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CERTIFICATION

The Hewlett-Packard Company certifies that 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 Bureau of Standards to
the extent allowed by the Bureaw's calibration facility.

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 df 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 yrovitled they are returned to Hewlett-
Pacltard. No other warranty is expressed or implied. We are not
Iiaple for consequential damages.

Se vice 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. Addressesare provided at the back o this manual.
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Manual Contents
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MANUAL CONTENT

This manual provides operating and service information for
Hewlett -Packard 5323A Avtomatic Counter. Information is
arranged in eight sections as follows:

Section I, GENERAL INFORMATION. contains an overall
instrument description. specifications. egquipment supplied,
available accessories, options. and instrument applications.

Seclion II, INSTALLATION, covers unpacking, inspection,
rack installation. power and cooling requirements. con-
nections tor remole programming, and printer operation.

Scction ITT, OPERATION, expiains how to operate the 5323A,
including display interpretation for all modes of operation.

Section IV, THEORY OF OPERATION, describes the overall
theory of operation. Integrated circuit operation and special
circuit operation arc included in this section.

Section V, MAINTENANCE, provides maintenance proce-
dures, assembly designations. recommended test eduipment,
in-cabinet performance checks {incoming inspection). ad-
justments (calibration procedures), overall troubleshooling
{localing defective assembly), and removal and replacement
instructions.

Section VI, KEPI.LACEMENT PARTS. lists replacement
parts by reference designator. including options. lists total
guantity of eazch part used. and manufacturer's code and
part number.

Section VII, OPTIONS, SPECIALS, AND MANUAL CIIANGES.
covers options available, information for special instru-
ments where applicable, and provides information to make
this manual applicable for older instruments.

Section VIII, CIRCUI'T DIAGRAMS AND SERVICE INFOR-
MATION. contains schematic diagrams and component |oca-
torsfor all agssemblies, operation of each assembly including
waveforms and voltages. Adjustment and troubleshooling
indormation are included in this section,

ADDITIONAL MANUALS

To order additional operating and service manuals, confacl
your nearest Hewlett-Packard Sales and Service Office.
Give complete model. name, and 8-digit serial number,
The serial number placeis on the rear panel (see Section |
for serial number system). This manual's HP part number
i sthe last item listed in Table 6-1. Comments on this mall-
ual arc welcome at any Sales and Service Office

Model 5323A
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Figure 1-1, Model 5323A and Accessories
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SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION

1-2. The 5323A Automatic Counter measures fre-
guency with automatic range selection and constant
resolution at all frequencies from 0.125 Hz to 20 MHz.

1-3. Frequencyis measured by counting an arbitrary
number o input periods(X) and accurately measuring
the number of clockperiods(Y) daring the same inter-
val. Input frequency is then computed by dividing X
by Y and mulliplying the result by the clock [requency.
Frequency is displayed with seven digit resolution,
avtomalically positioned decimal point, and correct
measurement units.

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

1-5. Selected measurement timesof: .01, .04, .1,
.2, .4, 1, 2, and 4 seconds, are front-panel selectable
or controlled through the REMOTE PROGRAM con-
nector. Measurement times canbecontrolled by using
an external gate signal, to obtain times other than
those described above, any value from0 Lo 4 seconds.

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

Table 1-1.

1-7. IDENTIFICATION

1-8. Hewlelt-Packard uses a two-section, eight digit
serial number (on instrument rear panel) to jdentify
instruments (000-00000). The first three digits are a
serial prefix number, and the last five digits refer to
a specific instrument. |If the serial prefix on your
instrument does not appear on the title page of this
manual, 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 o instruments to which this manual
applies directly is identified on the title page. For
older instruments (lower serial numbers}, make man-
ual changes listed in Section VII. For newer instru-
ments, having serialnumbers higher than those listed
on thetitle page, manual change sheets are included,
describing the required changes. The manual for an
instrument having special electrical modificationswill
include an insert sheet describing those modifications.
If achange sheetor special information sheeti s miss-
ing, the information sheet can be supplied by any
Hewlett-Packard Sales and Service Office listed 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 Hz to 20 MHz.
ac coupled: 10 Hz to 20 MHz.

MEASUREMENT TIME: Selectable; 0.01, 0.04,
0.1, 0.2, 0.4, 1.0, 2.0, 4.0 s, or any time
up to 4 s determined by tlrc 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: 1 couni + time base error + noise

RANGE SELECTION: Automatic.

HYSTERESIS. Range switching will automaticallv
position the most significant digit in thefirst
| display position, except when the frequency is

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

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

Impedance: 1 M¢£! shunted by 35 pF.
Maximum Input:

Volis ATTENUATOR Selting
120 Vrms (<1kHz) X1
250 Vrms X10
500 Vrims X100

decreasing from 10... to 09... . Inthis case Overload Level: 1.5 Vrms X ATTENUATOR
I range switching 1s delayed until the input drops settings J
02841-1 1-1
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General General

Table 1-1. Specifications (Cont'd)

SIGNAL INPUT Cont'd:
Trigger Level: PRESET tlo center triggering
about OV, or adjustable:

Range ATTENUATOK Setting
+1V X1

+10V X10

+100V X100

Trigger Threshold Band: < 1.0 mV, referred
to input at 20 MHz,

Time Base

CRYSTAL FREQUENCY: 10 MH=

CRYSTAL OVEN: Self-regulating solid-state
type,

STABILITY:
Aging Rate: Lessthan 3 partsin 107/mo.

Temperature: < +7 partsin 108/°C,

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

OSCILLATOR OUTPUT: 10 MHz, 1.0V p-p,
5062 (approx. ) source impedance at rear
panel BNC.

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

General

DISPLAY: 7-digit in-line Nixie® digital read-
oul plus positioned decimal point, units an-
nunciator, and RPM annunciator,

BLANKING: All non-significant digits will be
automatically bilanked if the measurement
time selected on the front panel is too short
to gunarantee lull accuracy. Rear panel switch
allows all digits to be displayed without blank-
ing if desired.

DISPLAY STORAGE: Holds reading and digital
output constant hetween samples.

RPM DISPLAY: Rear panel switch connects an
internal XKO multiplier that converts meas-
urement from pulses per second to revolu-
tions per minute.

"ARMED" LAMP. Isillaminated between time

of reset and when input signal first reaches
trigger level thereatter.

®Burroughs Corporation

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

RESET: Front panel pushputton switch resets
the counter and causes display to be 0 Hz

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

HOLD: Retains displayed information indefinitely
while new measurement iSmade. 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: Meusures internal 10 MHz signal.

REMOTE PROGRAMMING: All front panel function
controls are programmable.

Control Signal: Single line control lor each
fuaction. Operated by DT'L or TTL integrated
circuits or contact closure to ground. Am-
nlifier trigger level can be set by the level of
an external 11V input (which is multiplied by
the ATTENUATOR settings: X1, X10, X100},

DIGITAL OUTPUT:

Code: All numerals, decimal point, and unit
information arc available as 4-lint! 8-4-2-1
coded signals. Logic "0 slate approximately
0.4V at 10 mA sink; logic 1" state approxi-
mately 5V open circuit, 2.5 k2 impedance.,

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

Storage: Buffer storage is provided so BCD
output i s held constant while next measure-
ment i s being made.

Hold-Off: Inhibits transier of datato buffer
storage when instrument’s cycle time iS less
than time required for external equipment to
interrogate BCD outputs. Positive inhibik
+5V min., 20V max.

Chassis Connector: Special HP manutactured
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 Output.

OPERATING TEMPERATURE: 0° to 50°C

POWER REQUIREMENTS: 115 or 230 volts 1+10%,
50 to 400 Hz, 45 watts maximum. Fast circuit
breaker action with internal power resetswiich

protects supply. Also resets when main power
i sturned off. No cooling fan required.

Table 1-1. Specifications (Cont'd)

WEIGHT: Net, 14 1b (6, 4 Kg).
Shipping, 19 1h {8, 6 kg)

ACCESSORIES FURNISHED: Power cord,
7-1/2 it. HP 10503A, 500 BNC to BNC
cable, 41t (122 ¢m). Rack mount Kit with
P.C. extender bouard.

DIMENSIONS: 3-15/16 in. high, 16-3/4 in.
wide, 11-1/4 in, deep (88,2 x 425 x
286 mm).
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1-12. INSTALLATION AND OPERATION

1-13. TInstallation and operation procedures arc de-
scribed in Sections II and IIT of this manual. gamote
programming and use of the IIP 50508 Digital Recorder
are included in Section 711,

1-14. APPLICATIONS

1-15. The Automatic Counter measures frequency
directly from 0.125 Hz t0 20 MHzZ. For tachometry

applications, an internal X60 multiplier converts data

from pulses per second to events per minute,

1-16. The Counter canhe used tomeasure the carrier
frequency of a pulsed signal (tone burst) without the
use of a transfer oscillator by one d two methods,
First isto apply an external gate signal and, as long
as the gate signal is removed before the burst ends,
the counter will measure the carrier frequency. Sec-
oid i sto set MEASUREMENT TIME switch to atime
known to be shorter than the burst and the MODE
switch to 1IOLD. Then apply a reset pulse to the
Counter sometime between bursts. The 5323A will
start countingwhen a burst starts, andwill 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

e 1
EXT. GATE ! '
CONTROL SIGNAL !
COUNTER GATE I-ﬂ‘ OPEN ——%

EXTERNAL GATE SIGNAL OCCURS AFTER
START OF INPUT SIGNAL AND ENDS BEFORE
LAS1 CYCLE OF INPUT SIGNAL.

028411

INPUT SIGNAL

RESET

INTERNAL
HOLD SIGNAL

MEASUREMENT szsﬁ !
SET TO 4 i

l
COUNTER GATE 4 OPEN ——

MEASUREMENT TIME SETTING MUST BE
LESS THAN SIGNAL DURATION.

RESEAL PRBUBET.OCCURS DURING INPUT

02841-1
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Section |
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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,
Table1-3 lists some of the equipment available for
use with the 5323A Counter.

DESCRIPTION HP PART NO.
Cable: 4 ft. (122 cm) {05034 Table 1-3. Equipment Available
50 ohm, male¢ BNC connectors I DESCRIPTION HP PART NO
Rack Mount Kit 05325-60031 I
Printed Circuit Extender Board | 05245-6022 (Rjglcjlogder Interconnecting 105244
Detachable Power Cord: 1
7-1/2 ft. (231 em) NEMA Plug | ©120-0078 !
Fuse: Slo-Blow, 0.4A, 125V 2110-0019 Digital Recorder 5050B
(For 230 Vac operation) |

02841-1

Model 5323A

Section IT
Installation

SECTION II
INSTALLATION

2-1. INTRODUCTION

2-2. This section contains irformation on unpacking,
inspection, repacking, storage, installation, remote
programming, and use with the HP 50508 Digital
Recorder.

2-3. UNPACKING AND INSPECTION

2-4, F the shipping carton i s damaged, ask that the
carrier's agent be present when instrument is un-
packed. Inspect theinstrument fordamage (scratches,
dents, broken knobs, ete.). If instrument i s damaged
or failslo meel specifications, notify the carrier and
the nearest Hewlett-Packard Sales and Service Office
immediately (Sales and Service Offices arc listed at
the back o this manual). Retain tile 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 best packaging methods available. Your Hewlett-
Packard Sales and Service Office can provide packing
material such as that used for original factory pack-
aging. Contract packaging companies in many cities
can provide dependable custom packaging on short
notice. Here are tworecommended packaging methods:

a. Rubberized Hair. Cover painted surfaces of
instrument with protective wrapping paper. Pack
instrument securely in strong corrugated container
(350 Ib/sq. in. bursting test) with 2-inch rubberized
hair pads placed along all surfacesof 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.
bursting test) with a layer of excelsior about six
inches thick packed firmly against all surfaces o the
instrument.

2-7. ENVIRONMENT. Temperaturelimitations dur-
ing storage and shipment should be limited as follows:

a Maximum temperature: +75°C (167°F).

b. Minimum temperature: -40°C (-40°F)

2-8. RACK INSTALLATION

2-9. Theinstrument 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 lor rack installation, refer to Figure 2-1

and proceed asfollows:

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

bh. Remove adhesive-backed trim strips a front
end of sides.

c. Attach filler strip along bottom edge of front
panel.

d. Attachflanges tofront end of sides(larger corner
noteh toward bottom of instrument). Insirumenti S now
ready to mount in standard rack.

Figure 2-~1. Coaversion for Rack Mounting

FILLER

HUT 1OM STRIP TILT/TANC -
FOOT RELEASE
s BUTTON

TRIM STRIP
(ADHESIVE BACKED)

TYPICAL FOOT INSTALLATION

2-10. POWER CONNECTION

2-11. LINE VOLTAGE. The Counter may beoperated
from either 115 or 230 volt (+10%) power lines. A
slide switch onthe rear panel permiis guick conversion
for operation from either voltage. The Counteris 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 slide switch
i s properly positioned.



Section II
Installation
Table 2-1. 115/230 Volt Conversion
| CONVERSION | 115 VOLT 230 VOLT
Shide Switch Right (230)

Left (115)

AC Line Fuse

0.8 Ampere
Slow-Blow
(HP 2110-0020)

0.4 Ampere
Slow-Blow
(HP 2110-0019)

2-12. POWER CABLE. The Counter is supplied with
a delachable three-wire power cable. To install:

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

b. Determine AC line voltage in use. Use a narrow
blade screwdriver and sot rear panel 115/230V switch
to same ag line vollage in use.

c. Connect plug (two-bladewiti round grounding pin)
to three-wire (grounded) power outlet. Exposed por -
tions of instrument arc grounded through plug. When
only a two-blade outlet is available, use HP adapter
1251-0048 and connect short wire[rom side o adapter
to ground.

2-13. COOLING

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

2-15. REMOTE PROGRAMMING

2-16. All controls except theinput atienuator, trigger
level, and AC/DC coupling selector can be remotely
programmed by contact closure toground, by saturated
NPN transistor, or by DT'L or TTL integrated Circuits.

Model 5323A

To ensure proper operation in automatic systems,
remote controlsoverride the manual switches, Re-
motely programmable operations are: reset, self-
check, measurement time Step, measurement time
interval {rom 0 to 4 seconds(duration equal to remote
exlternal gate command}, HOLD, blanking inhibit, and
hysteresis inhibit. A typical NPN transistor circuit
isshownin Figure 2.2,

Figure2-2. Remote Program Circuit

70 J6

2N339i

INPUT

{+5V ENABLE
0V, DISABLE)

2-17. LEVEL control can he remotely set by apply-
ing a de voltage equal to the desired triggering level
(dividoti.by input attenuator setting). LEVEL input
voltage istl volt multiplied by the input attenuator
setting (X1, X10, X100).

2-18. Table 2-2 lists the pin assignments for J6, the
remote program connector, mounted on the instrument
rear panel. Wire colors, interconnection data, and
levels are also indicated.

2-19. DIGITAL RECORDER

2-20. BCD output to drive the HP 50508 Digitat Re-
corder are provided at A11J1 (DIGITAL RECORDER,
rear panel of instrument), Pin assignments and BCD
welghting for the connector signals arc shown in
Table2-3.

2-21. A hold-offvoltage from +5 to +20V will prevent
the counter from resettingand taking @ new measure-
ment. When the Digital Recorder completesits cycle,
this hold off i s removed and the counter makes a new
measurement.

02841-1
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Talle 2-2, Conmnections Lo Ren
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10te Program Connector, J6

I [
FUNCTION PIN NO. WIRE COLOR | CONNECTSTO* REMARKS
15v 1 Wht -Blk At6(13,129 | @ - --
LEVEL 2 Wht-Brn A2(3,0) +1V (X1, X10, X100)
GROUND 3 Wilt-Red Ground  }  memmeeee-
RESET 4 Wht-Orn A3(10), 74, 51 Ground will enable,
CHECK 5 Whi-Yel A3(E) Ground will enable.
HOLD 6 Wht-Grn A3(P), A1114{11) Ground will enable.
01 7 Wht-Biu AB{P}, AB(13) Ground will enable.
04 8 Wht-Vio AN, AB(11) Ground will enable,
1 9 Whi-Gra A6(9), AB(10} Ground will cnable.
2 14 Wht-EIk-Grn AB{K), AB(9) Ground will enable.
.4 1t Whi -Blk-Red AB(T) Ground will enable.
1 13 Wht-Blk-Yel AB(I) Ground will enable.
pA 10 Whi-Blk-Brn AG(8) Ground will enable,
4 12 Wht-Blk-Ora AB(T) Ground will enable
EXT PROG 15 Wht-Blt-Bly A11(Bly) Ground will disable A10 **
GROUND 19 Blk Ground T - - =TT
EXT GATE 20 Brn J2, A3(L) Ground will enable A3Board.
GATE OUT 21 orn 53, AB(R) g\lfo(stég‘;o Open). 14V {Gate
PRINT 99 Vel ﬁ%()14)} AllJd éﬁ(}‘lfm(if;l)ég)m()f[) 0V {Print
BLANK 23 Gra 54, AB(F) Ground will disable
HYSTERESIS 24 Whi 55, A11{Wht) Ground will disable.
; |
No Connections are Made to Pins 16 Through 18 and 25 Through 36. ]

* All interconnections belween & and componenis are made via the A9 Connector Board Assembly
{refer to Section VIII for schematic).

#*The EXT PROG signal should be grounded, so that the MODE and MEASUREMENT TIME switches
will be disabled. Otherwise, the switches will still control the counter operation and may not he
overriden by remote programming.

Table 2-3.

Digital Recorder (A11J1) Pin Functions

BCD WEIGHT
ouTPUT 8 [ 4 | 2 i
A11J1 PINS
UNITS 2(U) 2(W) 2(X) 2(V)
101 2(s) 1) 1{v) 2(7)
102 1(P) 2(P) 7R (1)
103 2(M) 1(M) 1(N) 3 (N)
104 () 2{K) 2(L) 1K)
109 2(J) 1{F) 1(10) 1(E)
106 2(D) 2(F) 2(H) 2(It)
EXPONENT 2(Y) 2(h) 2(c) 24)
+5 VOLTS 1(C, D, 1,8 T, W, X, Y, Z, a, b, ¢) 2(C)
GROUND 1{A, BY2 (A D) e
PRINT COMMAND T PIN 1{d)
PRINI'ER HOLD-01'1’ PIN 2(a)
1 Indicates component (£0P) side o ATl 2 Tndicates covper (bottom) side of All
Mating Connector for A11J1 is (1) HP Part No. 1251-2339, (2) Cinch Jones Part No. 600-121-26.

02841-1
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SECTION IH

OPERATION

3-1. INTRODUCTION

3-2. The Counter measures frequency or RPM. The
MODE switch selects NORM, CHECK, or HOLD. The
MEASUREMENT TIME switch selects .01, .04, .1,
.2, .4, 1, 2, or 4seconds. 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. Figures3-4 and 3-5provide
step-by -step operating procedures for self-check and
frequency measurements, Section I explains Remote
Operation.

3-3. INTERPRETING DISPLAY

3-4, Directreadoutisprovided lor all measurements,
The Counter automatically places the most significant
digit to theleft, Decimal point is pogitioned and meas-
urement unit is displayed astomatically., When the
Hz/RPM switchis set to RPM, RPM will be displayed,
otherwise MHz, kHz, or Hz will be displayed.

3-5. The BLANKING switch causesthe non-significant
digit(s) Lo be blanked when MEASUREMENT TIME
selectedis too short to obtain an accurate seven-digit
readout, 'Table 3-1 lists the number o digits dis-
playcil at various time settings.

Table 3-1. Digitsfisplay Versus Measurement

Most Stgnificant Digit (MSD) of
Input Frequency

MSD= 1 or Blank | MSD= 2 through 9
Digits Displayed | Digits Displayed

M easurement
Time Setting

.01
.04

P, QL. R, . R X2 R
FEIG QO L - =R N

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

3-7. ACCURACY

3-8. Accuracy o the 5323A is shown in Figure 3-1;
accuracylor a conventional counter i s shownfor com-
parison, The accuracy shown in Figure 3-1 docs not

Figure 3-1. Accuracy Versus Freguency

~
~
~
~
<‘%‘0
\%\
\@O
& N
b O~ B S—
o e,
@ A
« N
e o)
ool e
n RN
P 5 AN
2 3 ™~
3] ~
= ~
-7
10 MUCTIPLE PERICD OF PULSES, |SEC GATE -
-
1078 e e SIS MU S S B ——r e -
OlHz 5 5w 5100 5 IkHz 5 5100 5 IMHz o 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
ambiguity and a = trigger error for 100 mV sine Wave
input. With the LEVEL control set to PRESET, the
error curves have a 99% coniidence level.

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

Using a1 second measurement |ime, the resoclution
is1sec/100nsee, or Lpart in 107, and all seven dis-
played digits are significant. Using a 0.1 second
measurement time the resolution i s 0.1 sec/100 nsec,
or 1 partin 106, and the last digit of 1000000 issig-
nificant; however, a readout of 9999999 would only be
accurateto 110, and the last digil i s blanked.

3-10. HYSTERESIS

3-11. The range selection circuits have a hystere-
sis control desighed to reduce confusion when the

Model 5323A

measured signal frequency i S decreasing or changing
about a decade value. For example:

With the Hysteresis switch on, if aninput frequency
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 unchanged until the frequency
i s< 0.900000 kHz, then changesto 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. Inthis position,
the internal 10 MHz clock 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 hy 6.

Figure 3-2. Front Operating Controls

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
in CHECK posilion. Display will be 10.00000
MHz or 100.0000 RPM.

b. Permits frequency measurements of Sig-
nals applied to INPUT connector in NORM
position.

c. Prevents display from automatically re-
setting in HOLD position.

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

.4, 1, 2, or 4 seconds.

5. LEVELcontrol selectsinput trigger level (mul-
tiplied by ATTEN setting). Trigger mill occur
at O/ when set Lo PRESET.

6. ATTEN switcli 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 switch provides coupling to input am-
plifier through . 033 F {AC), or directly (DC).

8. INPUT, 0.125 Hz to 26 MHz

02841-1
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Figure 3-3. Rear Operating Controls

1. EXT GATE: permits use o all external gate
signal lor measurement Limos other thanthose
on front panel {between 0 and 4 seconds).

