— 0O .0l
HYSTERESIS i (24 g HOLD oy HOLD
™ FAN)
BLANK | (23 53] CHECK S CHECK
1 1
PRINT : (22 4> : RESET o RESET
GATE OUT | £21 3y | GROUND { GROUND
[ ~ L
EXT GATE | (20 2yt LEVEL { LEVEL
] Y LA
ROUND +5¥
GROU : Gs 1> i { +8v
- |
T~
‘:/
{EXT GATE
 GATE OUT
— PRINT
¥e) BLANK
’e) HYSTERESIS

02841-1
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Model 5323A

PERFORMANCE CHECK TEST CARD

Hewlett-Packard Model 5323A Tests Performed by
Automatic Counter
Ferial No. - Date

e et e et e e

Description Check

FREQUENCY/RPM MEASUREMENTS

1. SELF-CHECK 10. 00000 MHz

2, DECIMAL POINT/MEASUREMENT UNITS

Digplay NN. NNNNN MHz
(N = any digit, but not blanked) N, NNNNNN MHz
o (X = blank digit) NNN. NNNN kHz
e . NN, NNNNN kHz,
| : N. NNNNNN kHz,
NNN, NNNN Hz
NN. NNNNN Hz
0. XXXXXX Hz

Printed Exponent

I R

O = DN ota s >

3. ACCURACY
Display/Printed Value L111111 MHz +1 Count
. 222222 MHz +1 Count
. 333333 Mz +1 Count
. 444444 MHz +1 Count
. 555555 MHz +1 Count
. 666666 MHz +1 Count
CTTTTTT MHz +1 Count
. 884888 MHz +1 Count

. 999999 MHz +1 Count

WO -3 WU e o D e

4., HYSTERESIS
Enabled .988888 MH=z
Disabled 988. 8888 kilz

02841~1 S 5-10a




Model 5323A _ Model 5323A
PERFORMANCE CHECK TEST CARD PERFORMANCE CHECK TEST CARD
Desgeription Check Description Check
FREQUENCY/RPM MEASUREMENTS
Q / FREQUENCY/RPM MEASUREMENTS (Cont'd)
5, LANKING 2 MHz
5. BLANKIN z 6. RPM (Cont'd)
Enabled 4 7 digits
i Low Frequency 10 Hz, 600.000 RPM +2%
T digits
g 1 Hz 60. 0000 RPM +2%
1 T digits
0.1 Hz 6. 00000 RPM +2%
.4 T digits
.2 G digits . RESET AND HOLD
1 6 digits : _
N b I. RESET Reset to zero
.04 5 digits T o
e e _ 1 kKifz +2%
.01 5 digits
: Reset to zero
Enahled 1 MHz : ARMED lamp ON
4 7 digits E COUNTING lamp ON
2 7 digits _ 1 kHz +2%
1 7 digits 5 HOLD {
« 4 1k %
4 7 digits 1.1kHz +2%
Reset to ze
.2 7 digits eect to mero
. y 1.1 kHz +2%
.1 - T digits
. 04 6 digtis 3. LOW-FREQUENCY RESET .01 50 Hz 45%
01 6 digits e oy .04 12.5 Hy +5%
i _ _ ' 1 5 Hz +5%
Enabled (with Hystercsis) 9. 888888 MHz : ‘
- ; .2 2.5 Hz +5%
4 6 digits i ,
- A L4 1.25 Hz +6%
2 6 digits ]
- 1 0.5 Hz :1:55}0
1 6 digits )
- 2 0.25 Hz +5%
.4 6 digits
4 0. 125 Hz £5%
L2 6 digits
.1 6 digits
.04 5 digits
R SENSITIVITY
.01 5 digits
T 1. SENSITIVITY MEASUREMENT 20, 00000 MHz +1 Count
Disabled .01 7 digits . ' 100 mVrms, maximum
6. RPM b 2. PULSE OPERATION
Digplay 600. 00N RPM ' L + Pulse 10 MHz
(N = any digit, but not blanked) 60. 000N RPM ]'__ _ - Pulse . 10 MHz
6.0000N RPM o } T
GO000N, RPM | 3. GATE QUT AND EXTERNAL GATE 10. 00000 MHz
60000, N RPM 4V P-P, minimuam
6000. NN RPM
0 REM 4, INTERNAL OSCILLATOR OUTPUT 1,0V P-P, minimum
5-10b 02841-1 5-10c




Model 5323A Model 5323A

PERFORMANCE CHECK TEST CARD Table 5~4.  Adjustments

NOTE: All voltage measurements with respect to chassis

Description Check
_ 1. 'INPUT AMPLIFIER A2 e
REMOTE PROGRAMMING g The following procedure sets the sensitivity of the input amplifier and checks the frequency
: response. T
1. ENABLE/DISABLE FUNCTIONS 16(20) continuity to EXT GATE _ a. Set Counter controls as follows:
J6(21) e continuity to GATE OUT MODE . . . . . . NORM
J6(3) continuity to chassis MEASUREMENT TIME . . . . . . . . 4
. LEVEL, . . . . . . . . . . . .. PRESET
16019) continuity to chissis ATTEN. . . . . . . . . . . ... X
J6(1) +5 10,5 Vde ' AC-DC. . . . . . . . . . . . .. Db
o Hz/RPM . . . . . . . . « .« . . . Hz
Check verified BLANKING . . . . . . . . . . . . ON
Hold verified HYSTERESIS., . . . . . . . . . . . ON
TIME BASE . . . . . . . . . . . . INT
.01 verified
o b, Comect HP 3200B to HP 355C and 355D attenuators connected in series. BSet attenuators to
<04 verified zero dB and connect through 50-ohm feedthrough termination to Counter INPUT.
‘ 1 verified ¢. Sel HP 3200B controls for 20 MHz output as indicated by Counter Display,
-2 verified g d, Increase attenuator settings until Counter Display becomes erratie or reads zevo.
-4 verified e, Adjust A2R10 for a stable 20 MHz display.
1 verified I.  Repeat steps d and e until A2 Amplifier is peaked.
2 verified g. Measure Counter input using HP 411A RF voltmeter. Minimum input level for stable
4 verified display should be 100 mV,
Reset verified 2. OSCILLATOR/MULTIPLIER ASSEMBLY Al4
Hysteresis e verilied a. Set Counter TIME BASE switch to EXT,
Blanking —_— e verified Ao b. Connect a 1 MHz standard frequency to time base INPUT connector.
Print S — 100 Hz ¢. Comnect oscilloscope through a 10:1 probe to A14(1),
15 psec

Note

+0,5 Vde, maximum
Do not use extender board during adjustments.
d. Adjust oscilloscope contrels for a stable display.

e, Adjust L2, L3, L4, and L5 for maximum ouiput on oscilloscope (should be greater than
2V P-P). Disconnect all {est equipment.

POWER SUPPLY REGULATION f.  Set Counter TIME BASFE switch to INT.
115/230 LINE VOLTAGE CHECK AT J6(1) 15y 2307 g. Connect an HP 5245M Electronic Counter to {ime base INPUT connector,
D D i h.  Adjust A14C5 for 10 MHz £ 11 Hez,
LOW 5 £ 0.5 Vde Note
NORM +5 &+ 0.5 Vde If crystal or heater {A15 Assy) has been changed,
. Rl . it may be necessary to select C4 to permit tuning
HIGH +5 + 0.5 Vdc to 10 MHz.

i, Clip current probe over the orange wire from A14(12). Connect the probe through probe
amplilier to oscilloscope input, Set osecilloscope to |, 05V/em and probe amplifier to omA/cm.

i.  Adjust A14R6 for 20 mA P-P on oscilloscope.
kk, Readjust A14C5 for 10 MHz + 1 count on electronic counter.

3. POWER SUPPLY ADJUSTMENTS

No power supply adjustments are necessary. I power supplies fail, remove ac power and
press A1781 RESET switch. Return Counter ac power on, If supplies are still off or low,
determine cause by troubleshooting.

5-10d 028411 02841-1 5-11




Section V
Maintenance

5-27. TROUBLESHOOTING

5-28. Troubleshooting Aids

5.29. THEORY OF OPERATION. Section IV provides
information with a flow chart on Counter operation in
all modes.

5-30. SCHEMATIC DIAGRAMS. Schematic diagrams,
waveforms, and operation and troubleshooting of in-
dividual assemblies are provided in Section VIII,

5-31. COMPONENT LOCATION. Photographs of
printed circuit assemblies with component callouts
are included in Section VIII with the schematies.

5-32. TROUBLESHOOTING PROCEDURE

£-33. The following paragraphs, steps, and charis
aid in locating problems, Use this section to isolate
trouble to an assembly; then go to that assembly sche-
matic and operation in Section VIII to locate the de-
fective components. The Flow Diagram and Block
Diagram should be referred fo during the following
discugsion; these may be folded out [rom Section VIIL

Model 53234

5-34., TROUBLE AT TURN ON, U Counter fails to
turn on (no display, decimal point, measurement
unit, or COUNTING/ARM display) make the following
checks:

a. Linevoltage switch set for correctvoltage {115V
or 230V).

b. Power cord plugged into counter and power
source.

¢. Line fusge good.
d. AC power available at soarce.
e. Check Al16, A17, T1, L1, and L2,

Note

The +5.1V ouiput from Al6 is available at J7.
The +12V output irom Al7T is available at a test
point located between J7 and A15.

5-35., TROUBLE DURING SELF CHECK. Refer to
Table 5-5, the diagnostic tree for the Counter. Five
troubleshooting routines are indicated: power supply,
clock, resct, gate and display eheck. The power sup-
ply chieck hag been discussed inparagraph 5-34. When
using an oscilloscope to {roubleshoot, a fast MEAS-
UREMENT TIME setting is useful. The .01 selling
may be used, or a BNC cable may be connected from
GATE OUT to EXT GATE on the rear panel of the
Counter {use a BNC Tee to provide external trigger
for the oscilloscope},

Table 5-5, 5323A DPiagnostic Tree

_ , One Number Constant
10 MHz No Display All Zero's in Display Wrong
(Counting) Incorrect Number
) {Counting) (Counting)
Correct Display Make Power Make Check A4, A5,
Go to Paragraph  Supply Check Check Display A6, Refer to
5-37 Check Table 5-8.
r All Zero's
Random Hz All Zero's All Zero's All Zero's Hz (Counting
Numbers All Zero's - MHz, . ;
L Hz, Counting g Hz Light Off
{Counting) Armed Counting After Reset)
Check Resets Check A3
to A4, A6 Gate Check Locked in Count Locked in Compute
Make Gate Check Make Reset Check
53234 in Check, 1 second measurement time, no input signal, blanking off. AC switch
off then on, depress and release reset,

02841-1

Model 53234 § Section V
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5-36. CLOCK CHECK Note

The ARMED light will go dim in this state. Use
a Logic Probe to verify the following conditions,

a. Check the 10 MHz internal time hase signal at
time base INPUT with TIME BASE set to INT. The
gignal should be 10 MHz, 1.0V P-P (minimum) into
a 50-ohm load. If signal frequency or amplitude are
incorrect, go to Al4, Al5.

b. Check A3: should he HIGH on pins 12 and 13,
LOW on pin K.

b. Check for clock input {Fy) at pin C of A3. Go to c. Check A4: Xa, Xb, X¢, Xd should be LOW.
A9 and interconnecting coaxial cable if signal is abgent.
d. Check A5: Z¥a, b, Ze, Ed should be HIGH.
¢. Check for CLOCK output at pin N of A3. If no

signal, make sure that MODE is not in HOLD. K fre- e. Check AB: Ya, Yb, Ye, Yd should be LOW.

quency is not Fy, but Fy/6, check Hz/RPM switch,

then go to A3. {f. Check AT: should be HIGH on pins 10 and 14.
d. Check for CLOCK input at pin C of A7. Goto g. Check A8: should be HIGH on pin 5.

A9 if signal is absent.
h. I the above tests with the Logic Probe indicate

5-37. RESET CHECK a malfunction, refer to Table 5-6 for a more detailed

procedure.
2. Hold RESET depressed or connect a clip-lead
from the BRN wire of the RESET switch to chassis i. Remove the clip-lead {rom the RESET switch
ground, after troubleshooting.

Table 5-6. Reset Check Tree

Reset Check
I |
Yes NID
] . 1. Check Input Lines of A3,7,8
Make Display Check 2. Check A4,5,6 Output Lines
Make Gate Check
Display Pulse AT(8)
I |
Yes No
1. Clock AT
Count D 2. Arm AT
A11(9) 3. Clear Display
| l
Yes No
N Go to All
MSD, T2 to TT,
Arm (A8 Quiputs)
| ]
Y?s No
Exp Tn A11, IC12(13) Go to A
Exp Out A11 IC14(1, 16, 3, 14)
{ 1
Yes No
Arm All (Blue) Go to All
- 1
Yes No
Go to A7 Go to A8
02841-1 5-13



Section V
~Maintenance

' 5.38. GATE CHECK

2. Set MODE to CHECK, MEASUREMENT TIME
to 1, Hz/RPM to Hz, and TIME BASE to INT,

b. Check A3: should be HIGH on pins 3, 10, L, and
P, LOW on pin E.

e. Refer to Table 5-7 for more detailed {rouble-
shooting procedure,

5-39. DISPLAY CHECK

a. With MODE set to CHECK and MEASUREMENT
TIME set to 1, connect a clip-lead from A111C8(4)
(test point isprovided belween IC15 and IC19) to chas-
gig ground. Display should step from all ones to all
twos, etc., to all nines, Last digit (LSD) of the all
nines display wilt be a zero which is normal. The all
zero display will be skipped which is also normal. H
all numbers appear and the display steps {rom ones to
nines, the display is normal. Remove the clip-lead.

b. If the display steps correctly, but a wrong num-
her appears such as a three when all eights are dis-
played, set MODE to HOLD to freeze the incorrect
display. The BCD lines from the A1l and Al2 boards
can now be checked with the Logic Probe.

¢. A digit that will not change may be caused by a
missing transfer pulse (MSD, T2 through ™. Go
to AB.

d. If the display does not step, make Reset Check
(paragraph 5-34). I reset is correct, go to AT.

Table 5-7. Gate Check Tree

Model 5323A

e. A blanked display tube can be caused by a de~-
fective display tube or blank input. Go to Al2.

f. If a constant wrong number is displayed with
the Counter MODE set to CHECK (A1l test point not
grounded), the problem should be in A4, A5, or AG.
Check the X, ¥, I and  lines, because a line is prob-
ably held HIGH or LOW. Refer to Table 5-8 which
ligts typical defective displays and their causes,

5-40. ADDITIONAL TESTS

a. Tf the Counter correcilydisplays 10,.00000 Mz,
check to verify thal it resets.

b. Make a display check to see if all numbers
appear.

¢. Checkall MEASUREMENT TIME settings. Reset
at each setting. If trouble oceurs, go to Al0.

d. With MODE set to NORM, verify that ARM light
is ON with no input signal. I trouble occurs, go to
Al3.

e. Connect a signal to INPUT and verify operation
to 20 MHz and to 100 mV sensitivity. This will check
the Al and A2 assemblies.

i. Check operation of the Hz/RPM switch in RPM,
Fy should be divided by 6 in A3 and appear at pin N,
All measurement times are now multiplied by 8.

g. Check blanking, hysteresis, and external gate _

operation.

Table 5-8. Defective Displays

Gate Out
{Rear Panel)

No

Time
AB{L)

! !

Yes No
(Check Arm, R, Go to A6
T7 on A3)

|

[ |

No Yes

Trace Line Go to A3

{o Source
Assembly via
A9

Disgliiyhéﬁg%b§§mG Check Line for Signal:
10, 11111 Ib, Id
11. 11111 Xd, C2
11.22222 nd
12,11118 Ia
12, 22222 Xe
15. 55555 a
2.111111 Ic
21, 11111 Ic
24 44444 pH
25. 55555 Xa
42, 22222 Xe, Ie, e
44, 44444 Xb
99, 99999 2

5-14
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for ordering
replacement parts. Table 6-1 lists parts in alpha-
numerical order of their reference designators and
indicates the description and HP part number of each
part, together with any applicable notes. Table 6-2
lists parts in alpha-numerical order of their HP part
number and provides the following information on
each part:

a. Description of part (see abbreviations below),

6~3, Miscellaneous parts are listed at the end of
Table 6-1.

6-4. ORDERING INFORMATION

6-5. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Salesand Service
office (seelists atrear of this manual for addresses).
Identify parts by their Hewlett-Packard part numbers.

6-6. To obtain a part that is not listed, include:

b. Typical manufacturer of the part in a five-digit
code; see list of manufacturers in Table 6-3,

c. Manufacturer's part number,

d. Totalquantity used inthe instrument (T'Q column}.

a. Instrument model number.

b. Insitrument serial number,

c¢. Description of the part,

d. Function and location of the part,

HEFERENCE DESIGNATORS
g :lssunlwi)ly F‘ f}lfi(‘: A mechanical part u integrated circuit
. n}oln)[l lf‘[, ft]ter P plug v vacuum, tube, neon
].‘l Imltm}y Ic - !uta':gralnd circuit Q Lransislor b, photocell, ete,
(_: N capacitor 3 = jack 1 reststor VR voltage regulalos
(,‘] cpnpl(:r K refay RT thermistor W cable
CR diode ) 1s inductor 8 switeh X socked
IH I‘_J d(:l;}y 11@(’ ' 1553 Lousd speaker T transformer Y crystal
]_Jb L|L"!H. 1g‘1mll!ag {lamp) N meter Ts terminai board A Luned cavily,
E mise eleclranic parl MK microphonsa TP test poiat network
ADDBIEVIATIONS
A . 5111\1.3(’1'1-‘5'; H henries N/Q narmally open RMO rack mount ondy
AV aulomitic [requency control HIAY hardware NOM nominat RMS rocl-mezn $gisre
2] iy . Rl )
AMPL amplilier HIEX hexagonal NEO negative posilive zero RWY reverse working
HG mercury 0 temperature voltage
DEO beat frequency oscillator HRR nour(s) mnt) s
BE Ci heryllivm copper nz hertz NDPN ive-positive- 5-1B slow-blow
Bl Binder heard weative SCR serew
Bl? handpass jio intermodiate freg NRFR Aot recommended for .‘3,1'2 ., Sele!uum
BRS bras IMNPG N A R i SECT seelion(s)
. i g ficld replacement b AT < v S
BWO backward wave nseillator IHCD NSLL ot separately SEMICON = .l..ca?nu’,nmlllctm-
_ INC includels) replasenble 51 siliven
oew counter-clockwise ING insutation(ed) St silver
CER cergmic NT internal uBn order by deseription 84
C™O cabinet mount only . " OH oval hiead 506G
CORF coelficicnt K kito - 1008 OX oxide sPL
COM COWNNONR LH = Jelt hand P peak SS']
COMP composilion Lir Hinear lapor it privted circuit SZR
COMPL = complete LK WASH ek washer PF - picofarvads = 10-1 STE
CONN corneetoyr LOG Iogavithmic {aper farads TA tantalom
(_:l ) cadmium plate LPT Iow pass (Hier PH BRZ phosphor bronze T time delay
(_,.{:"'[ a:atnmil‘iruy fubhe o a PHL Phiftips TGL topgle
C clockwise M . = pilli = 10~ Piv peak inverse voltuge THI» thread
- . MEG ey - 108 NP . posilive-negative- TT titanium
prpPc (lepr)snnd carbon MET FLM = metal [ilm positive TQL toleranae
DR drive MET O% metallic oxide PO = part of TRIM irimmenr
ELECT = clestrolytic !]:;g;{ nmnul’;’u:h;:‘ur POLY polystyrene TWT fraveling wave tube
ENCAP = encapsulated ; mega hertz PORC - porgelain icro - 10-8
EXT external MANAT nminiature £Os - position(s) u micro = 10
¥ o Tarads M()ff’l mumentﬂ‘r)’ PoT polenliometer VAL varlable
FH flat he i MOS metal ozide substrate Py peak-10-peak VHOW de working voits
FILH . fillister head MG mounting BT point
I"XI‘} ) [ixc;] eat MY ylar PWY - peak working voltazo W/ with
G riga (10%) ano {10-2 Tog iti W wosking i
1 pifd g N nano { } RECT reciificr WV working inverse
(fh germanivn N/C normally closed RE radio frequency voltage
(.:L glass NE neon BH round head or WW wirewound
GRD ground(ed} NI PL oickel plate right hang w0 withoul
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Parts

Section Vi

Table 6-3.

