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Title & Document Type: 5328AH99 500 MHz Universal Frequency Counter
Operating and Service Manual

Manual Part Number: 05328-90101
Revision Date: June 1984

About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.

Agilent Technologies


http://www.agilent.com/
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: ‘ This product has been'dés,fgried and tested a'ccoid'fng to lnre}'nan"ohél Safety Requiie;’npnrs. To_'ehs‘ure
safe operation and to.keep the product safn, the Information, cauitfons, and warnings in this manual
“must be heeded, Refer to _Seclipn'l ,for general safety considerations appﬂcable to‘this product;

0 o CERTIFICATION. .

* Hewlett-Packard Company certifies 'that this-product met its published specifications at the time of
- shipment from the factory. Hewlett-Packard further certifies that its callbration measurements are

© traceable to the United States Natlonal Bureau of Standards, to the extent allowed by the Bureau’s
calibration. facility, and to the calibration facilities of other International Standards Organization
members, S T
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This Hevqlétt-Packard produét Isw.ar'rlnntje'd‘agiinét de_fe'ctsll'n material and workmanship fora p‘e!r.iod of _

one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at'its

©* option, either repalr or replace products which prove fo be défective,

For warranty ;grﬁite or repalr, this praduct must be returned to a service facllity designated by HP,
- However, warranty service for products installed by HP and certain other products designated by HP -
will be performed at Buyer's facllity at no charge within the HP service travel ared, Outside' HP service

- travel areas, warranty service will be performed at Buyer's facility only upon HP's prior agreementand -

* Buyer shall pay HP's round trip trave! experses,

| Fc-:r'piroduus returned to HP for wa/ranty service, Buyer'shall prepay shipping charges to HP and HP.

charges, dutles, and taxes'for products returned to HP from anather country,’
' N ' ) f . : [ ' !

.+ LIMITATION OF WARRANTY -

The fpresoihg_wa'eranty shiqll not appI‘y to defects resulting from improper or Inadéquaté malqtehace
by Buyer, Buyer- d so; . :
outside ‘of the environmental specifications for the product, or lrlnproper site preparation or

‘maintenance. - * 0 I ]

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED, HP 5 _
. WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A'PARFICULAR PURPOSE.

EXCLUSIVE REMEDIES -

' _ a . . . . : . |
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES, HP SHALL NOT .

BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEUENTIAL DAMAGES,
-~ WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEQRY. ‘ :
S _ ‘ : t R

l

(ASSISTANCE
* Product ‘maintenance agreements and other customer assistance agreements' are available for
Hewlett-Packard praducts, ' N S HEE
. j [ H .

For any assistance, contact your nea(est'Hewlett-Péckgrd Sa'l;as and Service Office. Addresses are
provided at the back of this manual. ' ‘

. shall pay.shipping charges to return the product to Buyer, However, Buyer shall pay all shipping -

}

1

upplied software or interfacing, unauthorized medification or misuse, operation.

PECIFICALLY DISCLAIMS THE IMPLIED - |
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o S SERIAL PREFIX' 2424A
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. Section VI

o 1-4. DESCRIPTION o

! ‘ HP S1l5AHNHY3
General Information

~ SECTIONI
'GENERAL INFORMAYIGN

1-1. - SCOPE OF MANUAL

1-2. This manual provides operating and service information for the Hewlett-Packard Madel
5320AH99 Universal Frequency Counter, itn this manual its name will be abbreviated 1o #5328A"
or ""counter’,) A separate operators booklet contains candensed aperator instructions,

1-3. This iml.:mual is divided Into eight sections as listed and described below:

| . Section ) GENERAL INFORMATION,— Describes the counté}, lists speclfications, lists

items supplied, lists items required, but not supplied, describes applications,
ant lists recommended nalntenance and test equipment,

Section II INSTALLATION — Provides instructians for uppacking, inspectian; prepar-
R ation for use, preparation for reshipment, and preparatiaon for storage,

Section Il OPERATION — Provides aperator instructions including frequency, measure-
' ~ ment of input signai: ime perlod, time' period average, time interval, time
interval average, and ratio between frequencies of \wo [nput signals, -

" section v  ’ . THEORY GF OPERATION — Covers a désctiplibn of the general aperating

. principles 'of the counter with reference to black and schematic diagrams

. . of each assembly, . o o
SectionV.  MAINTENANCE — Contains maintenance and service information, including
}

I . »djustment, Troubleshooting procedures and flowcharts are Included in this.

saction. : '
. I

H

! pans ¢ lering information,. ¢ '

| B 'Selc'ti‘on:‘\'fll ' _MANI,’AL CHANGES — Confé[ns’ Enformatipn 91'1 manual changes,
Section VIt - "' SCHEMATIC ,DIAGRAMS ~— Cc'nt."i\ins'_ stilematic_diagrams and component .

" locating llustrations.

y

1-5. The 5328A counter can be'used to measure frequency, pericd, period average, time

. interval, time interval average, and ratio. The 5320A provides.a 9-digit LED display, display” . .
. storage, and leading zero blanking. Decimal point and unit rezdouts are displayed automatically, * '
.+ Two Independent selectable input channels are provided for time interval measurements, Each .
input channel has an attenuater, trigger slope selector, level control, ac or dc coupling, and an’ .
oscilloscope marker output, Rear panel cannectors provide a gate output, one- and 10-mega- °

hertz output, and an input for an external frequency standard. An ARM switch on the rear panel

* allows afming Yy the signal being measured (switch OFF) or by another input signal {switch ON). ,
o 1-6." INST| RUN;IENT IDENTIFICATION | . '

1-7. Hewlett-Packard,instruments have a 2-section, 10-character serfal numhé'r:: (OOGOAOQGGG); |
~ which fs located on the rear panel, The 4-digit serlal prefix identifies instrument changes, If

the serial prefix. of your instrument differs from that listed on the title page of this manual, there

are differences between this manual and .your instrument. Instruments having higher serial - *
prefixes are cavered with 2 “Manual Changes” sheet included with this =sanual. '

U a list of assémbhlies, recommended test equipment, performance checks, and -

'REPLAC" ABLE PARTS — Provides a complete Jist of répiacéable parts and " .