2. BLANKING swiftchdigables automalic blanking
feature.

3. Iz-RPM switch converts display from ire-
quency (Hz) to events-per-minute (RPM).

4. HYSTERESIS switch disables automatic hys-
teresisfeature.

GATE OUT: provides O/ when Counter is
counting (gate cycle) and +5V whennot counting.

on

6. RESET: permits use of an external reset. Re-
set will occur when input isless than +0.8V.

7. REMOTE PROGRAM connector permits remote
programming of:

a. RESET
b. SELF-CHECK

¢. HOLD

d. BLANKING

c. HYSTERESIS

f. MEASUREMENT TIME

g. LEVEL

h. PRINTER HOLDOFF VOLTAGE

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

10.

12.

13.

12

10 9 1 13

TIME BASE switch sel ectseither internal clock
or permits use d an external time bast!. In
INT position the internal clock is available as
an output at connector J1, (10 Mz, 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 hase

output (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; insert narrow-bhlade screw-
driver and slide to left for 115V operation,
glide 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 i sproperly positioned and
correct fusei sinstalled.

02841-1
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L Section I

Section II1 ]
Operation . Operatlon
Figure 3-4. Self-Check Figure 3-5. Frequency Measurement
1. Set POWER swilch to ON. 5  Sel MEASUREMENT TIME switch to any 1. Set POWER switch to ON. 10. Connect unknown signal to INPUT jack.
i position
2. Set TIME BASE switch (rear panel) to INT. . . .
2. Set TIME BASE switch (rear panel) to INT. & Set HZ/RPM switch (rear panel) toHz. Display 11. geé é)ci]z)r(,'}?:\,'itdz}ot(;wi?li) (10 Hz to 20 MHz) or
should be 10.00000 MHz. 3. Set BLANKING switch (rear panel) to ON. dao Ha Lo .
3. Set MODE switch tu CHECK. ] ] )
7. Set Hz/RPM swilch to RPM. Display should 4. Set Hz/RPM switch (rear panel) to Hz, 12. Adjust LEVEL control for a steady display.
: ; o ’ i ) If there is nu count, or if count is uncertain,
4. Set BLANKING switch (rear panel) OFF, be 100.0000 RPM. 5. Set HYSTERESIS switch (rear panel) Lo ON. switch ATTEN Lo a lower factor and readjust
_ LEVEL c¢ontrol, Normally, the PRESET posi-
6, Set MODE switch to CHECK to verily proper tion will provide a steady display, with no DC
Counter operation {ge¢e Figure 3-4). Return offset voltage on the input signal.
MODE switch to NORM.
7. Sct the MEASUREMENT TIME switch to the 1> The COUNTING lamp will llluminate, aud the
desired measurement time. : amp WITEgo olb when theé measuremen
i s being made,
8. With no input signal, the ARM lamp should be
iHuminated. 14. Read {requency 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 02841 -1 3-5

3-4



Model 53234

Section IV
Theory

SECTION IV

THEORY OF OPERATION

4-1. INTRODUCTION

4-2. Thig sectiondiscussestheoperation o 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.

4-3. Logic Symbols

4-4, Two states exist in the binary system, 1 and 0.
HIGH (N) and LOW (L) are used to represent thelevels
of 1 and 0. HIGH always represents the more posi-
tive level, whether it be positive or negative logic.
Figure 4-1shows four pairs of logic symbolsthat have
the sametruth tables and can be used interchangeably.
The same function isnerformed bv what appearsto bc
two different logic symbols.

4-5. GATES. Figure 4-2(A) represents a basic 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 OH gate. The OR
pate output is HIGH if one or more of its inputsis
HIGH. An OR gate may have two or more inputs.

4-6. INVERSION. AND and OR gates are shown in
Figure 4-2 (A,B). A circle on the output o a logic

symbol 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 inverted outputis called
a NAND gate; an OR gate with an inverted output is
called a NOR pate. A unity-gain amplifier with an
inverted output is called an inverter, Figure 4-2 (E).

Figure 4-2. Gate Symbols

A B
AND D
c b E
NAND NOR INVERTER

F i g4-1. Logic Function Comparison

A 8 ¢ D
A-——-—O. A — J.p— A ——
z z z z
g8 —o B — B —O B
7=A-B Z=A-B Z=A-B Z=AB
A A A A
z z z Z
B B B B
Z=A+B Z=A+B Z=A+B Z=A+B
A 3 z A B z A a z 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
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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 he LOW
under three conditions:

a. Inputs A and B are both HIGH, oz
h. Inputs C and D are hoth HIGH, o1

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

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

Ve 1B NC NC 1D IC 74

WCLELW

Model 5323A

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

Y R D CK s a &
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Figure 4-6. 4 Bit Buffer Storage (1820-0116)

D) HP

Iy Zy I Za OV Gy Iy g
16 [Ecy o ] S e | e tH 10 9

[ 21738 516 L7 8
Zy Iy Ze Zg B Vee le I

4-16. Blanking Decade Countet

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 tlic 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)

Yoo Ox Xs Za Y4 Xg Zg T
sl 5l el [z Dz 0] liol{s

GOy [Xn]a |7
L[cofe(n
[Cfcte]n]e
L{UTH[L L
MEDCe
i, HE LIH|C]=H
e |n]-|c
NS M
HIC=[H][C
nul-1-[=
I 2112 418 6 7 B
n= 4,8,C,0

Gy Xp Zp Yo Xc Zc¢ Yo GRD

4-11. The Blanking Decade Counter package is shown

A 2A 28 20 ZD 27 GRD

TOP VIEW

4-10. Dual D Triggered Flip/Flop

4-11. The Dual D Triggered Flip/Flop package is
shown in Figure 4-4, The Q ouatput will assume the
same stale asthe D input at the positive transition o
the clock (CLK) pulse. The @ output i s always oppo-
site o the Q output, If the R input i s LOW, the Q out-
put will go LOW regardless o tlic D and CLK inputs.
If the S input is LOW, the Q output will go HIGH re-
gardless of the I and CLK inputs.

4-12. BCD to Decimal Decoder/Driver

4-13. The BCD to Decimal Decoder/Driver package
isshownin Figure 4-5. The negative logic 4-bit BCD
input controlsthe slateof one o 10 high-voltage output
transistors(part of 1C package), used to drive display
tubes, Each o the 6 unused states (10 ihrough 15)
will turn off all output transistors to produce a blank
display.

4-2

(1820-0092)

Figure 4-5. BCD lo De¢imal Decoder/Driver

9 B8 7 & 5 4 {1 (Ig)

felfsl ikl fisllet Tl o

in Figure 4-7. The counter has iwo reset states de-
termined by the reset control input. If the reset con-
trol is LOW, aHIGH resel pulse will set the counter

lo LLLL (Blank). If the reset control i s HIGII, a HIGII
reset pulse will set the counter to HHHH (zero). The

negativelogicoutputsareshownenthe timingdiagram.

1 2ri3M4mseizris

O 1t 2 3 GRD Vg i) {Ip}
Lt {1t ity fipten |, 9
INEREER] 0

IRERERE i
R z
T Ve [ nih 3
N 4
U {w L 5|
AL |t |H 5
Ll |C {H ?
IR 8
NN 9
""Bce 10-18 NONE

4-14. Four-Bit Buffer Storage

4-15. The 4-hit Buffer Storage package i S ghown in
Figure 4-6. The 4-hit BCD input will he gated into
the buffer when tlic G1 input is cnahied by a LOW or
open. The non-inverted output {(Za, Zb, Zc¢, Zd) is
in-phase with tlic input when GG1 is LOW or open. The
inverted output (Za, Zb, Ze, Zd)is enabled when G2 is
HIGH. When G2 is LOW, the inverted output i S HHHH,

02841-1

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

RESET
2o Zameser Ve CONT INPUT

16L_[15] [14]_fiaj Jiz] i) Jul 9

| 23145 er17 e
ZB ZG GND =G

COUNTING
4

CYCLE FROM BLANKED STATE o o .

1 2 3 4 5 & I 8
-
Zy (l)jML
ZB(Z)M
2 (4)m

za(al__J

00}

!

.
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4-20. Decade Counter and Shift Registet

4-21. The Decade Counter and ShiftRegister package
15 shown in Figure 4-9. The device operates either
qg g tounter or @48 a shift register as shown in the
tining diagram, A HIGH reset input will set all cut-
puts zey, Both input and output use negative logic.
The shift input should be HIGH when counting OF re-
selting, The maximum counting frequency of the 1820~
0190 is 10 MHz and the 1820-0191 is 2 MHz.

Figure 4-9. Decade Counter and Shift Register
i (1820-0080/91)

Za I ONT SHIFT GRD STORE Jg Za
=
£l

= T e
ﬁm“ﬁWW“JﬁwiﬂHIMWMWM
Ze (4 W_“_H__.,_—I——.—m;__v—j___ﬁ__ -
Zp® o 1_7,_u_j:_'
[ — I 7"4._1___7AJ -~
SHIFTING
oo e S
. 4.7‘--__1k'_'_'Vg,i’;:::f::j;—_ "
SHIFT .._._,7_er ._._.7~g,.._._1r )

Figure 4-10, Up/Down Prescttable Decade Counter (1820-0176)

Model 53234

4-22. Up/Down Presettable Decade Counter

4-23. The Up/Down Presettable Decade Counter pack-

age is shown in Figure 4-10. A number between 0 £0
9 may be preset and then the decade will count either
up or down from thisvalue. The preset count Will pe
set according to the truth table when the preset input
goes llIGIl. The up and down cowit inputs should pe
inhibited by a HIGH when enabling preset. The decade
can he reset to zero by applying a HIGH to the reset
input while the up and down count inputs are HIGH
(inhibited). A LOW input to a count input will change
the state of the decade (up or down); the unused count
input must be inhibited by a MIGII.

4-24. J-K Flip/Flop

4.35  The doal J-K Master-Slave Flip/ Flop package
i s shown in Figure 4-11. When both inputs are LOW,
the clock has NO effect. When the J input js HIGH,
the positive clock transition will set @ HIGH. When
the K inpul is HIGH, the positive clock Lransition will
cause @ to o HIGH. When both inputs are HIGH, the
flip/ilop will change state (toggle) with each positive
transition of the clock input. A LOW R input Wl}i
override other inputs and reset the Q outpul LOW.
The @ and & outputs ar c always opposite jn level.

4-26. Divide by 16 Counter

4-27. ‘'The Ddivide by 16 Counter package i s shown in
Figure 4-12, and is a 4-bit binary ripple counter.
The negalive logic 4-bit BCD outputs and the + 16 out-
put are shown in the timing diagram. A reset signal
(HIGH) sets the outpufs HIGI. The counter will ad-
vance on the leading edge o the input pulse.

P DOWN

13}
Zs 24 VeowmputmeuTone la I

31418 7
P 0dWN PRE-
PN RE 1,
CL¥
CARRY

=
e

CQUNT@ fB(;l iﬁ@a‘@@ st.
R WP
o |Winin M [HYHEH[H]
EETN I BEIGE
A Sl Tt Il

2 WTCTwTa Rl ugn
NN NREDE
1
)__i__HHLHHHLH
oI
SNl B il T B Rt A%
e thlcieinlafuicys
IO O e [uieg s
g JnjH|riCTr|alinjL

H s

I NEnnn

02841-1

Model 5323A

Figure 4-11. Dual J-K Flip/Fiop (1826-0208)

Vee ek ¥ K @ R Qg

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

TRUTH TABLE

(mfajelclo]

o[l ]

NEan

Zg  ZnRESET Vee HPUT ST T e

IIH|(n]L T

diL (L [H —[_
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6li|H]n T

BEanDm

e el w]

olnlo oW

13 HiL T

i H[L T{A

THE 6 QUTPUT WILL GO HIGH ON R LR LS LELE
COUNT 8 AND LOW GN COUNT i6 OR 13[miL H
RESET TR T .
15| H[H|H I

4-28. Divide by 6 Counter

4-29. 7The Divide by 6 Counter package iS shown in
Figure 4-13, The Gate Control input must be LOW to

enable the gated output, The reset '*0'* or resct 5
inputs most be HIGH to enable the reset, 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)
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4-30. Four-Bit Binary Full Adder

4-31. The 4-Bit Binary Full Adder package i s shown

in Figure 4-14, with its truth table. Tile adder gdas
two 4-bit binary numbers (A1, A2, A3, A4, and BI,

132, B3, B4) and a carry-in {Cj,) to produce their sum
(21, 22, 3, 24) and a carry-out (C4). The inputs
Al, A2, 131, B2, and Cj, determine %1, ¥2, and the
internal carry {C2). The inputs A3, A4, B3, B4, and
internal carry C2 dctcrmine z3, x4, and CA4.

4-32. THEORY OF OPERATION

4-33. The operation of the HP 53234 isdivided inta

three cyeles: Gate, Compute, and. Digplay. A flow
diagram incladed in Sccti%m VIl (Figur S—Y J depicts

the three cycles and the MEASUIIEMENT TIME proc-
ess. A block diagram included in Scction VIII (Fig-
ure 8-3) shows the functional relationship of the major
assemblies and critical signalsused by the assemblies.
Thescfiguresshould befoldedout for reference during
tile following discussion.

4-34. Gate Cycle

4-35. Inpul frequency (Fx) connects to A2 {Amplitier/

Trigger) via A1 (Attenuator), The input gignal trig-
gers A2 and the narrow pulse produced, goes to A3.

This pulse appears at the inpel o the I;‘ flip/flop,
when MODE is set to NOIM. When MODE i s set to
CHECK, internal clock pulses {Fy or «I;X) will appear
at the %)5 ttip/flop instead of Fx.
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Fipure 4-14. Four -Bit Binary Full Adder (1820-0305)

8y T4 Cq Oy GRD By A, £

] [is] fia]. i3] fiz]. [l [o][5]

TRUTH TABLE {SEE NOTE I}

INPUT | OUTPUT
[WHER Cjpy =t HHEN €y =H

WHENCp=L WHENC2 = H
781 as, 18 A8 420 10 A5 AEe 0
Ba | BalAs | Bal/ Zs | Bl Ca (23 FalCa |
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4-36 The first Fx pulse will set the %{ﬂip/ﬂop to

Q HIGH, enabling the Single Cycle Register_and the
X—Gate Enable [lip/flop, producing the GATE signal.
GA E resetsthe 11-Register to D= 15 signaling start
of the Gate eyele. The COUNTING lamp will be on.
The EXT GATE signal must be high to initiate the
GATE signal.

4-37. The clock pulse from A14 {(Oscillator/Multi-
plier) enables tlie Gale Control flip/flop enabling the
Y -Gate. Y-(Giate output is a series o COUNTY pulses,
which are accemulated inthe Y-Register. The clock
irequency is 10 MHz. COUNTY pulses will be 10 MHz
when the Hz/RPM switch isin Hz, or 10/6 MHz when
in RPM.
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4-38. The next Fx pulse enables the X-Gate, and a
COUNT X pulse will occur. COUNT X pulses continue

at tlie %x frequency and are accumulated in the X-

Register. When the Y -Register contents 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 pulge, terminating COUNT X and COUNT Y
pulses and the GATE signal will return to its initial
state.

4-39. When the input frequency period i s longer than
the selected measurement time, the Gate Control uses
the Single Cycle Register to {erminate the Gate Cycle
onthe second positiveslope zero-crossing of Lthe input.
A PRESCALE signal is sensed by A7 (Control Board),
which alters the Compute Cycle to correct for single-
cycle operation,

4-40. Notice that clock and input freguencies arc
synchronized by the EZX flip/flop so that maximum

error during the Gate cycle is equal to one ciock pe-
riod (100 nscc for Hz or 600 nscc for RPM). The
selected measurement time is (T). At the end d the

. E .
Gate Cycle Y-Register contains Fy X T (or -6Y X T for

RPM) and X-Register contains Fx X T. The X and
Y -Registers contain information needed to calculate
frequency F. When no input signal occurs alter the
TIME signal, alow-frequency reset signal occurs it
2 xMeasurement Time,

4-41. Compute Cycle

4-42. ¥Frequency (F) is calculated by dividing X~
Register contents by Y-Register contents and multi-
plying the result by the clock frequency (Fo), {F =
X

¥ X Fo). ¥ iscalculated one digit at atime. As each

digit is calculated, it is transferred to the Display;
decimal point position and measurement unitsfor the
Display are determined by the magnitude of X and Y.
T calculation is performed by A5 (Adder Board) and
A7, refer to Figures 4-15 and 4-17.

4-43. Todivide X by Y, aprocess o repeatedly sub-
tracting Y from X isused. To subtract Y from X, a
technique known as nines complementing i sused, The
nines complement of X i s the differencebetween each
digit of X and the number 9. Sequentially, the nines
complement of X (called Xc) isadded toY; Y isthen
added toX until a left-digit carry occurs; the last sum
(without the carry)is then complemented and added to
Y to restore the remainder. The last step is required
because Y must be added Lo X until a carry occurs,
which i s one step too far in the division process. Tlie
restored remainder isthen muitiplied by 10, and the
process repeated todetermine the nextdigit of F. The
number of times that'¥Y was added Lo X before a carry
occursis tlievalue o the first digit of F (called Z}.
Figure 4-16i s anexampledf the arithmetic operations
performed by Aj5; the first digit of F is 3.

02841-1
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Figure 4-15. Timing and Control Diagram
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SHIFT X
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MULTIPLY
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MEASURE X +X — COUNT | — OVERFLOW —RESTORE — SWIFT ¥ | — COUNT | — COUNT 2 — OVERFLOW — RESTORE — SHIFT X 7 — GOUNT |

Figure 4-16. Arithmetic Operation 4-44. The firststep in the calculation is to double

the X-~Register contents to correct for the division of

the %( flip/flop. A7 enables the 4-pole gwitches in

A5, sothat X+X occurs. When a single-cycle meas-
urement occurs, X + X i sinhibited because F Was not
divided by two (referto Figure 4-15).

= 302
Vo= 125

4-45. The next operation initiated i s complementing
e ey m X-Register contents and addirng the results to the Y-
: Register contents (Xc + Y). A7 then sets the 4-pole
Xy @ switches to perform an X 1. Y operation. The opera-
' tion i s repeated until acarry from the Adder occurs
(equivalent to a negative remainder). The correctre-
Ry 3 mainder is restored by using the Xc : Y operation,
j because we have made one extra subtraction. The
1% X o 856 501 R rt_emainder _i S now multiplied py 10, and the second
vt aery Fiow digit of ¥ will be calculated. This processis repeated
o xes v . ) " until all 7 digits of I have heen determined. Note the
(Restore pem ainder) . - 123 P le~3 Y -Register contents are recirculated during the com-
temaindnr pute cycle (Y remains unchanged)
4. X tiroes 10 N 1 { R ,_]

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

- Continue Tor remaintye § digils

PLAY signals.

02841-1 4-1
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4-47. Display Cycle

4-48. The Compute and Display Cycles occur at the
samoe time. Aseach digit of F iscalculated it must
be transferred to buffer storage and the Display. At
the start o the Compute and Display Cycles, the
GATE signal ending the Gate Cycle resets the D-
Register toD = O

Model 5323A

4-49. During the Compute Cyecle, when the first divi-
sion i s attempted (first digit caleculation) 4 carry may
occur. Each time such a carry occurs, a DISPLAY
pulse is generated by A7 (refer to Figure 4-17).
These DISPLAY pulses increment gither 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

DISPLAY 310.2101KHz
tr vy e e v b ey b ity byl
clo E NN N R N N N PO FU P I SN EN U IO S S S S TUTYS WO JPIPE S s . P S e o s ST S e v s S s s 5
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7 BLANK —————— | 233001 1000001 220011000001 1001 22001 BLANK
. M eI
ce M e e s e eI
EXPONENT | sispLar I
TRIGGERED BY COUNT Z
COUNT E ; |
=5 TRANSFERRED
EXPONENT 7 s 5 £ > et TIPRESET) o oo =
- -
oot o I I 1 I | | |
o a > 2 4 5 6 7 8
M5D
1
o ST DIEIT 3
T U | | N
fla— ZND DIGIT }
T2
- 3RD DIGIT ©
T3
Ji%‘”” DIGIT 2
14
o 5TH DIGIT |
T5
TRANSFER EXP
! [a—67H DI6IT 0
6
RESET
EXP /—— ALLOW HOLD
TTH DIGIE | —ap)  (TRAILING EDGE]
T
R
ARM
PRINT
z [ —
7 RESET T0 BLANK L BLANK IF COUNTER ___[;—— 4 T7 TRIGGERED
15 RESET. 76 TRIGGERED A T e
GLEARED BY FIRST TRIGGERED BY T2 BLANK 6TH, 7TH BIGITS
= OR .4 WITH MSD 32
COUNT Z BLANK DIGITS 2,3,4.5,6,7 FuEASTIME = 01, 04 £ -3

4-8
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E-Register count, and no COUNT D pulsewould occur.
DISPLAY pulses will continue to decrease the E-
Register count until asuccessful subtraction occurs
(nocarry), and a COUNT Z pulse i s 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 F,

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 7 digits have heen
calculatedand displayed. The last digit will be trans-
ferred at D = 6.

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

4-52. After the last digit has been calculated, DIS-
PLAY pulses will continue to be generated by A7 and
continue to advance the D-Register, unless a HOLD
is present. If the MODE switch is set to HOLD at

62841-1
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thistime, the Clock Gate in A3 will pe disabled, in-
hibiting the DISPLAY and COUNT D signals to pre-
serve the display. If no HOLID is present, or when it
is removed, the D-Register will advance to p = 7.
D=7 is a blank state, but I’ =8 causes the PRINT
Command and R signal to be generated, The R sig-
nal i s an automatic reset which clears the X, Y, and
Z-Registers.

4-53. At D =9, the ARM signal is generated, turning
the ARM lamp on, resetting the Range Detector, in-
hibiting the clock in A7 and enabling the Gate Control
in A3for the next Gate Cycle.

4-54. When the RLANKING switch i s ON, the Blank-
ing Control logic will auatomatically blank the sixth
and/or seventh display digit, if tlic selected meas-
urement time is so short that false resolution would
occur.