Code List of Manufacturers

Model H323A

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
{Nanie to Cade) and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the
supplements uged appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to
suppliers not appearing in the H4 Handbooks.

Code
Ho.  Manufactorer Addiess

Any supptier of 1§,
Hount Holly Springs, Pa.
Rochester, H. Y.
Danielson, Conn.
Cotten, Galif.

Valiey Stream, N, Y.
Cherty Hill, N. ).

New Bedford, Wass.
Harishurg, Pa.

g00gg¢ u.S. A. Conman

00136 MeCoy Eleclionics

00213 Sage Electianics Carp.

00287 Cemco fae

00334 Humidial

10348 Hicrolien {o., Enc.

00323 Gartock ng,

00856 Aercvox Corg.

09728 Amp. Inc.

00781 Adrcsaft Radie Cotg, Boonton, & ).

00%i8 Croven LW, Whithy, Ontaeen Canaca

00815 MNerlhemn Enginessing Laborateres, Inc.

Buttington, Wis.

0085) Saegamo Electric Co. . Pickens Div.

Pickens, §.0.

00866 Goe Eapineering Co. Cily of Industry, Cab

40851 Casl E. Halumes Corp, Lns Angeles, Calil,

00979 Hictelab Inc. Livingston, K.},

01082 General Cteclric 0., Capacitor Bepl,

Hudsgn Fabis, H_ Y.
Brackion, Kass.
Mitwaukes, Wis,

Beverly Hils, Calif.
tawndale, Catif.

01069 Atden Praducels Go.
0112t Allen Bradley Co.
01255 Litten Indestiies, ine,
0128% TRW Semitonductors, Inc.
01295 Texas laslsmenls, inc.,
Transistor Producls Div,
01343 The Alhance wfz. Co.
03538 Small Parls Iac
21989 Paulc Relays, inc.
01470 Gudebrod Beos, Silk Ca.
41530 Awerock Comp.
01%6) Puise Laginegnng Ca.
42114 Feroxcube Cap. of America
0216 Wheelock Signals, Inc. Long Branch, . J,
02786 Cole Rubhes and Plaslics nc. Sunnyvale, Calif
47660 Amphencl-Barg Etectionics Corp.  Broadview, 11,
02735 Radio Corp. ol Ameticd, Stmiconduclor
and Materials Biv Semeiviile, .1
4211 Voeahme Co. of Anerica, Inc.
01d Saybrook, Eona.
B2717 Hopkses Engineesing Co. San Femanda, Salil,
07875 Hudson Teal & Die Go. Newark, H_J.
83505 G. E. Semicenducler Prod, Depl.  Syiacese, KoY.
03705 Apex Machine & Todl Co. Daytan, Ghie
0375} Eldema Coap. Compton, Calil.
Gi8i8 Patker $eal Co. Los Angeies, Calil,
03877 Transilson £lectiic Corp, Wakehetd, Mass,
03888 Pyselilm Resistar Co., Ine, Cedar Xnolts, H.J.
03354 Senger Go., Dieht Div.
Fisdermne Plant Sumervilte, H 1.
05088 Anow, Harl and Hepgenan Elect. Co.
Hatltord, Conn.
Lanbeslvitle, N, J.
Great Meck, MY,
Las Aegeles, Sald
04222 Hi-¢ Divisian ol Aefovox Myrtle Beach, 5.C.
04354 Piacision Pages Tube Co. Wheeling, L
84404 Oymec Divisian of Hewlett-Packard Co.
Pato Alte, Calif.
4651 Sybvama Elecine Products, Ricrowave
Device Div. Mounlain Yiew, Galif.
05673 UDakots Engr. tnc. Culver City, Calil.
4713 Hotorctz, Inc., Semicondector Prod. Div,
Phoenix, Afizona

Dallas, Fexas
Alliance, Ohio

Lus Angeles. Calif
Van Huys, Catit
Hew Yotk, H. Y.
Roekford, 11,
Sanla Clara, Satit,
Saugerlies, N.Y,

04013 Tawrgs Corp.
04062 Arco Electonic Inc,

04217 Ezsex fe

04732 Faltren Co., tnc. Westem Biv.
Culwer Cily, Cahif.
Hosthlake, 111,
Redwood Cily, Calil,
£ Mante, Calif
Westchester, 11,

04713 Antamalic Elechic Co.
04796 Sequora Wire Co.
04811 Precisien Godl Spring Go,
04470 P, Holot Conpany
4919 Component ¥lg. Service Co.

¥i. Gridgawaler, Mass.
05006 Twenlieth Centuey Plastics, fac.

Las Angetes, Calil

i Octohar, BUET

Code
Ne.  Manufocturar Address

45245 Comgpaneals Caip. Chicaga. 11,
05277 Westinghouse Electne Carp.
Semi-Gonductar Depl.

05347 Uitronia, tnc,

05337 Unton Carbide Cotp., Elect. Div.
Hew York, H.Y.

Canoga Park, Cahf.
Sunnyvate, Calif.

Youngwood, Pa.
San Kateo, €ahf.

05574 Vakeng Ind. Iac.
05593 lcore Dlectip-Plastics Inc.
05616 Cosmae Plastic

tcia Electiicat Spec. Co.}
05624 Batber Colman Co.
05728 Titlen Dplicat Co
Rosiyn Heights, Long tsland, RV,

Westhbury, K. Y.

Cleveland, Qhio
Rackford, 1.~

05729 Metro-Tei Corp.
05783 Stewart Engincening Co Saats Cruz, Galif.
05820 Wakelield Engineeting Inc. Wakefield, Mass.
BE0O4 Bassick Co., Civ. of Slewarl Wasnetr Corp.

Bridgegorl, Coan.
16890 Raychen Carg, Redwood Cily, Cabf.
06175 Bausch and Lomb Optical Co Rochester, H. Y.
06407 €.T.A. Producls Co. ol Anetica Chicago, K.

06543 Amalom Etechonic Hardware Co., Inc.
Hew Rechelie, H Y.

06555 Beede Electitcal Instruent o, lne,
Penacoak, ¥. 0.
Indiznapedss, Ind.
Phoenin, Ariz,

06666 Generzl Devices Co., lac.
06751 GCompeaents lac., Anz. Div.
6812 Torglen Mig. Co., West Div.
Van Nuys, Calif.
San Carlos, Calel,
Yan Muys, Calit
Pasadena, Calif
Hinnespohis, Mina.

06958 Vanan Assoc. Eimac Div.
31088 Kelvia Electng o

07126 Digitran Co.

07137 Triaesaster Etectionics Cofp.
07138 Weslinghouse Eleclric Corp

Efeclroaic Trhe Biv.
0714 Fulmohm Coip,

97233 Cmeh-Graphik Go.
41256 S:hicen Teansisior Corp.
07261 Avne! Corp,

G263 Farcheld Camera & Insl. Coip.

Semiconductar Miv Mountain View, Calil
$1322 Minaesata Rubber Co. Hinaeapekis, Mnn.
7387 Bifcher Corp.. The Ronterey Paik, Calil,
07337 Sylvania Clect. Prod. fnc. . ML View Operations
Weuntam View, Cahil.

Cranford, H.J.
Chitago, 1.
Hawthaotne, Calif.

Elmita, H Y.

Rew York, R.Y.

Cily of ladusty, Caht.
Carde Place, R.Y.
Gulver City, Cakil,

07700 Technscal Weee Products inc.

17829 Bodist Llect. Co,

0J30 Gonrtinenial Device Coip,

01533 Raytheon #1g. Co.,

semicanducion Div. Mountain View, Calif.

07988 Hewlell-Packasd Co., Boonton Hadia Div.
Rackaway, N.J1.

Los Angeles, Calill

03145 ©. S Eagmeering Co.
Foziepa, Catil.

08289 Blina, Delberl Co,
08358 Burgess Battery Co
tiagara Falls, Onlario, Canada
08524 Devtsch Fasterer Corg. Las Angeles, Takf.
98664 Bustol Co., The Walerbusy, Conn.
08717 Sloan Gurpaay Sen Valley, Calif.
N§718 1171 Cananon Electac fnc. . Phoenix Div.
Phoents, Atizana
08727 NHatona! Radro Lab. Inc, Patzmus, H.J.
08752 GBS Elechramcs Searconducto
Operalions, iy ol €, 8.5, e,
Lowelt, Mass.
05306 Generab Electiac Co. Minial. tamp Bepl .
Claveland, Ghio
indianapolis, Ind.
Cosla Mesa, Galif.
Houston, Texas

08585 Mel-Ram
Q8076 Boabcack Relays Div.
09134 Texas Capactlor Ga

Code

No.  Menulacturer

09145 Tech, ind. lac. Alohm Etech

34258 Elecko Assembhies, Ine.

03153 C & K Coagonents Inc,

093569 Mallosy Baliery Co. of

Ganada, LId.

9922 Bumdy Curp.

10714 Gengral Transistor Western Corp,
Los

WAL Ti-Tal, tne.

10646 Carborvndur La.

11236 €75 ol Bee, Inc.

11237 Cimcago Tefephone of Califarnia, fnc.

So. P
11742 Bay Slate Electronics Corp,

11317 Teledype fnr,, Wittowaws Biv.  Pale Allo, Cahl.

34 Wational Seal
11453 Precesion Conneclor Corp.
115034 Duacan Etectignics htc.
13711 Geneial lastrumant Cowg., Semicon
Div., Pducts Group
1510 imspenal Elechenic, ne.
11870 Melabs, Inc.
120608 Mabional Semiconduclar
12836 Phitadetphia Haadle Co.
12361 Grove Mip. Co., Inc,
12575 Gutton tnd. Inc. Data System Div.

Albirquergue, H_H.

12697 Clarostal #lg. Co.

§2728 Elmar Fuler Corp.

12859 Hippon Liecliie oo, LM
17881 Hetex Flectionees Crip,
12530 Della Semreanducled bnc,
12954 Bickson Electionies Gorp
1301% Aoseo Suppiy Goo fnce
13183 Theiallay

13396 Telelunken {GrebHY

14095 Sem-Tech

14193 Cadif. Resislar Cafp. Sant

14798 Amesican Companenls, {nc.

34433 117 Sermiconductor, A Biv. of lnt
& Teiegtaph Cong. Wes| P

14493 Hewleil-Packard Compaoy

14655 Corncl! Dueblier Electsic Catp,

14614 Coming GEass Works

14752 Efecteo Cube Inc. §a

14960 Williams Mig. Co.

15105 The Spheze Co., Inc. L

15203 Webster Elechionies Co.

15781 Seronics Corn.

15297 Adjustatie Bushing Co, H. H

15558 Wicren Eleclanics

Gardeqn City, Long Isiand, #. Y.

15566 Ampiobe Insi. Coig,
15631 Cabletronics
15272 Tweatielh Century Coil Spring Co.
Sa

15801 Fanwal €£lect tne.
13818 Amelca Inc,
160837 Spruce Pine Mica Co.
16179 Omei-Spechia inc. F
16352 Compualer Diode Sorp,
16585 Bonls Awvcialt Rut Corp,
16688 tdeal Prec. Meter Coo | fne.

Oe Jur Meler Div.
15758 Defea Radio Div, of G, . Corp.
17198 Therseaelics ing,
17414 Tianex Comgany Moun
17554 Compenents Inc.
17675 Hamdin Metal Produels Cosp.
17745 Angshohn Prec. Inc.
ti3ah Stheamy lac.

Fram: F3C. Handbook Supplements

Toronte, Grlatio, Cansda

Berkeley, Calif,
ftiagaia Fails, 8. Y.

Gasta #esa, Calif,

Guena Park, Calif
Pato Alle, Calil.

Shady Grove, Pa.

W. Haves, Conn.

Hewpoll Beach, Calif
Scobtsdale, Arizeaa
Wilchita, Kaasas
Hanover, Gemmany
13835 Migland-Wright Biv. of Pacific Industies, lac.
Kansas Cily, Kansas
Rewbusy Park, Cahi.

Conshohacken, Pa.

Hosthridge, Calif.

Costa gesa, Calil.

Framinghar, Mass,

Spruce Pine, H.E.

Canoga Park, Ealif,

fto. Hellywood, Cakil.

Address

Burkank, Calil.
Chicago, .
Rewlon, Mass,

forwalk, Cona,

Angeles, Calil.

Seine, iod.

asadena, Calif.
Wallham, Mass.

Dowaey, Calif,
Jasaica, H.Y.

dyctet
Hewaik, H. 1.

Danbury, GConn.
Camden, H.J.

Dover, H.H.

Tokyn, lapan
Clark, H. 1.

Qallas, Texas

a Momca, Galif,

Telephone
afm Deach, Fla
Loveland, Celo.
Newark, M.J5.
Coming, H. Y,
0 Gabiiel, Gall.
San jose, Calif,
ittle Fails, Hi.J
few Yok, HY.

eflywnod, Catil.

tynbiook, H.Y.

nta Clasa, Calif.
Rt View, Calif.
airinglon, Kich.

Lodi, K. 1.

Pasadena, Calil,

Brooklyn, H.Y.
Kokema, ind.

tain Yiew, Galif,
Giddelod, Ma.
Aktoa, Ohio

Sunnywale. Gald,

Model 53234
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Code

Ho.  Manofacturer Address

17820 McGraw-Edisan Co. Haachester, H.H_
1842 Power Design Pacific lac. Pala Alta, Calif,
18683 Clevile Corp., Semicondutior Div.
Palo Alla, Calil
Sunnyvate, Calil,
Hotiiston, Mass.
Bes Plaines, 11,
Hi. Kisco, #. Y.
Maltvern, Pa.

18324 Signetics Corp,
18476 Ty-Cas #fp. Co., lnc,
18486 TRW Elect, Comp. Div.
18583 Cudis Instrument, Inc.
18612 Vishay Instiuments nc.
8873 E.I. DuPoni and Ca., fnc. Wilmington, Del.
L&%11 Durant Mg, Co. Kilwaukee, Wis,
1315 The Beadiz Corp,, ¥avigalion & Conlrel Div,
Tetetherg, M. ).
19500 Thomas A, Edisen Industries, Div. of
MeGraw-Edison Co. Wesl Qrange, H.).
1958% Concoa Baldwin Park, Calif.
19644 LRC Elecltonics Horseheads, N.Y.
13781 Eleclra Mig. Co. Iadepepdence, Kansas
20183 General Alionics Cotp. Philadelphia, Pa.
21726 Exetutone, jnc. Long Island Cily, K.y,
21335 Fainis Bearing o., The Hew Britais, Conn.
21520 fansteet Hetatturgical Corp. H. Chicaga, 1,
23042 Texscze Coip. Indianapslis, Ind,
23783 Bntish Radio Elechionics LId.  Washinglen, D.C.
24455 G.E. Lamp Division
fela Park, Gteveland, Ohio
West Concord, Hass.
Huntinglon, Ind.

24655 Genetal Radio Co.
24681 Memcoring., Comp. Biv.
24738 Pareleo inc. San juan Capishtane, Calif.
76365 Gries Reproducer Corp, tiew Rochefta, N.Y.
25467 Giobet File Co. of Aperica, Inc.

Caristacl, N_},
Haliister, Calif.
Lancaster, Pa.
Stratferd, Conn.
Pato Alto, Galil.
Kensbworth, N 4,

26851 Cempac/Holister Co.

26992 Hamillsn Walch Co.

27251 Specialities Hfg. Go. . Inc.

28480 #Hewlell-Packard Co.

28528 Heyman Mg, Co_

30817 lastiyment Specialties Co., Inc.

Little Falis, i, ),
Owenshero, Ky.

Chicago, 1L

33173 G.E. Receiving Tube Oepl.

35434 Leclioha Inc.
36198 Staawyck Coit Preducs |Id,
Hawkesbury, Ontarie, Cansda

36287 Cunmingham, W.H. & Hill, Lld.

Toionlo Qnlasio, Canada
fndiznapelis, ind.
Akiga_ Qhie
Keene, N.H.
Chicage, 10i.
Englewood, Cofa.
Skokae, |H,

31947 P.R. Mallery & Co. Inc.
39643 - HMechanical Industries Prad. Co.
40920 Minialure Precision Bearings, Inc.
42190 Mules Co,
43530 C.A. ftorgren Co.
14655 Ohmite Wfg. Co.
46184 Penn Eng. & Mlg. Corp. Boyfestown, Pa.
41904 Pofaroid Corp. Cambridge, Mass.
48620 Precision Thermomsler & lnst. Co.
Sovthampton, Pa.
Wallham, Mass.
Westminster, Bd.
Viattham, Mass.
Sefma, H.C.

44936 Wicrowave & Power Tube Div.
52090 Rowaa Contraller Co.
52983 Senbom Comgany
54794 Shallcrass Mip. Go.
85026 "Simpsen Electric Co. Chicago, Hi.
55933 Senolone Coip. Eimsloid, H.Y.
35938 Raytheen Lo. Comnmercial Apparatus &

Systems Biv. 3. Horwalk, Conn.
56137 Spauiding Fibre Co., fac. Tanawands, K.Y,
56289 Sprague Electiic Co. Horth Adams, Hass.
39446 Telex Cotp. Tuisa, Okla,
597319 Thomas & Betls Co. Elizabath, H.J.
50741 Tuopletd Efechiical Insl, Co, Blulflon, Chio
61775 Union Switch and Signal, Div. ol

Weslinghouse Air Brake Co. Fittsbuigh, Pa.

09015- 48
Revised  Oclober, 1362

Code

Mo.  Monufocturer Address

67t1% Universal Efectiic Co.
§3743 Ward-Leonaid Electiic Co.
64959 Wesfers Elechic Co., Inc.
63032 Weston Insl. Inc. Weslon-Hewark Hewark, H_J.
66295 Wittek Hig. Co. Chicago, (il
65345 Minnesota Mining & Wig. To. Revere Mincom fiv.
$1. Pavd, Hinn.
Harlford, Conn,
Hew Yoik, M. Y.

Owosso, Mick,
KL Vernen, #.Y,
Hew York, H.Y.

JOR716 AHen Wiz, Co.