1-1



i HP 5328AH939

General Infarmation
e s

. 1-8. APPLICATIONS |
i ¥ . ) ! B .
1-9. Specific applications Information is provided in Section IIf of this manual, The general

application fegtures of the 5328A are described in the foliowing paragraphs,

1-10. The high sensktivity, frcqfxcricy range, and signal conditioning contrals (sue Table 1-3) .
- make the 5328A sulted for a.wide range of applications,
; o, P . . o . : o
, 111, Therear panel cantralled "ARM" feature of the HP 5328A is useful In applications such as
burst frequency measurements, and pulse mensurenpents. '
Do . ! S . :
1-12.. The 5328/ single-shot resolution of 1100 ns'meets the requirements for applicatiohs
such as mechanical and electromechanical device (relays) timing, time of flight measuraments
, (ballistics), sonar ranging, radio ranging, and navigation, - - o
41, _Uslng time Interval averaging, time intervals as short as 100 ipicosec'onds, with resolution
to 10 picoseconds may be measured. Applications *.¢lude coaxial cable length measurements,
phase measurerhents, logic timing- measurements, and integrated circult propagation delay
measuremeit, : ‘ : : '

i

!

' amplifiers is provided for ratio and totalizing measurements, \
. . ‘ : ' ! . i . B f

1-14. Full bﬁﬁ!dwidtﬁ, sensitivity, and signal 'conditioning 'of the Channel r;t, B, and C inpn.t}‘ '

, . ) ; ; P . ' S ! .
1-15.. The 5328A HP-IB Interface'is able to output jneasurement data and be controlled (fully
programmed) via the Hewlett-Packard Interface Bus (HP-1B), The 5328A mayi be. interfaced
to HP-I8 compatible instruments, c;lculators,"o.r computers by Interconnecting r{vith an HP-18
Sy T ! : y ) . ] . | .

cable,
1-16. .' EQUI:FMENT SUPPI._IED )‘:\_ND ACCESSORIES AVAILAI?[E »

1117, Table 1-1 Iisls"z'equlpzment supplied with the 5320A and Table -2 lis.'ts'.}acc
! dble, The Service Kits listed in Table 1-2 are described in Section'Il). ‘

- S ", Table, 1-1. Equipment Supplied e N
. DEscriPmON . | yppARTNUMBER

3
A

!

1
o f

- Detachable Pay-er Cord 231.¢m (7Y, ft.) lang C B120-148

‘ ‘ Extender Brard, 18 pin* - R £ 05328-62016

. i _ v . Table 1-2, Accessories Avallable: a
] Vsl DESCRIPTION L | HPPARF NUMBER

- HP Interface Bus Interconnect Cable” .~ . [ 10631, 914 mm (3 Ir. long)
Co s . ~ 7] 106318, 1828 mm {6 ft. long)
; - | . - 10631C, 3656 mm (12 ft, long)

. - .| 10631D, 0.5m (1% . long) .
~ 4 . Front Handle Kit S . 5061-9088
-Rack Flange Kit (for instrumz=is without handles) - ' ‘5061-0074
“Rack and Handle Kit {install;tion Instructions included . .- 5061-0075.
S with abova kits) L o I,
'."_‘;:,”!'.‘__“-“.}. 7 Service Kit: : et L
, i Function Selectorand POM Kt .° . 07 | 05328-82004
i .'-!j‘ N J AR : ik : oL - s l,’,,‘ . o R : .
118 SPECIFICATIONS . " >~ & . -

1119, Table -3 lists detailed specifications for the 5328A.
H "':'l;: ill)“-Ji._‘Z_‘_' P . \ . . b ’ b ;‘

RS &
J '=| I l"i'-> !
il .-,-:.;i,-s_.)e. i

[ A :‘. :
pssories avail-
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. Hp5318AH
v GF_neral Informaticn
l B

i

'CHANNELS A AND B IR
INPLT cmnacnmsncs : .
Range | '
DC Coupled; 0 to 100 M2
+ AC Coupledt 20 Hz to 160 MHz
v Common A:'10 MH2 maxiinum
‘Sensitivity: 30 mv rms, 035 MHz (dc coupled)
40 Hz~35 MH: (ac coupled) -,
60 mV rmy, 35 MH2—100 Mz
u- Minimum pulse width 5 ns, 770 mV p-p.
'\ Couplipg: ac or de switch selectable. |
Ampedance; '

Separate: 1 Ml NOMINAL |} 70 pF NOMINAL,
Commont 500 KIt NOMINAL }| 140 pF NOMINAL,
Trigger. Level: Varlable over +2.5 valts times attenuatar

setting with 0'valt NOMINAL preset position, v
© Usable ranges 20% Vo 80%% of signal amplitude,
Trigger Slopes Incependent selection of +or - slope ’

, Altenuidards X1, X10, X100 NOMINAG,'