4-55. When the HY STERESIS switch is OFF, and the
firstdigitchangesfrom 1to9 in successive measure-
ments, the decimal point and display will shift, and
the measurement unit may change. To prevent this
condition, tlic 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 thefirst digit changes from
1to 9, the first Display digit will be blanked, the E-
Register will be advanced, angd an extra COUNT D
pulse will advance the D-Register to D = 1. The {irst
digit (Z = 9) will betransferred to the second display
position, and the remaining digits are calculated and
digplayed, Hysteresis is effective onlyfor descending
range changes.
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SECTION V

MAINTENANCE

5-1. INTRODUCTION

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

5-3. ASSEMBLY DESIGNATIONS

5-4, Table 5-1 lists the designations, pame, and
Hewlett-Packard part sumber of assemblies used in
this instrument.

5-5. TEST EQUIPMENT

5-6. Test equipment recommended for maintaining
and checking performance i slisted inTable 5-2. Test
equipment having equivalent characteristics may he
subgtituted for the equipment listed.

5-7. ASSEMBLY CONNECTION
IDENTIFICATION

5-8. Throughout the manual, connections to printed
circuit assemblies are referred to in abbreviated
form. For example, connection to A3, pinl0 is A3{10).

Table 5-1. Assembly Identification

Assy Name HP Part No.

05323-60006
05325-60035
05323-60011
05323-60005
05323-60002
05323-60003
05323-60004
05323-60009
05323-60014
05323-60007
05323-60001

Al Attenuator Board

A2 | Input Amplifier Board
A3 | Gate and Reset Board
A4 X -Register Board

A5 Adder Board

A6 Y - Register Board

A7 Control Board

A8 Display Control Board
A9 Connector Board

A10 | Function Switch

A1l | Main Board

A12 | Display Board 05323-60008
A13 | Annunciator Board 05323-60017
Al14 | Oscillator/Multiplier Board| 05325-60008
A15 | Crystal/Oven 10 MHz 05325-60012
A16 | +5.1V and +175V Supply 05325-60022
A17 | +12V Supply 05325-60005
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5-9. IN-CABINET PERFORMANCE CHECK

5-10. GENERAL. The performance check, Table 5-3,
and test card can be used to vcrify proper operation
o all circuitsin the Counter and may also be usead:

a. As part of an incoming inspection check of in-
strument specifichtions.

I. Periodically, for instruments used in systems
where maximum reliability isimportant.

¢. Aspartof aprocedure tolocate defective circuits,

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

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

5-11. VARIABLE LINE VOLTAGE. DPuring the test
(Table 5-3), Counter should be connected to avariable
voltage source so the line voltage may be 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 toinstrument. Slide
cover toward rear of instrument and lift off. Tore-
place cover, reverse procedure.

WARNING

115/230 VAC AND +175 VvDC SUPPLY WIRES
ARE EXPOSED WHEN EITHER TOP OR BOT-
TOM COVER IS IZEMOVED. 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, tront and rear panel views of the
Counter are shown m Figure 5-1. This figtre shows
the location of the agsemblies, connectors, and chas-
s1g parts.

5-1
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Figure 5-1.

Top Internal, Front and Rear Panels
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Table 5-2. Recommended Test Equipment

Instrument Type

Reguired Characteristics

Rgcc‘n’mﬁién‘ded_ yp

Oscilloscope

Vertical Plug-in
Time Base Plug-in

Freguency Synthesizer
Synthesizer Driver
Digital Recorder

508 ¥Feed-Thru
Termination

Cable Assembly

Low-Frequency Function
Generator

Variable Atienuator
Variable Attenuator
Pulse Generator

RF Voltmctcer

DC volt-Ohm-Ammeter

50 MHz Bandwidth, plug-in capabilities

50 mV/cm sensitivity, 50 MHz Bandwidih
50 nsec/em sensitivity

50 Hz to 20 MHz, 100 mVrms
1 MHz output, 1.0 Vrms
Compatible with BCD weighting used

Compatible with Digital Recorder/Counter
0.1 Hz to 1100 Hz, 1V peak-to-peak, 2%

12 dB in 1 dB steps

120 dB in 10 dB steps

30 ngec, +£0.3V, 10 MHz

10 mV to 10V, 20 MHz, +3% F§
0 to +10v, +1%, R X 1 capability

HP 1804
HP 18014 "
HP 18204
HP 51008 0
HP 5110B° -
HP 50508
HP 101004
HP 10524A
HP 202A

HP 355C
HP 355D
HP 222A
HP 411A
HP 412A

5-2
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BNC T Connector

Variable Line Voltage
Source

Variable from 103 to 127 Vac (207 to 253 Vac)

VIIF Oscillator 20 MHz, 300 mVrms HP 32000
Frequency Standard 1 MHz, stability < 2 parts in 1011 per month HP 50654 or HP5061A
Resistive Probe 10:1, 10 p¥, DC to 20 MHz HP 10003A
Electronic Counter 20 MHz, 8-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

Logic Probe Compatible with DTL and TTL voltage levels [P 10525A
Resistive Probe 50:1, DC to 10 MHz HP 10002A

HP Part No. 1250-0781

5-16. REMOVAL OF PRINTED CIRCUIT
BOARDS

5-11. MAIN BOARD {A11). To remove this board:
a. Remove top cover (see paragraph 5-12).

b. Remove the 10 wires which are connected to the
top of the board by push-on connectors. Each terminal
on the board is color-coded to the mating wire color.

c. Remove the 7 screws that secure the board to
the chassis and connector J4.

d. Slide board toward rear of Counter until A11.J2
i s disengaged from the Display Board {A12).

e. Raise the frontof the board to clear the Display
Board {412) and slide the board forward until AT11J1
1s out of the rear panel slot. Remove the board from
the unit,

02841-1

f. When reinstalling the board, do not connect any
wire to tlie terminal between IC15 and IC19 (see Sec-
tion VIII). Thisisa special test point.

5-18. DISPLAY BOARD (A12)

a. Remove the Main board (All) {see paragraph
5-17).

b. Remove printed circuit board A2, A17, A3, A4,
A5, and A6.

c. Reniove Annunciator Board {A13) by removing
two nuts and washers that secure the assembly to the
front panel.

d. Rcmove the WHT-RED wire which is connected
to the Display Board by a push-on connector.

e. Remove the 4 screws that secure the board to
the chassis. Reniove board from unit.

5-3
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5-19. CONNECTOR BOARD (A9)

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

b. From top o Counter, remove 3 large screws
attaching the Main Board (All) to connector ASJ4.

c. From bottom of board, remove connectors at-
tached to A9J2 and ASJ3.

CAUTION

Takecare not toput a strain on connecting wires
or bend them too many times. Thiswill cause
the wires o break or become weakened.

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

e, From top of Counter, remove the 8 wires con-
nected to the board by push-on connectors. These
connectors arc accessible through a cutout in the
chassig, located bhehind the Display Control Board
{A8). The A7 and A8 boards may be removed to pro-
vide niore access to tlre connectors.

I. From the bottom of the Counter, remove tlic G
screws and spacers that gsecure tlre board to the chas-
sis. Do not remove the 3 screws securing connector
A9.J4 to the board. Remove the board from the bottom
of the Counter.
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5-20. REPAIR

5-21. Printed Circuit Component
Replacement

5-22. Component lead heles in the circuit boards
have plated-through walls to ensure good electrical
contact between conductors on opposite sides o 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 arc two recommended methods of
replacing integrated circuits:

a. SOLDER GOBBLER. This is the hest method.
Solder is removed from board by &« solderingiron with
a hollow tip connected to a vacuum source.

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

5-25. ADJUSTMENTS

5-26. The adjustments 1n Table 5-4 arein the order
they should be performed, but should not be done
unless:

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

h. 'The instrument does not meet all specifications
while performing the check in Table 5-3 (In-Cabinet
Performance Checks).

Table 5~3. In-Cabinet Performance Check

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

MODE . . . . . .
MEASUREMENT TIME
TIME BASE

Hz/RPM

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

MODE. . . . . .
MEASUREMENT TIME
LEVEL,

ATTEN

AC-DC .
BLANKING

Hz/RPM . |
HYSTERESIS

TIME BASE

b. Display should be 10. 00000 MHz, and COUNTING lamp ON. Record on test card.

CHECK
.4

INT

Hz

NORM
.4
PRESET
X1
DC
ON
Hz

. . ON

. . EXT
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Table 5-3. In-Cabinet Performance Check {Contd) T

FREQUENCY/RPM MEASUREMENTS (Cont'd)

b. Connect Frequency Synthesizer outpui to Counter INPUT through a 50-ghm f‘e.é'c.i"thr'-au

inati oh -
termination, 91:'

c. Connect Synthesizer Driver 1 MHz ouiput to Counter external time base mpﬁ}f (1e'up'me1)
Connect Digital Recorder to Counter DIGITAL RECORDER connector. et

Note

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

e. Sel synthesizer {requency to the values in Table 5-3A. Decimal peint location, measurement

unit, and printed exponent are shownin Table 5-3A. Displayed and printed digit values (N)
are disregarded during this test. Record display and printed exponent on test card.

Table 5-3A. Decimal Point/Measurement Unit

Synthesizer Printed
Frequency Display Exponent
10 MHz NN. NNNNN MEHz 7
1 MHz N. NNNNNN M Hz 6
100 kliz NNN. NNNN kHz 5
10 kHz NN. NNNNN kHz 4
1 kHz N. NNNNNN kHz 3
100 Hz NNN. NNNN Hz 2
50 Hz NN. NNNNN Hz 1
0 H=z 0. Hz 0

3. ACCURACY

a  Set synthesizer frequency to tlic valuesin Table 5-3B. Display should be within +1 count
of the selected freguency. Record display value and printed value on test card; printed
and displayed values should be identical. Disconnect Digital Recorder.

Table 5-3B. Accuracy

1. 111111 Mllz
2.222222 MHz
3. 333333 Mllz
4.444444 MHz.
5.555555 MHz
6. 666666 MHz
7777777 MHz
8.888888 MHz
9.999999 MHz

4. HYSTERESIS
a. Set Counter controls as shown in step 2a.

b. Set synthesizer frequency to 1.0000000 Mi¥z, then decrease to ,98888888 MHz, Display
should be ,988888 MIllz. Record on lest card.

c. Set HYSTERESIS to OFF. Display should be 988.8888 kHz. Record on test card.

02841-1
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Table 5-3, In-Cabhinet Performance Check (Cont'd}

5.

FREQUENCY/RPM MEASUREMENTS (Cont'd)

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

b. Set synthesizer to 2 MHz,

c. Set MEASUREMENT TIME as shown in Table5-3C. The number of digits displayed is
shown in Table 5-3C. Record on test card.

d. Set synthesizer to 1 MHz and repeat step 4c¢.

e, Set synthesizer to 9. 888888 MHz and repeat step 4c.

Note

Change frequency from 10, 00000 MHz lo 9.888888 MHz to
enable hysteresis circuits.

{. Set synihesizer to 1 MHz, Set Counter BLANKING switch OFF and MEASUREMENT TIME
switchto.01. Seven digits should be displayed. Record on tcst card.

Tablc 5-3C. Blanking Check

DISPLAYED DIGITS
MEASUREMENT TIME 2 MHz- 1L.MHz

%

W W RN

—-

[ 37085 1< - IR, TR, QN R, |
=T =R SRS S, R S PG |
Tty i h &Yy

RPM

a  Set Counter controls as shown in step 2a, except set Hz/RPM to RPM and MEASUREMENT
TIME to .1. Adjust synthesizer [requency to valuesin Tablc 5-3D. Record display value
on test card.

b. Disconnect synthesizer and synthesizer driver from Counter. Set Counter TIME BASE to INT.

Connect Low Freguency Function Generator to Counter INPUT with BNC "T" connector,
Connect oscilloscope vertical input to tlie "T" connector.

d. Set function generator output for a1V P-P, 10 Hz sine wave measured on oscillogcope,
e. Display should be 600.000 RPM +2%. Record on tcst card.

f.  Set Function Generator Frequency to 1 Hz {1V P- P sine wave). Display should be GO. 0000
RPM +2%. Record on test card.

g. Set Function Generator Frequency to 0,1 Hz (1V P- P sine wave). Display should be
6. 00000 RPM +2%. Record on test card.

Tablc 5-3D. RPM Display

FREQUENCY DISPLAY

10 MHz GO0. CON RPM

1 MHz 60. GOON RPM
100 kHz 6. COOON RPM
10 kHz 60000N, RPM

1 kHz 60000. N RPM
100 iz 6000. NN RPM
0 Hz 0. RPM

5-6
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Table 5-3. In-Cabinet Performance Cheek (Cont'd)

d.

a.

RESET AND HOLD

1. RESET
a.

3, LOW-FREQUENCY RESET

a. Set MOUE lo NORM and AC-IIC to DC.

b, Set MEASUREMENT TIME as shownin Table 5-3E.

c. Decrease function generator frcquency until Counter reads zero. Tho lowest displayed
frequency for a particular measurement time should be within £5% of tlie value shown in
Tablc 5-3E. Record on tcst card.

Table 5-3E.
LOWEST DISPLAYED
MEASUREMENT TIME FREQUENCY 15%
.01 50 =z
.04 2.5 Hz
| 5 Hz
.2 2,5 Hz
.4 1.25 Hy
1 0.5 Hz
2 0.25 Hz
4 0.125 Hz
SENSITIVITY

1. SENSITIVITY MEASUREMENT

Connect equipment as described in step ¢ of Frequency/RPM Tests.  Set function %%‘Ot'lerzit.of.
output for 1 kHz sine wave at 1V P-P. s

b. Set Counter controls as shown in step 2a of Freguency/RPM Tests, except set MEASURE -~
MENT TIME to 1 and TIME BASE to INT.

c. Depress and release the RESET pushbutton.

d. Display should be zero for 1 second, then display 1 kHz +2%. Record on test card,

e. Remove signal at Countcr INPUT.

f.  Display should reset to zero after 1to 2 seconds and ARMED |lamp should illuminate.
Record on tesl card.

g. Re-connect signal to INPUT.

h. COUNTING lamp should illuminate and display should be 1 kHz £2% after 1 second. Record
on tcst card.

2. HOLD

a. Sect function generator frequency to 1.1 kHz sine wave at 1V P-P, Set MODE to HHOLD and
AC-DC to AC.

b. The Display should be 1. 1kHz +2%. Record on test card.

C. Depressand release RESET.

Display should reset to zerolor 1 second, then display 1.1 kHz +2%. Record on test card.

Connect Frequency Syuthesizer |0 INPUT using a 50-ohm feedthrough termination. Insert
HP 355C and D Variable Attenuators between synthesizer and termination. Connect an

RF Voltmeter to tlie INPUT using a BNC "I" connector,

Set Counter controls as shown in step 2a of frequency tests. Connect the Synthesizer
Driver 1 MHz outpul to Counter time base INPUT connector.

Set synthesizer output frequency to 20 MHz.

028411
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5o ~Cabinot forme » Checl Al
Tablc 5~3. In-Cabinet Performance Check (Cont'd) Tablc 5-3. In-Cabinct Pexformance Check (Cont'd)

POWER SUPPLY REGULATION
SENSITIVITY {Cont'd)

1. 115/230 LINE VOLTAGE CHECK

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

d. Set attenuators to 0 dB.

e. Display should be 20. 00000 MHz +1 count. Slowly increase attenuationin 1 dB steps until
count becomes unstable. Record the RF voltmeter reading on the test card (should be E . _ . . X
< 100 mVrms). b. Connect tlie Counter power cord to a variable ac voltage source. Set ac voltage to
- : LOW LINE {see Table 5-3F). Set Counter POWER to ON.

¢. Connect the DC-Volt -Ohm-Ammeter to J6(1) (+6V), 'The measured voltage should be

I.  Disconnect synthesizer from INPUT.

2. PULSE OPERATION +5 + 0.5 Vdc. Recordon tcst card. Set the Counter POWER to OFF.
a. Connect aPulse Generator to INPUT using a 50-chm feedthrough termination, Connect Table 5-3F. Line Voltage
i [ ith the input using e . ; _
ogcillogcope in parallel with the input using a BNC connector Description 115 Volts 230 Volts
b. Set Pulse Generator controlsfor a+300 mV peak-to-peak pulse, 30 nscc wide, at a 5 T
repetition ratc of 10 MHz, measured with oscilloscope. ; LOW LINE 102.0 204.0
c. Set Counter controls as shown in step 2a of frequency tests, except set TIME BASE to INT. NORMAL LINE 115.0 230.0
Adjust Counter LEVEL control for a stable displayed count. Display should be 10, MHz. HIGH LINE 128.0 256.0

' ralue ar 2p through 2d amplitude of - -P.
o Record value on tcst card. Repeat 2b through 2d for an amplitude of -300 mV P-P 4 Repeat stcps 1h and le for NORMAL LINE voltage.

3. GATE OUT ANDEXTERNALGATE f c. Repeat stcps 1b aid 1c fur HIGH LINE voltagc.

a. Connect Pulge Generator to Counter EXT GATE using 5¢-~ohim feedthrough termination,
Connect oscilloscope in parallel with EXT GATE using a BNC '"TF' connector.

b. Adjust Pulse Generator for a repetition rate of 10 Hz at maximum pulse width. Adjust Figure 5-2. Remote Program 'Test Box
the amplitude to +3V P-P. I
Remove oscilloscope and "T' connector from EXT GATE. J6 REMOTE PROGRAM,
Connect the oscilloscope to Counter GATE OUT. e TEST BOX
- |
e, Sect MODE to CIIECK and MEASUREMENT TIME to 4. ‘. - : (36 18> :
f. Display should be 10 MHz with ARMED and COUNTING lamps alternately flashing S nnen35 17— N/C
(COUNTING lamp 1say he very dim). Record on test card. ! (34 16>
. . . o . PROG
g, The GATE OUT signal viewed on the oscilloscope should be a4v P-P (minimum) pulse : {33 15> :EXT R Q EXT PROG
train at 10 Hz. Record on tcst card. _ d {32 14> :'2 o) -2
N/eQ ——<31 1> o 9!
4. INTERNAL OSCILLATOR OUTPUT i G0 12> 4 o 4
1 ]
a. Connect oscilloscope to tlie time base INI'UT connector. i (29 11)- ’I 4 0O 4
) i 1 2
b. Verify that the Counter TIME BASE is set to INT. <28 10— | < 2
| & L o] A
c. The internal time base output should be @ minimum of 1. O/ P-P. Record on test card. ! )27 i( o4 IS o4
26 - .
1 s LA
: {25 7> : -0l 'e) 0l
REMOTE PROGRAMMING HYSTERESIS 3 (24 6> HOLD o HOLD
1. ENABLE/DISABLE FUNCTIONS E BLANK L (o3 gyl SPEE o CHECK
. . i . - : PRINT RESET
a.  Using abDC Volt-Ohm -Ammeter, with the Counter POWER switch OF¥, verify continuity . : : 2z 4) : O RESEY
between J6(20) and EXT GATE jack, J6{21) and GATE OUT jack, J6{3) and chassis ground, k. SATE DU lCar 3y SROUND { GROUND
and J6(19) and chassis ground. Record on tcst card. Refer to Figure 5-2 for J6(REMOTE EXT GATE | (20 2yt LEVEL { LEVEL
PROGRAM) connector pin locations. : oD ! : > v :+5v
19 1)
Ir, Set the Counter POWER to ON and measure the dc voltage between J6(1) and chassis ground, L N < il h
The voltage should be +5V +0.5V. Record on tcst card. T i
c. Connect J6(15) to chassis ground using a ¢lip lead or test box (see Figure 5-2). *“';!__
By connecting appropriate pins to ground, verify operation of CHECK and HOLD modes,  EXT GATE
measurement times, RESET, and HYSTERESIS and BLANKING disable. Record on test card. { GATE OUT
£
e, Remove all external grounds to J6 from stcps 1c¢ and 1d and coanect oscilloscope between \ PRINT
J6(22) and chassis ground. Set MODE to CHECK and MEASUREMENT TIME to .01, PRINT © BLANK
output should be a pulse train with a repetition ratc of 100 Hz, pulse width of 15 psec, and 0 HYSTERESIS
amplitude of < +0,5V with respect Lo +5V bhaseline, Record on tcst card.
5-9
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Model 53234

PERFORMANCE CHECK TEST CARD

Hewlett- Packard Model 5323A Tests Performed by
Automatic Counter

Serial No. - Date

Description Check

FREQUENCY/RPM MEASUREMENTS

1. SELF-CHECK 10.00000 Mifz

2. DECIMAL POINT/MEASUREMENT UNITS

Display NN. NNNNN MHz
(N = any digit, but not blanked) N. NNNNNN MHz
(X = blank digit) NNN. NNNN kHz

NN. NNNNN kHz
N. NNNNNN kHz
NNN. NNNN Hz
NN. NNNNN Hz
0, XXXXXX Hz

Printed Exponent

O R N W N OO N

3. ACCURACY
Display/Printed Value 1. 111111 MHz +1 Count
2.222222 MHz +1 Count
3. 333333 Mllz +1 Count
4.444444 MHz +1 Count
5.555555 MHz +1 Count
6. 666666 MHz +1 Count
7.777777 MHz +1 Count
8. 888888 MMz +1 Count
9, 999999 MHz +1 Count