109309 Allied Cortial
70318 Allmetal Sciew Product Ce., Inc.
Garden Cily, H.¥.
Drelioit, Mich,
Chicage, 1.
Unien Cify, M.,
Minreapalis, Hirn,
Chicage, NI,
{ieveland, Dhig
Hew York, N.Y.
Eiie, Pa.

HdE7 Amplex, Div, of Cheyster Soip,
0485 Allantic Iatha Rubber Watks, Iac.
70563 Amperile Co. . inc.
70674 ADL Prodeels inc,
19903 Belden Mig. Co.
10998 Bitd Efechanic Corp.
1062 Bitnbach Radio Co.
11034 Bliley Electsic Co., tac,
HE4L Boston Geas Works Drv. of Muitay Co.
of Texas Quigcy, Mass.
121§ Bud Radio, Inc. Willoughby, Ohig
71219 Cambridge Thermionics Somp; Cambridge, Mass,
11286 Camtac Faslener Coip. Parastus, H_f,
71313 Caedwell Condenser Corp.
Eindenheisi L1, H. Y.
T1400  Busszann Mfg. Div. of McGraw-Edisna Co.
S8 Louis, Mo.
71436 Chicage Candenser Coip. Chicagn, $H.
T1447 Calil, Spring Co., Inc. Pico-Rivera, £alif,
11550 GTS Corp, Eikhart, Ind,
FESEE ITT Camnan Eleclric (e, 105 Angeles, Calif,
1471 Cinema, Div, Aerovox Corp. Butbank, Catif.
71482 C.P. Clare & Co. Chicage, NI,
#1594 Cenlralab Div. of Globe Unisn lnc.
Hibeaukes, Wis.
Chicage, i,
Rew York, H. Y,

816 Commerciat Plashics Co.
11760 Comish Wire Co., The
HiGr Cole Coil Co., nc, Providence, R. L
F1784 Chicago Miniatote Lamp Works Chicago, 1.
71785 Cwch Mg, €o,, Howard B, Janes Div.

Chicago, ilf
71984 Baw Coraing Corp. Hidland, Mich,
12136 Electro Mative Mlg. Go., Inc. Willimantic, Conn.
12615 Diatighl Corp. Btookiyn, H_ Y.
72656 Iadiana General Corp., €leclionics Diy,

Keasby, d.J.
72639 General instiument Coip., Gap. Div. Hewark, H, ).
1765 Brake Mig. Co. Harwpod Heights, 11,
T2825 Hugh H. Eby Inc, Philadefphia, Pa.

12928 Gudeman Co. Chicago, 11,
12962 Elastic Slop Mut Carp. Uaion, H. [,
12964 Robert M. Hadley Co. Los Angeles, Calif

12982 Eire Techaologicad Producls, Inc, Eite, Pa.

13861 HWansen Mig. Cs., fnc.
73016 H.M. Harper Co.
73135 Helipol Biv. of Beckman lasl., inc
Fulieston, Calif,

13293 Hughes Products Division of Hughes

Arrcszf i Co Hewport Beach, Calil,
73445 Armperex Efect Co. Hicksville, L.E, K.Y,
73505 Diadiey Semicondustor Cop, Kew flaven, Conn,
13559 Cailing Electtic, Inc. Haitford, Gonn.
13586 Cwrcte F Hig. Co. Trenfon, H_ ).
13682 Gearge K. Gawelt Co., Div. MSL

industnes lac. Philadeiphia, Pa,
11738 Federal Screw Products Inc. Chicago, ML
73743 Fisches Specsal Mig. Co. Cincinnali, Ghio
13193 Generad indusliies Co., The Elyna, Ohio
13846 Goshen Slamping & Tool Co, Goshea, nd,

Ptinceton, Ind,
Chicago. L

Code

No.  Monvfacturer Addrass

23893 IFD £iectiomes Corp.
73805 Jenmings Radia Mip. Corp.
73957 Groov-Pin Corp,
26 Signatite Ing.
TH48% ) H. ¥Winns, and Sops ¥inch
14861 indestral Condenser Coip, é;:z:n'g;ﬂalslslr
74868 R.F. Produects Bivision of Anphenal-Borg T
Elecianics Corp. Danbury, Conn,
T4370 E.F_ Johpson Co. Waseca, Hing
15047 Inlewalioan] Resestance Co. Pmladﬂph;a Pa-
75263 Keyslone Carbon Co., lac. S1 Mazys‘ Pa‘
F5378 CTS Knighls tnc. Sandwich, 1,
15382 Kuika Efscinc Corporation HE Yeiaon, .N,Yl
15818 Lenz Electue #ig. Co. Chicago III:
75515 Litielese, tnc. Des Plaines, fil.
76005 Losd Mig. Co. Esie, Pa
16210 C.W. Marwedel Saa Francisco, Calil.
16433 Genesal lnslrument Corp. , Micamold Divisign
Hewark, ),
16487 James Mellen #{g. Co., inc. Malden, Mass.
76493 B ¥. Midler Co, Les Angeles, Calif,
16530 Cinch-onadnock, Div. of Ynited Carr
Faslener Cosg. $an Leandry, {alif,
16545 Huelter Elecivic Co. Cleveland, QOhio
16703 Hatiosal Uaioa Rewark, N, ).
16854 Oak Hanulacturing Co. Crystal Lake, NI
H0BB The Bendix Corp., Electrodynamics Div,
H. Hollyweod, Calif.
17075 Pacihe Melals Co, $an Francisco, Calil.
17221 Phanoshan Inslwment and Eleclronic Go.
Soyth Pasadena, Calil
11252 Philadeiphia Steel and Wire Corp,
Philadelphia, Pa.
11342 American Maching & Foundiy Co. Palles
& Biumtiedd By, Fiincelon, Ind.
17630 TRW Eleclranic Compoaenls Div. Camden, ¥.),
P1638 Genesal (nstrument Corp. | Reclifer Div.
Brookiyn, H. Y
17164 Resislance Products Co. Haiitshurg, Pa.
11969 Rubbercralt Corp. of Calil. Tairance, Calil,
18189 Shakeproof Diviswn of Hiinots Tool Works
Elgin, 1I.
So. Bramntiee, Mass.
Rew York, MY,
Pitman, H.J.
lewark, #.].

Breokiyn, H.Y.
3an Jose, Calif.
Ridgeficld, #. ).

feptune, K._1.

8217 Sigma
78283 Signal ladicater Corp.
I8290 Strwthers-Dunn [ne.
13424 Speriably Leather Piod, Co.
JBA52 Thompson-Bremer & Go Chicago, N,
F8411 Tilley Mip. Co. San Francisca, Calil,
18488 Stackpele Carhen Go. S1 Harys, Pa.
15491 Standard Thermson Corp. Wailham, Mass,
78553 Tianefman Producls, In¢ Cleveland, Dhio
18790 Transfermer Enginesrs San Gabijal, Calil,
28947 Hcinite Co. Hewlanvilte, Mass.
1138 Wades Kohinoor {nc. Long fstand Cily, K. Y.
9142 Veeder Rosl, fnc Hatllord, Coop,
79251 Wence Mg, Go. Chicago, HI.
18221 Contmenlat-Wirt Elpclionies Carp,
fhiladelphia, Pa,
FR63 Zresich Mig. Codp Hew Rochalte, N_Y,
BE031 Mepes Divisran of Sessivas Glock Co.
Manislown, 8.,
50833 Prestole Cerp. Toizdo, Oy
80120 Sehnilzer Alley Praduets Co. Elizabelh, ®_J.
A0131 Electronic dnduslies Assaciation. Any brand
Tube megting EiA Slandaids-Washinglan, DC.
§0207 tninax Switch, Div. Maron Efeclronics Corp.
Wallingford, Conn.
80Z23 Umited Translormer Coip. Mew York, H. Y.
80748 Ouxford Eleclric Corp Chicage, Hi.
80294 Bouins lac. Riverside, Calif.
80431 Acto Div. of Rebertshaw Contiols Ce,
Columbus, Chia

From: FSC, Handbeok Sugplemenls
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Model 5323A

Section VI
Parts
Table 6-3. Code List of Manufacturers {Cont'd)
Code Code Code
Ne.  Monvfocturer Address Mo.  Menufocturer Address No.  Manufacturer Address
80496 AH Star Froducls jae. Deliance, Qhio £6684 Radio Corp. of America, Electienic 9556% Adneld Engineenng Co. #arengo, 1.
80509 Avesy Label Co. Monrevia, Calif Canp. & Devices Biv. Hanisen, H_J 957112 Dage Electire Co., Inc, Frankhin, tnd.
50583 Hammatbund Co., IRE. #ars Hill, H.C. B6373 Seastrom Mlg. Co. Glendale, Calf. 95384 Siemoen Hlg. Co. Wayae, it
80640 Sievens, Amold, oo, Inc. Bostan, Mass. 87034 Haieo Indusknes Ansheim, Cahif, 95987 Weckesser Co. Chicage, ML
80813 Dimce Gray Co. Daylon, Chie §7716 Philco Corpoiation (L ansdale Division) 45067 Microwave Assoc., Westlnc, Suanyvale, Caiif.
51030 telernalional fnstiurents fnc. Otange, Conn. Lansdale, Pa. 95095 Hi-Q Div. ol Aerovex Coip. Qlean, H.Y.
81673 Grayidi Co. LaGrange, 11 87473 Westem Fibrous Glass Products Co, 46246 Thoidarsan-Keissaer lnc. ML Camel, (0.
81095 Teiad Tansformer Corp. Venice, Calil. San Francisca, Calil, 86296 Solar Manulactating Ce. Los Angeles, Calif,
§1312 Winchester Elec. Div. Lilten Ind., Ins. B76G4 Van Walers & Rogers lac.  San Francisco, Calil 94386 Microswileh, Div. of Nian, —Honaywell
Bakviile, Conn, B7330 Tower Mig. Corp. Providence, .1 Fieeport, Il
31349 Hditary Spacilication L B&140 Cutler-Hamaes, Ing Lincoln, 15, 86330 Carkton Screw Co. Chicage, I8,
51483 inlemalional Reclilier Corp. El Segundo, Calif. 8220 Gould-Mationat Balteries, lac. 5L Pauvi, Kinn, 46351 Microwave Associsies, ing. Butlisglon, Hass.
51541 Aipax Clechonics, Inc. Ganbridge, Maiyland %8693 General Mills, lnc. Bullalo, ¥.Y. 896501 Excel Transformes Co, Dakiand, Calid.
31860 Barsy Canttels, Div. Barry Wrighl Corp. 89231 Graybat Elechie Co. fQakland, Calil. YLABE Xeehls Ine. Orehant Park, 8.V,
Wateitown, Mass. 89473 G.E. Dislubuling Corp. Schenectady, H.Y. 46733 San Feinande Elecl, Mig, Co,
82842 Cadler Fiecision Efeclric Go. Skekie, 11, 39665 Undled Translormer Co. Chicago, 1. San Fernanda, Calif,
32047 Spetli Faiaday Inc., Capper Hewnli 40019 Uniled Shoe Bachinery Coip. Beverly, Mass. 96581 Thomsen Ind. ic. fongis., &Y.
Eleetiie Div. Hobeken, H. ). 20579 U3 Rubber Co., Coasumer Ind. & Plastics 41464 Iadustiial Relaining Ring Ca, Iivington, M. J.
82136 Electitc Regulalor Corp. Horwalk, Conn. Prod. Div. Fassaic, H.J. 497538 Automalic & Precision Mig. Englewood, H. 1.
£2142 Jeiteis Eteclionics Division of Speer 90763 United Carr Faslener Comp Chicaga, i 97479 Reon Resislor Cerp, Yonkers, H.Y.
Carbon Co. D Bois, Pa. 90970 Bearing Engineeting Co. San Francisco, Calil 474983 Lillon Syslem Inc., Adiec-Westiex
82170 Fairehuld Camera & Inst, Cosp. Space & Defense 31146 ITT Gannon Elest, inc., Salem Div. Salem, Hass, Comeun, D, Hew Rochelie, N. Y.
Systen Div. Paramus, H.J, 51260 Conner Sprng K. Co, Saa Francises, Calif 98141 R-Trencis, Inc. amaica, HoY.
§2909 Haguue Induslnes, lnc. Greenwich, £onn. 81345 Hiler Dial & tiameplale Co. El Monte, Calil. 88158 Rubber Teck, Inc. Gatdena, Caiil.
§2219 Syluania Electric Prod. lac. el41g Ratio Naterrals Co. Chicaga, Il 98220 Hewletl-Packard Co., Moseley Div.
Eleclrenic Tube Divisien Empoiiva, Pa, 91506 Augal Inc. Altlebaze, Mass, Pasadena, Calif.
§7376  Aslien Cotp. East Hewark, Kartison, K, J, 91637 Dale Electromics, lac. Columbus, tebr 58278 Micendal, Inc. So. Pasadena, Califl
£238% Swilchesalt, inc Chicago, (. 91662 Efco Carp. Wiillow Grove, Pa. 98291 Seatectio gmp. Mamaroneck, H. Y.
5264} Melars & Coatiods Inc. Spencer Producls 91737 Giemar Mg, Go., Inc. Wakefieid, Mass. 98376 Zero Kfg. Co, Burbank, Calil,
Allleboro, Mass. 91827 K F Developrment Co. Redweod Cify, Calif. 98410 Eke fac. Cleveland, Chio
82168 Pinliips-Advance Contiol Co, Joliet, 115 91886 Makco Mig. Cs.. inC. Chicago, . 48731 General Mills Inc., Electronics Div,
87866 Rescarch Prodocls Corp, Madison, Wis, 91479 Honeywell tac., Micio Swilch Div, Minneapolis, Mina.
82677 FRolren Wfp. Co., lac. Yoodstack, H.Y, Fraepatl, I, 98739 Paeco Div. of Hewlelt-Packad Co.
#2893 Veclor Electionic Co. Gtendate, Calif, 91561 Hahm-Bros. Spring Co. faklang, Galif. . Palo Alto, Calif,
B304 Hartwell Corp. Los Anpeles, $alif. 92180 Tre-Connectar Cotp. Peabady, Mass. 98821 #orth Hills Eleclionics, g, Glen Cave, H. Y.
83053 Carr Fasteser Co. Carhridge, Mass. 97367 Eipeel Dptical Co. Inc, Rochester, H. Y, 489378 Iatesnational Elecliosic Research Coip.
G356 New Hampshize Bail Bearing, inc. 82607 Tensolite lnsclated Wire $o. | fnc. Buthank, Calif.
Peletharough, N.H. Tairytown, N Y. 8910% Celumbiz Technical Corp. Hew York, H.Y.
83125 Genedal insleument Coep., Capacilor Div 92787 IMC Magnetics Carp.  Wesbury Long Istand, H.Y 89313 Vatian Associates Palo Afla, alif.
Dadingtan, $.C. 424966 Hudson Lamg £o. Keamey, M. ). 93378 Atlze Corp, Winchester, Mass,
83148 IFT Yiere and Cable Div, Los Angeles, Calif, 93337 Sylvanria Eleclric Prog. lac. 99515 Marshail Ind., Capacilor Biv. Menrovia, Calil.
BIGE Victory Eng. Gorp. Springtieid, N, 1. Semiconductor Div. Wobuorr, Mass, 958707 Contrel Swilch Divisign, Conliols Co.
83798 Bemtix Coig. . Red Bank Div. Red Bank, N.J, 93369 Robbins & Myers Inc. Falisades Patk, H.J. ol Anerica £1 Segunda, Calif,
§3315 Hubbell Corp. ) tundelein, i 93410 Slemco Contrals, Div. of Essex Hire Corp. 99300 ODelevan Eleclionics Corp. £ast Aurora, K.Y,
§3324 Rasan Inc. lewpodd Beach, Calif, Mansfield, Ohio 99858 Wilco Corporation Indianapolis, tnd.
$3330 Srrth, Herman H., Inc. Braoklyn, H.Y, 93612 Waters Mfg. Co. Cuiver City, Calil. 99978 Branson Corp. Whippany, N. ).
83332 Tech Labs Palisade's Park, N.J. 93529 G.V. Controls tivingstan, H_J. 95434 Renbrandt, Inc. Boston, Mass.
#3385 CGenbral Sciew Co. Chicagn, I}, %4137 Genesal Cable Coip. Bayonng, H.J. 95947 Hollzman Eleclionics Corp.
83501 Gavell Weee and Cable Co. 94147 Phelps Dodge Yonkers, H.Y. Semiconducler Div. £l Monle, Calit.
Div, of Angrace Coip. Broaklield, Mass. 94144 Raythesa Co., Comp. Biv., ind 99957 Technology testument Corp. ol Calif
83594 Burroughs Corp. E£lecionic Tube Biv. Comg. Operaliens Quincy, Mass, Hewbuty Paix, Calif.
Plainlield, & ). 94138 Scieplific Elechonics Produc!s, |ac.
83740 Uaion Caibide Corp, Consemer Prod. Div, Loveiand, Colo.
New Yoark, N.Y. 94154 Wagner Elect. Cosp., Tupp-Sol Div. Rewark, H. ). THE FOLLOWING HP VEHDORS HAVE HO HUMBER
§3777 Medel £ng. and Mig., lac. Hunlirglon, Ind. 34397 Gurliss-¥right Corp. Eleclhionics Biv. ASSIGHED [N THE LATEST SUPPLEMENRT TO THE
83827 Loyd Scruggs Co. Festus, Ho. £ast Patersen, #.J. FEDERAL SUPPLY CODE FOR MANUFACTURERS
#3942 Aeranaubical Inst. & Radio Co. Lodi, N, ). 54272 Soulh Chester Corp. Chesier, Pa. HANDBOOK.
B417 Arco Electronics Inc. Geeal Meck, H_Y. 54330 Wire Cloth Producls, lac. Bellwond, 1l
84396 A F Glesenel Go., Inc. San Francisce, Catl 94375 Astamatic Helal Products Ca. Broaklyn, #.Y.
84415 TRW Capaciter Div. Dgallala, Meb. 94682 Worcester Piessed Afuminum Gomp. Q008F  Malco Teol and Oie Las Angetes, Calit.
84978 Sarkes Tarzian, inc. Bloamington, Ind. Warcesler, Mass, 40002 Willow Lealher Producls Caip. Hewark, N.§.
£5¢54 Baonton Molding Company Boonten, H.J. 94696 Magneerall Electic Co. Lhicags, Hi
85471 A.B. Boyd Co. San Francisge, Calif 95023 Geoige A, Phiibrick Researchers, fnc. 000AB  ETA Englang
B5474 R.%. Bracamenle & Co. San Francisco, Calif Boston, Kass. 00088 Precisiea insttument Componenls Co.
85660 Koiled Kards, Inc, Hamdes, Conn. 35236 Allies Producls Corp., Darnia, Fla. Van Huys, Calil.
85911 Seamless Rubher Co. Chicago, [H. 952318 Continentat Conneclor Corp, Woodside, N.¥. 000CS Hewleti-Packard Co., Colorago Spiings
86174 fFafnir Bearing Co. Los Angeles, Catif, 95263 Leccrall Mlg. Co.| Inc. Long Istand, H.Y. Colorado Springs, Colorado
86197 Cliften Precision Products Co_, Ine. 95255 Haliooat Cait Co., Sheridan, Wyo. ODOMM  Rubber Eng. & Development Hayward, Calil.
Glilton Heighls, P3, 45215 Vilsamoa, Inc. Briggeport, Coan. 000Nl A H' D Mig. Co. San Jose, Calif.
B6579 Precision Hubber Products Comp. Daylor, Ghio 45348 Gordos Corp. Blogalieid, H.J. woed  Ceollos Dakland, Calif.
95354 Melhode Mg Co. Ralling ¥eadows, (3L GODWK  Calilawnia Tastera Lab. Burtington, Calif.