- Dynamlc Ranget 30 mV to 1V rms Mmes attenualor
setting, 0—35 MHz; 60 m\' 10 0,5v rms times nllenu-
- dtor, senfng, 35 MHz to 100 MHz -
Maulmum oputs . -
DC coupled, X1t 250Y rms, d¢ — 20 l-:Hz .
100V rms, 20 Hz ~ 50 kHz Vo '
15 X 168y rms/ireq., 50 kHz — 1 MHz
5V rms 1 MH2 =100 MHz '
DC.coupled, X10 and X100; 250V rms, de —0,5 MHz
125X 108V rms/ireq., ,.5—25 MHz
5V rms, 25 MHz—100 MMz - ) '
. AC coupled:i200V {peak ac -+ dej), 0—20 Hz. o
Same as de coupled above 20 Haz. b

Channel Inpul; Separate or Comman A. Ly

Marker Oulputst A and B channe! Schmidi nlgger out. 1
~ puts available ‘on front parel;’ NOMINALLY 010
" 500 mV levels into son. <20 s delay

| rrequEncy MEAsunmwrs : N i

Frequency A
Range: 0--100 MHz direct count. :
Rerolution: 1 MHz to 0.1 Hz In detade steps,
Accuraey; £ count * Tirvie Base Error X Frequency, :
‘Disnlay: kHz, MHz t :

f A i
O T

1 . i
A T ' ]

e+ en-’t‘:

Trlgger Error " Input Voltage Slew Rate at Trigger Peint
Where e = Effective rams nolse of counler 5 lnput channel
{300 sV TYPICAL)
Where €p = rms nolse voltagn al input signal l.'ar ] 100 MHZ:
' bandwf th j \

Nole — The above assumes that both start and stop s!gnal sew
rate are the same,

/

. PeRIOD M[ASUREMEN’I‘& -

.. Yime Interval Average A to B

. Resolution; 1'part

. Trigger Level Timing Error (X1): §

Period A
Ranye: 10-8 H1-10 MHz
Resolutlon 100 ns ta!1 s In ecade steps,
Accuracyt 1 count * Time Base Error X Pertad
tuigger errgrt ‘
Display: ps, ms,s - ,
Perfod Ayerage A ‘
Range: 10-% Hz—10 MHz
Resolution: 100 ns—01 ys in decade steps,
Accuravy: £ countidisplayed & Time Base
. Ertor X Perfod
' liigger error®
ne. of periads averaged
Displ.ay 1S, 1S

TIME INTERVAL MEASLREMENTS ’

Time Intérval A'to B
Range: 100 ns to 108 seconds
Miniinum pulse width: 25 ns
Resolution: 100 ns to 1-second In decade steps,
‘Accueracy: *1 ¢ount * Trigger Error* Trigger

Level Timing Error® £ Time Base Error X T.1,

Display: ps, ms, s, ' :

Range: 0,1 ns to 10 seconds, - '
Resolution: . )
100 ns

vho. inmrvals averaged i

o+

Accuracy:
+ 100 ns + Trigger Error‘

tdns k Thne Base Error X T,

;

vno, Interyals averaged
k Trigger Level Timing Error®
" Midimum Dead Time: 150 ns from one STOP to
next START '
Display: ps, ns, |

RATIO M_EASUREMEFNT

Ratia B/A or C/A

~Range A: 0--10 MHz

 Range B: 0—100 MHz
Range C: 50~-500 MHz

B

-K XN

Accuracyt 1 count of B or C Trigger Error® of A
times frequency of B or C (N>1), For N=1, add
12 ns times frequency of B or C, '

!

. 1/2 Hysteresls Bapd
“Input Slew rate at START trigger point

1/2 Hysteresls Band

Input Slew rate at STOP ul'gge; paint




HP 5320AHY99 . ’ i
General Information

Table 1-3, riP 5328/\ Counter Specifications (Cantinued)

PROGRAMMABLE OPERATION | TIME BASE
e (CHANNELS A AND B) .~ . Quitputsi 1 MHz and 10 MHz available at rear panel
Includes Independe.it selection of coupling, trigger BNC In standby and aperate modes,

slope, rrigger level, and attenuator for each channel,
Separate/Common A switch is programmal,, Also, an
Invert feature switches Channels A ant’ &; use Jl In al)
functions except Ratfo B/A, ‘
Trigger level Is programmable In 10 mY steps in X1; 10
mV [n X10; 1V in X100. ;
Trigger levelaccuracy under remote control:

o XmAsmv >

%10, X100t NOMINAL i

'+ CHANNEL C
INPUT CHARACTERISYICS :
Range; 50 MHz to 500 MHz direct count
Sensltivity: 15 mV rims, 50 MHz—500 MHz
" Crupling: AC
Trigger Levels ¢ volts NOMINAL, fixed,
Impedancet 5001 NOMINAL
- Maximum inputt 5 volts rrs, 50—500 MHz
Input Protectlon: Input BNC fused; accessible from
front panel, v
. Overlaadiladicator: Flashing Indicator warns of
poteatial ‘overload conditions,
Resalution: 1 MHz to 0,1 Hz In decade steps,
Accuracyt 1 count k Time Base Error X Frequency,
Displayt Hz, kHz, MHz , o

‘f‘,
by

Quiput Levels 1 volt rms into 505
External Inputt Qperates fram 1, 2.5, 5, and 10 MH:
input at 1V rms,
Input Impedance 1 KN NOMINAL 1| 30 pF NOMINAL.
Counter automatically switches o external
mode when external jnput s present,
Oscillator Aging Ratet <5 X 1C-10/day after a
48-haour wermup, Oscillator oven is energized
when power cable Is connacted to line voltage,