4. HYSTERESIS
Enabled ,988888 MHz
Digabled 988.8888 kHz

02841-1 R 5-10a




i
Model 5323A g Model 5323A
PERFORMANCE CHECK TEST CARD PERFORMANCE CHECK TEST CARD
Desecriplion Check Description Check
REQUENCY/RPM MEASUREMENTS
FREQ / FREQUENCY/RPM MEASUREMENTS (Cont'd)
- ~
5. BLANKING 2 MHz 6. RPM (Cont'd)
Enabled 4 7 digits Low Frequency 10 Hz 600.000 RPM 2%
2 T digils ,
2 1Hz 60. 0000 RPM :2%
1 T digits
0.1 Hz 6.00000 RPM 2%
.4 1 digits
L2 6 digits b RESET AND HOLD
.1 6 digits
_— & 1. RESET Reset to zero
.04 5 digits - o
e 1 kHz +2%
.01 3 digits '
Reset to zero
Enabled 1 MHz ARMED lamp ON
4 7 digiis COUNTING lamp ON
2 7 digits E 1kHz +2%
1 7 digits .
e 2. HOLD 1.1 kHz 2%
.4 7 digits
= Resct to zero
.2 7 digits "
_ 1.1 kHz +2%
.1 - T digits
.04 § digits 3. LOW-FREQUENCY RESET .01 50 Hz +5%
.01 6 digits .04 12.5 Hz +5%
.1 5 Hz +5%
Enabled (with Hysteresis) 9, 888888 Mz N
L2 2.5 Hz 5%
4 6 digits .\
¥ R 1.25 Hz +5%
2 6 digits § )
_ 1 0.5 Hz 5%
1 6 digits g
. k. 2 0.25 Hz 15%
.4 6 digits 4 o
gt 4 0. 125 Hz +5%
L2 6 digits :
.1 6 digits
.04 5 digits
e E SENSITIVITY
.01 5 digits
— § 1. SENSITIVITY MEASUREMENT 20, 00000 MHz +1 Count
Digabled 01 T digits _ i R 100 mVrms, maximum
6. RPM Ak 2. PULSE OPERATION
Display 600. 00N RPM b | Pulse 10 MHz
(N = any digit, but not blanked) 60. 000N RPM g 2 - Pulse 10 Mz
6. 0000N RPM
60000N, RPM 3. GATE OUT AND EXTERNAL GATE 10. 00000 MHz
60000, N RPM 4V P-P, minimum
6000. NN RPM
a RPM 4. INTERNAL OSCILLATOR OUTPUT 1. O/ P-P, minimum

5-10b 02841-1 5-10c




Model 5323A Model 5323A

Table 5-~4. Adjustmnents
PERFORMANCE CHECK TEST CARD

NOTE: All voltage measurements with respect to chassis
Description Check
— : 1. 'INPUT AMPLIFIER A2 i
REMOTE PROGRAMMING Eil:pi?iligwing procedure sels the sengitivity of the input amplifier and checks the frequency
1. ENABLE/DISABLE FUNCTIONS J6(20) continuity to £XT GATE 2. Set Counter controls as follows:
JG(ZI) Continuity to GATE OUT MODE . . . . .. NORM
J6(3) continuity to chassis MFEASUREMENT TIME . . . . . . . . 4
- . LEVEL, . . . . . . . . . . PRESET
J6(19) continuity to chassis ATTEN. . . . . X1
J6{1) +5 + 0.5 Vdc AC-DC. . . . . . . . . . . ... DC
. Hz/RPM . . . . . . . . . . . . . Hz
Check verified BLANKING . . . . . . . . . . . . ON
Hold verified HYSTERESIS. . . . . . ON
. 5 TIMEBASE . . . . . . . INT
: .01 verified ) )
' e o b. Connect HP 3200B to HP 355C and 355D attenuators connected in series. Set attenuators to
' .04 verified zero dB and connect through 50-ohm feedthrough termination to Counter INPUT,
A verified c. Set HP 32000 controls for 20 MHz cutput as indicated by Counter Display.
x verified d. Increase aitenuator settings until Counter Display becomes erratic or reads zero.
-4 verified e. Adjust AZRI0 for astable 20 MHz display.
1 verified I. Repeat stepsdand ¢ until A2 Amplifier is peaked.
2 verified = g. Measure Counter input using HI' 4114 RE voltmeter. Minimum input level for stable
4 verified display should be 100 mV,
Reset verified ' 2. OSCILLATOR/MULTIPLIER ASSEMBLY Al4
Hysteresis - veriliecl a Set Counter TIME BASE switch to EXT.
Blanking - verifid b. Connect a1 MHz standard frequency to time hase INPUT connector.
Print e 100 H= c. Connect oscilloscope through a 10:1 probe Lo A14(1),
15 psec N
5 ote
+0.5 Vdc, maximum r——
Do not use extender board during adjustments
d. Acljust oscilloscope controls for a stable display.
Adjust L2, L3, L4, and L5 for maximwmn output on oscilloscope (should be greater than
2V P-P). Disconnect all test equipment.
POWER SUPPLY REGULATION . Set Counter TIME BASE switch to INT.
. ¢, Connect an HP 5245M Electronic Counter to time base INPUT connector.
115/230 LINE VOLTAGE CHECK AT J6(1) 115v [ 230v [} - _
w h,  Adjust A14C5 for 10 MHz + 11 =z,
LOwW +5 4 0.5 Vde Note
NORM +5 % 0.5 Vdc If crystal or heater (A15Assy) has been changed,
HIGH 454 0.5 Vdc e it may be necessary to select C4 to permit tuning

to 10 MHz.

i. Clipcurrent probe over the orange wire from A14(12). Connect the probe through probe
amplifier to oscilloscope input, Set oscilloscope to . 05V/cm and probe amplifier to S5mA/cm.,

j. Adjust A14R6 for 20 mA P-Pon oscilloscope.
k., Readjust A14C5 for 10 MH# + 1 count on electronic counter.

3. POWER SUPPLY ADJUSTMENTS

No power supply adjustments are necessary. If power supplies [ail, remove ac power and
press A17S1 RESET switch. Return Counter ac power on. If supplies are still off or low,
determine cause by troubleshooting.

5-10d 02841-1 02841-1 p-11




Section V
Maintenance

5-27. TROUBLESHOOTING

5-28. Troubleshooting Aids

5-29. THEORY OF OPERATION. Section IV provides
information with aflow 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 schematics.

5-32. TROUBLESHOOTING PROCEDURE

5-33. The following paragraphs, steps, and charts
aid inlocating 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 to during the following
discussion; these may befolded out from Section VIII,

Model 53234

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

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

b. Power cord plugged into counter and power
source.

r. Linefuse good.
d. AC power available at source,
e. Check A16, Al7, T1, L1, and L2

Note

The 5.1V ouipul irom Al6 1s available at J7.
The +12V output from Al7 isavailable at atest
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 arc indicated: power supply,
clock, reset, gate and display check. The power sup-
ply check has been discussed inparagraph 5-34. When
using an oscilloscope to troubleshoot, a fast MEAS-
UREMENT TIME setting is useful. The .01 seliing
may be used, or a HNC cable may be connected from
GATE OUT to EXT GATE on the rear panel of the
Counter (use a BNC Tec to provide external trigger
for the oscilloscope).

Table 5-3. 5323A Diagnostic Tree

_ , One Number Constant
10 MHz No Display All Zero's in Display I‘\;h-,‘;“- ‘
(Counting) Incorrect umber
(Counting) . (Counting)
Correct Display Make Power Clock Make Check A4, AS,
Go to Paragraph  Supply Check Check Display A6 Refer to
5-37 Check Table 5-8
- [AlL Zevo's
Random Hz . All Zero's A%I}Zi{?ro'b All Zero's Hz {Counting
Numbers All Zero's | Ly Ccounting % Hy, Light Off
{Counting) Armed ’ Counting After Reset) |
Check Resets  Check A3 .
to A4, A6 Gate Check Lockrd in Count Locked In Compute
Make Gate Check Make Reset Check
5323A in Check, 1 second measurement time, no input signal, blanking off. AC switch
off then on, depress and release reset.

02841-1
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5-36. CLOCK CHECK

a. Check the 10 MHz internal time base signal at
time base INPUT with TIME BASE set to INT. The
signal should be 10 MHz, 1.0V P-P (minimum) into
ab50-ohm load. 1If signal frequency or amplitude are
incorrect, goto Al4, A15.

b. Check for clock input (Fy) at pin C o A3. Go to
A9and interconnecting coaxial cableif signal i sabsent.

c. Check fur CLOCK output at pin N of A3. i no
signal, make sure that MODE is not in HOLD. ISfre-
quency is ot Fy, but Fy/6, check Hz/RPM switch,
then go to A3.

d. Check for CLOCK input at pin C of A7. Goto
A9 if signal is absent.

5-37. RESET CHECK
a. Hold RESET depressed or connect a clip-lead

from the BRN wire of the RESET switch to chassis
ground.

Section V
Maintenance

Note

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

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

c. Check A4: Xa, Xb, Xc, Xd should be LOW.

d. Check AS. ¥a, Ch, Zc, %d should he HIGH.

c. Check AB: Ya, Yb, Yc, Yd should he LOW.

f. Chcck AT: should be HIGH on pins 10 and 14.

g. Check A8: should be HIGH on pin 5,

h., Ii the above tests with the Logic Probe indicate
amalfunction, refer to Table 5-6 for a more detailed

procedure.

i. Remove the clip-lead {rom the RESET switch
after troubleshooting.

Table 5-6. Rcsct Check Tree

Reset Check

l
Yes

No
1. Check InputI Lines of A3,7,8

Make Disﬁlay Check
Make Gate Check

2. Check A4, 5,6 Output Lines

Display Pulse A7(8)

f
Exp In All, 1C12(13)
Exp Out Al1 IC14(1, 16, 3, 14)

I 1
Yes No
Arm All (Blue) Goto All

- 1
Yes No
Go to AT Go to A8

r |
Yes No
1. Clock A7
Count D 2. Arm A7
ATE(®) 3. Clear Display
| !
Yes No
_J . Go faAll
MSD, T2 to 1,
Arm (A8 Outputs)
| |
Yes No
Go to A8

02841-1
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5-33. GATE CHECK

a. 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.

. Refer to Table5-7 for more detailed trouble-
shooting procedure.

5-39. DISPLAY CHECK

a. With MODE set to CHECK and MEASUREMENT
TIME set to 1, connect a clip-lead from A11IC8(4}
(test point isprovided between |C15 and IC19) to chas-
sisground. Display should step from all ones to all
twos, etc., to all nines. Last digit (LSD) o the all
nines display will be a zero which i s normal. The all
zero display will be skipped which i s also normal. If
allnumbers appear and the display stepsfrom ones to
nines, the display isnormal, Remove the clip-lead.

b. If the display steps correctly, but awrong num-
ber appears such as a three when all eights are dis-
played, set MODE to HOLD to freeze the incorrect
display. Tlrc BCD lines irom the All and A12 boards
can now be checked with the Logic Probe.

c. A digit that will not change may be caused by a
missing transfer pulse (MSD, T2 through T7). Go
to A8,

d. I the display does not step, make Reset Check
(paragraph 5-34). 1 reset iscorrect, go to AT.

Model 5323A

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

f. @ a constant wrong number is displayed with
the Counter MODE set o CHECK {A11 test point not
grounded), the problem should be in A4, A5, or A6.
Check the X, Y, | and Z lines, because aline is prob-
ably held HIGH or LOW. Refer to Table 5-8 which
liststypical defective displays and their causes.

5-40. ADDITIONAL TESTS

a. If the Counter correctly displays 10.00000 MHz,
check to verify that it resets.

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

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

d. With MODE set to NORM, verify that ARM light
is ON with no input signal. If trouble occurs, go to
Al13.

e. Connect asignal to INPUT and verify operation
to 20 MHz and to 100 sV sensitivity. Thiswill check

the Al and A2 assemblies,

f. Check opcration of the Hz/RPM switch in RPM.
Fy should bedivided by 6 in A3 and appear at pin N.
All measurement times are now multiplied by 6.

g. Check blanking, hysteresis, and external gale
operation.

Table 5-8. Defective Displays

Table5-7. Gate Check Tree
Display (COUNTING ) '
Cto Ot and MHz ON) Check Line for Signal:
(Rear Panel)
| 10.11111 Ih,
[ ! 11.11111 Xd, C2
No Yo 11,22222 5d
Time 12.11118 Ia
AB{L)
12, 22222 Xec
! ! 15. 55555 za
Yes No
(Check Arm, R, Go to A6 2.111111 Ie
T7 on A3) 21.11111 Ic
[ ) I 24. 44444 AN
No Y|es 25, 55555 Xa
Trace Line Go to A3 42,22222 Xe, ¢, Ze
to Source
Assembly via 44, 44444 fi)
A9 99, 59999 C2

02841-1
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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 partsin 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 partsinalpha-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
Tahle 6-1.

6-4. ORDERING INFORMATION

6-5. ToO obiain replacement parts, address order or
inquiry toyour local Hewlett-Packard Salesand Service
office(seelistsatrear of this manual for addresses).
Identify partsby their Hewlett-Packard part numbers,

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

b. Typical manufacturer of the part inafive-digit
code; see list of manufacturersin Table 6-3.

c. Manufacturer's part number.

d. Totalquantity used inthe instrument (TQ column).

a. Instrument model number.

b. Instrument serial number.

c. Description o the part.

d. Function and location of the part.

REFERENCE DESIGNATORS
g ;lssunlwi)ly F‘ fuse MP mechanivad part u integrated circuit
" n}oll)ll l=\[, = filter P = plug v vacuum, tube, neon
],‘l Imltm}y IC infegrated circuit Q - Lransistor b, photocell, ete,
L‘ | - eapacitor J = jack (3 - resistor VI voltage regulatorn
(:l - cp\lpl(:r K refay RT thermistor W cable
CR = diode ) 1 inductor g switeh X socket
I)I‘A (1(:1;})’ 11@(’ ' 15 Lousd speaker T transformer Y crystal
I g l|Lt!H.Cl'E sm‘null!ag {lamp) M meter TH = terminal board A tuned caviiy,
E mise electranic parl MK © microphone TP test point natwork
ADBBIREVIATIONS
A ) ©oAmpoeres H © henries N/D = normally apen RMO rack mount onty
AF C) auhm} :}ilc [requency contral HINY = hardware NOM nominat RMS rocl-mezn sgidre
AMPL = amplilier HIIX - hexagonal NIXCG negative posilive zero RWV reyorse working
. HG mereury (zere temperature voltage
BFO heat frequency oscillator HIt hour(s) coelfi "vnll} ;
BE CU horyliwm copper HZ = hertz NPN < negative-positive- 5-B slow-blow
B Binder hoad nm:aliv & SCR sore
Hl_’ . Bandpass ¥ intermadiate {rog NRFR not recommended for .‘3,1'2 . .‘il}lL’!‘Iil}l'ﬂ
O] brass TMPG impregnated '?Ihf(’{ se {uu(s)
WG tackward wave nscillator INGD = incandescent HWS1IL SEMICON semiconductor
v INCLL includels) a1 o silicon
COW = counter-¢lockwise INS insulbation{cd) . 53l silver
CER LCErHnie T internn 0BD - order by deseription 8L shide
CKIO < cabinet mount only . Lo on ovat head spa spring
COER coelfiei cut B kiio -+ 1000 (934 = oxide SPL speeial
COM ¢ COnNMOR L.H = Jelt hand ¥ = peak SS'I Htainl(:-sb' steel
COMP = eomposilion LN linear laper e « printed cirewit E;IE spm ring
(:0?\7”!‘ L = complete LK WASH lock washer PF - picofarads = 10-1 STL steet
(’,O,l\h conmector LG logarithmic taper farads TA tantalugn
L‘i . = cadmiuvn plate LP1 Iow pass filter PH BR?Z phosphor bronze TIY time delay
CRT cathode-ray fube PHIL, -~ Phillips TGL toggle
W - elockwise M ) milli = 10-3 PIV = peak inverse voltuge THD throad
. ) MEG ©omeg - 108 NP posilive-negative- TE titanivm
DEPC = (iupnsmrd carbog MET FLAM = metal (ilm pasitive QL tolerance
DR drive MET O% metullic oxide o = part of TRIM trimumer
ELECT - ¢lectrolytic ?}:} f;;{ - mnnu[;ﬁch; rer POLY pelystyrene TWT traveling wave tubg
ENCAP oncapsulated * megit heréz PORE poreelain . -6
EXT U . MHNAT miniaiure PO - position(s) u wigra - 10
- farads MQM mumenta‘ry POT + polenliometor VAR variable
i B f]'lt‘ N ( a MOS metal nzide subsirate Dy peak-lo-peak VHOW de workiug volty
i At hea MG miunting BT © o opoin
FILH - fillister head MY Mrylar pW : ki 4 1
FXD . fixed 3 v = peak working voltagzo w with
G wiga (10%) < pano (1079 2 itit W wosking
: 54 g N nano {1 ) RECT rectificr WIV working inverso
(fh germanivn NC normally closed REF radio [reguency voltage
(_J‘L T oglass NE neon RH round head or WW wirewound
GRD #round (ed) MIPL + nickel plate right hang w0 withoul
0119414
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Table 6-1.

wouARLOY SRIapI0 0] wOUA8S FIY) Of LONSTPOIUT A9 F

M&/T BS WHO uZT <hQD Oxd =i SETT-CB90 sZuZY
Ry/1T %5 WHO NST 4hD2 agxd iy SEST-£890 yZuTyY
My/1 25 WHD OOLZ owW0D QX3 0¥ GTLT-CEI0 ETUTY
My/T 25 WHO 0007 4WDD gxdiy §T01-E8%0 TZyzy
M%/T 26 WHD OLZ dnD2 OXd4:¥ STLZ~EB%0 1edzy
CINGISSY AoN 0zezy
CINDISTY LAN 5TNTY
My /T XS WHO OET JWCD OX43Y STEE-E890 81uzy
#®5/1 26 WHD OEE dWOJ aX3 3y STEE~EEI0 L1492V
Me /T TS WHO 089 dWOD2 OXdiW S1H9-C890 9y¥zy
Mu/T 35 WHO 15 dWOD OXdiy GO015-E8F0 [ag: ks
FefT ES WHO93IW T 4W0D aX4:d SO -EES0 kat:-tad
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Model 5323A

Section VI
Parts

Beplaceable Pavis

Table 6-2,

Replaceable Parts
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Section VI
Parts

Table 6-3. Code List o Manufacturers

Model 5323A

Model 5323A

The following code numbers are from the Federal Supply Code for Mamufacturers Cataloging Handbooks H4-1
{Name to Code) and H4-2 {Code to Name) and their latest supplements. The date of revision and the date of the
supplements used appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to
suppliers not appearig 1o the H4 Handbooks,

Code
He.  Manufacturer Addrass

Any suppleer .

Hount Hally Springs, Pa.
Rochester, H.Y.
Dantelson, Conn,

Collen, Galif
Valley Stream, 1. Y.
Cheery Hill, N. ).
Bedioid, Hass
Hawrishurg, Pa

20068 4. 5. A. Comman
06136 MeCoy Efeclioncs
897213 Sage Electronics Camp
00287 Cenmco lnc
00334 Humidal
(10345 ®icrolion £o., Inc.
00373 Gartock g,
00656 Aerovox Gerp.
00779 Amp Inc
0071 Airciafl Radio Corg Boenton, N.J.
00870% Croven Lig. Whiby Onlares Caaacga
00815 Norlhein Engineering Laboratenes, lac.

Butfinglon, Wis.
06853 Seagamo £lectrs Co.. Pickens Div,

Prckens, 5.6,

00866 Goe Engineeiing Co Cily of [ndystry, Cal
BERYL Gash £ Halmes Corp, Las Angeles, Calil,
40875 HRiceelab Inc. Livingston, K.},
01082 Geaeral Eteclric Co., Capacitor Bept

01083 Alden Producls Co.
01121 Alien Bradley Co.
§1255% Lilten indysteies, inc,
01281 TRY Semiconductars, Inc
$12%5 Texas inslipaenls, inc,

Transistor Producls Div Texas
01343 The Alhance %lg Ca A _snle,
11538 Smal] Fads lac Los Aobiies.
§1589 Paule Relays, inc ¥an Huys. Catit
§1570 Gudebrod Bros. Silk Co. Hew H.Y.
21330 Ancetock Coep R"“'fn;fbalu-
01561 Pulse Edgincenng Co, Sanla Clara,

Feroxcuhe America Saugerlies, Y.

aﬂ%ll% Wheelock Stpnals, Inc. y ong Branch, M1
02786 Cole Rubbes and Plaslics e Sunnyvwale, Calil
02660 Amphenel-Baorg Efectionics Coip Broadview, Hi.
0273% Radio Corp  of America, Semicondsclos

inn Haterials Biv Someiville, # 1
02171 Veeahme Co of Amelica, Inc

Brackton, Kass.

sevefyipiEkE2 Bt

Lawndale, Catif,

BLrogk. [ oo
02171 Hopkins Eangmessing Co san Egrnaﬁgo, Calil.
. e )
%%b‘é 2“'1:u%e‘mﬂnchr?duncle;’l’md. Deot  Syacase, hs‘,\',
03705 Agcx Machine & Tool Co Dayten, daie
0379/ Eldera Coip
03818 Paker Seal Co.
03877 Transilign Eleciric Cowp.
H%ﬂgg g‘vml:lm Resistor %@ , ine Cedat
iger Coo | Dieht Diy
Fiaderne Plant Sumervilte, H.J

04009 Anow, Harl and Hegenan Elect Co.
Hatltsré, Coan.

Compton, Calit

Los es .
g7 Calil,

Wa [:ff):ieldv Mass,
%nolts, H.J.

24013 TFawes Carg
§4062 Arce Electionic Juc,
4217 E=sex g

Great leck,
Lay Argeles. Said
04722 Wi Q Divisian ) Aefevex Wyrtle feach, 5 C
Wheeling, {1t
04354 Precesion Paper Tude Co
64404 Oymec Uivisian ol Hewietl-Packard Co Calif

B4651 Sybvama Electnc Products, Ricrowave
Device Div Mounlain View, Galil.
{04673 Dakats Engr lac Culver Tity, Cahil.
C4713 Motorciz, Inc | Semiconductor Pred Biv,
Phoemx, Arizona
04732 Faltren Cq . e, Westem Div
. Caklif
Cubviy filtaxe, 10,
Redwosd Cily, CaBil.
£1 Monte, Calif.
Westchestar, 11,

04713 Awlamalic £lechic Go
0§76 Sequota Wire Co.
(4811 Precision Gorl Spring Co
a4grn P M Hele: Conpany
34319 Component Mg Setvice Co.

Y. Stidgewater, Mass.
4086 Tweolieth Centuty Plastics, tae

Los Angetes, Calil.