0anEs- 43
Brosad (oioder, FY6T

000YY  S.K. Smith Go,

From: FSC. Handbook Supptements

Los Angeles, Calil.
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Model 5323A

SECTION v

OPTIONS, SPECIALS, AND MANUAL CHANGES

7-1. OPTIONS
7-2. No options are available at this time.

7-3. SPECIAL

7-4. A rear-mounted BNC connector may he added
below the EXT GATE jack (J8). A chassis plug is
normally installed in the J8 mounting hole as shipped
from the factory,

T-5. Operation and parts for remote programming
are shown in Section . Schematic information for
remote programming is shown in Section VIII.

7-6. MANUAL CHANGES

7-7. This manual applies directly to standard Model
5323A having serial prefix number 936 (refer to para-
graph 1-7).

7-8. NEWER INSTRUMENTS

7-9. As changes are made, new instruments may
have serial number prefixes not listedin this manual,
The maavals for these instruments will be supplied
wi?h an added "Manual Change” sheet with the required
information. If this sheet is missing contact your
nearest Hewlett-Packard Sales and Service office
Iisted at the back of this manual, ’

02841-1

7-10. OLDER INSTRUMENTS

7-11. To adapt this manual to 5323A with serialu pr'é;
fix number 924, make the following changes. '

Tables 6~1 and 6-2,
Change A16C1 to 1820-1962, C:FXD ELE ;
+50-10% 200 VDCW. O SuE

Figure 8-15,
Change A18C1 from 15 p¥F to 9 pF,

7‘-12. To adapt this manual to 5323A with serial pre-
lix number 908, make the following changes.
Tables 6-1 and 6-2,

Change A16 (o 05325-60039, POWER SUPPLY:

+5, 1V, +175V; 05325-20039, BOARD: BLANK
P.C.

Add A18CR13: 1902-3139, DIODE BREAKDOWN:
SILICON 8,25V, 5%.

Change A16R3 to 0683-5135, R:FXD COMP, 51K
OHM, 5%, 1/4W.

Change A16R4 Lo 0883-2015, R:FXD COMP, 200
OHM, 5%, 1/4W,

Delete A16Q3.

Figure 8-15,
Replace with Figures 7-1 and 7-2.

7-1
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Component Locators A16/ALT

Figure 7-1.
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‘Seetion VIIL .+

e Diograms
SECTION Vill
CIRCUIT DIAGRAMS
8-1, This section containg the following:
a. General note for schematic diagrams in
Figure 8-1.
b. Flow diagram, Figure 8-2.
¢. Block diagram, Figure 8-3,
d. Schematicdiagrams and component locators for
assemblies including theory ol operation and trouble-
shooting procedures in Figures 8-4 through §-15.
8-2. The diagrams, when unfolded, can be used with
other partsof the manual or whenthe manualis closed.
02841-1 8-1
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Schematic Diagram Notes

SYMBOLS

FRONT FANEL

|

REAR PANEL

E"'-‘
;]
11
Ld

KNQOB CONTROL

SCREWDRIVER ADJUST

MAIN SIGNAL PATH

FEEDBACK PATH

CONDUCTING ELEMENT

WIPER MOVES TOWARD "CW" WHEN
CONTROL 15 ROTATED CLOCKWISE

POWER L.INE GROUND

CIRCUIT COMMON GRCQUMND

TEST POINT

"AND™ GATE

INHIBIT GATE

""OR'" GATE

@@@9**-5'”@0

WAVEFORMS SHOWN ARE TYPICAL

SWITCH DESIGNATIONS

A3S1BR(2-1/2)
A3S1 SWITCH 51 WITHIN ASSEMBLY A3
B 2ZND WAFER FROM FRONT
[A=1ST, ETC)
R REAR OF WAFER
(F=FRONT)

TERMINAL LOCATION {23}

(2172) (VIEWED FROM FRONT)
AF AR
Sy
= A
BF  BR

REFERENCE DESIGNATIONS

REFERENCE DESIGNATIONS WITHIN ASSEMBLIES ARE ABBREVIATED.
ADD ASSEMBLY NUMBER TO ABBREVIATION FOR COMPLETE DESCRIPTION.

ASSEMBLY ABBREVIATION COMPLETE DESCRIPTION
ARG C1 AZ5CH
AZ5A1 CRI1 AZBAICRA
HNO PREFIX J3 J3
Assembly Stk No.  Assembly Serios Vo,
Assembdly Assembly (includes AZ5AT (used to document
Kumber Nome Assembly) changes)

el

[~ ™ "_ Al RECTIFIER ASSY

}2 mounied on Rectifior 05100-803] J3 not mounted
Aszembly A25 ! Assembly - ( 3 LT ) — 1 on Assembfy 425
Nombers indicate Part of A23 l 3 N [N
Prins of j2. \l v s B ’
i g 3
2 J2 L T i "[ L WHT'QQN"GY RED +§rgV
i FoY L ha l A5PI(6)
k] LT A\
L ] “1s al 6.3V supplicd
5 3o e 1ok [ from [3 to Pin 6
3 8 LN of P1on
Traaslormec R . R ! Assembly A5
Terminal o Cennestar AZSX
Numbcrs 1 I P Kimbrs -, i

§-2
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Al OPERATION

The Counter input from J1 will be either AC- or DC-
coupled to the attenuator depending on the position of
S1. 82 selects the desired attenuation factor of 1, 10,
or 100. Capacitors C2, C3, and C4 compensate for
changes in frequency response as 52 is varied, The
output of 32 is connected to the input of A2 via A9,

Al TROUBLESHOOTING

If assembly is not working, check other positions of
ATTEN and AC-DC switches, When it has been deter-
mined whal positions are not operating, the trouble
may be traced to the specific resistor, capacitor, or
switch,

A2 OPERATION

The input signal from Al appears at the gate of FET
Q1A. Q1A and Q1B control the gain of a differential
amplifier composed of Q2, Q3, and Q4. The outputs
irom the differential amplifier are determined by the
input signal level and the LEVEL control, R1-87.
The outputs appear as inputs tobe differential Schmitt
trigger, composed of Q5, Q8, and Q7. As the input
signal level varies with time, the output of the differ-~
ential amplifier will vary, which causes triggering of
the differential Sclimitt trigger, This output triggers
a one-shot, composed of Q8-Q11. The output of A2
will be apulse trainfrom the one-shot that accurately
follows the input signal, if the LEVEL conirol is set
to allow triggering to occur. The output is connected
to the input of A3.

A2 TROUBLESHOOTING

The first thingto do is check all the de voltages com -
ing into the board (-12V at pins 6 and 13, +12V at
pins 7 and 8, and +5. 1V at pin 15). Now check input
signal at pin 1 {should be at least 100 mVrms, .28V
peak-to-peak). Make waveform checks to determine
which stage is not operating. When trouble has been
isolated to a stage, make voltage and resistance
measurements.

8-6

Model 5323A

AZ ADJUSTMENT

Follow procedure described in Table 5-4, ADJUST-
MENTS (steps la through 1g), except use HP 6518
Test Osecillator to supply 1 kHgz input signal and HP
3400A RMS Voltmeter to monitor the input signal.
Display should be approximately 1 kHz,

Set Controls:

POWER . . . . . . . . . . . . . .ON
MODE e . . NORMAL
MEASUREMENT TIME . . .4
LEVEL . e PRESET
ATTEN . . . . . . . . . . . . . . X1
AC-DC - . . . . . . . . . . . . .DC
TIME BASE S £ i o
Hz/RPM e 1

All waveforms taken with HP 180A Oscilloscope, HP
1801A Vertical Plug-in, HP 1821A Time Base Plug-
in, and HP 10004A 10:1 Probe.

Oscilloscope Settings
WAVEFORM [ cpns ac | pe | sTOPE | sweEP
NO. v/CM v - Jcm
i 05V ox X .2msec
2 05V | ox x .2 msec
3 L1V X b4 .2msec
4 .05V X X |.2usec
5 .2V x I'x .2 psec

028641-1

Model 5323A
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TABLE
REFERENCE HP
DESIGNAT IONS PART NUMBERS
NOTES REFERENCE DESIGNATIONS QlA Ll CRI,4-6,11,12 1901-004C
j:lel
|. REFERENCE DESIGNATIONS WITHIN THIS ngg'x Al az AT | $'~39 :g?ol _g?}?ég
ASSEMBLY ARE ABBREVIATED. ADD } 0 901 ~0460
ASSEMBLY NUMBER TO ABBREVIATION Ci-4 ¢1,2,6-2| D l D a i855-0320
FOR COMPLETE DESCRIPTION. CRI-1Z N z.,4 18530015
i -5
2. UNLESS OTHERWISE INDICATED: o Qo L ! ve Izsl\éieié%ﬂ
RESISTANCE IN OHMS; Al RI-% Ri—18,21~4 7] ' i
CAPACITANGCE IN PICOFARADS; i 2 4344 1 57 1854 - 001%
INDUCTANCE IN MICROHENRIES S8 ' ' A2Q! B o {B54- 0008
(BOTTOM VIEW) v 2NTO9
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4. CRIO 1S A 3 JUNCTION DIODE. 05323-0-4

Figure 8-4. Al Attenuator Board Assy
A2 Input Amplifier Assy
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A3 OPERATION

IC1,1C9 and signal RPM control the selection of either
Hz or RPM as the basic Counter unit of measurement.
Fy pulses are used for frequency measurement at the
10 MHz clock frequency; Fypulses are divided by 6 in
ICY for RPM measurement,

IC2 (A, B, C), IC4B, aud signal CHECK control the
selection of either NOEM or CHECK mode. When
CHECK is HIGH, IC2B will be enabled, and IC2ZA will
be disabled via IC4B. This condition allows Fx pulses
to appear at the output of IC2C; the resultant pulses
represent Fx pecause of inversion in IC2C.

The Counter may be reset either manually or auto-
matically. H the RESET pushbutton is momentarily
depressed, the R inpuf to the Reset flip/flop will be-
come LOW, then HIGH, as thepushbutton is operated.
This causes the CLEAR DISPLAY and RESET REG-~
ISTERS signals to go HIGH, RESET % to go LOW,
and the Clock Gale to be enabled; IC5A, 6B, TA, and
TB will be resel. The R signal produced by AT will
then cause the CLEAR DISPLAY and RESET REG-
ISTERS signals to go LOW and the RESET ¥ signal
to go HIGH. If the inpul to A3 disappears during a
Gate cycle, the Reset flip/flop will produce a CLEAR
DISPLAY signal which gives an all-zero Display. The
gate flip/flops are resect by the R signal which is gen-
eralted near the end of the Display cyele {(at D = 8),

If the HOLD signal is LOW, a complete measurement
cycle will occur until D = 6 when the trailing edge of
the T7 signal will sét the Hold Gate Control [lip/flop,
enable the Hold gaie, and disable the Clock gate, pre-
venting automatic reset.

After reset has been completed, an ARM signal from
AB will be generated causing IC8AL to become HIGH.
With no EXT GATE signal present, both inpuls to
1IC8A will be HIGH resulting in IC8B4 going L.OW.
IC8B outpul must now become HIGH, which makes the
J input of the Fx/2 {lip/ilop HIGH. The Fx/2 {lip/
flop is now armed, because the K input is always
HIGH. The Fx/2 flip/flop will toggle on falling clock
pulses as soon as Fx starts (rising Fx pulse produces
{alling clock input). Notice that if the EXT GATE in-
put is LOW the J input of the Fx/2 flip/flop will also
be LOW which prevents toggling. The states of crit-
ical gates and flip/ilops after arming are shown in
Table 8-1.

The firstinput pulse from A2 will cause the Fx/2 flip/
flop to toggle. The X-Gate Enable flip/{lop will change
state to @ = I, @ = H, and the PRESCALE and GATE
signals will go LOW. The next ¥y pulse will enable
the Y-Gate Control flip/flop and Y-Gate allowing
COUNT Y pulses to oceur. Each even input pulse will
cause a COUNT X pulse to occur and the SC Register
will change state.

When the TIME signal occurs, the Gate eycle will be
terminated by the X-Gate Control flip/flop on the next
odd input pulse. The X-Gate will be disabled (COUNT
X = LOW), and the PRESCALE and GATE signals will
go HIGH. The next Fy pulse will disable the Y-Gate
Control flip/flop and Y-Gate, which makes the COUNT
¥ = LOW. A special case arises when the TIME sig-
nal occurs before the second input pulse (Single-Cycle
operation). The SC Control gate output IC4D13 will
go LOW which prevents the SC Register from changing
state on the 2nd input pulse, so a COUNT X = HIGH
pulse will be generated, and GATE will go HIGH, but
PRESCALFE will remain LOW.

After arming, IC8AL will be HIGH. If the EXT GATE
stgnalis held LOW, IC8A3 will bhe HIGH, whichresults
in the output of the Fx/2 Control gate (IC8B6) going
LOW. The J input of the Fx/2 {lip/flop will be held
LOW, and toggling will be inhibited (COUNT X and
COUNT Y will remain LOW)., When the EXT GATE
signal goes HIGH, the J input of the Fx/2 flip/flop
will go HIGH. The Gate cycle is now enabled.

If the EXT GATE signal becomes LOW during a Gate
Cycle, the Fx/2 thip/flop (ICTB} will be inhibited from
toggling. The EXT GATE Control gate output (IC8D11)
will become HIGH along with the Dinput to the X-Gate
Control flip/flop. The Gate eyele will then terminate
on the next odd input pulse.

A3 TROUBLESHOOTING

Check the inpat +5 Vdc at pin 15, S. Check for pres-
ence of Fx and Ty signals al pins 5 and C. If a prob-
lem exists with the mode or Hz/RPM {functions, use
the HP 10625A Logic Probeto check the NORM/CHECK
and Hz/RPM decode logic. If the HOLD mode is in-
operative, uge the Logic Probe to check signal HOLD,
the Hold Gate Enable {lip/[lop, Hold gale, and Clock
gate,

Depress and hold the RESET pushbutton. Verify that
the R and TW waveforms are correct. Release the
RESET pushbulton and set the MODE swilch to CHECK
and MEASUREMENT TIME switch to .01. Verify that
the RESET Z and RESET REGISTERS waveforms are
correct. I manual reset does not occur, check the
Reset flip/flop and CLEAR DISPLAY waveform. H
resel and arming occur correctly, the states of crit-
ical gates and flip/flops should be the same as shown
in Table 8~-1.

Next, check the CLOCK, COUNT ¥ and COUNT X out-
put waveforms (the CLOCK and COUNT Y waveforms
ave nearly the same). Verify that the PRESCALE and
GATE signals go LOW on the first Fx pulse. GATE
should go HIGH at the end of the Gate cyele. Check
the external gale function by using the Logie Probe on
signals ARM, EXT GATE, and IC8A, IC8B, and 1C8D.
This procedure should isolate the trouble fo an indi-
vidual gate element, flip/flop, or counter.

A1 ATTENUATOR BOARD ASS’
A2 INPUT AMPLIFIER ASS’
- (See Page 8-1
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Diagrams
COUNTER SETTINGS ¢, RESET. . . . . . . depress and release
MODE . . . . . . . . . . . NORM
A, RESET. . . . . . . . depress and hold MEASUREMENT TIME . . . . . . . 4
MODE . . . . . . . . . . . CHECK
MEASUREMENT TIME , . . . . .01
TIME BASE . . . . . . . . . . INT
B. MOBE. . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . .01 All waveforms taken with HP 180A Oscilloscope, OP
TIME BASE . . . . . . . . . . INT 1801A Vertical Plug-in, HP 1821A Time Base Plug-in,
Hz/RPM . . . . . . . . . . . Hz HP 10004A 10:1 Divider Probe. Center line of grati-
BLANKING . . . . . . . . . . ON cule is zero volis,
Oscilloscope Settings
WAVEFORM A SENS AC e SLOPE SWEEP
: V/CM + - /CM MODE
1 A 2 * X .9 ops NORM
2 A 2 X X .2 s NORM
3 B 2 X b 5 us NORM
4 C 2 b:4 X L2 us SINGLE
5 B 2 X X 5 s NORM
6 B 1 X X 20 ns NORM
7 B 1 X X 40 ns NORM
Table §-1. A3 Stales (Counter Armed)
ELEMENT DESIGNATION STATES OR GATE QUTPUT
Fx/2 F/F ICTB J=H,Q=1L,Q=H
SC Register IC7A J=H, Q=L Q=4
X -Ciate Control F/F IC6B D=L, Q@=H, Q=1L
Y-Gate Comrol F/ T ICeA D=H, @=H
Reset F/F IC5B D=H Q=H, G=L
Hold Gate Control F/F ICHA D=H, Q=H
Fx/2 Control Gate 1C8B LOW
SC Control Gate IC4D HIGH
Ext. Gate Control IC8D LOW
Cycle Decision Logic 1c2 (D, B, B HIGH
X-Gate IC44A LOW
Y -Gate IC3B Low
Hold Gate IC3C LOW
Clock Gate IC3D Enabled (Fy or Fy/6)
8-8 02841-1
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A4 OPERATION

During reset, a RESET REGISTERS pulse ig gener-
ated by A3, This pulse will reset all eight Decade
Counter/Shift Registers (IC1-IC8). When COUNT X
pulses appear al IC7(14) the first Decade Counter
(ICT) will begin accumulaling pulses. Overflow of the
first Decade Counter produces a + 10 output at 1C7(3},
which is counted by TCG. This process is repeated
for successive counters, resulting in a capability of
storing up to 108 COUNT X pulses.

During the Compute c¢yele, information from A5 must
be periodically loaded into the X-Register. The data
are loaded using summation lines Za, b, Ze, and
%d which connect to Ia, Ib, Ie, and Id of IC8 (pins 1,
2, T, and 8, respectively). The Z outputs of ICS con-
nect to the Iinputs of IC1; the Z outputs of IC1 connect
to the 1 inputs of ICZ, etc. The 4-bit BCD words on
the summation lines are shifted by SHIFT X pulses
into successive registers until, on the 8th SHIFT X
pulse, the first 4-bit BCD word is stored in ICY. The
old data in the X-Register has been shifted, one digil
at a lime, into Ab.

Buifer gates IC10A, B, C, and D develop signals Xa,
Xb, Xe, and Xd corresponding to the 4-bit word stored
in ICY7. When SHIFT X goes LOW, the Z ouipuils are
enabled. Therefore, at the end of each SHIFT X pulse
{(HIGH), a new 4-bil BCD word is available for use by
A5. In order to maintain X > 107 = LOW, all 4 inputs
to ICYA must be HIGH. Therelore, the Za, Zb, Zc,
and Zd outputs from IC8 {pins 16, 15, 10, and 9, re-
spectively) must be HIGH. The Decade counters use
negative-logie, 1-2-4-8 coded outputs, so the Z out-
puts will be HIGH until IC1 overflows, When IC1 over ~
flows, 1C8(16) will become LOW, and X > 107 will go
HIGH.