' GENERAL =
Power Requirementst 115V, +12%, -10%, 47—53 Ha,
5763 Hz, 380~-420 Hz, or 230V, +5'%, ~10%, 47—G66H z;
150 VA max, :
Displayt Nine-digit LED, .
Sample Rater Variahle from less than 10 milliseconds to
‘more than 5 s and HOLD,
Armingt Rear panel ARM (ON-OFF) switch. Refer ‘to
nperation for detafls.
Blankingt Suppresses:leading zeros avd dighs below
selected resolution,
Hold: HOLNs rount between samplos, oo
Trigger, Lights; Indicate for channels A and B where
input signals are with refercnce to trigger Jovels,
Check Signalt Place FUNCTION switch in CHECK;
Ceunter displays 10 MHz £1 count, '
Operating Temperalure: 0 to 50°C,

t
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SECTION 1l
INSTALLATION

oo
Hapt,
v v

o 2-1. INTRODUCTION

2-2, This sectlon provides instructions for unpacking, inspection, preparation for use, (shlp-
ment, and storage, _ ; :

2-3. UNPACKING AND INSPECTION

2-4, If the shipping carton Is damaged, inspect the counter for visible damage {scratches,
dents, etc.), If the counter s damaged, notlfy the carrier and the nearast Hewlett-Packard
Sales and Service Office immediately (offices are listed at the back of this manual), Keep theship-
ping carton and packing materfal for the carrier'’s Inspection,

2-5. PREPARATION FOR USE

A I‘|||n\|||ill..l_ Ml vua bl

CAUTION

Before connecting this instrument to an ac power line, be sure that
. the 115=-230-volt line selector switch on the rear pancl s set to the
S _ * proper position and proper line fuse Is Installed (see below),

> . 2-6. Power Requirements

27, This instrumdnt can he operated on single phase 715 or 230 (~10% +5'%) valts ac, Power

required Is 700 VA maximum., To avold instrument damage, the rer panel line selector switch must

beset to the correct position and the correct fuse tasiabeled on the rear panel) must be instalied, }
- See Section | for rear panel features photograph, When shipped, the switch Is set to 115-valt ac

operation, ? 3 Lo :

2.8, Fuse Replacémcnl and installation

i 2-9, The LINE FUSE Is accessible from the rear panel, The instrumentls shipped with the correct
fuse for the country of destination Installed, and the VOLTAGE SELECTOR switch Is set propetly,

L DN AR R NN HI Y P il Uldk!

2-10, To change the operating voliage of the instrument;
- a, Disconnect the ac power cable.

b, Setthe VOLTAGE SELECTOR switch tu 115V or 230V, The selected voltage will be visible on
the VOLTAGE SELECTOR switch,

¢ Install a 2-amp fuse for 115V operation or install a 1-amp fuse for 230V operation,

D

d. Recannect the ac power cable,

R T L T LA N LY e NI T S U IR R T 1N R R ——

AR UL RIEL e[

{
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2-11,  Puwer Caljles

() «

TO PROTECT OPERATING AND SERVICING PERSONNEL, THIS

INSTRUMENT IS EQUIPPED WITH A THREE-PIN POWER RECEFTACLE,

THE CENTER PIN OF THE RECEPTACLE CONNECTS THE INSTRU-

- MENT: CHASS!S AND PANELS TO EARTH GROUND WHEN USED

T WITH A PROPERLY WIRED THREE CONDUCTZR QUTLET AND

v~ POWER CADLE, IMPROPERLY GROUNDED EQUIFMENT CAN !

' RESULT IN HAZARDOUS POTENTIAIS BETWEEN FQUIPMENTS,

212, To accommodate the different power recaptacles used throughout the warld, this Insiru-

ment Is supplied with, e 2f the power cables shown ;3 Table 2-7. Connect the power cabletoa
power source receptacle t.t has a grounded thlrdicdnductor.

2-13,  Operating Environment sl

2-14, - Maximum and minimum allowable operating temperatures are listed in Table 1-3, If these
limits are exceeded at the installation site, auxiliary cooling or heating should be used to keep the
environment within limits, A 1-inch space abave the counter should be clear to allow cooling air
circulation, The cooling fan exhaust port at rear Is to be kept clear,

2-15. Bench Qperation

216, The instrument cabinet has plastic feet and thelarge it carrying handle will fold undet for
convenient hench aperation, The tilt handle permits inclining the Instrument for ease in using ‘
front-pane] vontrols and indicators. ‘ (‘

NOTE

The thit carrying hundle may be secured In any position by tightenrjng
" the knurled side screws.

2-17.  Rack Mounting

2-18. The counter s recdy for bench operation as shipped from the factary, To mount the
counter in a rack, it Is necessary to order and install the rack flange kit listed in Table 1.2,

’ CAUTION

Amblent temperature in rack during operation should not
‘ exceed 112°F (50°C). Be sure instrument position In rack permits
| adequate air circulation and that nearby equipment does not

discharge hot alr directly on the instrument, h

2-19, PACKAGING FOR RESHIPMENT
2-20. Original Packaging

" 2-21, Thesame contalners and matertals used In factory packaging can be obtained through the
Hewlett-Packard Sales and Service Offices Jisted at the rear of this manual, -

222, Ifthe counter Is being returand to Hewlett-Packard for service, attach a tag indicating the

lype of service required, return address, model number, and full serial number, Mark the ‘{
container FRAGILE 10 assure careful handling, -