]

Octohee, TIET

Code
Honufacturer Address

05245 Comganenls Carp Chicaga. 11,
05277 Westinghouse Etecine Carp.
Semi-Conductor Dept

05347 Uitrenia, ke

05337 Unton Gatbide Corp . Elect. Div
Hew York, H.Y.

TCanoga Park, Cahf
Sunnyvate, Calif,

Youngwood, Pa.
$an Kateo, €alif

05374 Vaking Ind. Inc,
05593 Icote Electio-Plastics Inc.
05616 Cosma Plashic
tc a Electiicat Spec Co.}
05624 Barber Cotman Co
05728 Titlen Qpucal Co
Roslyn Heights, Long tslasd, ¥ ¥
05779 Helio Tel Corp Westbury, H. ¥
05783 Stewart Engineenny Co Santa Cruz, Galif.
X W
Doy Haelit bR T it waime L eSS
Bridgeperl, Conn
06338 Raychen Carp Redwood Cily, Calf.
6175 Bausch and Lomb Opticat Co Rochester, H Y
06487 £ T A Praducls Go of Arenca Chicago, .
06540 Amalam Elechionic Hardwaie Co , Inc
Newmﬂﬂnchalle, HoY.
06555 Beede Electrical Instryment Go '
Penacoak, ¥. 0
Indisnapedss, tnd
Phoenix, Afiz.

Cleveiand, Ghio
Rocktord, 11,

06666 Generzl Devices Co., lag.
Q6751 Compeaents Inc,, Adz, Div.
46812 Torsiglon Mig Co , West Div
Yan Noys, Cahf
06958 Vanar Assec Eimac Div $an Garlas, Calif,
07088 Kelvin Elecing Co ¥an Huys, Calif
07326 Bipatran Co Pasadena, Calif,
07137 Tiansister Electronics Cetp Hinneapehis, Min
07138 Weslaghouse Eleclue Corp
Fleclrpnic Tuhe Biv
7149 Filrmohs Corp
07213 Emch Graphiz Co
47256 Sihicon Transisior Corp
07261 Avne!l Corp
41263 Farickld Camera 8 Insl Cotp
Semiconductor Dy lSountain View, Catil
61322 Minneseta Rubber o Winaeapelis, M
87387 Bitfcher Gorp . The Ronterey Fas, Calil,
07337 Sylvania Clect Frod fnc | ME View Operalions
Houatam View, Calil

Clmisa, H Y

A

ey of Nadustty dant
Cade Place, N.Y,
Guluer City, Calil

Crgpleho "ol

3}595 Jeghmict fwitee P roducts 1nc
Hawthaere, Calif

07%18 Gontinentat Device Corp
47933 Raytheen 1z o
sericanduclor Div Kountain View, Gahi
07988 Hewlall Packard Co., Boanton Radie Div
Rockaway, N J
Los Angeles, Catil
pemonz, Catil

08145 o 5 Eagueering Co
68289 Blina, Delbed Co
08358 Burgess Balttery Lo
Hagata Falls, Oalasia, Ganada
7 tsch Fastener €01, Los Angetos, Cahf
Sggﬁ g{“tzt Cro ‘T"Fm ? Walerbusy, Conn
Q&7 ] Slpan Gumpany Sun Valley, Caiif.
D&718 177 Cannon Electc inc , Pherntx Div
Phoenix, Atizona

08727 Ratigned Radio Lab. fnc Paramues, N )

08757 GRS Elechramcs Seatconductol
Operalions, By ol C.8 5 pac
Lowelt, Mars
#8806 Coneral Etectig Co. Mimial Lang Deph
Cleveland, Ghio
indianapolis, isd
Cosls Mesa, Galif
Houslon, Texas

05984 Mel-Rawm
29026 Baboock Relays v
(9134 Texas Capactter Ca

Code
No.  Monulocturer Address

Burkank, Calil.
Chieago, I
Hewlon, Mass.

09145 Tech, ind. lac. Alohm Etech

04250 Tlectio Assembhies, lae,

99353 © & K Coaponents Inc,

69569 Maltory Baltery o of
Canada. LId

19922 Bufndy Corp.

10214 General [ransisior Western Corp. .
Los Angeles, Calif.

Berkeley, Calif.
Hiagaia Falls, ® Y.
Gerne, Inif

Toronts. Onlatio, Canada
forwati, Conn,

T4l Ti Tal, inc.
10646 Garborundur: Lo

Hg’%? Eglscggloﬂa?gﬁhlgnte of Califosmia, fac
S Pasadena, Calif.
11742 Bay Slate Eiectronics Corp, Wallham, Mass,
11317 Teledype int | Mictowave Biv Pale Alte, Cahl,
HI3 fiational Seal Downey, Calil.
11453 Precisian Conaeclor Carg Jamaica, H.Y.
11534 Duncan Electrgnics ke Gaosta Mesa, Cafif,
11711 Genedal Instrumanl Corp o Semicondyclar
Div . Poducts Group Hewaik, #. 1.
180 Ampeeal Elecbionic, Inc Quena Park, Calif
11870 Metabs, Ine Pala Alla, Catil.
12040 Mahional Semicanduclor Danbury, Conn
12136 Phibadelphia Haadle Ca Camden, H.j.
12361 Grove Mg Gao., Inc, Shady Grove, Pa
12574 Gutton Ind fee  Data System Div
Albirquergue, H M.
12691 Clamestal #lg Co. Dover, H H.
12728 Eimar Friler Cofp W daves, Conn,
12859 Higpon Liechiic Co | Lt Tokyn, japan
12881 Metes Fiectiones Crip, Clark, M. 1.
12930 Della Searconducter inc, Hewpoul Beach, Calif
12954 Bicksan Electionics Comp Scotisdaie, Arizona
P300% Aaseo Supply Co Witchita, Kaasas
13183 Thenzatloy fallas, Texas
. Hanover, Germany
13445 Aiarand kml«g'ff{ﬂl?m of Pacific Industaes, bac
Kansas Cily, Kaasas
Rewboiy Park, Cahf
14193 ©alit Resistss Qofp Santa Momica, Gahif,
14798 American Componeals, Inc Conshehocken, Pa
15433 117 Semiconductor, A Biv of Int Telephone
& Teiegraph Gorg. Wes| Palm Beath, Fla
15443 Hewletl Packard Company Lovetand, Colo
14655 Cornel! Duebdier Dlectsic Corp Mewark, § 5.

. ur Gorming, H Y.
llfﬂf Ef’e’gffog&{@ﬁn%mks San Gabared, Cakil
14960 Williams Mg, Co San sose, Calif
15105 The Sohete Coo, lne Little Faibs B J
15203 Webster Efeclionics Co Rew Yok, 0 Y
15787 Seronics Gerp worlhiidge, Cadit
15291 Adjustzbtie Bushing Co i Holipwoad, Catil
15558 Micren Eleclranics

Garden £ity, Leong Isiand, I Y
15566 Amprobe Insi Corp Lynbiaok, H.¥
15631 Cadletronics Casla Mesa, Calil
19222 Twealelh Century Codl Sp1Ing Co
Santa Clarz, Calif
16501 Fenwal £lect inc Framinghar, Majs.
13818 Amelca Inc M View, Calif
$603T Spmce Pie Mica Co Spruce Ping, N.C
16179 Omni Speclsa inc Faiminglan, Mich
16352 Compeler Diode Carp, Lodi, H. 1
16585 Boels Awcialt Rut Carp, Pasadena, Calil.
16688 deal Prec Meter Co o Inc
Oe Juf Meter Div
$5758 Deleg Radio Div. of 6 M. Corp
17108 Thesrenelics ing
17414 Tianex Company
17554 Componeals ing
17675 Hanlim Metal Producls Corp
11745 Angshioha Prec. Inc.
trasn Sehienny dac

14093 Ser Tech

Broaklyn, H ¥
Kokoms, ind.
Canoga Park, Calif.
Maoualam View, Galif.
Biddeford, Ma
Akroa, (hio

Ho. Hollywood, Cahl
Sunnpvale, Gald,

from F5C Handtock Supplements

Section VI
Parts
Table8-3. Code List of Manufacturers (Cont'd)
Code Code Cade
Ho.  Manofacturer Address Ho.  Morwdaciurer Address Ho. Monufacturer
Address

17820 McGraw-Edisan Co. Hanchester, H.H.
18042 Power Design Pacific lac. Palo Atta, Calif,
18083 Clevile Corp,, Semiconducior Div.
Palo Abte, Caiil.
Sunnyvate, Calif,
Hotliston, Mass.
Bes Plaines, 34,
Hi Kisco, . Y.
Malvern, Pa.

18324 Signetics Corp,
18476 Ty-Car #fp. Co., lac.
18486 TRW Elect. Conp. [Hv,
18583 Cudtis Inslumsnt, fnc,
18612 Vishay Instiuments Inc.
{8873 E.I. BuPont and Ca., fnc. Wilwington, Oel.
L§911 Durant Wlg. Co. Kilwaskes, Wis,
14315 The Beadix Comp., #avigalion & Corlrel Div.
Teterhety, H. ).
13500 Thomas A. Edison Industries, Div. of
MeGraw-Edison Co. Wes! Orange, N.J.
1958¢ Concoa Baldwin Park, Calif.
19644 LRG Elecleonics Horseheads, N. Y.
19181 Eleclra Mig. Co. Independence, Kansas
20183 General Alionics Cotp, Phiiadelphia, Pa.
1226 Executone, jnc. Long Island Cily, K.Y,
21335 Fatnir Bearing Co., The Hew Britais, Conn.
21520 Fansteel Hetatturgica! Carp. H. Chicaga, I,
23042 Teascazn Coig, Indiznapelis, ing,
23181 British Radio Elechonics LI, Washinglon, D.C.
24435 G.E. Lamp Division
Rela Park, Cleveland, Ohio
West Congord, Mass.
Huntinglon, fnd.

24653 General Radio Co.
24681 Memcorinc., Comp. Div.
24738 Parelee dnc, Szn juan Capislianc, Calif.
76365 Gries Reptodueer Corp, Hew Rochetle, N Y.
25467 Giobet File €o, of Amperica, Inc.
Garistadl, H.}.
Haliister, Caljf,
Lancaster, Pa.
Slratferd, Conn.
Patp Alto, Calil,
Kenitworth, N j.

26851 Compac/Holiister Co,

26992 Harillsa Walth Co.

23781 Specialilies Hfg. Co. . Inc.

28480 Hewletl-Packard Co.

28520 Heyman ®lg. Co.

30817 Jastiument Speciaities Co., lac.

Lite Falis, #. ).
Owensboro, Ky

Chicage, 111

33173 G.E. Receiving Tube Depl.
35434 Lechioha Inc,
36195 Staawyck Coit Prodycis |1d,
Hawkesbury, Ontario, Cangda
36287 Cunmingham, W.H. & Miil, LId.
Totonlo Qalasie, Canada
31942 P.R. Mallory & Co. lac, fndiznapotis, ind.
39943 Mechanical Industries Piad, Co. Akion, Qhio
0920 Minialure Precision Bearings, Inc.  Keene, N.H.
42190 Mutes Go, Chicago, Jii.
43590 C.A. torgren Co. Englewood, Coe.
14655 Ohmite Wfg. Co. Skokie, i
48184 Penn Eng. & MIg. Cowp. Doyfestown, Pa,
41904 Polangid Corp. Camdridge, Mass,
48670 Precision Thermemeler & last, Co.
Southampton, Pa.
Wallham, Mass,
Westminster, W,
Wattham, Mass.
Sebnas, M.C.

49986 Microwave & Pawer Tube Div.
52090 Rowae Confraller Co.
52983 Senbown Coagany
54294 Shalicrass Wig. Go.
$5026 “Simpson Electiic Co. Chicage, i}
53933 Sonetone Colp, Eimsloid, H Y.
55938 Rayiheon Lo. Comnmercial Apparatus &

Systems fiv. So. Horwalk, Conn,
56137 Spauiding Fibre Co., Iac. Tonawanda, H, Y,
556289 Sprague Electiic Co. Hoith Adams. Mass.
59446 Telex Corp. Tulsa, Okta.
59739 Thomas & Bells Cq. Elizabath, # 1.
50741 Triplet! Efechiical Insh, Co Blutfton, Ghio
61775 Union Switch and Signal, Div. of

Weslinghouse Air Brake Co Piltsburgh, pa.

0a015- 48
fevised  Ocloher, 1969

67t Universal Efectrie Co.
£3743 Ward-Leonaid Electiic Co. KL Vewman, #.Y.
64359 Wesiern Electiic Go., (nc. Hew Yok, H.Y.
53092 Wesfon Insl, Inc. Weslon-Hewark Hewark, H_J_
66295 Wittek Hig. Cy. Chicago, {11
65346 Minnesota Riniag & Mig. Co. Revere Mincom fiv,
St Paut, Hina,
Hatlferd, Conn,
Hew Yoik, M. Y.

0wosso, Mich,

19216 AMen Miz. Co.
70309 Allied Contsal
70318 Allnetal Sciew Product Co., lnc.
Gardep Cily, N_¥.
10417 Amplex, Div. ol Cheysler Coip, Delrgit, Wish.
T0485  Allantic Iacha Rubber Watks, Iac. Chicage, 111
T0563 Amperile Co., inc. Uaion City, N_ ),
10674 ADE Pradicts Inc, Wiangapalis, Minn.
13903 Belden Mig. Co. Chicage, NI,
10558 Bred Efechonic Corp. {leveland, Dhig
1062 Birnbach Radia Co. Hew Youx, N.Y,

T1d34 Bhiley Electsic Co., fac. Erie, Pa.
H041 Baston Gear Works Oiv. of Mauiray Co.
of Texas Quincy, Mass.

F1Zi8 Bud Radio, Inc, Willoughby, Ohin
71219 Cambrrdge Thermionics Somp. Cantridge, Mass.
11288 Carlac Faslener Coip. Farazus, M),
1t313 Cardwell Condenser Gorp.

Eindenhetsl L1, H_¥.

11480 Bussmann MIg. Div. of McGraw-Edissn Co,
$1. Louis, Mo,
Chicagn, 1.
Picg-Rivera, £alif,
Eikharf, Ind.
Los Angeles, Calif,
Buebank, Cahid,
Chicage, NI

71436 Chicago Candenses Carp,

11447 Calil. Spring Co., Inc.

11450 CTS Corp.

T1668 ITT Cannon Eleclric (ng,

TI471 Cineaa, Div, Aerovox Corp,

71482 C.P. Clare & Co.

71590 Cenlealab Div. of Globe Uaisn Inc.

Hibwaukee, Wis
Chicage, i,

Rew York, M. Y.

71416 Commesciat Plashics Co.
1700 Cemish Wire Co., The
1787 Cole Coil Co., inc. Piovidence, R, L
784 Chicago Mteniature Lamp Rorks Chicaga, 1N
P1785 Cinch Mig. €o., Howard B. Jones Div.
Chicago, i
F1584 Dow Corning Coip. Hidland, Mich,
T2136 Electio Motive Mlg. $o., tnc. Willimantic, Coan.
12619 Diatighl Cormp. Braokiyn, .Y
12656 ladians General Corp., Eleclionics Diy.
Keasty, H._J,
72639 Genera instiumenl Coip., Gap, Div, Hewark, H, ).
12765 Prake Mig. Co. Harwpod Heights, I,
T2825 Hugh H. Ehy inc, Philadeiphta, Pa
73328 Gudeman Co. Chicags, 111,
17962 Elastic Slop Mut Cosp. Haion, H. 1.
12984 Ruobeil M, Hadley Co. Los Angeles, Calif
72982 Eue Techaologica! Producls, iInc, Eie, Pa.
13061 Hansen Mig. Co., inc. Princeton, Ind,
73076 W M. Harper Co. Chicago. L
F3138  Halipot Biv. of Beckman lasl | inc.
Fulleston, Calif,
13293 Hughes Products Division of Hughes
Awresafl Co Hewport Beach, Calil
73445 Anperex Efest Co Hickswille, L.}, N Y
713508 Omiiy Stocicondeator Coip Kew Haven, Coan
Haitioed, Conn
73586 Cucie F Hig Co Trenton, # 4
P3482 Gearge K Gawelt Co , Div MS|,
industnes lac Phifadeiphia, Pa,
13734 Federal Screw Products inc Chicaps, ME
73143 Fuscher Special Rig Co Cincianali, Qhie
13191 Genesal fndushiies Co « The Efyrra, Qhio
13846 Goshen Slampiag 8 Tool Co Goshea, fnd,

13889 IFD Elecionics Corp
73405 Jenmings Radio Mg Corp.
73952 Graov-Pin Corp
4216 Signatite tnc
Y55 ) H ¥inas, and Sons Winchesler, Mass
74861 Industnal Condenser Coip. Chicago, 1l
74868 R.F Products Biwision of Anphenol-Borg
Electienics Corp Danbusy, Conn
74870 E f Johnsen Co Wasees, Ming
15047 Inlernalional Resistance Co Philadeiphia, Pa,
75263 Keyslone Carban Co., Inc St Hays, Pz
75376 CTS Knighls tac, Sandwich, 11
75382 Kulka Efeciric Corporabion Wt VYernon, 5{ Y,
15818 Lenz Eleclue g Co Chicago, 11,
75915 Latltelese, Inc Des Plaines, i
76005 Losd Mg Ca Esie, Pa
Y6210 C W Marwedel San Francisco, Calif
16433 General Instument Corp, , Micamoeld Division
Hewark, & J.
76487 James Msllen Mg Co., inc Malden Mass
T6433 LW Mitler Co Los Angeles, Calit,
16530 Cinch Moradoock, Div. of ynited Cars
Faslener Cosp San Leandro, Calif,
18545 HMuelier Eleclyic Co Cleveland, Ohio
16703 fiational Uoason Rewaik, & 1.
16854 Qak Manufacturing Co Crystal Lake, M1
17068 The Sendix Cotp . Electrodynamics Div,
H Hollywood, Calif.
11075 Pacific Metals Ga, $an Francises, Galil,
17221 Phaneslan jastument and Electranic Co
Sevth Pasadens, Calil
1125E Philadetphia Steel and Wise Carp
Fhifadelphia, Pa
11347 American Machine 8 Foundry Co  Polter
& Brumtield Div Piincelon, ind
17688 GRUEIdotbaietoGamnen R divhes o e 1
B:rookiyn, H.Y
17764 Resistance Products Co. Haiitshurg, Pa.
171969 Rubbercralt Corp. of Calil. Tarrance, Calil,
18185 Shakepcoof Bivisten of Hiinots Tas! Warks
Elgia, 1M1,
8271 Sigma So Braintree, Mass,
78283 Signal Indicator Corp Kew Yark, N.Y.
78290 Starthers-Durn Inc. Pitman, 1.1
18424 Specialty Lealher Piod Co Rewark, i)
1845% Thompson-Bremer & Co Chieage, I,
18411 Tiliey Wlg Co San Francisca, Cakj!
18488 Stackpale Carben Co. S1 Marys, P
18491 Standard Thomson Corp Watlham, Mass.
78553 Tinnetman Pragucls, ine Clevelznd, Dhia
18790 Transfoniner Enpineers San Gabiiel, Catif.
14947 Ucinite Co Hewlonvilte, Mass

19136 Gepger Kebipoacing Lorg siariGity, Goan

114
19751 Wenca Ml Ca. Chicago, HI
78727 Contwnenlat Wit Elaclianies Carp.

fhiladelphia, Pa
79863 Zierich Mg Cosp Hew Rochelte, B Y
80031 Mepeo Divisesn of Sessioes Glack O,

Hartistown, H_J
8003 Prestate Corp. Toiedn, Gy
80120 Schaitzer Aoy Produels Co. Elizabelh, #._F.
80131 Electionsc Indusinies Association.  Any brond

Tute megting E1A Slandards-Washinglan, BC.
80287 Unrimax Switch, Biv. Mazen Elecleonics Corp.
¥allingford, Conn.
MNew York, H. Y,

Bigokiyn, W ¥
3an fose, Calif,
Ridgefield, #. ).
¥eplune, K 1

807223 United Yeanslormer Corp.
80748 Oxford Efecliic Corp. Chicage, Hi.
80294 Bowins Inc. Riverside, Calif.
80411 Acto Biv. of Rebertshaw Controis Co,

Columbas, Ohia
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02841-1

028411



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.

6-14

02841-1

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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Model 5323 CSeetionvin

SECTION Vill
CIRCUIT DIAGRAMS

8-1. This section contains the following:

a. General notefor schematic diagrams in
Figure 8-1.

b. Flow diagram, Figure 8-2

c. Block diagram, Figure 8-3

d. Schematic diagrams and component locatorsfor
assemblies including theory of operation and trouble-

shooting proceduresin Figures 8-4 through 8-15.

8-2. Thediagrams, when unfolded, can he used with
other partsdf the manual or whentire manual is closed.