A4 TROUBLESHOOTING

Check the +5 Vdc at pin 15, 8. To check the count
operation, set the MODE switch to CHECK and MEAS-
UREMENT TIME to 4. Verify that COUNT X pulsges
are available af pin K. Then use the oscilloscope to
trace the COUNT X overflow signal from pin3 of each
Decade Counter up to IC8. Verify that reset of the
Decade Counters occurswith a Logic Probe and check
the RESET REGISTERS waveform.

I the count operation is satisfactory, check the wave-
form of the SHIFT X signal with MODE set to CHECK.,
The 7 outpats of each Shift Register can then be
checked with the oscilloscope to isclate a defective
enit. Finally, check IC%A and the X > 107 signal
waveform.

Figure 8-5
A3 GATE AND RESET BOARD ASSY

(See Page 8-9)

Section VIII

Diagrams
COUNTER SETTINGS

A, MODE . . . . . . . . . . . CHECX
MEASUREMENT TIME . . . . . . .01
TIMEBASE . . . . . . . . . . INT
Hz/RPM . . . . . . . . . . . Hz

B. MODE . . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . . 4
TIME BASE . . . . . . . . . . INT
Hz/RPM . . . . . . . . . . . Hz

Al12 OPERATION

IC1-ICT are BCD to Decimal Decoders and Display
Tube Drivers which receive the 4-bit BCD words
from the Buffer Storage Registers in All and drive
the display tubes. Refer to Section IV for the BCD to
Decimal Decoder/Driver operating states (including
blanked display). A LOW applied to pin 11 of display
tubes DS2~DST will causethe decimal point to illumi-
nate for the selected tube. Selection is conirolled by

Model 5323A

IC8, which receives inputs from the Exponent/Meas~
urement Unit Decode Logic in Al1l. Table 8-6 in the
discussion of the A1l Main Board Assembly shows the
inputs to IC8. Using the Truth Table for the BCD to
Decimal Decoder/Driver, together with the Decode
Logic table, the operation of IC8 can be understood.

Al12 TROUBLESHCOTING

Check the +175 Vde at the WHT-RED push-on connec-
tor and the +5 Vde at pin 21, Y. Ground the test point
on the A1l Main Board with a ¢lip lead and use the
Logic Probe to check the inputsto the BCDto Decimal
Decoder/Drivers (set MEASUREMENT TIME to 1 ot
4). Use a DC Voltmeter to check the outputs of the
Decoder/Drivers; enabled digit voltage should be ap-
proximately +2 Vde and disabled digit voliage should
be approximately +90 Vdc. The display iubes can be
checked by substitution or interchanging.

WARNING

USE EXTREME CAUTION WHEN TROUBLE-
SHOOTING THIS ASSEMBLY AS +175 VOLTS
IS PRESENT AT MANY POINTS ON BOARD.

All waveforms taken with HP 180A Oscilloscope, HP 1801A Vertical Plug-in, HP 1821A Time Base
Plug -in, HP 10004A 10:1 Divider Probe. Center line of graticule is zero volts.

Oscilloscope Seltings
WAVl}\E‘.TgORM gfgé%é% SENS SLOPE SWEEP MAIN

‘ v/CM AC De + - /CM TRIGGER
1 A 2 X X TR INT
2 A 2 X X 2 us EXT(1)
3 B 2 X X .1 ms INT
4 B 2 b X A4 us EXT(2)
5 A 2 X X 10 ps INT

{1) Connect external trigger input to SHIFT X, IC8(13).

(2) Connect external trigger input to Xa, IC10B4.

8-10
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A5 OPERATION

At the start of the Compute cycle, the X + X signal
will be LOW, and both €1l and C2 are LOW {C2 =
HIGH). 1C2C8 and IC2B6 outputs will be HIGH, and
IC3C10 and IC3B4 outputs will be LOW. The {irsi 4-
bit BCD word stored in the X-Register will be gated
via four-pole switches IC8 and IC6 to the A and B in-
puts of the 1st binary adder (ICH). The 1st binary
adder {(IC5) produces the sum and a C4 carry signal.
If the sumis greater than 9, decodelogic IC4(A, B, C),
ICID, and IC1A will cause IC1Al to go LOW, which
makes the B input word to the 2nd binary adder (ICT)
egqual to 6 in BCD form. The BCD 6 must be added
to the A input (£ output of 1st binary adder) when the
sam ig greater than 9, so that the T output of ICT is
in decimal form. A carrypulse will also be generated
by the IC1A1 LOW output which appears at the D input
of ICYA,

When the first SHIFT X pulse occurs, the new least
significant digit on the 2a, b, Z¢, Zd lines will be
loaded into the X-Register. On the trailing edge of
the SHIFT X pulse, the carry from ICIA1 will be
clocked into ICSA. As a result of the C pulse, the
Q output state of IC9A will be clocked into IC9B. The
Q output of ICOB represents the carry-in to the lst
binary adder. A K signal (carry pulse) will also be
generated by ICOA (K = LOW represents a carry pulse).
The next 4-bit BCD word from the X-Register will
now be summed and a carry-in will be added, if gen-
erated by the first summation.

At the end of a complete shift cycle, ICY is reset (K =
HIGH) by a CI0 pulse. During the X + X operation,
SHIFT Y pulses are inhibited so that fhe Y-Register
contents remain undisturbed.

The Xec + Y operation is the 2nd addition that occurs
during 4 Compule cycle and represents the start of a
division process. The X+ % and T2 signals are HIGH,
and the C1 signal is LOW, IC2C8 and IC3B4 oulputs
will be HIGH, and IC3C10 and IC2B6 outputs will be
LOW.

The first 4-bit BCD word stored in the Y-Register
will be gated via four-pole switch IC8 to the A input
of the 1st binary adder. The B input {o the 1st binary
adder shouldconsist of the 9-complement of X, routed
via four-pole switch IC6. To obtain the 9-complement
of X, IC1IB, IC1C, IC2A, IC3D, and IC4(D, E, F) are
used, Table 8-2 shows the Boolian expressions and
their simplified forms produced by the 9-complement
logic. Adder operation is the same as that previously
described for the X + X operation. The new ¥c + Y
word is shifted into the X-Register as X +Xis shifted
ouf.

Figure §-6
A4 X-REGISTER BOARD ASSY
A12 DISPLAY BOARD ASSY

{See Page 8-11)

Section VI
Diagrams

The third step in the Compute cycle is to add Y to the
contents of the X-Register. This will be repeated
untila B signal is generated, At the startof this addi-
tion, C2 is LOW, so the IC3C10 output will be HIGH,
and the IC3B4 output will be LOW,

The lirst4-bit BCD word from the Y-Register will be
routed by the IC8 four-pole switeh to the A lnput of the
1st binary adder. The first word from the X-Register
will be routed by the IC6 four-pole switch o the Bin-
put of the Ist binary adder. A sum and carry will be
generated as previously descriped. The new sum
(X + Y) will be stored in the X-Register.

When a carry signal (K = LOW) is generated, the A7
Control Board Assembly will cause C1 = LOW and C2
= HIGH, which initiates a new Xe + Y operation to re-
store the remainder of thelast division, prior to mul-
tiplying by 10. After X has been multiplied by 10, a
new division is staried with Xc+Y being the first op-
eraiion in A5,

A5 TROUBLESHOOTING

Check the +b Vde at pin 15, S. Check the Xa, Xb, Xc,
Xd, and Ya, Yb, Ye, Yd input waveforms with the
ogcilloscope. Check the X + X, C1, CZ, ¢, €10, and
SHIFT X signal waveforms. Check the Ia, Ibh, Ic, Id

Model 5323A

waveforms to verify proper operation of IC8 (recircu-
lation of ¥ for X +Y and Xc +Y operalions), Compare
the Xa, Xb, Xe¢, Xd waveforms to the A input to the
1st binary adder; they should be the same for the X +
X operations,

Using the Logic Probe, check the operation of the
Complement logic, using the data in Table 8-2; then
check the B input to the 1st binary adder. Using the
Logie Prohe, check the operation of the +6 logic and
the B input to the 2nd adder. To check the comple~
ment and +6 logic with the Logic Probe, the Counter
should be in HOLD or ARMED (no signal input), Using
a clip lead, various gale inputs can be made LOW by
grounding them while the gate ouiputs are observed
with the Logic Probe. Check the Za, £b, Zec, =d out~
put waveforms. Cheek the K waveform with the ogeil -
loscope and verify operation of the K Memory flip/
flops. The C signal (pin 14) can be used to syne the
oscilloscope on non-repetitive waveforms.

COUNTER SETTINGS

MODE . . . . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . . . .01
TIMEBASE . . . . . . . . . . . . INT
BLANKING . . . . . . . . . . . . ON

All waveforms taken with HP 180A Oscilloscope, HI* 1801A Vertical Plug-in, HP 1821A Time Base
Plog-in, HP 10004A 10:1 Divider Probe. Center line of graticale is zero volts.

Oscilloscope Setlings
WAVEFORM :
vgo SENS Ac SLOPE SWEED MAIN

: V/CM bc .- /CM TRIGGER
1 .2 b4 X 5 us INT
2 .2 X X 20 us INT
3 .2 X X 10 ps INT
4 .2 X X .5 us INT
5 L2 % X 2 ps INT
6 .2 x X 10 us EXT()

(1) Conneet external trigger input to C signal, 1C9B11,

Table §-2. 9-Complement Logic Operation

QUTPUT (B-INPUT TO 18T BINARY ADDER)
INPUT INPUT ouUTPUT
LOCATION ORIGINAL EXPRESSION SIMPLIFIED FORM LOCATION
Xa AB(10) X Xi 1C6(13)
IC5(11)
Xh A5(11) X2 X2 IC6(10)
IC5{7)
Xc A5{12) (X2 . X4) + (XZ + X4) X2 X44+%2- x4 ICG{6}
IC5(4)
Xd A5(13) X8 1 (X4 1 X8) XA X8 1C6(3)
1C5(16)

§-12
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REFERENCE DESIGNATIONS WITHIN THIS
ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TO ABBREVIATION
FOR COMPLETE DESCRIPTION.
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1
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A QPERATION

Operation of the Y-Registeris gimilar tothe X-Register
operation, previously described, except for an addi-
tional comparator circuit, COUNT Y pulses {Fy or
Fy/6) appear at IC7(14) and are accumulated in the
Decade Counters (IC1-IC8). This register also has
a capability of storing 108 COUNT Y pulses. During
the Compute cycle, SHIFT Y pulses shift the eight
4-hit BCDwords into Ab via inverters IC12 (C, D, B, F)
on lines Ya, Yb, Yc, and ¥d. These words are re-
circulated through A5 and loaded oa lines Ia, Ib, Ic,
and Id back into the Y -Register, preserving the con-
tents of the register.

The MEASUREMENT TIME switch selects oneof eight
measurement times for gating ¥x and Fy pulses: .01,
04, .1, .2, .4, 1, 2, or 4 seconds. The selected
meagurement time determines the states of one input
of the 2-input NAND gates (IC9 and IC11). The other
inputs of the NAND gates are controlled by the con-
tents of the Y -Register (Z outputs of Decade Counter s).
The NAND gates compare the register contents to the
gelected measurement time, and the TIME signal will
go HIGH when coincidence oceurs (measurement time=
number of COUNT Y pulses stored).

Model 5323A

A6 TROUBLESHOOTING

Check the +5 Vdc at pins 15,8. To check the count
operation, verify that COUNT ¥ pulses are present
at pin 14. Trace the COUNT Y signal through the
counters by observing the waveform at the CNT IN
{pin 14) terminals. To check the shift operation, verily
that SHIFT Y, RESET REGISTERS, and Ia, To, Te, Id
gignals are present. Trace the shifted data at the 74
outputs of each shilt register up to the output buffers.
Check the Ya, Yb, Yc, Yd output waveforms,

I count and shilt operation are correct, check the
comparator logic with the Logic Probe; then, check
the TIME Signal waveform. This procedure should
isolate the trouble to the defective counter/register
or gate element.

COUNTER SETTINGS

MODE . . . .« v o« v v e CHECK
MEASUREMENT TIME . . . . . . . . . .01
TIME BASE . . . . . . . « « « « - . INT
Hz/RPM . . . o v v 0 0 o e e Hz
BLANKING . . . . . « « v o « - o« - ON

All waveforms taken with HP 180A Oscilloscope, HP 1801A Vertical Plug-in, HP 1821A Time Base
Plug-in, HP 100044 10:1 Divider Probe. Center line of graticule is zero volis.

Oscilloscope Settings
WAVELORM SENS AC be SLOPE SWEEP MAIN

: V/CM + - /CM TRIGGER
1 .2 X X .2 us INT
2 .2 X X 2 us EXT(1}
3 L2 X X 20 us INT
4 L2 X X 5 s INT
5 L2 b4 b4 2 us INT

(1) Connect external trigger input to SHIFT X, IC8{13).
8-14 02841~1
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NOTES TABLE REFERENCE DESIGNATIONS

|. REFERENCE DESIGNATIONS WITHIN THIS REFERENCE HP a6
ASSEMBLY ARE ABBREVIATED. ADD DESIGNATIONS PART NUMBERS
ASSEMBLY NUMBER TO ABBREVIATION
FOR COMPLETE DESCRIPTION. Ici—7 1820 ~¢19l -2
8 1820 -0190
2. UNLESS OTHERWISE INDICATED: 9,11 1820 ~0327 RI-8
RESISTANCE iN OHMS; 10,12 1820~ 0307

Figure 8-8., A6 Y-Register Assy
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AT OPERATION

The R signal generated during the Reset cyele will
reset the C1 Register and set the C2 Register. When
the Counter ig armed, ARM will go LOW which causes

Section VIII
Diagrams

In normal operation, the sequence of arithmetic op-
erations is X + X, Xe+ Y, X +Y. The X + Y opera-

Model 5323A

COUNTER SETTINGS

output IC3A1 to become HIGH, resetting IC1 and IC2 tion ig repeated until a carry signal (K = LOW occurs. MODE . . . . . . . . . - . . CHECK
to all outputs HIGH. Additionally, the LOW ARM sig- Each time the X + Y operation is completed without MEASUREMENT TIME . . . . . . . . .01
nal will set the C1 Register and reset the X > 107 and a carry signal a COUNT Z = LOW pulse will be gen- TIME BASE . . . . . « + « v o« INT
Restore X Registers. Gate inputs IC9B9, IC10B9, erated by IC9A coincident with the C9 pulse. When Hz/RPM . . . . . . « « « « - . Hz
IC10A3,5 and signal C1 will become LOW, and gale K = LOW, a DISPLAY pulse will he generated instead BLANKING . . . . . <« . + .+ « « . ON

inputs IC9A5 and IC10B11 will become HIGH.

The PRESCALE signal will be HIGH until the second
rising Fx transition, so gate input ICTD13 will be
HIGH, and output ICTD11 will be LOW. Signal X + X,
ICTAL, and IC4A1 will all become LOW. The LOW
reset input to the C2 register will cause ICIBIO,
ICDA4, and signal C2 to become LOW, and IC10B10,
IC10A4, and signat C2 to become HIGH.

The Fy (or Fy/6) clock pulses are divided by 16 in
IC1to produce 2 625 kHz {or 625/6 kHz) internal com-
puter clock. Ten pulses make up the subcycle for
arithmetic operations: 8 shift pulses, C9, and C10.
The 1st through 8th 625 kHz clock pulses produce 8

SHIFT X pulses (HIGH to LOW) at IC9C12, which shift ¥Hz clock pulse will caunse SHITFT Y to go LOW. SHIFT Oseilloscope Settings

the contents of A4 into A5. Input IC10C1 is LOW dur- ¥ will remain low until the 8th clock pulse whenIC2(16) WAVEFORM :

ing this process, so no SHIFT Y pulses will occur. will go LOW, disabling IC10C. If the contents of the NO. SENS Ac Do SLOPE | SWEEP
Alter the §th SHIFT X pulse has occurred, the Za out- X-Register are < 107, the X > 107 signal will remain v/CM +o /M
put of the 10-state Counter IC2(15) will go LOW, The LOW, and the X > 107 Register will remain at Q = L,

LOW input at IC3B6 will disable IC9C, terminating @ = H. The previous carry pulse will reset the C1 t -2 X * } ms
SHIFT X pulses. The LOW input IC6D12, 13 produces Register to Q = L, @ = H and the C2 Register to Q = 2 -2 * x < BS
a HIGH at IC6D11, which sets the C2 Register to Q=H, 1, @ = H, When the D output of IC2(16) goes LOW at 3 -2 X x 2 ps
@ = L; C2 will go HIGH, and C2 will go LOW. At the the end of the '7th SHIFT X pulse, gate input IC9C1 4-Upper -2(1) x & 50 s
9th 625 kHz clock pulse, a C9=HIGH pulse will occur. will go LOW, and SHIFT X will remain HIGH (no 8th 4-Lower .2(1) x| ox % p.s
If a carry was produced by the first Xc + Y operation SHIFT X pulse generated). Only 7 SHIFT X pulses 5 .2 * * e HS

(K = LOW), the C1 Register would change state to Q =
L, @ = H, and C1 would go HIGH. When the tenth
625 kHz clock pulse occurs, the Za output of IC2 {pin
15) will become LOW and C10 = LOW and DISPLAY =
HIGH pulses will occur. If the X > 107 signal is HIGH,
the X > 107 Register will change statesto Q =1, @ =
H. If a carry pulse was not present at the C9 time,
no DISPLAY pulse will occur, but a COUNT Z = LOW
pulse will oceur instead. The CI0 trailing edge (LOW
to HIGH) will cause the Restore X Register to change
state (@ =1), which enables IC10C, allowing SHIFT Y
pulses to occur during the next subeycle,

of COUNT 7. The K = LOW signal also changes C1
to HIGH which causes the next operation to be Xe +Y
{restore remainder). After the remainder has been
restored the contents of the X-Register will be mulfi-
plied by 10 and the next display digit will be deter-
mined. The restored remainder can be multiplied by
10 either by eliminating the 8th SHIFT Xpulse or sup-
plying only one long SHIFT Y pulse. The method used
will depend on the state of the X > 107 signal, If the
contents of the X-Register are > 107, the 8th SHIFT X
pulse cannot be eliminated or the MSD would be lost.

Therefore, X> 107 = HIGH will set the X > 107 Regis-
ter to Q = H, @ =L, and the previous carry pulse will
reset the C1 Register toQ = L, @ = H. The 1st 625

will be generated.

When a gingle-cycle of ¥x is measured {one COUNT
X pulse), the PRESCALE signal will he LOW, 50 X+ X
will be HIGH during the 1st 8 SHIFT X pulses. Be-
cause X + X and C2 are HIGH, and.C1 is LOW, the
Xc + ¥ operation is the first one utilized by AS. In
other words, Fx was not divided by two in A3; there-
fore, Fx was notmultiplied by two during the Compute
eycle, Instead, the division process is immediately
initiated.

When the CLEAR DISPLAY signal goes HIGH, IC1and

All waveforms taken with HP 180A Oscilloscope, HP
1801A Vertical Plug-in, HP 1821A Time Base Plug-in,
HP 10004A 10:1 Divider Probe. Center line of grati-
cule ig zero volis.

(1) Baseline of each trace corresponds to zero
volts de.