2-23, In any correspondence refer to the counter by model number and full serial number,
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— Table 2-1, AC Power Cables Avallable =
= 3 CABLE -
—= CABLEHP | *C . CADLE =
= PLUG TYPE PLUG DESCRIPTION | LENGTH FOR USk 1;» COUNTRY
= PARYNO,| D (INCHis)| SOLOR ; =
= 250V 81201351 | O Stralght **B51363A 90 Mint Gray}  United Kingdom, %
- 81201703 | & 90° 9 | Mint Gray]  Cyprus, Nigeria ]
— 0 Rhadesla, Singapore —
B L =
; [:l D -
- 250V 81201369 | © |Straight **Nzss198/AsC12| 79 Gray Australlia, =
= 8120-0696 4 50° 87 Gray New Zealand —
- : —
—_ ! —
- 250V B120-1689 | 7 | Straight **CEE7-YN 79 | Mint Gray| East and West Eurape, il
= o , 8120-1692 | 2 90° 79 Mint Gray Saudi Arabia, =
- | Egypt, So Africa, =
— India tUnpalarized =
— ‘ = in many nations) —
E 125V . 8120-3340 | 5 Straight **NEMAS-15p 8o Black Unlted States, —
- 0120-1398 | 5 . 900 B0 Black Canada, Japan —_—
= 812049754 | 7 Stralght **NEMAS5-15p 26 'Black 1100V or 200V), —
- 8120-1378 | 9 Straight **NEMAS-15p B0 | Jade Gray | Mexico, Philippines, —
T - 812011521 | 6 - 80 | Jade Gray Talwan =
£120-1676 | 2 Straight **NEMAS-15p 30 | Jade Gray —
= 250V 81202104 | 3 Straight **SEV1011 79 Gray Switzerland —a
. 1959-24507 p—l
- 0 -
£ —
b =
~ 250V 81200636 | & | Straight **NEMAG-15P United States, =
= A [
Canada p——
__' ‘ =
= 220V B120-2956 | 2 |  Straight **DHCK 107 79 Gray Denmark —
é : . 8120-2957 k 9(° 79 Gray ——
- . . | [ -“-____
= : D= Ch'eck.D‘igil grefer'to Section Vi), ‘ [:.-
—= **Part number shown for plug Is;indu’sl[y Identifier for plug only, Number shown for cable is HP Part Number for A=
=~ complete cable Including plug, - ' . ' —
: E =FEarthlround. L =Lline N = Newral =
" , B B
= ‘ b t =
n : . 2-3 —
- i I
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: 2-24, Olher Packaging Methads

2-25, If factory packaging Is not avallable, good commerical packing should be used, Contract
packaging companies fn many cities can provide dependable custom packaging on short natice,
The following general instructions should be followed when repackaging with commerclally
avallable materlals,

a,

b,
¢

d,

t,

2-26,

I shippingtoa Hewlet-Packard Service Office or Service Center, attach a tag indicating |
the type of service required, return address, model number, and full serial number,

Wrap the counter in heavy paper or plastic,

Use a strong shipping cantainer, A double-wall carton made of 350-pound test materiai is
normally adequate for shipments inside the 1,5,

Use enough shock-absarbing material (3- to 4-inch layer) around all sides of the counter
to provide a firm cushion and prevent movement Inside the cantainer, Protect the
cantral panel with cardboard, :

Seal the shipping container securaly,

'STORAGE

2-27, If the counter Is to be stared for an extended period o time, it should be enclosed in o
clean, dry, sealed container, Sce specifications In Section | for storage enviranmental limitations,
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SECTION Il
~  OPERATION
(OPERATORS INSTRUCTIONS)

3-1, INTRODUCTION

3-2, This section contalns Infurmnlr’ut% necessary to understand how to contrel and use the
counter, Specific detalls and examples are previded for making measurements of frequency,
perlod, perlad average, time interval and time interval average, and ratio, How lo use the ex-
ternal frequency standard Input is described.. Programming information far use with the HP-1B
Interface and the Programmable Input Module is provided, Front and rear panel contrals, con-
- nectors, and fndicators are described, '

3-3. FREQUENCY MEASUREMENTS

34, To make a frequepcy measurement on a CW signal below 100 MHz, select FREQ A func-
lian, select the appropriate input signal conditioning, and apply the signal 10 A input, The
RESOLUTION swilcﬁ determines the resolutlon of the measurement, Since the 5328A E a con-
ventional counter, 1 Hz resolution Is obtained in 1-second of measurement time (eg., JIHz
10 seconds). The ;1 Hz best case frequency resolution limits the Jow frequency measurement
accuracy. In pracice, ‘low frequendes gre measured by making o period or perlod average
measurement and inventing the result 1o obtaln frequency,

! 1

3-5, To make a frequency measurement on a CW signal In the range of 50 to 500 MHz, select

FREQ C function and apply the signal to the Channel Cinput. Make sure that the amplitude does

“not exceed 5V rms, The trigger level for the Channel Cis r\ued at OV dc, If pulse waveforms are

being mea;urcd, they must cross through 0volts dc by aleast'25 mV, Pulse widths down to 1 ns can
be coupted, :

CAUTION

DO NOT exceed 5 volts rms at “C” channel input, Clrcults In this
channel may be damaged by higher voltages.