8-1
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L gection VIII
" Diagrams

Figure 8-1. Schematic Diagram Notes

Model 5323A

SYMBOLS SWITCH DESIGNATIONS

FRONT PANEL

l

r—
r—— REAR PANEL

KNOS CONTROL A3SIBR(2-1/2)

SCREWDRIVER ADJUST

MAIN SIGNAL PATH

FEEDBACK PATH A3S1 SWITCH St WITHIN ASSEMBLY A3

CONDUGCTING ELEMENT

B 2ND WAFER FROM FRONT

WIPER MOVES TOWARD ""CW™ WHEN {A=1ST, ETC)

CONTROL 5 ROTATED CLOCKWISE

POWER LINE GROUND R REAR OF WAFER

(F=FRONT)

CIRCUIT COMMON GRGUND

@@@es-wélll@o

TEST POINT

(2-1/2) TERMINAL LOCATION {23}

3 (VIEWED FROM FRONT)
TAND™ GATE
AF AR
S

INHIBIT GATE
“OR' GATE
WAVEFORMS SHOWN ARE TYPICAL - Bf; -

REFERENCE DES!GNATIONS

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

ASSEMBL.Y ABBREVIATION COMPLETE DESCRIPTICN
ARG C1 AZ5(CH
AZ5A1 CRI1 A25A1CRI
NO PREFIX J3 J3
Assembly Stk N¥o.  Asscmbly Serics Yo,
Assembly Assembly (frclodes A2547 fused to document
Numbeo Nome Asscmbiy) changes}

el

Id

[~ ™ " Al RECTIFIER ASSY

Y

J2 mounted on Rectifior {05100-603 1) 13 nat mounted
Assembly A25 l Assembly — e t on Assembly 435
Numbers indicate Part of AZ5 l RO e
Pins of J2. \1 U = l
o 3
2"2 T R wt-ORN-GY RED *; +8.3V
{1 FOY, L o ha l ASPI(6)
| ” ol |
E | 2 v : X g QI 6.3V supplicd
B 2 Yot caog D ~1BLK I from 3 to Pin 6
8 2N of P oon
Traaslormoe e < L Co I Assembly 45
Ferminal o Cennectar AZSXAL
Numbers \ B pei Kambirs i

§-2
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MEASUREMENT

TIME -~

GATE BOARD H3 ANDY REGISTER A&

fo

EXPONENT
INCREASED
Y -
| DECADE
FOR RPM
DIVIDE f,
8Y 6

DISABLED

BISABLE
¥—GATE

MANUAL
RESET

-

ENABLE
Y-GATE

[ ———

-

e e

Y Y+
{COUNT ¥)

YES

“TIME"

YES

RESET
COUNTER

INHIBIT
HOLD

CLEAR

e av

CLEAR
XY,z

CLEAR
RESET
MEMORY

et it e e GATE CYCLE-
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" Section VIII

* . Diagrams

A1 OPERATION

The Counter input from J1 will be either AC- or bC-
coupled to the attenuator depending on the position of
81. 82 selects the desired attenuation factor o 1, 10,
or 100. Capacitors C2, C3, and C4 compensate for
changes in frequency response as 82 isvaried. The
output of 52 is connected to theinput 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 what positions are not operating, the trouble
may be traced to the specific resistor, capacitor, or
switeh,

A2 OPERATION

The input signal from Al appears at the gate of FET
A . QlA and Q18 control thegain of adifferential
amplifier composed of @2, Q3, and Q4. The outputs
from the differential amplifier are determined by the
input signal level and the LEVEL control, R1-87.
Theoutputs appear as inputs tobe differential Schmitt
trigger, composed o Q5, Q6, and Q7. As theinput
signal level varieswith time, the output of the differ-
ential amplifier will vary, which causes triggering o
the differential Schmitt trigger. This output triggers
a one-shot, composed of Q8-Q11. The output of A2
will be apulse trainirom the one-shot that accurately
follows theinput signal, if the LEVEL control is set
to allow triggering to occur. The output i s connected
totheinput o A3.

A2 TROUBLESHOOTLNG

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

8-6

Model 5323A

A2 ADJUSTMENT

Follow procedure described in Table 5-4, ADJUST-
MENTS (steps la through 1g), except use HP 651B
Test Oscillator to supply 1kHz input signal and HP
3400A RMS Voltnreter to monitor the input signal.
Display should be approximately 1 kHz.

et Controls:

POWER. . . . . . . . . . . . . . ON
MODE . . . . . . . NORMAL
MEASUREMENT TIME . . .4
LEVEL e e PRESET
ATTEN - - -« +« « « v v v v « . . . x1
AC-DC - - .« - . . . . . . . . . .bpC
TIME BASE e '
Hz/RPM . - . - . . . . . . . . . . Hz

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

Oscilloscope Settings
WAVEBTORM 1 sions [ | [ stoer [ sweep
: V/CM + - /CM
1 05V | x X .2 msec
2 05V ox X .2 msec
3 1V X b4 .2msec
4 .05V X X |.2usec
5 .2V x I'x .2 psec

028641-1

Model 5323A

Al

028411
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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; Fy pulses are divided by 6 in
IC9 for RPM measurement,

IC2 (A, B, C), IC4B, and signal CHECK control the
selection of either NORM or CHECK mode. When
CHECK is HIGH, IC2B will be enabled, and ICZA will
be disabled via IC4B. This condition allows¥x pulses
to appear at the output of ICZC; tlie resultant pulses
represent Fx because of inversion in IC2C.

The Counter may be reset either manually or auto-
matically. If the RESET pushbutton is momentarily
depressed, tlie R input to the Reset flip/flop will be-
come LOW, then HIGH, as the pushbutton i s operated,
This causes the CLEAR DISPLAY and RESET REG-
ISTERS signals to go HIGH, RESET Z to go LOW,
and the Clock Gate to be enabled; ICHA, GB, TA, and
7B will be reset. The R signal produced by A7 will
then cause the CLEAR DISPLAY and RESET REG-
ISTERS signals to go LOW and the RESET Z signal
to go HIGII. If the input 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 arc resct by the R signal which is gen-
erated near the end of the Display cycle {at D = 8).

If the HOLI signal is LOW, a complete measurement
cycle will occur until D = 6 when the trailing edge of
the T signal will set tlic Hold Gate Control [lip/flop,
enable the Hold gatc, and disable the Clock gatc, pre-
venting avtomatic reset.

After reset has been completed, an ARM signal from
A8 will be generated causing IC8AL to become HIGH.
With no EXT GATE signal present, both inputs to
IC8A will he HIGH resulting in IC8B4 going L.OW.
IC8B ocutpul must now become |IIGIl, which makes the
J input of the ¥x/2 {lip/ilop HIGH. The Fx/2 {lip/
flop is now armed, because the K input is always
HIGII. The Fx/2 flip/flop will toggle on falling clock
pulses as soon as Fx starts(rising Fx pulse produces
falling clock input). Notice that if the EXT GATE in-
put is LOW theJ input of the Fx/2 flip/flop will also
be LOW which preventstoggling. The states of crit-
ical gates and flip/flops after arming are shownin
Table 8-1.

The firstinput putse from A2will cause the Fx/2 flip/
flop to toggle. The X-Gate Enable flip/flop will change
slatetoQ = L, @ = H, and the PRESCALE and GATE
signalswill go LOW. The next Fy pulse will enable
the Y-Gate Control flip/flop and Y-Gate allowing
COUNT Y pulses to occur. 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 cycle will be
terminated by the X-Gate Control flip/flop on the next
odd input pulse. The X-Gale will be disabled (COUNT
X = LOW), and the PRESCALE and GATE signals will
go HIGH. The next Fy pulse will disable tlie Y-Gate
Control flip/flop and Y-Gate, which makes the COUNT
¥ = LOW. A special case arises when the TIME sig-
nal oceurs before the second input pulse (Single-Cycle
operation). The SC Control gate output IC4D13 will
g0 LOW whichprevents the 3C Register from changing
state on the 2nd input pulse, so a COUNT X = HIGH
pulse will be generated, and GATE will go I11GIl, but
PRESCALE will remain LOW.

After arming, IC8AL1 will be HIGH. If the EXT GATE
stgnalis held LOW, ICBAS3 will belllGH, which results
in the output o the Fx/2 Control gate (IC8BB) going
LOW. The J input of the Fx/2 flip/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 o the Fx/Z tlip/flop
will go HIGH. The Gate cycle is now enabled.

F the EXT GATE signal becomes LOW during a Gate
Cycle, the Fx/2 {lip/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 cycle will then terminate
on tlie next odd input pulse.

A3 TROUBLESHOOTING

Check theinpuat +5 Vdc at pin 15, S. Check for pres-
ence of Fx and Fy signals at pins 5 and C. If aprob-
lem existswith the mode or Hz/RPM functions, use
the HP 10525A Logic Probe to check the NORM/CHECK
and Hz/RPM decode logic. If the MOLD mode i S in-
operative, use the LogicProbe Lo check signal HOLD,
the Hold Gate Enable flip/flop, Hold gatc, and Clock
gate.

Depress and hold the RESET pushbutton, Verify that
the R and T% waveforms are correct. Release the
RESET pushbuiton and set the MODE swiich to CHECK
and MEASUREMENT TIME switch to .01. Verify that
the RESET Z and RESET REGISTERS waveforinsarc
correct. If manual reset does not occur, check tlie
Reset flip/flop and CLEAR DISPLAY waveform. If
reset and arming occur correctly, the states o crit-
ical gates and flip/{lops should be the same as shown
in Table 8-1.

Next, check the CLOCK, COUNT Y and COUNT X out-
put waveforms (the CLOCK and COUNT Y wavcforms
ar e nearly the same). Verify ihat the PRESCALE and
GATE signals go LOW on thefirst Fx pulse. GATE
should go HIGH at the end of the Gate cycle. Check
the external gatc function by using the Logic Probe on
signals ARM, EXT GATE, and IC8A, IC8B, and IC8D.
Thig procedure should isolate the trouble to an indi-
vidual gate element, ilip/flop, or counter.

A1 ATTENUATOR BOARD ASS
A2 INPUT AMPLIFIER ASS
- (See Page 8-




Section VIII Model 5323A Model 5323A
Diagrams
COUNTER SETTINGS C. RESET. . . . . . . depressandrelease
MODE . NORM
A, RESET, . depress and hold MEASUREMENT TIME . 4
MODE . . . . . . . . . . . CHECK
MEASUREMENTTIME . . . . . .01
TIMEBASE . . . . . . . . . . INT
B, MODE. . . . . . . . . . . CHECK
MEASUREMENT TIME . . . ., . ., .01 All waveforms taken with 11P 180A Oscilloscope, HP
TIMEBASE . . . . . . . . . . INT 1801A Vertical Plug-in, HI' 1821A Time Base Plug-in,
Hz/RPM . . . . . . . . . . . Hz 1P 10004A 10:1 Divider Probe. Center line of grati-
BLANKING.. . . . . . . . . ON cule 1S zero volts.
; i Oscilloscaone Scltlnes
WAV EFORM COUNTER
SLOPE SWEEP
NO. SETTINGS v/CM be P /CM MODE
1 A 2 X X 5 s NORM
2 A 2 X X .2 s NORM
3 B 2 X X 5 us NORM
4 C 2 X X L2 us SINGLE
5 B 2 * X 5 us NORM
6 B i X X 20 ns NORM
T B 1 X X 40 us NORM
Table 8-1. A3 Stales (Counter Armed)
ELEMENT DESIGNATION STATES OR GATE OUTPUT
Fx/2 F/F ICTB J=1,Q=1, @=H
SC Register ICTA J=H, Q=L, Q=H
X-Gale Control F/ F ICRR D=L, Q=1 Q=L
Y -Gate Control F/ F ICGA D=H, Q=H
Reset F/F IC5B D=H, Q=H Q=L
Hold Gate Control F/F ICHA D=H,Q=H
Fx/2 Control Gate IC8B LOwW
SC Control Gate IC4D HIGII
Ext. Gate Control IC8D LOW
Cycle Decision Logic 1C2 (D, E, F) HIGH
X-~Gate 1IC4A LOW
Y -Gate IC3R LOW
Hold Gate IC3C LOW
Clock Gate 1C3D Enabled (Fy or F'y/6)
- 02841 -
8-8 1-1 (2841-1




Section VIiI
Diagrams
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REFERENCE HP
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.FOR COMPLETE DESCRIPTION B 1020 0083 RI—4

_UNLESS OTHERWISE INDICATED: O loza-0grs

RESISTANCE IN'OHMS;. - . Doh 6210

Figure 8-5.
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A4 OPERATION

During reset, a RESET REGISTERS pulse i S gener-
ated by A3. This pulse will reset all eight Decade
Counter/Shift Registers (IC1-IC8), When COUNT X
pulses appear at IC7%(14) the first Decade Counter
{tc7y will hegin accumulating pulses. Overflow of the
first Decade Counter produces a + 10output at IC7(3),
which is counted by IC6. This process is repeated
for successive counters, resulting in a capability of
storing up to 108 COUNT X pulses.

During the Compute cycle, information from Ab must
be periodically loaded into the X-Register. The data
are loaded using summation lines £a, &b, Cc, and
Zd which connect tola, Ib, Ic, and Id of IC8 (pins1,
2, 7, and 8, respectively}). The Z outputs of IC8 con-
nect to the Iinputs of IC1; the Z outputs of IC1 connect
to the | inputs of IC2, ete. 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 IC7. The
old data in the X-Register has been shifted, one digil
at alime, into A5,

Buffer gates1C10A, B, C, and D develop signals Xa,
Xb, Xc, and Xd corresponding to the 4-bit wordstored
inIC7. When SHIFT X goes LOW, the Z outputs are
enabled. Therefore, at the end o each SHIFT X pulse
(HIGH), anew 4-bit BCD word i s availablefor use by
A5. In order to maintain X > 107 = LOW, all 4 inputs
to ICY9A must be HIGH. Thereforc, the Za, Zb, Zc,
and Zd outputs from IC8 (pins16, 15, 10, and 9, re-
spectively) must bc HIGH. The Decade counters use
negative-logic, 1-2-4-8 coded outputs, so the Z out-
puats will be HIGH until IC1overflows. When IC1over-
flows, 1C8(16) will become LOW, and X > 107 will go
HIGH.

A4 TROUBLESHOOTING

Check the i-5 Vdc at pin15, 8. To check the count
operation, set the MODE switch to CHECK and MEAS-
UREMENT TIME to 4. Verify that COUNT X pulses
are available at pin K. Then use the oscilloscope to
trace the COUNT Xoverflow signal from pin3 o each
Dccadc Counter up to IC8. Verily that reset of the
Decadc Counters occurswith aLogicProbe and check
the RESET REGISTERS waveform.

If the count operation is satisfactory, check the wave-
form o the SHIFT X signal with MODE set to CHECK.
The % outputs of each Shift Register can then be
checked with the oscilloscope to isolate a defective
unit. Finally, check IC%A and the X > 167 signal
waveform.

Section VIII
Diagrams
COUNTER SETTINGS

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

B. MODE. . . . . . . . . . . CHECK
MEASUREMENT TIME . . . . . . . 4
TIMEBASE . . . . . . . . . . INT
Hz/RPM . . . . . . . . Co Hz

A12 OPERATION

IC1-ICT are BCD to Decimal Decoders and Display
Tube Drivers which receive the 4-bit BCD words
from the Buffer Storage Registcrsin 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 o display
tubes D2 -DS7 will causethe decimal point to illumi-
nate for the selected tube. Selection is controlled by

Model 5323A

1C8, which receivesinputs from the Exponent/Meas-
urement Unit Decode Logic in All. Table 8-6 in the
discussion of theA |l 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.

A12 TROUBLESHOOTING

Check the +175 Vdcat the WHT-RED push-on connec-
lor and the +5 Vdc at pin 21, Y. Grouncl the test point
on the All Main Board with a clip lead and use the
Logic Probe Lo check the inputsto the BCD toDecimal
Decoder/Drivers (set MEASUREMENT TIME to 1 or
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 voltage should
be approximately +90 Vdc. The display tubes can be
checked by substitution or interchanging.

WARNING

USE EXTREME CAUTION WHEN TROUBLE-
SHOOTING THIS ASSEMBLY AS +173 VOLTS
IS PRESENT AT MANY POINTS ON BOARD.

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

l Oscillogcane Settings
WAVEEORM gI(E)'Il'JT’\III-\lrEFé SENS SLOPE SWEEP MAIN
: v/CM AC DC 4 _ /CM TRIGGER
1 A 2 X X L2 s INT
2 A 2 X x 2 us EXT(1)
3 B 2 b4 X .1 ms INT
4 B 2 b X A s EXT(2)
5 A 2 X X 10 ys INT

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

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

Model 5323A
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A4

A12

NOTES

I REFERENCE DESIGNATIONS WiTHIN THIS
ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TO ABBREVIATION
FOR COMPLETE DESCRIPTION.

2. UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS,

RFFERENCE DESIGNATIONS

A Alz
DsI-7

IC1 10 1ci-8
RI~7

TABLE
REFEWENCE HEP
DESIGNATIONS PART NUMBERS
A4
iC1-6,8 1820 -0191
7 i820-0190
9 1820-006%
19] 1520-0328
Al2
ICl-8 1820~0092
-
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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)
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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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A6 OPERATION

Operation of the Y-Registeri ssimilar tothe X-Register
operation, previously described, except for an addi-
tional comparator circuit. COUNT Y pulses (Fy or
Fy/6) appear at 1IC7(14) and areaccumulated in the
Decade Counlers (ICI-ICE). This register also has
a capability of storing 108 COUNT Y pulses. During
the Compute cyele, SHIFT Y pulses shift the eight
4-bit BCDwords into A5 viainverters IC12(C, D, E, F)
onlinesYa, Yb, Yc, and Yd. These words are re-
circulated through A5 and loaded on linesia, Ib, Ic,
and Id back into the Y -Register, preserving the con-
tents of the register.

The MEASUREMENT TIME switch selects one of eight
measurement times for pating Fx and Fy pulses: .01,
.04, .1, .2, .4, 1, 2, or 4 seconds. The seclected
measurement time determines the states of one input
of the 2-innut NAND sates (IC9 and IC11). The other
inputs of tire NAND gates are contralled by the con-
tents of the ¥ -Register (Z outputs of DecadeCounters).
The NAND gates compare the register contents io the
selected measurement time, and the TIME signal will
g0 HIGH when coincidence occurs{measurement time=
number of COUNT Y pulses stored).

Model 5323A

AG TROUBLESHOOTING

Check the +5 Vdc at pins15,S. To check the count
operation, verify that COUNT Y pulses are present
at pin 14. Trace the COUNT Y signal through the
counters bv observing the waveform at the CNT IN
(pinl4) terminals, To check the shift operation, verify
that SHTFT ¥. RESET REGISTERS. and Ia, Ib. Ie, Id
signals arc present. Trace the shifted data at the Z
outputs of each shift register up to the output buffers.
Check the Ya, Yb, Yc, Yd output waveforms.

If count and shift operation arc 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+« + .. ..... CHECK
MEASUREMENT TIME . . . . . . ... .01
TIMEBASE . .. ............ I}r
He/RPM . . . . . . . v v v v v v ... Hz
BLANKING + « + « « + v v v v v v .. ON

All waveformstaken 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 volts,

Oscillogcope Settings
WAVETORM SENS AC o SLOPE SWEEP MAIN

: V/CM + L /M TRIGGER
1 2 X X 2 us INT
2 .2 X * 2 us EXT(1})
3 L2 b4 X 20 us INT
4 .2 X X INT
5 .2 b4 X INT

(1) Connect external trigger input to SHIFT Y, ¥&({13).
8-14 02841~1
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AT OPERATION

The R signal generated during the Reset cycle will
reget the C1 Register and set the C2 Register. When
the Counter i s armed, ARM will go LOW which causes
output IC3A1 to become HIGH, resetting IC1 and IC2
to all outputs HIGII. Additionally, the LOW ARM sig-
nal will set the C1 Register and reset the X > 107 and
Restore X Registers. Gate inputs IC9B%, IC10B9,
IC10A3,5 and signal €1 will become LOW, and gate
inputs IC9A5 and IC10B11 will become HIGH.

The PRESCALE signal will he HIGH until the second
rising Fx transition, so gate input IC7D13 will be
HIGII, and output ICTD11 will he LOW. Signal X + X,
ICTAL, and IC4AT will all become LOW. The LOW
reset input to the C2 repister will cause ICHB10,
ICOA4, and signal C2 to become LOW, and I1C10B10,
IC10A4, and signal T2 to become HIGH.

The Fy (or Fy/6) clock pulses are divided by 16 in
IC1to produce a625 kHz (or 625/6 kHz} internal com-
puter clock. Ten pulses make up the subcyclc for
arithmetic operations: 8 shift pulses, C3, and C10.
The 1st through 8th 625 kHz clock pulses produce 8
SHIFT X pulses{HIGH to LOW) at IC9C12, which shift
the contents of A4 into AS. Input IC10C1 i s LOW dur-
ing this process, so no SHIFT Y pulses will occur.
Alter the 8th SHIFTX pulse has occurred, the Za out-
put of the 10-state Counter IC2{15) will go LOW. The
LOW input at IC3B6 will disable IC9C, terminating
SHIFT X pulses. The LOW input IC6D12, 13 produces
aHIGH atIC6D11, which sets the C2 Register to @ =H,
@ =L; C2 will go NIGE!l, and C2 will go LOW. At the
9th 625 kHz clock pulse, aC9=HIGH pulse will occur,
If acarry was produced by the first Xc + Y operation
(K= LOW), the C1 Register would change statc 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 €10 = LOW and DISPLAY =
HIGH pulses will occur. If the X > 107 signal is HIGH,
the X > 107 Register will change stateslo@ =L, @ =
H. If acarry pulse was not present at the C9 time,
no DISPLAY pulse will occur, but a COUNT Z = LOW
pulse will occur instead, The €10 trailing edge (LOW
to HIGH) will cause the Restore X Register to change
statc {@ =L}, which enables IC10C, allowing SHIFT Y
pulses to occur during the next subcyclc.

Section VIl
Diagrams

In normal operation, the sequence of arithmetic op-
erationsisX + X, Xc+Y, X +Y. TheX +Y opera-
tionisrepeated until acarrysignal (K= LOW occurs.
Each time the X + Y operation i s completed without
a carry signal a COUNT Z = LOW pulse will be gen-
erated by IC9A coincident with the C9 pulse, When
K = LOW, aDISPLAY pulse will he generated instead
of COUNT Z. The K = LOW signal also changes C1
to HIGH which causes the next operation to be Xc + Y
(restore remainder). After the remainder bas been
restored the contents of the X-Register will be multi-
plied by 10 and the next display digit will be deter-
mined. The restored remainder can be multiplied by
10either by eliminating the 8th SHIFT Xpulse or sop-
plying only one long SHIFT Y pulse. The methed used
will depend on the statc o 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~
terto Q = H, @ =L, and the previous carry pulse will
reset the C1 Register toQ =L, @ = H. The 1st 625
kHz clock pulse will cause SHIFT Y to goLOW. SHEFT
¥ will remain low until the8th clock pulse when IC2(16)
will go LOW, disabling IC10C. If the contents of the
X -Register are< 107, the X > 107 signal will remain
LOW, and tile X > 107 Register will remain at Q = L,
@ = H, The previous carry pulse will reset the C1
Register toQ = L, @ = H and the C2 Register toQ =
L, Q@ = H. When the D output of IC2(16) goes LOW at
the end of the 7th SHIFT X pulse, gate input IC9C1
will go LOW, and SHIFT X will remain HIGH {no 8th
SHIFT X pulse generated). Only 7 SHIFT X pulses
will be generated.