Table 8-3. AT Qutput Signal States at End of
Reset and Arming

Model 5323A

IC2 will be enabled along with ICGA. DISPLAY pulses STATE
will be produced to clear the Display, SIGNAL AT PIN (POSITIVE LOGIC)
X+X H LOW
AT FTRO SH NG R
UBLESHOOTI 510 5 HIGH
Check the +5 Vde at pin 15, 8, Check the I, ARM Cg 3 LOW
and CLEAR DISPLAY waveforms; using the Logic
Probe, verify that the output signai states are as shown DISPLAY 8 LOow
in Table §-3 after resel and arming. Check the DIS~ COUNT 2 12 HIGH
PLAY and COUNT Z waveforms with the MODE switch LOW
set to CHECK and MEASUREMENT TIME to .01 c2 ¢ 0
Check the other output waveforms. If reset and arm- 1 " LOW
ing occur properly, but one or more output signals are e ’
incorrect, check the K, X > 107, and PRESCALE sig- SHIFT & 10 HIGH
nalg. If no output signals occur, check the CLOCK SHIFT ¥ 14 HIGH
input and + 16 and Zd outputs from ICI; then, check 4 LOW
e 8-8 the Za, Zb, Zc, Zd outputs from the 10-state Counter, >
Figure 8- Thisprocedure sheuldisolate the trouble to the defec- (o3 7 HIGH
A6 Y-REGISTER ASSY tive gate element, register, or counter.

(Sec Page 8-15) 8-16 02841-1 02841-1
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g P
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Section VIII
Diagrams

A8 OPERATION

At the start of the Gate cycle, the GATE signal will
go LOW which resets the D-Register to D = 15 {out-
puts are LLLL), At the end of the Gale cycle, the
GATE signal will go HIGH which resets the D-Register
to D = 0 {outputs are HAHIE). AL D = ¢ the MSD signal
poes HIGH, which allows {ransfer of the MSD to the
Display as soon as a DISPLAY pulse occurs. Each
time a COUNT D pulse geeurs, the D-Register will
be advanced, and a new transier pulse will occur.
D = 71is a blank state. At D = 8, the R signal will go
LOW, which resets all registers. Also, at D =8,
the -+ 10 output from the D-Register, IC1(8), will go
LOW. The PRINT = LOW signal enables a Digilal
Recorder, if used. At D =9, the ARM signal will go
LOW, which rearms the counter for the nex{ Gafe
cycle,

When the BLANKING switch is ON and reset occurs,
the first zero ig displayed and the other Display posi-
tions are blanked. This process is accomplished hy
JC8D and the Blanking flip/flop (IC5A and IC9B) when
the CLEAR DISPLAY signal goes HIGH at IC8D13.
The Compute cvele starts, and the MSDis transferred
to the Display at D = 0. When I} = 1, the T2 signal
goes LOW, and the IC8D12 input ecomes HIGH. Qut-
put IC8D11 now goes LOW which makes BLANK Z go
LOW. FEven though a transfer pulse was generated
for the second Display digit, the blanking signal causes
a blank-digit display. As the T3 through T7 transfer
pulses ave penerated, blanking of the third through
seventh Digplay digits will also occur.

Automatic blanking of the sixth and/or seventh Display
digits will occur when Counter resolution limits are
exceeded, if the BLANKING switch in ON. Gate IC3C
controls the Blanking flip/flop for sixth digit transfer;
gates ICSB and IC8C control the Blanking flip/flop for
geventh digit transfer. Table -4 shows the gate in-
put/output relationships and BLANK Z levelat TG and
T7. Operation of the Blanking flip/{lop may be inhib-
ited by setting 84 (BLANKING) to OFF, which makes
BLANK 7 always HIGH., In this casge, the Display
may indicate false resolution in the sixth and seventh
dipits, if the selected measurement time is too short.
Refer to Section I for resolufion vs. measurement
time considerations.

Model 5323A

A8 TROUBLESHOOTING

Check the 45 Vdc at pin 15, 8. Check the GATE,
COUNT D and DISPLAY waveforms. Examine the Za,
Zb, Ze, Zd outputs from the D Register; the Za wave-
form should show D=0 theough D=9 (or D =15) levels,
Check the MSD, T2, T3, T4, T5, T6 and T7 transfer
pulse waveforms; all pulses should be similar, except
for T4 which is a long pulse (approximatety 50 usec).
H any transfer pulses are migsing, check the gates
between the ID-Register and the signal output with the
Logic Probe. Check the R, AIM, and ARM wave-
formg with an oscilioscope. If any of these signals
are missing, use the Logic Probe to isolate the de-
fective gate element.

If the blanking feature does not operate in accordance
with Table 8-4, check the levels of the RPM, MSD < 2,
L2, .1, .04, .01, and BLANKING signals with the
Logic Probe while operating the Hz/RPM, MEASURE -
MENT TIME, and BLANKING switches. BLANEK %
can pe checked with the oscilloscope, and the Logic
Probe ean be used 1o isolate a defective gate element
in the Blanking Logic or a defective Blanking flip/{lop.

COUNTER SETTINGS

MODE . . . . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . . ., .01
TIMEBASE . . . . . . . . . . . . INT
Hz/RPM . . . . . . . . . . . . . Hz
BLANKING . . . . . . . . . . . . ON

All wavelorms taken with HP 180A Oscilloscope, HP

1801A Vertical Plug-in, HP 1821A Time Base Plug-in, -

HP 10004A 10:1 Divider Probe. Center line of grati-
cule is zero volts.

- Oscilloscope Settings
WAVESORM I"SENS T, T o | SLODE | SWEED
’ V/CM + - /CM
1 .2 X X 2 ms
2-Upper .2(1) X X 50 ps
2-Lower .2(1) X X .2 us
3 2 X X 50 pus
4 2 X X 5 s
5 2 X 'Y .9 s
6 P X % 10 s
7 2 be b4 20 ps

(1} Baseline of each trace corresponds to zero
volts de,

Table 8-4. BLANK Z Level at D=5and D = 8

Model 5323A

MEASUREMENT 87 = Hz S7.= RPM
TIME MSD < 2 =HIGH | MSD<2=LOW MSD < 2 = HIGH MSD < 2 = LOW
.2 = LOW HIGH HIGH HIGH LOW HIGH HIGH HIGH | LOw
1= LOW HIGH HIGH HIGH LOW HIGH HIGH HIGH LOW
.04 = LOW HIGH LOW LOW LOW HIGH LOW HIGH LOW
.01 = LOW HIGH LOW LOW LOW HIGH LOW HIGH LOW
D=5 D=6 D=5 D=6 D=5 D=6 D=5 D=6

8-18 02841 -1 02841 -1
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Section VIII
Diagrams

A9 OPERATION

The AD Connector Board Assembly serves as an
interface and test board for the Counter. Interboard
connections are made between conmectors XAZ-XA8
and XA1T7 (+12V Supply). Connector J1 is a test con-
nector with critical signals available at its pins. Con-
nector J2 is connected by a wiring harness directly
fto J6, REMOTE PROGRAM connector, Connector J3,
push-on connectors, and hard-wiring are used o con-
nect to other points within the Counter. Connector J4
is a pressure connection to Al1.

L1 through L8 are decoupling chokes. C1, R1, and
CR1 are used to supply a reset pulse to A3 when the
Counter is turned on.

A9 TROUBLESHOOTING

Troubles in A9 can be determined by checking wave-
forms or logic levels at the inputs and outputs of the
Counter PC boards. When power or a signal is ab-
sent at its normal destinalion, the Logic Probe, DC
Voltmeter, or Oscilloscope ean be used to locate the
fault. If any of the chokes (L1-L8) are open, voltage
will be absent as shown in Table 8-5. The oscillo-
scope can be usged to check for excessive ripple or
neise, which would indicate a shorted choke. Check
the MANUAL RESET line waveform if the Counter
fails to reset when ac power is applied.

8-20

Model 53234

COUNTER SETTINGS

AC POWER. o OFF-ON-OFF
MODE . . . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . . .01
TIME BASE . . . . . . . . . . . INT

All waveforms taken with HP 180A Oscilloscope, HP
1801A Vertical Plag-in, HP 1821A Time Base Plug-in,
HP 10004A 10:1 Divider Probe. Center line of grati-
cule is zero volts.

o Oscilloscope Settings
WAVé*g ORM oo Ac | pe | SLOPE | SWEEP
' vV/CM + - /CM
1 .2 X X .2 sec

Table 8-5. Open Choke Symptoms

POWER ABSENT

OPEN CHOKE 1"y TAGE | LOCATION

1 5 A2(S)

L2 +12 A2(8,7)

L3 +12 A2(7, H)

14 12 A2(6, F)

L5 -12 A2(P)

L6 LEVEL | A2(3,¢)

L7 12 AL5(WHT-VIO)
and TP(1)

1.8 12 A15(VIO)

(1) +12V Test Point {TP) located between A15 and
JT.

028411

Model 5323A
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Model 5323A

A10 OPERATION

When the EXT PROG signal from J6, REMOTE
PROGRAM connector is HIGH (no connection) the
MODE DISABLE and MT DISABLE signals from
All will he LOW. This makes the wipers of the
MODE switch (81) and MEASUREMENT TIME
switch (82) LOW. Ags the switch position is varied,
a LOW will appear at the selected contact. When
the BXT PROG signal is LOW, S1 and 82 will be
disabled, allowing their functions to be remotely
programmed through J6, REMOTE PROGRAM
conneclor,

Al10 TROUBLESHOOTING

Use the Logic Probe to verify that the MODE DIS-
ABLE and MT DISABLE signals are both LOW
with no connection to J6(15), EXT PROG. Ground
EXT PROG, J6{(15), and check to see that both
signals are now HIGH. If the above tests fail,
trace the signals through A2 and A1l to J6 with
the Logic Probe. Check the switch outputs with
the Logic Probe while operating 81 and S2. Make
sure that only one output from S1 and one output
from 82 are LOW at any time, when J6 is not in
use (additional LOW levels indicate shorted gates
or wiring).

02841-1
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CPUAT1OPERATION .

Each- fime the X¢ + Y and X + Y operations are per-
" formed during the Compute cyele, either a DISPLAY
or COUNT % pulse will be produced by A7. DISPLAY
will be HIGH if a carry occurs, and COUNT 2 will be
LOW each time a carry does not ocecar. The inifial
DISPLAY pulses determine the decimal point location
(exponent) and measurement unit that are displayed.
If the first Xc + Y operation produces a carry pulse
(K = L.OW) a DISPLAY pulse will appear at IC16B10.
No COUNT 7 pulse was generated, so the @ oufput of
the Range Detector is still HIGH, and IC16B9 will be
HIGH. The IC16B8 output and the Down input to the
E-Register will also become LOW. The preset inputs
to the E-Register determine the initial state of the
register count. If the Hz/RPM switch, 87, is set io
Hz, Ia, Ib, and Ic will be LOW, and Id will be HIGH,
This will set the initial count to E = 7. If 37 is set to
RPM, Ia, Iby, and Ic will be HIGH, and Id will be LOW,
This will set the initial count to E = 8, which corre-
sponds to a X10 operation {the clock frequency was
also divided by 6, which resulis in a X60 operation
for RPM).

The first DISPLAY pulse causes the E-Repgister to
change to B = 6. The second DISPLAY pulse would
make B =5, etc., until a K = LOW signal fails to
occur. Therefore, the E-Register stores the nam-
ber of times that a carry pulse was generated until
a COUNT 7 pulse occurs (successful subtraction).
Each time an initial carry pulse occurs during the
Xc + Y operation, the X-Register contents are multi-
plied by 10, and Xc+ Y is tried again. The E-Hegister
is actually counting the number of timeg thal the X10
operation occurs before a successful subtraction (X +
Y) occurs. Noetice that no COUNT D pulses are gen-
erated even though DISPLAY pulses are occurring,
because IC16D13 is LOW at this time,

When the firgt COUNT Z pulse occurs the Range De-
tector will be reset to @ =1, § = H. The Q = LOW
appears at ICI6BY to disable the Down input to the
E-Register. The Z-Register {IC18) will advance tfo
Z =1, Each time a COUNT % pulse occurs, Z will
advance by one count. When a carry finally occurs,
a DISPLAY pulse will be produced at IC16A5 and
IC16D12. The HIGH inpul to IC16D12 will cause a
COUNT D pulse to occur, and the two HIGH inputs to
IC16A produce a LOW G2 input to IC9{5) which trans-
fers the contents of the Z-Register to the Buifer Stor-
age Register, IC8, and A12. The MSD has now been
fransferred to the Display, and the computer restores
the remainder and performs a X10 operation. This
sequence is repeated for the 2nd, 3rd, and 4th digits.
When T5 = LOW, the fifth digit is transferred to the
Display, and the G1 input to the E-Buffer Storage
Register goes LOW. The 4-bit BCD exponent infor-
mation will now be transferred from IC12 (15, 16, 1,
2) to IC14 (14, 1, 3, 18). The IC14 ocutpuls appear
as inputs to the Exponent/Measurement Unit Decode
Logic, consisting of part of IC1, 1C2, IC10, and IC11
and transisiors Q1l, Q2, and Q3. The Decode Logic
outputs are as shown in Table 8-6. The J2 cutputs

conlrol the decimal point location via A12, For E=35,
4, or 3, the J2 outputs are different as a function of
the 87 position; this difference is caused hy the + 60
operation, which can shift the decimal point position.
Notice that when E =0, all inputs to IC15B will bhe
HIGH, and a LOW will appear at IC15B8 and IC19C9,
which resets the Range Detector o Q =1, Q = H,
This inhibits IC16B, disabling the E-Register and
allowing the remaining digits to be displayed even if
they are zeros.

At T8 = LOW, the sixth digit will be transferred from
the Z-Register via IC4 to A12, At T7 = LOW, the
seventh digit will be transferred, and a HIGH will
appear at IC12(6), the preset input, which presets
the E-Register to E =8 or B = 7,

The Z = Regisier is reset to 4 =0 after each digit
hag been calculated. The reselt is accomplished by
gates IC21A and IC22D. When a carry occurs during
the compute cyele, the remainder is restored, and a
X10 operation is initiated by C2 = LOW, Thig C2 =
LOW signal appears at IC19D12, causing IC19D11 to
go HIGH. The blanking conditions have been previ-
ously described as part of A8, When a BLANK Z =
LOW signal oceurs, one input to gates IC13(A, B, C, D}
will go LLOW. This presents a blank state (binary 15)
to the Buffer Storage Registers (IC3-IC9).

H the HYSTERESIS switch, 55, is OFF, inpaut IC21B10
will be LOW, which makes IC21B8 always HIGH. Gate
IC16C will be enabled, allowing gating of COUNT D
pulses, and the Up input to the E-Register will be
disabled. By setting 55 to ON, input IC2IB10 will be
HIGH. When the other inputs fo IC21B are HIGH,
IC21B8 wili go LOW, Input IC21B9 will be HIGH when
7 =8 or 9, K = HIGH (no carry pulse}, and C9 = HIGH,
IC21B12 will be HIGH if MSD = HIGH. IC21B13 will
be BIGH if the @ output of the MSD < 2 Memory is
HIGH, whick occurs only when Z = 1 or Blank (MSD <
2). Soppose that the MSD changes from 1 to 9 (which
might cause the Display and imeasurement unit to
change if hysteresis was not used}. Before the MSD
<2 Memory can change state, its @ output will be
HIGH. A LOW output at IC21B8 will occur which pro-
duces an extra COUNT D pulse (seiting D = 1 in the
Display Register) and an Up input pulse to the E-
Register. The first digit of the Display will remain
blanked, The first digit of F (9) will be loaded at
TZ = LOW into the second Display position. The
change in exponent shifts the decimal peint to main-
tain the correct measurement uait and decimal point.

The HOLD signal will be HIGH until Q5 conducts,
which causes HOLD = LOW, Q& will conduct when
J1-2(a) goes HIGH, which prevents the Display from
changing while the Digital Recorder is printing the
data (HOLD-OFF VOLTAGE).

The PRINT signal will go LOW when D =8, It is
available at J1-1(d) for a Digital Recorder (PRINT
COMMAND). Two gates (IC11C and IC11A) are used
as inverters for the EXT PROG signal to supply the
MODE DISABLE and MT DISABLE signals to A10.

A1l TROUBLESHOOTING

Check the +5 Vde at the red push-on connector. Use
the oscilloscope to check {raansfer, DISPLAY,
COUNT 7, K, €9, ARM, COUNT D and RESET 7
waveforms. If the exponent or measurement unit dis-
played is incorrect, use the Logic Probe with Table
8-6 to check the E-Register, E-Buffer Storage Regis-
ter, signal EPM and the Decimal/Measurement Unit
Decode Logie. Ohserve the waveforms of the Za out-
put of the E-Register and reset inpul of the Range
Detector.

To check the operation of the Z-Register and Buffer
Storage Registers, comnect a clip lead belween the
bare test point (located between IC15 and IC19, top of
A1l board) and chagsis ground. With the MEASURE -
MENT TIME set to 1, the Display should shift from
11.11111 MHz through 88.83888 MHz to 99.99990 MHz
as long as the test point is grounded. Use ithe Logic
Probe to isolate a defective Buffer Storage Register.
The oscilloscope may be used to monitor the input
and gate waveforms for the Buffer Storage Register,

Incorrect displayed digits may be caused by failure
of the Z-Register to reset correctly. Observe the
waveforms at the reset (test point may be used) and
input pins of the Z-Register with the osgcilloscope.
Blanking operation may be checked by observing the
BLANK Z waveform and operation of the four blank-
ing gates {IC13A-D}. Check the operation of the hys-
teresis circuits by decreasing the input frequency so
that the MSD changes from 1 to 9 and observe the
waveforms at IC21B8 and IC12(15); also, check the
MSD < 2 signal with the Logic Probe. The MSD < 2
Decode Logic may be checked with the oscillogcope
or Logic Probe (test point grounded}. If the ARMED
or COUNTING sipgnals do not occur, check the wave-
form of the GATE OUT signal (J3) and IC1B8. Op-
eration of Q4, @5, IC11A and IC11C may be checked
with the Logic Probe, An erratic GATE OUT signal
may be caused by an open COUNTING lamp.

If COUNT D pulses are nol generated correctly and
the trouble is difficult to igolate, a dual-trace oscil~
toscope is helpful. Both inputs to a dual NAND or
NOR pate may be monitored with the A and B inputs
while the oscilloscope is externally triggered by the
DISPLAY signal. This technigue is also useful when
troubleshooting a problem in the hysteresis eircuits
{(MSD< 2 Decode Logie, MSD < 2 Memory, Hysteresis
Gate) or display circuits (Z-Register, Range Detector,
IC19D}.

Tig
A10 FUNCTION SWITCH BOARE

J6, REMOTE PROGRAM CONN
A11J1, DIGITAL RECORDER CONN

(See Ps



Section VIII Model 5323A i Model 5323A

Diagrams
COUNTER SETTINGS B. BSame as A, except:
Al
A, MODE . . . . . . . . . . . . NORM HYSTERESIS. . . . . . . . . . OFF
MEASUREMENT TIME ... .01 .
oo 5 . J2
Efn:hgrEE EASE S égg (Display should be 9.9200 kHz) _ ' WMo e (22)
ATTEN. . . . -« o Xt '
Ac-pCc. . . . . . . . . . . . . DC .
Ha/RPM . . . . . . . . . . . . Hz C. Same as A, except:
BLANKING . . . . . . . . . . . ON y
HYSTERESIS . . . . . . . U On weoT. . . . . . . . . . 10.2240 kHz
NPUT. . . . . . 10.2240 kxHz, decrease
to 9. 9200 kHz D. MODE . . . . . . . . . . . CHECK
{Display should be X9, 9200 kHz, where X = MEASUREMENT TIME . . . . . .01
Blank digit.) TIME BASE . . . . . . . . . . INT

Al waveforms taken with HP 180A Oscilloscope, HP 1801A Vertical Plug-in, HP 1821A Time Base
Plug-in, HP 10004A 10:1 Divider Probe. Center line of graticale is zero volts.