3-6, TheA, B, and Cinput modules are djrect count modules, Direct count allows greater reso-
lution per-second of measurement Ume than prescaling techniques and is Important in making
frequency measurements on pulse bursts since the allowable measurement time is fixed (it
must be iess than the width of the burst), ‘

3-7. When the 5328A is In FREQ A or FREQ C function and the rear panel ARM switch is OFF,
a measurement cycle fs inltiated {i,e,, arms the counter) upon the first trigger Jevel crossing at
the A {or C) Input, This means that pulsed signals are measured as easlly as CW If the measure-
ment time (determined by the RESOLUTION switch) Is less than the width of the pulse,

3-8, With the ARM switch ON, FREQ A and FREQ C are armed by a trigger event at the B in-
put, This mode Is useful whenever It is desired 1o have real ime control over when a measure-
ment is to begin, Usefu] applications include measuring frequency variations along a frequency
burst and linearity testing of sweep generators, Figure 3-1 lllustrates the setup for measuring
the linearity of a sweep generator. The Channel B Trigger 'evel is adjusted to trigger {and there-
by arm the counter) at various p  ts along the sweep out waveform, By plc ting the B trigger
levels and the correspanding frequency measurements made at those levels, the linezrity of the
generator may be determined,

3-1
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3-2

_ ARM EWITCH N
5328 A 8
] iF QUT
l celEE SWEEP OUT
—AAA

Flgure 3-1, Measuring Linearity

3-9. PERIOD MEASUREMENTS
3-10, The PERIOD and PERIOD AVG functlons allow single period measurement or multiple

~ perlad averages to be made on input signals into Channel A for frequencles up to 10 MHz, These

m::;desd are useful for making low frequency measurements where maximum resolution Is
desired, ; |

- 3-11, To make a PERIOD or PERIOD AVG measurement, select the desjred funcitlon, select

apprapriate [nput signal conditioning, and npplr' the signal to the A input, For single period
measurements, the RESOLUTION switch scales the time base frequency which determines the
resolution of the measurement, For optimum resolution, select N=1, Other N values may be

deslrable to prevent display overfiow or to gat ric »f unstable digits, For PERIOD AVG measure-

ments, the RESOLUTION switch selects the number of periods over which.the period average
measurement Is made (the time base Is 10 MHz for this case), the PERIOD AVG mode gives
Increased resolution and accuracy, Trigger error Is decreased by N and the resclution Is In-

creased by N {resolution = 10& N3, The measurement time Is equal to the perlod times N,

3-12, :In PERIOD and PERIOD A0 with the rear anel ARM switch QFF, the measurement
cycle is Injtiated by the SAMPLE RATE control and tEe input signal, With the ARM switch ON,
PERIOD and PERIOD AVG are armed by a trigger event at the B input, To measure the fre-
quency of a tane burst signal, use arming and the PERIOD AVG (for increased resolution over
a low frequency measurement) as shown In Figure 3-2, Select N equal to or less than the
number of periods in the tone burst and adjust Channel B trigger level to trigger on the first
cycle of the input sighal, ©

N

REAR PANEL ARM SWITCH ON |
. B TRIGGER LIGHT

- INDICATES WHEN
COM A-, B TRIGGER EVENT
A B ARMS MEASUREMENT

-

Figure 3-2, Tone Burst Measurement
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313, TIME INTERVAL MEASUREMENTS

314, One of two tme interval functlops can be selected, tme Interyal o time interval :eragc,
These funcilons measure the time intepval between a START signal at the Channel A Input and
5TOP signal at the Channel B Input, If bath the START and the 5TOP signals are derlved from
the same signal, place the COM A-SEP in, COM A position, Separate stope and level controls
for each channel allow variable lriggerjing on either positive or negative going slope,

3415, In single-shot lime,!nte;vhl_ uilensummenls, Channel A opens the maln gate and Channel
B closes the maln gate, While"the maln gate Is open, 10 MHz Is divided by the setiing of the
RESOLUTION switch and tplallzad by the counter, For optimum resolution, select N=1, Other N
values may be chosen to prevent :Tlsplay overflow (e, long time Inervals) or 1o get rid of
unstable digits, In time Interval average meastrements, the main gate Is open for the number
of time Intervals selected by the RESOLUTION switch, The 5328A 10 MHz clock is totalized only
during the Individual time intervals, The resolution of the measurement is improved by the v'N,

3-16. In order to allow the synchronizers time to reset during time interval averaging, there
must ba at least 150 ns deadlime, Deadtime is the time between the preceding time interval stop
event and the current time Interval start event as shown in Figure 3-3,

START ~ STOP START sTOP

T.l. MEASURED

DEADTIME
A - BLLOPE >150 ns

B +5LOPE

Figure 3-3, Deadtime

3-17, The time interval averaging technique is based on the fact that if the &1 count error Is
truly random it can be further reduced by averaging a number of measurements, The words
"truly random” are significant, For time Interval averaging to work the time interval must {1) be
repetitive and (2) have d repetition frequency which Is asynchronous to the Instrument’s clock,
Under these conditions the resolution of the measurement is;

£ 1 count : -

VN

where N = the number of time intervals averaged, It bears repeating that the input signal
frequency must not be a subharmonic of the Internal clock frequency — which is 10 MHz,

t

3-18. During a time Interval average, there must be only ane stop pulse for each start pulse,
Extraneous stop pulses which accttr befare the next st. . pulse are accumulated and glve erro-
neous readings, For example, the case illustrated in Figure 3-4 would result In a reading equal
to one-half of the desired time interval,

STABTPULSES. k k k ‘ k

FROM A

STOP PULSES M kk kk

FROM B _
‘ Figure 3-/, Multiple STOP Pulses

3-3
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)

319, To sel up a limé Interval measurement, the marker outputs may he manltored on an
oscilloscope (see Figure 3-5) to Indicate where the channels are triggering with relatian to the time
lntgrval of interest, The GATE/MARKER OUT Is high during the time Interval belng measured,