When a single-cycle of FX ismeasured (one COUNT
Xpulse), the PRESCALE signalwill be LOW, so X+ X
will beHIGH during the 1si 8 SHIFT X pulses. Re-
cause X + X and C2 are HIGH, and C1is LOW, the
Xc + Y operation is the first one utilized by A5, In
other words, Fx was not divided by two in A3; there-
fore, Fx was not multiplied by two during the Compute
cycle. Instead, the division process is immediately
initiated.

When the CLEAR DISPLAY signal goes HIGH, IC1 and
IC2 will be enabled along with ICGA. DISPLAY pulses
will ke produced to clear the Display.

A7 TROUBLESHOOTING

Check the +5 Vdc at pin 15, 8. Check the R, ARM
and CLEAR DISPLAY waveforms; using the Logic
Probe, verifythat theoutput signal statesere asshown
in Table 8-3 after reset and arming. Check the DIS-
PLAY and COUNT Z waveforms with the MODE switch
set to CHECK and MEASUREMENT TIME to .01.
Check the other output waveforms. If reset and arm-
ing occur properly, but one or more output signalsarc
incorrect, check the §, X > 107, and PRESCALE sig-
nals. If no output signals occur, check the CLOCK
input and + 16 and Zd outputs from ICEH; then, check
the Za, Zb, Zc, Zd outputs from the 10-state Counter.

Model 5323A

COUNTER SETTINGS

MODE |, . .+ « . , « « « .« « . CHECK
MEASUREMENT TIME. . . . . . . . .01
TIMEBASE . . . . . . . . . . . INT
Hez/RPM . . . . . . . .« . . . . Hz
BLANKING.. . . . . . e e . ON

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

cule i s zero volts.

Oscilloscope Settings

WAVEFORM |'sens | ¢ | pe | SLOPE | SWEEP
: vV/CM + - JCM

1 L2 X X .1 ms -
2 L2 X X .bus
3 .2 X b4 2 pus
4-Upper C2(1) X X 50 us
4-Lower L2(1) X X .2 ps
b} .2 X X L2 s

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

Table 8-3. A7 Output Signal States al End of
Reset and Arming

SIGNAL ATPIN 1 pog TSI-I\—/AI\ETLEOGIC) t
T X H Low
C10 5 HIGH
9 3
DISPLAY
COUNT 7 12 HIGH
2 9
c1 E
SHIFT X 10 HIGH
SHIFT Y 14 HIGII
c 4 Low

Model 5323A

Figure 8-8 Thisprocedure shouldisolate the trouble tothe defec- 2 T HIGH
A6 Y-REGISTER ASSY tive gate element, register, or counter.

(See Page 8-15) 8-16 02841-1
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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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AS OPERATION

The A9 Connector Board Assembly serves as an
interface and test board for the Counter. Interboard
connections are made between connectors XA2-X48
and XA17 {+12V Supply). Connector J1 isatest con-
nector with criticalsignals available at its pins. Con-
nector J2 is connected by a wiring harness directly
to J6, REMOTE PROGRAM connector. Connector J3,
push-on connectors, and iiard-wiringare used tocon-
nect to other points within the Counter. Connector J4
i sapressure connection to All.

L1 through L8 are decoupling chokes. ¢1, RI, and
CR1 are used to supply a reset pulseto A3 when the
Counter is turned on.

A9 TROUBLESHOOTING

Troublesin A9 can be determined by checking wave-
formsor logic levels at theinputs and outputs of the
Counter PC boards. When power or a signal isab-
sent af itsnormal destination, the Logic Probe, DC
Voltmeter, or Oscilloscope can be used to locate ihe
fault. If any of the chokes (L1-18) are open, voliage
will be absent as shown in Table 8-5. The oscillo-
scope can be used lo check lor cxccssive ripple or
noise, which would indicate a shorted choke. Check
the MANUAL RESET line waveform if the Counter
failsto reset when ac power is applied.

8-20

Model 5323A

COUNTER SETTINGS
ACPOWER. . . . . . . . . OFF-ON-OFF
MODE . . . . . . . . . . . . CHECK
MEASUREMENTTIME. . . . . ., ., .01
TIMEBASE . . . . . . . . . . . INT

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 grati-
culeis zero volts.

Oscilloscope Settings
WAVEFORM wc | be | SLOPE | SWEEP
. ’%’?Bﬁd + - /CM
1 .2 X X | .2 sec

Table 8-5. Open Choke Symptoms

POWER ABSENT
OPEN CHOKE 1™y 6 TAGE | LOCATION
L1 +5
L2 12 A2(8, 7)
L3 12 A2(7, H)
L4 “12 A2(6, F)
L5 “12 A2(P)
L6 LEVEL A2(3,C)
L7 12 A15(WILT -VIO)
and TP(1)
L8 _12 AT5(VIO)

{1} 12V Test Point {TP) located between A15and
J1.

02841-1
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A10 OPERATION

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

A10 TROUBLESHOOTING

Use tlie Logic Probe to verify that tlie 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 tile above tests fail,
trace the signals through A9 and All to JG with
the Logic Probe. Check the switch outputs with
the Logic Probe while operating 81 and 82. Make
sure that only one output from S1 and one output
from 82 are LOW at any time, when J6 isnotin
use (additional LOW levels indicate shorted gates
or wiring).

02841-1
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A1 OPERATION

- FEaech-time the Xe + Y and X + Y operalions are per-
" formed during the Compute cyele, either a DISPLAY
or COUNT Z pulse will be produced by A7. DISPLAY
will be HIGH if acarry occurs, and COUNT Z will be
LOW each time a carry docs not occur. Theinitial
DISPLAY wulses determine the decimal point location
(exponent) and measurement unit that are displayed.
If the first Xc + Y operation produces a carry pulse
(E = .OW) a DISPLAY pulse will appear at IC16B10,
No COUNT Z pulse was generated, so the Q ocutput of
the Range Detector is still HIGH, and IC16B9 will be
HIGH. The IC16B8 output and the Down input to tlre
E-Register will also hecome LOW. The preset inputs
to the E-Register determine the initiai stale o the
register count. If the Hz/RPM switch, 87, is setto
Hz, la, Ib, and Ic will be LOW, and Id will be HIGH.
Thiswill set the initial countto E = 7. If S7is set to
RPM, la, Ib, and Ic will be BIGII, and Id will beLOw.
This will set the inilial count to E = 8, which corre-
sponds Lo a X10 operation (the clock frequency was
also divided by G, which results in a X60 operation
for RPM).

The first DISPLAY pulse cauges the E-Register io
change to E= G The second DISPLAY pulse would
make E =5, etc., until a K = LOW signal failslo
occur. Therefore, the E-Register stores the num-
ber o times that acarry pulse was generated until
a COUNT Z 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 istried again. The E-Register
i s actually counting the number of times that the X10
operation occurs before a successful subtraction (X +
¥) occurs. Notice that no COUNT D pulses are gen-
erated even though DISPLAY pulses are occurring,
because IC16D13 is LOW at thig time.

When tlic first COUNT Z pulse occurs the Range De-
tector will be reset toQ =L, @ =H. TheQ = LOW
appears at IC16B% to disable the Down input to the
E-Register. The Z-Register (IC18} will advance to
Z=1. Each time a COUNT Z pulse occurs, Z will
advance by one count. When a carry finally occurs,
a DISPLAY pulse will bc produced at IC16A5 and
IC16D12. The HIGH input to IC16D12 will cause a
COUNT I pulse to occur, and the two HIGH inputs to
IC18A produce a LOW G2 input |0 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
transferred tothe Display, and the computer restores
the remainder and performs @& X10 operation. Thig
sequence is repeated for the 2nd, 3rd, and 4th digits.
When T5 = LOW, the fifth digit istransferred to the
Display, and tlie G1 input to the E-Buffer Storage
Register goes LOW. The 4-bit BCD exponent infor-
mation will now betransferred from IC12 (15, 16, 1,
2) to IC14 (14, 1, 3, i6}. The IC14 outputs appear
asinputs to the Exponent/Measurement Unit Decode
Logic, consisting of part of IC1, IC2, K10, and IC11
and transistorsQi, @2, and Q3. The Decode Logic
outputs are as shown in Table 8-6. The J2 outputs

control the decimal point location via A12. For E= 5,
4, or 3, the J2 outputs aredifferent as afunction of
the 87 position; this differenceis caused by the = GO
operation, which can shift the decimal point position.
Notice that when E =0, all inputs to IC15B will be
HIGH, and a LOW will appear a IC15B8 aid IC19C9,
which resets the Range Detector to Q =L, @ =H.
This inhibits IC16B, disabling the E-Register and
allowing the remaining digits to be displayed even if
they are zeros.

At T6 =LOW, the sixth digit will be transferred from
the Z-Register via IC4 to Al2, At T7 = LOW, ihe
seventh digit will be transferred, and a HIGH will
appear at IC12(6}, the preset input, which presets
the E-Register toE =8 or E = 7.

The 7Z =Register is reset to Z =0 after each digit
has been calculated. The reset is accomplished by
gates IC21A and IC22D. When acarry occurs during
the compute cycle, the remainder isrestored, and a
X10 operation is iniliated by €% = LOW. ThisCZ =
LOW signal appears at IC19D12, causing IC19D11 to
go HIGH. The blanking conditions have heen previ-
ously described as part of A8, When a BLANK 7 =
LOW signal occurs, one input Lo gates IC13{A, 33 C, D}
will go LOW. This presents a blank state (binary 15)
to the Buffer Storage Registers (IC3-1C%).

If the HYSTERESIS switch, S5, is OFF, input IC21B10
will be LOW, which makes IC21B8 always HIGH. Gate
IC¢16C will be enabled, allowing gating of COUNT D
pulses, and the Up input to the E-Register will be
disabled. By setting S5to ON, input IC21B10 will be
HIGH. When the other inputs to IC21B are HIGH,
IC21B8 wili go LOW. Input ¥C218B9 will be HIGH when
Z=8o0r9, X = HIGH (no carry pulse), and €9 = HIGH.
IC21B12 mill be HIGH if MSD = HIGH. IC21B13 will
be 1IGII if tlie @ output of the MSD < 2 Memory i S
HIGH, which occurs only when Z = 1 or Blank (MSD <
2). Suppose that the MSD changesfrom 1to 9 (which
might cause the Display and measurement unit to
change if hysteresiswas 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 (setting D =1 in the
Display Register) and an Up input pulse to the E-
Register. The first digit o the Display will remain
blanked. The first digit o ¥ (9) will be loaded at
TZ = LOW into tlie seconcl Display position. The
change in exponent shifts the decimal point to main-
lain the correct measurement unit and decimal point.

The HOLD signal will be HIGH until @5 conducts,
which causes HOLD = LOW. Q3 will conduct when
J1-2{a) goes IlIGH, 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 inverterslor the EXT PROG signal to supply the
MODE DISABLE and MT DISABLE signals to A10.

All TROUBLESHOOTING

Check the +5 Vdc at the red push-on connector. Use
the oscilloscope to check transfer, DISPLAY,
COUNT Z, K, ¢4, ARM, COUNT D and RESET Z
waveforms. If the exponent or measurement unit dis-
played isincorrect, use the Logic Probe with Table
8-6 to check the E-Hegistcr, E-Buffer Storage Regis-
ter, signal EPM and the Decimal/Measurement Unit
Decode Logic. Observe the waveforms of the Za out-
put o the E-Register and reset input of the Range
Detector.

To check the operation of the Z-Register and Buffer
Storage Registers, connect a clip lead between the
baretest point (located between IC15 and IC19, top of
All board) and chassis ground. With the MEASURE-
MENT TIME setto 1, tlie Display should shift from
11.11111 MHz through 88.88888 MHz to 99.99990 MHz
aslong as the tcst point i s grounded. Use ihe Logic
Probe to isolate a defective Buffer Storage Register.
The oscilloscope may be used |o monitor the input
and gate waveforms for the Buffer Sterage Register.

Incorrecl 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 oscilloscope.
Blanking operation may bc checked by observing the
BLANK Z waveform and operation of the four blank-
ing gates (IC13A-D). Check the operation d 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 inay be checked with tile oscilloscope
or Logic Probe (test point grounded). If the ARMED
or COUNTING signals 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 not generaled correctly and
the trouble isdifficult to isolate, a dual-trace oscil-
loscope is helpful. Both inputs to a dual NAND or
NOR gate may be monitored with the A and B inputs
while the oscilloscopeis externally triggered by the
DISPLAY signal. This technique is also useful when
troubleshooting a problem in the hysteresis cireuits
(MSD < 2 Decode Logic, MSD< 2 Memory, Hysteresis
Gate) or display circuits(Z-Register, Range Detector,
IC19D).

Fig
A10 FUNCTION SWITCH BOARI

J6, REMOTE PROGRAM CONN
AMNJ1, DIGITAL RECORDER CONN

(See P
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Diagrams
COUNTER SETTINGS

A. MODE . . . . . . NORM
MEASUREMENTTIME .01
TIME BASE . . INT
LEVEL PRESET
ATTEN. X1
AC-DC. DC
Hz/RPM Hz
BLANKING . ON
HYSTERESIS. . . . . . . . . . . ON
INPUT . . 10.2240 kHz, decrease

09,9200 kHz

(Display should be X9.9200 kHz, where X =

Blank digit.)

n.

same as A, except:

HY STERESIS.

(Display should be 9.9200 kHz)

Same as A, except:
INPUT .
MODE .

MEASUREMENTTIME
TIME BASE |

Model 53234

OFF

10.2240 kHz

CHECK
.01
INT

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 graticuleis zero volts.

Oscilloscope Setting
WAVEFORM COUNTER
NO. SETTING SENS AC DC SLOPE SWEEP

V/CM - /CM

1-Upper A 2(1) X X 50 us
1—Lg\?ver B L2(1) X X 50 us
2 C .2 X X 40 18

3 D .2 X X .4 us

4 D .2 X X 40 ps

5 D .2 X X L2 ps

8 A .2 X X 4 ps
I-Upper A .2(1) X X 4 s
7-Lower A S2( X X 2 us
8 D .2 b4 X 1 us

(1) Lower edge of traces corresponds to eero volts dc.

Model 5323A

Mo

JITd e

@d) (2)
NOTE:

J4 1S PRINTED CIRCUIT CONTACTS
USING A PRESSURE CONNECTOR

A13

All

g2
U

- (22)

8-24
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Model 53234

A13 OPERATION in All either the VIO, YEL, or ORN wires will go
" LOW to torn e¢ither the MHz, kHz, or Hz tamp on.

The COUNTING, ARMED and RPM lampg receive +5 A13 TROUBLESHOOTING

Vdc from All onthe Red wire. COUNTING, ARMED

and EPM will go LOW when enabled by A1l to com- Use the Logic Probe or DC Voltmeter to check the

plete the circuit and turn the lamp on. When the Hz/ +5 Vdc at the RED and BRN wires; then, check the

RPM switch (87) is set to Hz, signal RPM will be other wires. To replace D3S1-DS6, rotate the metal

HIGH, so the BRN wirewill beat +6 Vdc. When the contact to the bulb out of the way and remove the bulb

Exponent/Mceasurement Unit Decode Logic i s enabled irom rear o board.

Table 8-6. All Exponent/Measurement Unit Selection

1c14 12 A13 LAMP STATUS
E-COUNT 87 POSITION (ABCD) OUTPUTS MHz KHz 1z RPM
Hz HHHL frL b ON OFF | OFF | OFF
3 =L, D=
RPM N/A N/A N/A N/A N/A N/A
A=L, B=H
i Hz LLLH -1 D=L ON OFF | OFF OFF
RPM Same Same OFF OFF OFF ON
A=H, B=H
) Hz HLLH I=H'D-=1 ON OFF | OFF OFF
RPM Same Same OFF OFF OFF ON
A=L, B=H,
Hz LHLH T-H D-H OFF ON OFF OFF
° A=L
=L, B=H
RPM Same I=L, D=H OFF OFF | OFF ON
A=H, B=H
Hz HHLH |-H D=H OFF ON | OFF OFF
4
A=H, B=H,
RPM Same I-L'De=n OFF OFF | OFF ON
A=L, B=L,
Hz LLHH | D - H OFF ON OFF OFF
3
RPM Same ‘?;Llj* o OFF OFF | OFF ON
. _ A=H B=L
Hz HLHH - D=H OFF OFF | ON OFF
2
A=H, B=1,
RPM Same T-L D -1 OFF OFF | OFF ON
. A=L, B=H,
1 Hz LHHH T~ H. D= L OFF OFF | ON OFF
RPM Same Same OFF OFF OFF ON
Hz HABH A=t B=H, OFF | OFF | ON OFF
0
RPM Same Same OFF OFF OFF ON
02841 -1
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Diagrams

- NOTES

PART OF All MAIN BQARD ASSEMBLY 05323-60001(NOTE I}
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i s fza_ Lo i, REFERENCE DESIGNATIONS WITHIN THIS
A 16208 Yoo 8 0 TN Kt i ST ASSEMBLY ARE ABBREVIATED ADD
AL EveE e | ez YO PR s Ry T PART OF ASSEMBLY NUMBER TO ABSBREVIATION
TTNE: ' : S T oo Allga FOR COMPLETE DESCRIPTION.
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o 2. UNLESS OTHERWISE INDICATED:
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Section VIlII
Diagrams

Al14 OPERATION

This assembly includes a 10 MHz oscillator, 10 MHz
multiplier, output one-shot multivibrator anda driver.
Oscillator frequency and crystal current arc adjusted
by C5 and R#6 respectively. The oscillator section
consists of Q1, Q2 and Q3. The multiplier section
consists o two tuned amplifiers whose ountput is
shaped by Q7 and Q8. Driver Q9 provides posilive
pulses at pin 3. With TIME BASE switch S3 set to
EXT, operating voltage for the oscillator is discon-
nected, and an external standard irequency (1, 2.5,
5 or 10 MHZz) may be connected lo the time base
INPUT connector, J1, on rear panel.

Al14 TROUBLESHOOTING

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

Al4 ADJUSTMENTS
a. L2, 3, 4, and 5 adjustment:
1. Set TIME BASE switch Lo EXT

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

3. Connect 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. RG and C5 Adjustment:

Set TIME BASE switch to INT,

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

3. Adjust C5for 10 MHz {111 Hz). NOTE: LC
crystal or heater (A15 Assembly) has been
changed it may be necessary to select C4
to permit oscillator tuning lo 10 MHz.

8-28

Model 5323A

4. Clip acurreni probe over the orange wire
coming irom pin 12. Connect probe through
probe amplifier to oscilloscope. Set oscil -
loscope to . 05V/cm and probe amplifier to
5 mA/em.

Adjust R6 for 20 mA P-P on oscilloscope.

Readjust C5 for 10 MHz & 1 count on test
counter,

COUNTER SETTINGS

MODE . . . . . . . . . . . . . NORM
MEASUREMENT TIME . . . . . . . .1
TIMEBASE . . . . . . . . . . . INT

All waveforms taken with HP 175A Oscilloscope and
HP 10002A 50:1 Divider Probe. Center line of grati-
cale i s zero volts.

WAVEFORM Oscilloscope Settings
NO. SENS SLOPE | SWEEP
V/CM AC |DC [ 7. oM
1 . 005 X X 1 us
2 .02 X X .1 s
3 02 X X 1 us
4 05 X X .1 is
) 05 x X dps
6 .02 X X 1 us

Al5 OPERATION

This assembly contains the 10 MHz crystal for Al4,
and heater RT'1 which maintains crystal temperature.
The heater operates on 24 volts {+12V and -12V sup-
plied by A17).

Al5 TROUBLESHOOTING

If oscillator frequency will not stay within specified
limit, it may be due to afaulty heater. Check resis-
tance o RT1 (should be 60 to 80 ohing at room tem-
perature). If heater check is satisfactory, replace
crvstal.

02841-1
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| 2V

Ai5 CRYSTAL/OVEN
ASSEMBLY
(0532..5-6._()0L2)(NOTE 1)

] FROM -
-_'_' AlT(910) WHI-f ..
; Vi

i

-2V

2 FROM
7 AT (1,2}

1 YEL

.

FROM
AT (1,2

+5 1V

FROM = e L

AIG(13,14)

e el OyTRUT  ONESHOT T S

NOTES

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

UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS;
CAPACITANCE IN PICOFARADS;
INDUCTANCE IN MICROHEKRIES

RESISTANCE OF HEATER ELEMENT
SHOULD BE BETWEEN 60 AND 808

AT ROOM TEMPERATURE WITH NO
POWER APPLLIED

TABLE
UEFERENCE HP
DESIGNATIONS PART NUMBERS
¢RI 1910 0022
al 1854-0019
2-4 1854-0071
5,6 1853 - 0036
2ZN3906
7 1854-0005
2708
8.9 1854-0009
2NTO9

REFERENCE DESIGNATIONS

PRERIX AlS Ald
Cl-24
CR
J
LI-6
Q-9
RI-32
RT!
53
¥

05323 D5

Figure 8-14.

Al4 Oscillator/Multiplier Board Assy
A15 Crystal/Oven 10 MHz Assy

8-29



Section VIII
Diagrams

Al6 OPERATION

This circuit supplies +175V and +5. 1 Vdc. The +175V
supply is series regulated and operates the digital
display tubes in A12. The +5.1V supply is used to
supply the integrated circuits and Al1l3 lamps. The
+5. 1V supply i s series regulated and receives opera-
ting bias from the -12V supply on A17. Q1 islocated
on the rear panel of the Counter.

A186 TROUBLESHOOTING
Makcvoltage andresistancc measurements. If trouble

is encountered with the +5.1V supply, check to sce
that -12V biasisat 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

A17T 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
+3. 1V regulator on A16. F the +12V or -12V regula-
tor i soverloaded, it will turn off the other regulator.
This, inturn, will shut off the regulator being over-
loaded, To restore power, reset switch 81 most he
momentarily closed (push down), or AC line voltage
interrupted,

Al1T TROUBLESHOOTING

If there isnooutput, try pushing rcsct switch 51 on
board. I supply docs not restart, alternately dis-
connect leads [rom XA17 (pins9, 10, and 1, 2) while
trying reset switch again. Make resistance measure-
ments to check diodes and transistors.

CAUTION
Do not short metal plates protruding irom board.

These arc heat sinks for A17Q2 and Q5 and arc
"Hot" to the collectors of these transistors.