Oscilloscope Setting
WAVEFORM COUNTER

NO, SETTING SENS AC be SLOPE SWEEP
V/CM + - /CM

1-Upper A .2(1) X X 50 us
1-Lower B .2(1) x X 50 us
2 C 2 X X 40 us

3 D 2 X X .4 ps

4 D 2 X X 40 pus

5 D 2 X X .2 us

6 A .2 % X .4 us
T-Upper A .2(1) X X 4 s
T-Lower A S2( X X L2 us
8 D .2 X X 1 ous

{1) Lower edge of traces corresponds to zero volts de.

AW
e en ew o e

NOTE!

J4 1S PRINTED CIRCUIT CONTACTS
USING A PRESSURE CONNECTOR

A13

53-24 02841-1
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Model 5323A

; Al3 OPERATION in A1 either the VIO, YEL, or ORN wires will go
". LOW to turn either the MHz, kHz, or Hz lamp on.
The COUNTING, ARMED and RPM lamps receive +5 Al3 TROUBLESHOOTING
Vde from All on the Red wire, COUNTING, ARMED
and RPM will go LOW when enabled by All to com- Use the Logic Probe or DC Voltmeter to check the
plete the circuit and turn the lamp on, When the Hz/ +b Vde at the RED and BRN wires; then, check the
RPM switch (S7) is set to Hz, signal RPM will be other wires. To replace DS1-DS6, rotate the metal
HIGH, so the BRN wire will be at +5 Vde. When the contact to the bulb out of the way and remove the bulb
Exponent/Measurement Unit Decode Logic is enabled from rear of board.

Table 8-6. All Exponent/Measurement Unit Selection

1C14 J2 A13 LAMP STATUS
E-COUNT 87 POSITION (ABCD) OUTPUTS MHz, KHz, Hz RPM
Hz HHHL A=H, B=1L ON OFF | OFF OFF
8 I=1L,D=H
RPM N/A N/A N/A N/A N/A N/A
A=1,B=H .
. Hz LLLH T=M, D=1 ON OQFF OFF OrF
RPM Same Same OFF QFF OFEF ON
A=H, B=H .
3 Hz HLLH I= H,’ D=L ON OFF QFF OFE
RPM Same Same OFF QOFF OFF ON
é A=L, B=H, : b
3 Hz LHLH T<H, D=l OFF ON OFF OFE
5
A=L, B=H o
RPM Same 1=L, D=H OFF OFF OFF ON
. FIIT 1 A=H, B=H
Hz HHLH 1-H D=H OFF ON OFF OFF
4
A=H, B =H, . o
RPM Same 1=1,D=H OFF OFF OFF ON
A=L, B=L, . !
Iz LLHH T=H, D=1 OFF ON OFF OFF
3
I A=1L, B=1, .
RPM Same 1=1,D=H OFF OFF OFF ON
- : A=H, B=1, , rr
Hz HLHH I-H, D=-H OFE OFF ON OFF
2
A=H, B=1L, :
RPM Same =L, D=1 OFF OFF OFF ON
- A=L, B=H o o ! .
. Hz LHHH 1=H, D=1 ? ory OFF ON QFF
RPM Same Same OFF OFF QFF ON
A=H, B=1H, _ -
. H/). HHHH I=H D=L OFF Oorr ON OFF
RPM Same Same OFF OFF OFF ON
028411




FROM
AD-BLU

GROUND
THRU
MOUNTING
SCREW

FROM
AB(5)

FROM
A3(K)

FROM
AT{9)

PART
Alld4

FROM A5 (9),
AT(8)

FROM
A7 (3)

FROM
AT {i2)

EXT PROG

R
HOK

PART OF All MAIN BOARD ASSEMBLY (05323-60000 (NOTE I}

12

12} 3
T ] 16226 YO0 2

6 | C2ea

N
1C236

9

TN 0
-g }1cezs )

™G

——

BLANK 7

. )
i

3
: ICI3C

TN
ICI3A

CIegoB

] MEMORY
J—~=e :

SMSB<R

PART OF

! Allga

L U

T

MSD<2

TO

G-

3 .

g :._ : ._
|

b MOBE

DISABLE

AG{D}

M1 DISABLE TO
b -

ASIAA)

T0

xI

SR (o

"REGISTER

RESET 7 E “0 _
217 e 11D Y0

c9

R

COUNT Z

. Lo
o] Q7 MSTERESS) | (VA
" o

FROM
A3{4),
ABLI}

PART

AllJ4

FROM
ABIR}

ARM

Ly N
2y g - oo
g - 10} fc2is >0 - @
13| [RRT

" HYSTERESIS
. GATE :

COUNT D

A9J4L)

0O

1C208°

“LRANGE
DETECTOR

I

o

GATE OUT

AB(P)

“GRN"

Section VIIL
Diagrams

NOTES

REFERENCE DESIGNATIONS WITHIN THIS
ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TQ ABBREVIATION
FOR COMPLETE DESCRIPTION.

UNLESS OTHERWISE INDICATED:

RESISTANCE IN OHMS,

TABLE

REFERENCE
DESIGNATIONS

=
PART NUMBERS

1C1,2,1LI3,16
3-9,14
047,19

el

1820-0054
1820-0116

18200094
1820-CQI76
820 -0069
1820-0t19

18200077
1820-0328
1520-0068
i854 ~007I

18530020

REFERENCE DESIGNATIONS

NO
PREFIX

All

Al3

J3

S5

ICt-23
J,2
Qi-5
Ri-6

Ds1-6

Al3 ANNUNCIATOR BOAﬁDwASSEM_BLY (05323-60Q17HNOTE 1) _

RED"

SV

TO
L A3(P),

AOJIAS),
J6I6)

TO
AB(i4),
Je{5}

"SR

7]

Vi

g

ar ]

vgLU"

IR

L

3 R

oL COUNTING

05323-0-19

Figure 8-13. All Main Board Assy
A13 Annunciator Board Assy

(Sheet 2 of 2)
8-27



Section VIII
Diagrams

Al4 OPERATION

This agsembly includes a 10 MHz oscillator, 10 MIfz
multiplier, ouiput cne-shot multivibrator andadriver.
Oscillator frequency and crystal current are adjusted
by C5 and R6 respectively. The oscillator section
consists of Q1, Q2 and Q3. The maultiplier section
consists of two tuned amplifiers whose output is
shaped by Q7 and Q8. Driver Q9 provides positive
pwlses at pin 3. With TIME BASE switch S3 set to
EXT, operating voltage for the oscillator is discon-
nected, and an external standard frequency (1, 2.5,
5, or 10 MHz) may be connected to the time base
INPUT connecior, J1, on rear panel.

Al4 TROUBLESHOOTING

Meagure de voltages coming into the board (+12V at
pin 14, -12V at pin 15, and +5. 1V at pin 4). Make
waveform measurements to determine which stage is
not operating. If oscillator section is not working,
try adjusting R6 following adjustment procedure he-
low, I the preceding checks fail to locate the prob-
lem, replace 10 MHz crystal (part of Al5). NOTE:
Whenever crystal is changed, R6 and C5 must be
adjusted. Be sure to use a 50:1 attenuator probe
when making waveform measurements.

Ald ADJUSTMENTS
a. L2, 3, 4, and 5 adjustment:
1. Set TIME BASE switch to EXT.

2. Connect 1 MHz standard to time base IN-
PUT jack on rear panel.

3. Comnect oscilloscope through 50:1 probe to
pin 1. NOTE: Do not use extender board
during adjustment procedure.

4. Adjust L2, 3, 4, and 5 for maximum out-
put {should be greater than 0.7 Vrms, 2V
peak-to-peak}.

b. R6 and C5 Adjustment;

1. Set TIME BASE switch to INT.

2. Connect an electronic counter to TIME BASE
INPUT jack on rear panel.

3. Adjust C5 for 10 MHz (x11 Hz). NOTE: If
crystal or heater (A15 Assembly) has been
changed it may be necessary to select Cd
to permit oscillator tuning to 10 MHz.

8-28
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4. Clip a current probe over the orange wire
coming irom pin 12. Connect probe through
probe amplifier to oscilloscope. Set oscil-
loscope to . 06V/cm and probe amplifier to
5 mA/em.

5. Adjust R6 for 20 mA P-P on oscilloscope.

. Readjust C5 for 10 MHz + 1 counlt on test
counfer.

COUNTER SETTINGS

MODE . . . . . . . . . . . . . NORM
MEASUREMENT TIME . . . . . . . .1
TIME BASE . . . . . . . . . . . INT

All waveforms taken with HP 175A QOscilloscope and
HP 10002A 50:1 Divider Probe, Center line of grati-
cule ig zero volts,

WAVEFORM Oscilloscope Settings
NO. SENS SLOPE | SWEEP
v/em | AC | PC L JOM
1 . 005 X X 1 ous
2 .02 X X 1 us
3 .02 X b.4 .1 us
4 .05 X X .1 s
3 .05 * X .1 s
6 .02 X X 1 s

AlS OPERATION

This assembly contains the 10 MHz crystal for Al4,
and heater RT1 which maintains crystal temperature.
The heater operates on 24 volts (+12V and -12V sup-
plied by A17).

Als TROUBLESHOOTING

If oscillator frequency will not stay within specified
limit, it may be due to a faulty heater. Check resis-
tance of RT1 (should be 60 to 80 ohms at room tem-
perature), If heater check is satisfactory, replace
crystal,

02841-1
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ol Al7(940) WHI-I%
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NOTES

REFERENCE DESIGNATICNS WITHIN THIS
ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TO ABBREVIATION
FOR COMPLETE BESCRIPTION.

UNLESS OTHERWISE NDICATED:
RESISTANCE IN OHMS;
CAPACITANCE N PICOFARADS,
INDUCTANCE IN MICROHENRIES

RESISTANCE OF HEATER ELEMENT

SHOULD BE BETWEEN 60 AND 808
AT ROOM TEMPERATURE WITH NO
POWER APPLIED

TABLE

REFERENCE
DESIGNATIONS

HP
PART NUMBERS

CRI
al
24

5,6

19100022
1B54—-0019
1854 -0071

1853 -0036
2ZN3906
1854 -0005
ZNT08
18540009
2NTO9

HEFERENCE DESIGNATIONS

PREFIX AlS an
Gl-24
CRI
4
ti-6
Q-9
Ri~32
RTH
33
G

05323 -0—15

Figure 8-14, Al4 Oscillator/Multiplier Board Assy
Al5 Crystal/Oven 10 MHz Assy
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Section VHI
Diagrams

A16 OPERATION

This circuit supplies +175V and +5. I Vde, The +175V
supply is series regulated and operates the digital
digplay tubes in A12. The +5.1V supply is used to
supply the integrated circuits and Al13 lamps. The
+5. 1V supply is series regulated and receives opera-
ting bias from the -12V supply on A17. Q1 is located
on the rear panel of the Counter.

A16 TROUBLESIHHOOTING
Make voltage and resistance measurements, If trouble

is encountered with the +5, 1V supply, check o see
that -12V bias is at pin 15,

WARNING
USE EXTREME CAUTION WHEN TROUBLE-

SHOOTING THIS ASSEMBLY AS +175 VOLTS
IS PRESENT AT MANY POINTS ON BOARD.

8-30

Model 5323A

Al7T OPERATION

This assembly supplies +12V and -12V. The two
regulator circuits depend on each other for opera-
ting bias. The -12V supply also gives bias to the
+0. 1V regulator on A1G. U the +12V or -12V regula-
tor is overloaded, it wiil turn off the other regulator.
This, in turn, will shut off the regulator being over-
loaded. To restore power, reset switch S1 must be
momentarily closed (push down), or AC line voltage
interrupted.

A1T TROUBLESHOOTING

If there is no output, try pushing reset switeh S1 on
board. T supply does not restart, allernately dis-
connect leads [rom XA1T (pins 9, 10, and 1, 2) while
trving reset switeh again. Make resistance measure-
ments to check diodes and trangistors.

CAUTION
Do not short metal plates protruding irom board.

These are heat sinks for ATTQ2 and Q5 and are
"Hot" to the collectors of these transistors,

02841-1

Model 5323A

A16

A17

02841-1
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WHT-BLK-RED
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At7 £12 VOLT POWER SUPPLY ASSEMBLY (55325-80005) {NOTE 1)

RED 12V
E 15V
RMS
DRN
L
YEL
g 15V
RMS
GRN
—~i2y
AIS +175 VOLT AND +5.1VOLT POWER SUPPLY ASSEMBLY (05323 - 60022) {NOTE 1)
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s - f2Y
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I 13,14
12 13,
GRA “TBER + 5.1V

Section VI

NOTES

I, REFERENCE DESIGNATICNS WITHIN THIS

ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TO ABBREVIATION
FOR COMPLETE DESCRIPTION.

2. UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS;
CAPACITANCE IN PICOFARADS;
INDUCTANCE IN MICROHENRIES

Diagram

TABLE
REFERENCE HP
DESIGNATIONS PART NUMBERS
A7
CRI-8, 1901-0049
9,10 1902- 3114
al,4 1653 ~0020
2,5 1854 ~0300
3 1854 ~007I
AlS
cRI-4 1901-0028
5-8 1901~ 6200
a 1901 ~0040
1o 1802 -3094
H 1902 -3429
12 1902 - 3394
o 1853- 0020
2 1854 -0232
3 1854 ~00 7
NO PREFX
i 1854~ 0063
2NI055

REFERENCE DESIGNATICNS

PREFIX AlT Ale

cl,2 ct-5 ct-4
CRI-IO CRI-12

Fl

45

Lh2

Ql Q-6 01-3
RE-10 qr-4

52,8 S|

Tl

w5

05323016

Figure 8-15. AlG6 +5. 1V, +175V Power Supy
A17 £12V Power Supy
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HEWLETT-PACKARD

ELECTRONIC INSTRUMENTATION SALES AND SERVICE
UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA

HEWLETT- PACKARD

ELECTRONIC INSTRUMENTATION SALES AND SERVICE
EUROPE, AFRICA, ASIA, AUSTRALIA

UNITED STATES
EUROPE

ALABAMA

0. Bov 4707

2003 Byrd Spring Road 5.W.
Husnteyille 35802

Tel: (205) 881-4591

WX 810-726-2204

ARIZONA

3009 Horth Sestlsgale Read
Seathsfale 85251

Tel: (602) 945.7601

TWE: 510-950-128%

5737 East Broadway
Tireson 85716

Tel: {602) 2982313
Wy 910-952- 1167

CALIFORNIA

1430 Fast Ocangelharpe Ave
Fullerton 92831

Tel: {714) 8J0-10400

3939 tankershim Boulevard
Kosth Hollywood 91604
tel: (713) B77-1282

VX 910 435-21 70

1100 Embzrcadero Road
Pafo Aita 44307

Tel: (318) 22F-B500
THX: 910-373-1280

2591 Carlshad Avenue
Sacramento 95821
Tel: {316 452-146%
WX, 910-367-2032

1055 Shatter Sireel
Sin Blago 92108

Feb (714) 223-B103
TWX: 910-335-2000

COLORADG

7865 East Prenlice
Englewsod 40110
Tet: {303} 7713455
THY: §10-935-0705

CONNECTICUT
508 Tolfand Street
East Hartlord 65108
Tel: {202) 2899354
TWx: 710-425.3416

ARGENTINA

Hewrelt-Packard Argentina
sAal.el

Laualle 1171 - 3+

Buerts Aires

Tel: 35-D435, 15.0627, 35-0431
Telex: 012-1003

Cable: HEWPAGKARL

AZTL
Hewlelt Packard Do Brasil
hed bida.
Rua Coronel: Bscat Porlo, 691
Sa0 Paula -8, 5
Tel: 71-1503
Cabte: HEWPACK Szo Faute

Hewlelt-Pachzrd Do Brasil
1e.C. Lida

Avenida Franklin Rooseveft 84-
grupn 20

Ria de Janeire, ZC-39, 68

fel: 37-2733

Cable: HEWPACK Rig ce laneiee

ATA

t-Packard (Canada) Lid
11745 Jssper Ave.

£dmanton

Tel: (403} 4523561

TWX: 810-833-2431

111 East Avenue
Korwalk 06351

Tgl: {203} 853-1251
TWE: 710 GRE-3750

DELAWARE

3941 Kenrafl fike

Wilminglan 19807

Tel: (302 6555161
IWid: 516 6662714

FLORIDA

£.0. Box 346

Suite 106

9599 H.E. Znd Avenus
Miami Sheres 33153
Tel: {ID5) 7544565
TWX: B0 848-7252

P.0. Box 20007

Herndon Stalion 32813
621 Commonwealth Aveme
Orianda

Tel: (305} 841-3970

TWX: 8102500113

F.0. Sox 5128
Madeira Beach 33708
418 150th Avenue

1. Petersburg

Tel: (313} 391-0211
TWX: BI0-852-0366

GEORGIA

P.0. Box 28234

450 1ntersiate Harth
Atlamta 30328

Tef: {4D4] 436-6181
TWX: 107664430

ILLINGES

5500 Howard Slicet
Skahie 60076

Tel: {312) 672-G100
T B10-223-3612

CHILE

#Heclor Calcagnt £.
Buslos, 1932-3er Piso
Casiliz 13942
Santlage

Tel: 3-2396

COLOMBEA

fnstrumentacian

Hearik A. Langetaek & Kier
Loz

Carcena 7 ;48

Apartado Aemu 6237

Bogotd, 1 0.E

Tef: 45-78-05, 45-55-26

Cabie: AARIS Bogala

COSTA RICA

Lic. Allezga Gallegos Curdisn
Apartada 3213

San lasé

el 21-86-13

Cable: GRLGUR San losé

BRITISH COLUMBIA

Hewlett-Packard (Canada) Lid.