QUTPUT  INPUT INPUT
' MARKER A |
| _/
E328A \'M
: QSCILLOSCOPE
BTART 4
'*I-
STOP
-0 B
—0 A
— 600 |———1—oC
{600 } oD

! . Flgure 3-5. Monitoring Marker Quiputs

y

3-20. In TJ. A~B and T). AVG A-B with the rear panel ARM switch OFF, the counter is armed

by the run down of the SAMPLE RATE control, Witk thie rear panel ARM switch ON, T.), A~B

and T.l. AVG A~B are armed by an event at the C Input. For T.l. AVG A~B, anly one arming

signal Is required’ per average measurement {i.e,, the counter doesn't need to be ormed prior
-~ to each Individual time Interval in the tUme Interval measurement),

! 3-21.  RATIO MEASUREMENTS

3-22, For ratlo measurements, the 5328A has wide bandwidth, good sensitivity, and comblete
. signal condltioning of the Channel A, B, and C input amplifiers,

3-23, Two ratio functions are available: B/A ana C/A. The ratio of the frequency at B (or C)
to the frequency at A is measured for N counts of A where N Is selected by the RESOLUTION
switch, The resolution of the measurement improves with increasing N and s given by 1 parnt
in B/A x N {or C/A x N), Since the range of A Is 0—10 MHz while B Is 0—100 MHz, the lower
frequency Is normally applied to the ‘A input although there is no restriction that this be the
case {Le, ratios less than 7 may be measured), If B/A is greater than 1, the measurement reso-
lution s better than switching the inputs for a ratio <1, provided the value of N remains the same,

3-24. OPERATING CONTROLS

3-25. All of the front and rear panel operating controls are shown :mdl described In Figures
3-6 and 3-7, _
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1. LINE switch @), In STBY position with light on, supplies power to oven of the high stabllity time
base to maintain a constant temperature for the crystal, in QPER pasition,. supplies normal
operaling power to the Instrument,

2, RESET button @, Resets display and internal count to zero, When continuously depressed, lights
all segments of the LED display and all annunciator LED's for LED test, Returns 5326A 1o LOCAL
CONTROL when HP-I1B interface Is In use.

3. FUNCTION selector €}, Selects mode of operation.

a.
b,
c
d.

A

h‘

]
FREQ A. Sets counter to measure frequency at Channel A,

FREQ C. Sets caunter to measure the frequency of the signal at the Channel C input,
PER A, Sets counter to measure periad at Channel A,

PER AVG A, Sets coupter to make a perjod average measurement of the signal at Channel
A, The number of periods over which the average measurementis madels determined by
N, Selected by the RESOLUTION switch,

T, AVG A-B, Sels counter. to make a time Interval average measurement of the time
Interval from A to B, The number of timeintervals uver which the average measurementis
made Is determined by N, selected by the RESOLUTION switch,

T.l. A-B, Sets counter to make a time interval measurement, Start signal is applied to
Channel A and the stap signal Is 2pplied to Channel B,

CHECK, Applies 10 MHz to decade tounting assemblies, Verifies operation of SAMPLE
RATE control, RESOLUTION switch, npd RESET, .

RATIO /A, Sets counter to measure the ratio of the signal frequency at Channel Ctothe
signal frequency at Channel A,

RATIQ B/A, Sets counter to measure the ratio of the frequency at Channel B to the
frequency at Channel A, .

Top blank position has no function,

Figure 3-6. HP 5328A Front Panel Operating Summary
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FREQ RESOLUTION, N selection switch @), Selects resalution in Irequency measurements and N ‘;
for totalizing and averaging. measurements, Determines how long the main gate Is apen for
frequency measuremenist

4

N GAYE TIME RESOLUTION
(seconds) (Hz)

1 1X10:6 ™
10 10 X 10-v S100 k
102 e X 15-6 10 k
103 1% 19-2 1k
104 01 100
105 1 10 - '
108 1 1
107 10 B

5 SAMPLE RATE contral @), Varies time between measurements continuously ‘rom less than 10
milliseconds to HOLD (which halds display tndefinitely).

6. . 500 MHz, 50n @, Channel C input BNC connectar, Input for "FREQ C” channel. Refer to
specification In Section |, :

7. GUTPUT MARKERS @, @, Channel A and B Schmitr trigger outputs indicate when a channel Is
triggered; 0 to 500 mV levels Into 5042 with less than 20 ps delay,

8. Coupling switch AC-DC @), @, 5¢’ 1cts ac or dc cou ling for input signal, When Input amplifier
coplrﬁlswllch Isin COM A, Channel B coupling Is etermined by setting of Channel A coupling
switch, .

9, ATTEN switches €, (B, Selects attenuation of input signal, Signal amplitude is reduced by 10 in
X10 and by 100 In X100, When Input ampiifier. contral switch is in COM A, Channel B
_attenvation Is determined by setting of Channel A attenuation switch 0.