02841-1

Model 5323A

A16

A17
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Section VI
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e Ly
NOTES
t REFERENCE DESIGNATIONS WITHIN THIS
ASSEMBLY ARE ABBREVIATED. ADD
ASSEMBLY NUMBER TO ABSREVIATION
FOR COMPLETE DESCRIPTION.
2. UNLESS OTHERWISE INDICATED:
RESISTANCE IN OHMS,
CAPACITANCE IN PICOFARADS.
INDUCTANCE IN MICROHENRIES
L TABLE
REFERENCE
DESIGNATIONS PART NUMBERS
AT
CRI-G, 19G1-0049
9,10 1902- 3114
al, 4 1853 -0020
2.5 1854 Q300
3 1854 -00TI
AlG
GRI-4 1901 ~0028
5-8 1901~ 0200
a 1901 ~Q040
10 1902 -3094
H 1902 -3429
12 1902 -3394
a1 1853~ 0020
2 1854 - 0232
3 1854 - 0071
NO PREFIX
Qi 1854~ 0063
PIYELLY
-2V
AIS FI75 VOLT AND +5.0VOLT POWER -SUPPLY ASSEMBLY (05323 - 60022) {NOTE I}
3 Wi 17OV REFERENCE DESIGNATIONS
RED o
PREF1X A7 Ale
rov b GRI-IO CRI-I2
RMs bl
'-. : Lhe
o Ql-6 Qi-3
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Figure 8-15
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ortanda

fel: (305} 841-3970

TWX: 810-8500813

B.0. fox 3128
Madeira Beach 33708
414 150th Avenue

St Petersbyrg

Tel: (313} 391-0211
TWK: B10-R62-0366

GEQORGIA

P.0. Box 28234

450 Interslate Horth
Allata 30328

Tef: 14D4] 438-6181
Y¥X: 810766 £R90

1L LINGES

5500 Howird Slieet
Skokie 60076

Tel: {312) 677-6400
THX: 910-223-3613

CHILE

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

Tel: 3-2396

COLOMAA

insfrumsntacian

Hearik A, Langebaek & Kier
1tds.

fariena 7 5 48-59

Apariado Asrea 6287

Begots, 1 0.E.

Tel: 45-78-06, 45.55-46

Cabie: RARIS Bogala

COSTA HICA

Lic. Alliego Gallegos Gurdidn
Apaitade 3243

San Jasé

Tei: 21-86-13

LCable: GRLGUR San José

BRITISH COLUMBIA

Hewlett-Packard (Canada) Lid.

3264 Easl Lsl Ave
Yancauvsr 17

Tel: {604) 2557783
TWK: 6109225059

UNITED

IRDIANA

IRI3 Mesdows Drive
Indiznapalis £6205
Tel (317 5664801
TWX R10-341-3263

LOUISTANA

P.0. Box A58

1947 Willtams Beulevard
Kenrer 70067

Te! (5043 721 5201
WX #10-955-5524

MARYLAKD

6207 Whilestone Road
Batimare 21207

Tel: (301) 544-5400
TWX 710-B62 0859

B0 ok 1648
thoke Cherry Road

Rechville 20350

Tel {3D1) 9§8-63J0

THE 110878 9584

MASSACHUSETTS
37 Hartwelt Ave,
Eexifigtan 02333

Tel (517} RGI-B06D
TWX 710 326 854

MICHIGAN

4315 Horlaestern High
Sauinfield 43075

Tel {213 3539160
WA &10-232 1532

HINNESOTA

2459 Universily Avens
St Paol 55114

Tel: {612} 6439361
TWX 910 563 3734

MISSAURI

5208 Wyoming Place
Kansas Cily 64114

Tel: {A16) 333-2445

TWX 010-271-2087

CENTRAL ARD SOUTH AMERICA

ECUADOR
tahoratorios de Radi

STATES

2812 South Brentwond Blvil.
St Louis 63144

Tel: §352; 5625000

THX: AL0-760-1670

NEW JERSEY

W. 120 Centuty Bosd
Paramus 07652

Tel: {201) 265-5000
TWE: 710-9824951

1060 H. Kings Highway
Chesry Hill 03034

el (609} 557-4000
TWX: 710-892-4335

NEW MEXICO

.0, Box BI6E

slation ©

6501 Lemas Boulevard HE.
Albuguerque 52108

Tel; (503) 2555986

THX: 5109851665

156 Wyall Diive
ta1 Crucer BAROL
fel: [505) 526-2485
1WX: 510-543-0550

HEW VORK

1702 Genlral Avence
Albany 12285

Tel: (518} BGO 2462

TWX: 710-441-8270

1215 Eampyilie Read
Endieait 13764

Tek: (607} 754-0050
TWK: 5102520430

82 Washinglor Stecet
Poughkzepsic 12601
Tel: (314) 354-7330
WX 510-248-6012

39 Saginaw Drive
Rochayter 14623
Tel: (716} 423-5500
TWWK: 510-253-5831

JAMALCA
Gereral Engi Seivices,

Calle Guaysquil 1245
Ppst Office Box 3138
Quila

Teh: 12406

Cable: HORVATH Quite

EL SALVADOR

Electrdnica

Apartzdn Paslal 1589

27 Avenida forte 1133

5an Salvider

Vel: 257458

Cabfe: ELEGTRORICA
San Sapvador

GUATEMALA

L.

21 Duarshin Ave.

kingstan
;47657

GENSERY

MEXICD

Hewdelt-Packard Mekicana, SA
2 Y.

Maras 439

Col. del Yalle

Hexica 12, DF.

Ted: 5-75.46-99

MICARAGUA
Raberlo Fordn 6.

Olatider Assactates Latin America  Apailade Postat 659

Apartade 1226

73, Calle, 023, Tona }
Gualemata
led: 22812

Cable: DLAtA Goalemala City

Edilicio Tern

Managra

Tel: 3451, 3452

Cable: ROTERAN Managua

CANADA

MANITOBA

Hewlett-Packard (Canada) Ltd
1

511 Bradterd C
St James

Tey (204} 736 7581
T¥ik: G166/ 3531

NOVA SCOTIA

Hewtelt fackard (Tanada} Lid
2745 Qutch Yiflage Be

Fmile P03

allfax
Te!: (902} A55-D51%
TWX: B10-271-4437

1025 Hoethern Boalevard
Rosiyn, 1ong Isfand 11575
Tel: (516 863-2400

TWX- 510-223-0811

5858 £ast Molfoy Road
tyracuse 13211

Tel: (3153 454.2485
TWX: 7105410382

NORTH CAROLINA
PO Box 5188

1323 Horth Main Strez|
Kigh Poinl 27262

Tel: (919) 8B2-6873
WX 510.926-1516

25575 Cenler Ridge Rozd
Eleveland 44145

Tel: {215) B35-0300
1WX: 810-422-9170

3560 Soulh Dicie Diive
Hayten 45438

Tel: {513} 292.0351
TivX: B1EH459-1925

OKLAHGMA

2919 tfaited Founders Bovslesard
O&lzhoma City 73112

Fel (405} B4R 2801

TWX: B10-830-6E62

CREGON

Westhills Mall, Suite 158
4425 S.W. Schalfs ferry Road
Porllang 97225

Yel; (503) 282-5171

TWX: 910-464 6193

PENNSYLVANIA
2900 Moss Side Boulevard
Monraeville 15146
Tel: (4171 2710724
TWX: 710-797-3650

PANAMA

Electrgnica Ralbaa, 5.A.

P.0. Hox 4929

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

Famama City

Tel: 30813

Gable: ELECTRON Panama Cily

PERU

Fernardo Erels K.

Avenida Petit Thouars 4219
Mirafleres

Gasilia 3061

1ina

Tal: 50346

Lable: FEPERU Lima

PUERT{ RICO

San Juan Efectronics, Inc.
P.0. Box 3167

Fonce de Lean 154

#iF3. 2-Pta. de lierra

San Juin G906

Tel: (809} 225-3342

Caple: SATROMICS San Juan
Teler: SATRON 3430 332

GHTARIOD

Hewlell-Packasd (Ganzda) Lid
6D tady Ellen Flace

tlawa 3

Tl (613) 7224223

TWX £10-562-1852

Hendett Packard (Cxnada) Lo
50 Galaxy Bivd

Rexttale

Te] (416} 6/7-8511

TWX B10-452-4746

1021 Elh Avenue

King af Prussia Indushiiat Park
Hing of Prussia 19408

Tel: (2151 265-7000

TWX: 510-560-2670

RHOGE ISLAND
873 Waterman Ave.
East Providance {2514
Tel: (4011 434.5535
rwx: 710-3812570

TEXAS

P.0. Box 1270

201 €. Arapahoe Rd.
Richaréson 75080
Tel: (284} 2356101
TWX: 910-857-4723

£.0. Box 22813

4242 Richeond Avenge
Reuston 77027

Tel: {713) 667-2407
1WX: 210-381-2643

GOVERNMENT CONTRACT OFFICE
223 Billy Milchzl] foad

San Antonio 75225

Tel: (512} 134-4171

THX: 910-871- 1170

UTAH

2890 South Maln Sleeet
Salt Lake Cily 84115
Tef. {S01) 4868164
TWX: 919-925-5681

VIRGIKIA

P.0. Box 6513
2111 Spercer Foad
Rithmond 23230
Tel: (7073} 7B2-5451
IWXK: 710-356-0157

WASHINGTON
433-1081h HE.
Bellevoe 46004
Tel: (206} 4543971
TWK: 910-443.2303

FOR U.5. AREAS NOT
LISTED:

Contsct the regional sffice aear
est o Afhzala, Georgia. ..
worlh Holfywood, Calilornia . -
Patanius, Hew Jersey . . . Shekie,

Hinois.  Their  conp ad:
dresses are disted abave.
URUGHAY

Pablo Férrando $.A.

Comeicial € Industrial
Avenlda Italia 2BFF

Casilia de Correa 370
Mentavigea

Tel: 40-3102

Cable; RADIUM Montevideo
VENEZUELA
Hewlelt-Fackard De Yeneisela
L8

Apartzdi dei Esle 10334
Chaczifo

caracas

Tel: 71.88.05, 71.28.69, 1 R8.76
Cobie: HEWPACK Cargras

FOR AREAS NOT LISTED,
CONTACT:

Hewlelt-Packard Inter-Americas
4200 Hillvinw Ave.

Pato Alfa, Galilornis 94304

Tek (415} 326-7009

WX 950-373-1267

Cable: HEWPACK Palo Alto
Telek: 034-B461

QUEBEC

Hewitet-Fackard (Canada) Etd
275 Hyrgs Bovlevard

Painte Claire

Tel (314) 6874232

WL 104223022

Telex 01-20507

FOR CANADIAM AREAS NOF
LISTED:

Egntact MeadetlPackard (Can
a2} LA, w0 Pointe Ciire, at
the cemplele address listed
above

C 10/69

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

AUSTRIA

- LRHORINSTRUVENT
£rRay
Tele: 14 FhZ

BELGIUM

Bratel Peckard Beneluc S A
4% Bruleverd du Sawerain
Brussels if

Tel. 17 22 30

Caale. PALORAEN Brusceis
Teles: 73424

DENMARK
H %

FINLAND
Hewiell-Packard 05
Syltenintie 3

Hefsinki 20

TE: BT 35 18

€able: HEWPACKOY Helsinki

Felze: 12.1507

AHGOLA
Telpples Emprass Tonics
;| entas B1ECH

3 Radreguns

Batle: FELECTRA Duaads

AUVSTRALIA

Hewleti-Peckerd Atstralia
Pty L

Z7-26 Weir Steeet

Gien leis, 3145

Victaria

Tek. 20.1371 (4 lines)

Cable: HEWPARD FLely

Telex: B1024

Hevilett-Parkard Ausiratix
Py B

#1 Aterander Streel

Crows Hesl 2095

New South Walss

fel: 43 7RES

Cehie: HEWFARD Sydaey

Jelex: 71%91

HaglettPaikard Auslralig
Py, Etd.

97 Churchizt fioad

Prazpeck 5087

South Ausliahia

Tof: H5.2365

Cabta: HEWPARD Adelzide

Hewiott Pachard Australid
Fly, Lts

2ed Floor, Snite 13

Lavablance Byitdings

196 Adelside Terrdie

Ferth, WA GO0

Tel. 21-3319

CEYLON

United Etechricals Ltd

£.0. Box &3

Yaha'z Building

Slaptes Steert

Latombo 2

Tet: 5455

Czhre: HOTPOINT Colamibe

FRANLE
H:

Godrtier de Do 2
foite Pasfale Mo b
41 Orsay

Tel: g} £4 01
HEWPACH
Telex. £0O4E

Hewlett-Paskasd franze
4 iz Jes Etroits
3

fel: 40 545
fable: HEWPAGK Lycn
Peler: 31617

GERMANY
Hewlntt-Packard Verteielis-Go
tisticnburgersiizsce &
1 Bedin W 30
Tel: 22 60 RS
13 34

Tel. 670316571
Linle: HEPAG Brhiingen

Telex: 72 65 J39
Hewiell-Pagkand Verbriehs Grah
tichslaasee 5

Berhris & &

% Frankiurl Nieder-Eschbach
Tel 53 10 G4

Cabie HEWPACRES Frankfirt
Telew 41 32 4%

CYPRUS
Kypiorics
¥3-190 o |
PO, Bor 757
Nicosia

ek BR2.75623
= HE-T-HES

ETHIOPIA

Aftican Salespower & Ageety
Frivale Ltd. fo.

P. 0. Box 713

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

1HDIA

The Stientific tnstrumeat
Co., td-

6, Tej Bakadur Sapru Pozd

Alahahad 1

Teb: 2451

Gable: S0 Aflatbad

7hz Stizalific Instrument
Co.,

1225 Drekensen Read

Bangalore 1

Cabiey §I00 Bangalore

Ike Scientilic (niliument

Ca., 1d.
740, pr. Badathal Maoraji Razit
Bambay !
Tel: 362642
Cadle: SO Bombry
The Srienfific tastiument
Lo, 4.
11, Esplarade Fast
Cakeultz
Tel: 23-4139
Gable: S0 Caloutla
The Scienific Insteument G, 14
30, Mognt fead
Wadras 2
Tel: #5339
Cable: SICO Madias

EUROPE

Hesleil Fackard ¥esbiebs G
s Stronhasss 95 Fataren ifatiz
2 Hamberg 1 Pixzra tgicani 2%
Tal: 24 &5 9152 60144 Rome - fur
Ganle: HEWP2EXSA Hambusg Teh: 531 2544

Yeler. 21 5337 Cable: HEWPACKIT Rome

HewlottFackand Vetriza Gzt TERE S1S1E
Rezinfriedsitasss 11

8 Murckea 5

Feb: 0311 69 59 7175

Ganla: NEWFACK
Tetex 52 4% 35

NEFHERLANDS

weerdesiain HT
Amsiesdam, 7 11
Tel: 42 17 17

GREECE

[
#ostas Haraparnis Teler: 13 216
3 it

HORWAY
Hewlell Packard Korg:

b
Tol: 230 31

Cable: RAKAR Riheas
Teten: 21 53 £2

IRELAND Ca WP A
Hesitelt-Fackard L1d. ;:.Ef é‘;&:\;P"EK o
224 Bath Read N

Sleugh, Bucks, Ergl PORTUGAL

fal. 5% Tales

£0. Bor 2931
Liskgn

fol: £8 B 22

Cabie: TELECTRA Listian
fetex: F9%8

Eele: HEWPAGRET Milan
i

Felze

AFRICA. ASIA. AUSTRALIA

KENTA

R} Tibury Lid.
£.0, Box 2154
Suite AEF7518
Holel fmbasszdeur
Haicab]

ha e fontifiz nsbument Co
nA-579 Malates Gandhi e
Hyderabad 1 {A-F) 1adia

£abla: 510 Hy

I Sciantific fastrument Co., 19
8.7, Aimezri Gate £ate

Hew Delhi ) iaireni
Cable: ARIAYTEE Nairohi
Tel: 2720573
€400 SICT New Dol HOREA 3
Amaricaa Trading Go., Korea, L1
IHOCNESIA B0 mex 1143

Hah #alen Trading Toy. K.Y,

tac Kyung Bz

IHatih Meedeka 25 1437 Sejung Ra
Bandung Ehangin K
AN seaul

y Tel: 75.5841 {2 fines)
e
240 Kh, 5ak2 Shamzi LEBANON
Teheran Canstantin €. Macridis
Tel: 43850, 48131 Clemersezy Sleeet
Cable: HASCOM Tehnrsn PO, Box 7213

Beirgt
ISRAEL Tel: 22034
Cleclranies & Enginnering
thie. of Motorala Ferael thd.

i, Rremenatshi Sireel MALAYSIA
Tel-Aviv MECOME 83l375ia Lid.
Tel: 35021 {4 tines) 2 FEA
Cable: BASTEL Telfviv ;N;l-tn: 1'3" o Setong
Fefer: Bastet Tv 033554 ctating Liva, or
£ * Cable: MECANE Kuats Lumpur
IAPAN

MOZAMBIQUE
Tﬂha‘r,dh#"e«leﬂ Packsrd Ltd. AN, Buncabves, LoA.

584 :(hif\r'-_ﬁl Bldg A3 Apl T4 Av. DL i
 Kasuga #.0, Bor 107

traragi Shi Lourence Margess

Cable: NEGOH

HEW ZEALAND

traka
Tel. 23-164L

Yokogawz HentetbPazkard L. pieett Packarg 1.2} b1g

o Building 3234 Hent Jerease
He. 99, Kalori-cho £.0, Bix 9143
Nakamara-ke, Hagera Eity wellingtan, H.2.
el §51-071% Tel. 5

L]
Vokogawa Hewlol-Packard 119, Cables HEWPAGK Weltinglon

Ohashi Hgilding

59 Yayogt V-ohrame
Shibuya-ku, Terye 31, Jinnth Averue

Tol: A7 22817 Dacca

Tofers 232 PUIITHE Tel: £0058

Gable- YEEPMARKED TOX 23425 Coble. HEWGEAL Dacca

PAKISTAN (EAST)

b4 Hzwletl-Fackard {talians S04

Healett Fackard Benaled, NV

e- PRLQEEN Amsterdzm

Fef: 25670, 1GRDI, 63705, 38184

5
Cable: ELECTRONUCLEAR Brirut

Mushha & Commany, L4,

SPAIN

Atzia ageriercs
Ganfuser 76
Harcelond b

1l 2HA165
Main Inganieras
Earizuz Larreda 12
1aadiis, 16

Tet, 233 43 44
£able; TELEATAIO Madrid
Telag: 2 92 4%

SWEDENR

§ 431 {5 Milndat 4

Tel: 031 - 27 64 60

ackard {Svetizel AB

Sveteargdgen 7

5171 23 Selea i

Tk (03: 92 17 50

Cable: MEARUREMENTS
Slackhelm

felex: 16121

SYWITZERLAND

fientell Paokard (Schaziz: AL
Zurckeratrasse 20

3952 Schbieren

POf IR 21774
EEWPACEAG 2urich
Telex: 53333

PARKISEAN (WEST)
Hushke & Sompang. Lid
fosman Charsbers

Yiztosiz Road

Karachi 3

Tel: 51021, 52427

62ble: COGRERATOR Karsehi

PHILIBPINES
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
[Py}, 1td,

Hitk HyLse

43 8 esel R

Cape Town

Tef: JE0IT

Cahie: HIWPACK Cage Tonn

Taigi 7038CT

Hewlett Pachasd South Alrica
Py}, Lid.

P.0. 8ox 31716

30 De Bear Street

Braamfanisin, Johanneibucg

Tel: 124-4172 7232103

Telex: 6226 18

Csble: HEWPACK Jokannesharg

TAIWAN

Hwa Sheng Eteclranic Co., Ltd

P.D.Hos 1598

Rocm 404

Chia Hun Ruilding

Ka. 95 Chuag
Narth Road,

Tatgel

Tel. 555215 £al. 532.539

Cabte: VICTRONIX Taipei

er. 2

Hewlzlt Peekasd iSchweisi AG
Hug di Bais dutan

12rd Meyrin Generx

Tel (22 €133 03

Cshles HEWPACKSA Gepswa
Telen 2 24 €6

TURKEY

Teleknm Eginzening Hureds
PO Box 375 Galala
Istanhut

Vel 49 48 98

Gable TELEMATION Istanbel

UNITED KINGDOM
HewleltPachard 18

+4 Bath Rpad
siough, Hucks

Tel Stough 33341
tshie HEWPFE Sfough
Teten 34413

YUGOSLAYIA

Befram S.&

£3 avenve tes Mirosas
Broussefs 15, Belgiuvm
Tel 343332 $42619
Cabte BELWAWEL Reussels
Telex 21700

FOR AREAS NOT LISYED,
COMNTACT:
Hewlatt Pachard § &
du Bous-tu-lan 7
1217 Weyrin-Gensva
TeE (0#F 415480
Coite HMEWPACESA Gereva
Telex 2248

TANZANIA

R 1 Titbury itd
PO Box 2754
Suite 3177018
Halel Ambassadzur
Hairobi
Teh 23670, 26803 BB, BRI
Fefer IHTENCO BY 2726

Gable ARIAYTEL Nafroht

THAILAND

Tha Intainationa!
Enginesring Go., Lid

P O 8ok 39

£14 Sukhumet Road

Bangkok

et 910722 (7 lines)

Cable GYSOM Bangkoh

UGANOA

R 1 Tilbury L4

PO Hox 2154

Suite 5177518

Hatel Resdasgadeur

Halrgbi

Tel 28690, 26503 GBIGA, 3814
Cabte ARJAYTEL Habrobt

VIETHAM

Feninsular Trading Inc
PO Bax H-3

216 BieaVaang

Saigan

Tel 20.805

Cable PENIMSHLA Saigom

ZAMBIA

Ry Jilbury iZambiat Lta
PO Sy 2792

Lusaka

Janibia, Ceniral Alsica

FOR AREAS NOT LISTED,

CONTACT:

Hewlatt-Packard £xpart
tAarkeling

3200 Hillsiaw Ave

Paln Ao £3lifornia 94323

Tet (£1%) 326 7000

WK 0183731257

Gabie HEWPALX Folo allo

Teles 0348361

E 10169
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