FeR4 £asl Lsl Ave
Yancouver 17

Tel: {604) 255 7783
WX 6109225059

INDIANA

3R3I9 Beadows Drive
Indianapatis 46205
Tel: {3173 546-48581
TWX: 810-341-3263

LOUISTANA

P.0. Box B55

1942 Wiltiams Beuleeard
Kenaer 70062

Tet: (504} 7216201
WX &10-955-5525

MARYLAND

£707 Whitestone Road
Baltimare 21767

Tel: (301) 944-5400
TWX: 710-862.0850

£,0. Box, 1648
2 Choke Chetiy Road
Rechville 20850
Tel: (301) 9486200
TEX: 710-828-9524

MASSACHUSETTS
37 Harlwell Ave,
Eexifgton 02173
Tel: (617} RBI-8060
TWK: 718-326-5504

MICHIGAN

24315 Holivaestern Highway
Southtield 48075

Tel: 313) 3539160

THX: &10-232-1532

HIKNESOTA

2859 Upiversily Avenws
St. Faol 55114

Tel; {612} 6439361
TWX: 910°563-3734

MISSOURL
B208 Wyoming Place
Kansas Cily 64114
Tel; {816} 3332445
TWX: 010-271-2087

CENTRAL AND SOUTH AMERICA

ECUADOR
tahoratorios de Radi

2812 South Brenlwood Blvd.
st Lowis 63144

Tel: ¢354} 562-5000

Tvr A0 7E0-1670

NEW JERSEY

W. 120 Cenluty Rosd
Paramus 07652

Tei: (200) 2655000
WX 710-9902.4951

1050 . Kings Highway
Gherry Hill 08034

el (609} 557-4000
TWX: 710-682-4345

NEW MEXICO

P.0. Rox B366

slation G

6501 Lomas Boulevard HLE.
Albuyuerque 87108

Tel; (505) 255-5986

Teix: 9103881665

156 Wyall Drive
tay Cruces BANOL
fel: (505) 526-7485
TWX: 910-543-0550

MNEW YORK

1702 Central Avence
Albany 12205

Fol: (51B) BGI-8562

TWX: 710-441-8270

1219 Campyille Read
Endiesdt 13764

Tel: {60/} 754-0050
TWX: 510.252-0830

£2 Washinglor Steeet
Foughkeepsie 12601
Tel: (314} 154-7330
WiX: 9510-248-4012
39 Sagindw Beive
Rochester 14623
Teb: (716} 473-5500
TWK: 510-252-5081

JAMALCA

Calle Guaysquil 1245
Ppst Office Box 3138
Quila

Teh: 12406

Cable: HORVATH Quite

EL SALVADOR

Electrdnica

Apartedo Paslal 1589

27 Avenida Norte 1133

San Salvader

Tel: 25-79-58

Cabfe: ELECTRORICA
San S3pvador

GUATEMALA

Gereral Engi Seivices,

L.

21 Duarshin Ave.

kingstan
;47657

GENSERY

MEXICO

Hewlelt-Packard Mexicana, $.A

LA

Moras 439
Col. del Valle
Hexica 12, D.F.
Tel: 575.45-48

NICARAGUA
Raberlo Ferdn 62

Olander Associates Latin America  Apatlade Pastal B89

Apattado 1226

7. Calle, 02? Zoma }
Gualemata
lek: 22812
Cable: DIALA Gualemala City

Edilicio Terdn

Hanagua

Tel. 3451, 3452

Cabte: ROTERAR Managua

CANADA

HANITOBA
Hewletl-Packard (Canada) Ltd
511 Bradford C

5t. James

Tej: (204} 786-7581

TWX: E10.671-353

NOVA SCOTIA
Hewtett-Packard (Ganadai Lid.
2745 Quich Viflage Rd.

Suite 203

Hallfax

Tel: (9023 4550511

THY: B10-271-4452

1025 Horthern Boalevard
Rosiyn, iong Isiand 11575
Tel: (516) 863-24D0

WX 510-2230811

5858 £ast Molloy Read
Syracuse 10211

Tel- (315) 454 2405
1WX: 7:0.541-0382

NORTH CARDLINA
P.0. Dox 5138

1923 Hotlh Main Streel
Kigh Poinl 27262

Tel: (919) BE2-6573
TWK: 510.926-1515

25575 Cenler Rigge Road
Eleveland 44145

Tel: {216) 8330300
TwX: 818.427-9170

3560 Sotlh Dicle Drive
Dayton 45439

Tel: (513} #92.0351
TWX: B11453-1925

OXLAHGMA

2819 tfaited Founders Boulesard
o}iahoma City 73117

Tel: (105) B43 2801

TWi: 210-830-6B62

DREGON

Westhills Mall, Suite 158
4425 SW. Schotfs ferry Road
Porlland 497225

Yel; (503 292-8171

TWX: 910-265-6103

PENNSYLVAMIA
2500 Hoss Side Boulevard
Menraeville 15148
Tel: 4171 2710724
IWX: 710-797-3850

PANAMA

Electrgnica Ralbaa, 5.A.

P.0. Hox 4929

Ave. Manuel Expingsa Mo, 13-50
Bidfg. Atira

Famama City

Tel: 30813

Cable: ELECYRGH Panama Cily

PERU

Fernando Etels 8.

Avenida Petil Thouars 4718
Mirafloigs

Gasilia 3061

Lima

Tel: 50348

Lable: FEPERU Lima

PUERT{ RICO

San Juan Elegtronics, Inc.
P.O. Box 5167

Force de Lean 154

Pifa. 3-Pla. de lierea

San Juan (0306

Fel: (809} 725-3247

Cable: SATROMICS San Juan
Telee: SATRON 3450 332

GHTARID

Hewlell-Fackasd (Canada) Lid
280 Lady Elfen Place

Dttawa 3

Tek: [612) 2224223

TWX: 610-562-1352

Hewletl-Packard {Ganada) 19,
50 Galaxy Bivd

Rexttale

Tei: (116} 6/7-0611

TWE: G10-452-4746

1021 EIh Avenue

King af Prussia Indushiat Fark
King of Prussid 19408

Tel: (215) 265-7080

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave
East Providonce 42914
Tet: (3011 434.5535
Wy 710-3817570

TEXAS

P.0. Box 1278

201 E. Arapahoe Rd.
Richardson 75080
Te!: (214} 2316101
TWYX: 910-867-8723

F.0. Box 22213

4343 Richmond Avenae
Houston 77021

Tel: {713) 667-2407
19X 210-881-2645

GOYERNMENT CONIRACT OFFICE
225 Billy Milcher| Road

San Anfonio 74226

Tel: (512} 434-4171

THL: 910-871-1170

UTAH

2890 Soulh Maln Slreet
Salt Lake City #3113
Tel. {5013 4858165
TWX: 519-325-5681

VIRGINIA

7.0. Box 6513
2111 Spencer fosd
Richmont 23230
Tel: (703} 382.5451
TWX: T10-956-0157

WASHINGTON
433 108Lh HE.
Rellevor 45004
Tel: (706} 4543971
TWX: 910-443-2303

FOR LS. AREAS NOGT
LiSTED:

Contsct the regicnal sffice agar
est yor; Aftznla, Georgia. ..
Horth Holpywood, Californda . ..
Paranus, Hew fersey . . Skakie,
ilinois.  Their  complete  ad:
dresses are disted abyve

URUGHAY

Pablo Férrando $.A.
Comeicial € Industeial
Avenlda Italia 2877
Casilia de Cotrea 370
Mentavigea

Tel: 40-3102

Cable; RABIUM Montevidea

VENEZUELA

Hewlelf-Packard De Veneziela
T4,

Apartado dat Esle 10034
Chiscpitg

Caratds

7el: 71.86.0%, 71.88.69, }1 .68.78
Cotte: HEWPACK Cacscas

FOR AREAS NOT LISTED,
COMTACT:

Hewlelt-Packard Inter Americas
3700 Hilliew Ave

Fato Alta, Gafilornis 93304

Tel: (A15) 326-7000

TWX. 330-373-1267

Cable: HEWPACK Falo Alto
Telex: 0343461

QUEBEC

Hewlelt-Fackard (Lanada) Ltd,
275 Hynms Daulevard

Pafnte Ciaire

Tel: 1514) 697-4232

I $10.422-3022

Telex: 01-20507

FOR C.
LISTED:
Gontact Headetl-Pachard (€an-
ada) L. in Pointe Gfsire, al
the complele address disted
abgve.

ADIAM AREAS NOT

E 10169

AUSTRIA

£rRay
Tele: 14 FhZ

BELGIUM

koot Packard Beneluc SA
4% Bruleverd du Sawerain
Brussels if

Tel. 17 22 30

Caale. PALORAEN Brusceis
Teles: 73424

DENMJ\RK
Healplt-Faska

lanéfﬂ]i‘!g 4

2852 Nagrem

Tal (0 &) 40 40
T BEWFALE AS

FINLAND

Hewiell-Packard 05
Syltenintie 3

Hefsinki 20

67 45 3

Cable: HEWPACKOT Hetsinki
Felze: 12-1563

AHGOLA
52 Térnics
entys Bléchizog

ot

Bua do Barhgsa Rodr
Azt”

2ar 5487
tuanda
Eatle: FELECINA Diaads

AUVSTRALIA

Hewleti-Peckerd Atstralia
Pty L

Z7-26 Weir Steeet

Gien leis, 3145

Victaria

Tek. 20.1371 (4 lines)

Cable: HEWPARD FLely

Telex: B1024

Hewilett
Py LU

£1 Atevander Streel

Crows Hesl 2065

Hew Sauth Walss

Tl 437

Gzhig: HEWFARD Sydaey

Jelex: 31%1

HaglettPaikard Auslralig
Py, Etd.

97 Churchizt fioad

Prospact 5B

South A \Isll‘\ll:\

Taf: 4

Cabte: HE\‘CF)H{? Adelzide

ard Austrates

Hewiott Pachard Australid
Fly

2ed Floor, Snite 13

Lavablance Byitdings

196 Adelside Terrdie

Ferth, WA GO0

Tel. 21-3319

CEYLON

United Etechricals Ltd

£.4. Box &31

Yaha'z Building

Slaptes Steert

Latombo 2

Tet: 5455

Czhre: HOTPOINT Colamibe

srd Fracee
ontier de o
#aite Postale Mo b
H1 Oreay
Tel: f

£401
HEWPACK Dinay
Telex. £0O4E

Hewlett-Packasd France
4 Gzl Jes Etroils

6% Lyon
el 4§73 4
fable: HEWPAGK Lycn
Peler: 31617

GERMANY
Hewloth-Packard Vertriehs-
bizks perstizsde 3

1 B!lllﬂ W 30

Tel: 2% )
Eeiex:

Hepreata
53 Babl
Tl 071316571

Ciaie: HEPAG Bohlingon
'L’Jel ?,? o5 Fag
¥ L-Pagkary Verbriehs Grbh
leasse 15

4 Disseidar! 1

Teb 62 52'\8 i

# Frankfurl Nueeer £schbach

Tel 59 10 G

Fibie WPRCKSS Frankur
12

Fefew: 41 32 4

CYPRUS
Kypiorics
13190 Hormm
PO, Bor 757
Nicosia

ek BR2.75623
e: HE-T-1EWN

ETHIOPIA

Aftican Salespower & Ageety
Frivale Ltd. fo.

P. 0. Box 713

54759 Cu

Addis mbiha

Tel: 32285

gabte: ASACO Addizzbizia

HONG XONG

Schniidh & o oy Kengi Ltd.
£.0, Box 297

15E1, Prince’s Buitding

W, Chater Hodt

Hang Kasg

Ted: 240168, 232735

Eable: STAMIDTCO Rang Hong

INDIA
150 Scientific Pnstrament

er A

5l

G, Vef Bakadur Sapru Fuzd
Alahahad 1

Teb: 2451

Gable: S0 Aflatbad

7hz Stizalific Instrument

25 Brskenson Read

Bangalore

Cabtes BICO Bsngalore

Ihe Scientitic (nshiument
s

740, pr. Badathal Maoraji Razit
Bambay !

Te!- 262642

Gablz: SHO Bambay

afific fashiument

td.

Ewﬂandde Fayt
l:a!f.ulll i
Tel: 23-4139
Gable: S0 Caluila
The Seientific Insborment Go., 14
30, Moont foa
Wadras 2
Tel: #5319
Cale: SHCO Madias

it.Packary Yeilsiehs £mbH
Strobause
2 Hamhucg |

o PR Hamburg

€. 215137

Hewlett-Fachard Yertrizhs C=bH
Reginfrisdstrasse 13

a Mincken §

Tel: 0311 68 59 1:75

Ganle: HEWEA !
Totes: §

GREECE

#ostas Haraparnix
14, Crngy Shzel
Alkens 174
Tol: 230 31

Cable: RAKAR Rheas
Teten: 21 53 £2

tRELAND

Hewlell-Fackard L.

224 Bath Read

SJf.‘ugh Ducke, %r‘gl nd
ch

2082l Mﬂana

Tel: 4251 {13 lnesp
Cahle: ?iiWPhCKIT Milan
Felze

46

Hgwlett Packard italiaed S.0.4
Patarzy dlaiiz

Piziza Marconi 2%

9344 Rome - fur

Tet: 531 2544

Cable: HEWPACKIT Roms
Tefar 1515

HETHERLAMDS
Hewleth-Packard Benatud, HY
woesdeslain MY
lmsle:dam I 11

Tel: 42

Eshie- I',-UJEEJ'{ Amstacdzm
Taler: 13 246

HORWAY
Henlell-Packard Morge A%

53 &3 64
Cabie- HEWPACK Osfa
Tulgw: ER2L

PDRYUGAL
¢

2. TELECTRA Liston
193

AFRICA, ASIA, AUSTRALIA

The Seiontifiz Inshument Co
58479 Mahatma Gandhi Ho
Hyderabad-1 (A-P)1adia
Gabla: SIC0 Hydarahed

1ke Scignlific lastrument Co., 19
8.7, Apmeri Gate Extn

Hew Deihi )

Tel: 271053

€3b7¢: FICO Hew Vel

INDCNESIA

H1‘x 8alen Frading Loy, K.Y,
Merdera 20
Banddn;

IRAN

Tefecom, Lid.

PO dox 1812

240 Kh, 5ak2 Shamzi
Tehicran

Tel: 43850, #51%1
Calple: #ASCOM Teharan

ISRAEL

Llsctranins & Enginaesing
tiv. of Motarola feeacl Lid.

t, Kremenatshi Sreel

Tal-Bviv

Tat: 35021 {4 Hnes)

Ceble: BASTEL Tel-Avid

Fefex: Bastet Ty 013-564

IAPAN

Yokagawa-Hewleft Facksrd Ltd
Hised fhatagi Bz

i Kasuga

tharagi Shi

Gsaka

Tel. 231641

Yokogarz Hewieil Pazkard Lid
o Building

He. 99, Koleri-thoe
Nakamara-ke, Hagera Eity
Teb: 851-021%

Vokogawa-Hewleth-Packard 11d.
Ohashi Hgilding

59 Yayogt V-ohrame
Shibuya-ku, Terye

Tol: A7 22817

Tofers 232 PUIITHE

Gable- YEEPMARKED 10X 21424

KENTA

R}, Tidbury Lid.

#.0. Box 2154

Suite AEF7518

Holel fmbasszdeur

Maitob]

Tef: 25570, 26BN, 6BIOE, $B1EY
Czble: ARIAYTEE Nairobi
KOREA

Amaricaa Trading Go., Knrea, Ld
PO Box 1103

tae Kyung BHlg

1437 Sejung Ko

Chenge Ko

seaul

Tel: 755841 {2 fines}

Cagle. RETRAGG Seoul
LEBANON

Canstantin €. Macridis
Cemersexd Shreet

PO, Box 7213

EBeirgk

Tel. 220845

Cable: ELECTRONUCLEAR Heirut

MALAYSIA

m:_cuuﬂ Ralaysia L

ng 117EA

Mrlm‘\ 13

Fetatizg layva, Selanger
Cable: MECOMB Kualas Lumpar
MOZAMBIQUE

AN, Gunrakves, LOA.

4.1 Apl. 14 Ay, DL Luis

0. Box 107

Lourenco Marques

Cable: NEGON

HEW 2EALAND
Henletl Backard 4.7} Lig
3234 Hent Jerease

.0, Box 9143
wellingtan, H.2.

Tel. 55459

Cakle: HEWPAGK Wellinglon
PAKISTAN (EAST)
Mushho & Cempany, Lid.
31, Jinnth Averue

Dacca

Tel: 50058

Cable. HEWOEAL Dacca

SPAIN
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Gandurer F§
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Tel: 2113065
Ataig Ingznizeos
Earizue Larrgla 12
Madsid, 16

Tek 233 43 4

Cahle: IELEAT;‘«?O Kadnd
Telex: 2 12 4%

SWEREN

HonlellPackard (Svarige} AB
Higakessgatan 9L

5 431 £ Maladal 3

Tet- 031 - 27 63 €0

Hewlett-Packard ;5+etizz] AB

Sogkhaim
Teler: (HT2L

SYWIFZERLAND

Newtelt Parkaid 15chagiz AR
Zurckeratrasse 20

3952 Schbizren

Tutich
Fel: iGL1y 94 1R 21724
Cabte: MEWPACKAG Jvrich
Telex: 53333

PARKISEAN (WEST)
Hushke & Sompang. Lid
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Yiztosiz Road

Karachi 3
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62ble: COGRERATOR Karsehi
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Electremen fer.

2479 Fasumy {ama
Makati, Hizal

P00, Bag 4176

Manila

Tef: #8-91-71 or B4-§3-76
fable: LLEMEX Keanila

SINGAPORE

Mechanics) ang Combustion
Erginseting Compacy L1d

5, fatan Kilang

singsgore, 3

Tel: 6323513

Crufe. MECOME Singapsre

SOUTH AFRICA

Hewlelt Packad Sauth Alrica
{Fle 1,

Hitk HyLse

43 8 esel R

Cape Town

Tef: JE0IT

Cahie: HIWPACK Cage Tonn

Taigi 7038CT

Hewlett Pachasd South Alrica
Py}, Lid.
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30 De Bear Street

Braamfanisin, Johanneibucg

Tel: 124-4172 7232103

Telex: 6226 18

Csble: HEWPACK Jokannesharg

TAIWAN
Hwa Sheng Eteclranic Co., Ltd
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Chia Hun Ruilding
Ha. 95 Chung Shia
Naorth Road, Ser. 2
Tatgel
Tel. 555215 £al. 532.539
Cabte: VICTRONIX Taipei

H(wl=lt Fackard iSchweni AG.
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YEI E)?? AL 5% G

Czble: HEHBACKSA Cenzva
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TURKEY

Teteknm Eagiresring Buress
P, Box 376 - G2lata
IsLaatul

Yok 43 40 35

Cable: TELEMATIGN Istanbul

UNITED KINGDOM
Heulett Pachard 116
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Cable: HEWPIE Sfough
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rin-Geneva
'(Pl 0273 41 34 &0

Ce‘ﬁE KEWPALKSA Gentya
Telex: 7245

TANZANIA
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PO Box 3134
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Hale| Amdassadeur
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¥k 25670, 26603, 68245, 5819
Felex: ITERGO BX 226

Cahle. ARIAYTED Nafrobi

THAILAND

The Inteinatianat
Enginezring Co., Lid

PO Box 39

B14 Sukhumdt Road

Banghek

Tet: 910722 (7 iines)

Cable: GYSOM Bargkok

UGANDA

B Tilbury itd.

P.2. Boa 2754

Suite 5177518

Hatel Asbassadeur

Hairobi

Tel- 24670, 26663, GRI0A, 5B
Cabie ARIAYTEE Hairohi

VIETHAM

Peninsalat Trading Inc
£.0. Bax B3

218 HieaVyang

Saigon

el 26,885

Cable: FENFRSHLA Sigom

ZAMBIA

R, L dilburg [Zambish L1,
PO, Rox 2752

Luzaka

Zambia, Central Alsica

FGR AREAS NOT LISTED,

CONTACT:

Hewleth-Packard Eaporl
Harkeling

1200 Hillyidw Ave.

Pain Allo, €3lifornia 34389

Tel: (315 376-70040

WK 103731287

Gable: HEWPACK Pale Alto
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