10, Channelinputs @, @. Input Channels A and B. (Table 1-2 lists the type of coaxlal cable used with
these jnputs,) ‘

1., COM/\/SEP!nputampliﬂercomrolswllch@.SelectsindrzpendentoperalionnfChannelsAandB
In SEP {separate) position, in COM A (Common A) position, the signal at A s also applied 10
Channel B. (The B Input Is disconnected from the Input circultry; Channel B coupling and
attenuation are determined by the Channel A settings,)

12, Trigger lights @, €. Light blinks when its channel is triggering. Light is OFF when Input signal s
helow the trigger level, Light Is ON when input signal is above trigger level,

13, LEVEL A/B controls q, . Used in conjunction with ATTEN switch to select valtage at which

triggering occurs. With X1 attenuator, level is variable 2.5 valts, In X10, 224 volts, In X100, +250
volts, v

14, SLOPE switches @, @. Select wriggering on elther positive or negative slope of fnput signal,

15. OVERLOAD annunclatar @ Indicates ifiashes on-off) if more than 5 volts Is applied to Channel C
input connector .

_16.  GVFL joverilow) annundiator €, Indicates that one or more of the most-significant digits (digits
~ ‘eft-most from the decimal point} are not displayed,

7. RMT (remote) annunciator @), Lights when 5328A s in remote operation,

18.  GATE annunciator @. indicates when the counter’s main gate s open and a measurement |s in
. progress, '

19. 'K, S, m, u, n, and Mz ennunciators €. Indicates the uniis multiplier of the measurement,

20, Nine-digit LED display € shows all measurements, .

Figure 3-6, HP 5328A Front Panel Operating Summary (Continued)
3-6
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VOLTAGE SELECTOR switch, Selects 115 or 230 volt operation,

LINE FUSE. Requires a 2.0-amp fuse ‘or 115 volt aperation or a 1.0-amp fuse for 230 volt operation,

1

AC Lin€ cannector, |EC type with offset pin connected to chassls.

- ARM switch, With switch in OFF, counter is armed by the same signal which is involved In the
measurement (e,g., FREQ A measurements are armed by thesignal at Channel A), With arming ON,
the measurement is armed by an Input other than the input involved in the measurement, The
followlng are armed by an event at B: FREQ ‘A, PERIOD A, PERIOD AVG A, FREQ C, C/A; the
follow’ng are armed by an event at C: T,1, A=B, T.l, AVG A-B, RATIO B/A,

©  EXT O5C input connector allows separate outside signal to be used for 1ime base.

@ 1 MHzOUTand 10 MHz OUT coﬁnecfors allow Internal high stability oscillator signal to be used
outside the 5328A, Outputs are buffered,

€ GATE/MARKER OUT conneclor, High when the main gate is open,
© HPBInterface cannector (24-pin), Used to convey data and programming instructions,

@  HP-1B interface address switch, See Programming Operation in this Section.

Figure 3-7, HP 5328A Rear Panel Controls and Connectors
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3-26. FUNCTION OF CONTROLS, INDICATORS, INPUTS, AND OUTPUTS

3-27. The f&llovdipg‘ paragraphs provide o detailed description of the function of contrals, indi- -

cators, and conneclors,

3'2“0 Di'pzay '

3-29 e 5320A counter display consists of nine-dight, seven-segment LED display and annun-
ciators for indicating the measurement units of Hz, s,.as well as multiplier indicators (K, m, a,
n). These display units and multipliers are automatically displayed along with the correct deci-
mal polnt location, Overflow (OVFL) ndicates that left-mast-significant digits have overflowed
the display, Remote (RMT) Indicates that the counter (HP-IB Interface) Is under remote program
comroﬁ A GATE lamp indicates that the counter has been armed and that 2 measurement Is
in process,

3-30, Power (Line)

3-31, The LINE switch puts the counter in OPER foperate) or STBY (standby). The STBY
position with STBY light on turns off some but nat all the power supply voltages, This clrcult
arrangement allows the high stability oscillator 1o operate cantinuously, Therfore, the Input
to main power transformer (T1) plus the unregulated de voltage to the oscillator oven s always
energlzed whenever power Is cannected even with the fine switch in STRBY, a

3-3:. Reset

3-33. The RESET pushbutton resets the display and Internal count to zero and also initiates

_single measurements when the SAMPLE RATE cantrol }s in the HOLD mode, The HP-IB interface,

provides remote contral capabllity, pushing the RESFS button restores the counter to local con-
trol (when aot remotely lacked out by the HP-IB Lucal Lockout universal command), Refer to.
prograraming In this section,

3-34. Sample Rale Control

3-35. The SAMPLE RATE control sets the minimum time between samples. The time s
contfnuously varfable from less than 10 millisecor,Js between measurements to HOLD, which
holds the display indefinitely, \ '

NOTE '

The counter will internally (self) arm (v1a the SAMPLE RATE control)
only when ARMIng Is OFF and the FUNCTION selected fs at other
than FREQ A, FREQ C, and RATIO C/A,

3-36. Arming

3-37. The counter may be armed nternally (i.e., made ready to start a measurement) by the
SAMPLE RATE contral, or externallf by the input signal itself, (arming off) or by a signal not
directly involved in the 1negsurement (arming on), Table 3-7Is an arming status table, A rear
panel switch turns ARMing either ON or OFF, The counter is armed within 1 us after the event
at the B arming input and is armed within 10 ps atter the event of the C arming input.

>
i ]
LN

R I|"'|"-"F

Nis

"l

"“uw‘I (L B I (L L I oo e '|i'\ LI | Il“




2
n

| d ' HP 5320AH99
T : Operation

. Table-3-1, Arming Status

FUNCTION ARMING QFF , ARMING ON
FREQ A Aumed by A input ' Armed by 8 Input
PERIOD A Armed by SAMPLE RATE Armed by B input
| PERIOD AVG A . Atmed by SAMPLE RATE Armed by B input
T).AoB Armed by SAMPLE RATE Armed by C Input
Ti.AVGAtoD Armed by SAMPLE RATE Armed by C input
FREQC Armed by C input Armed by B Input
RATIO B/A Armed by SAMPLE RATE Armed by C Input
RATIO C/A Armed by C Input Armed by B input

. . I
", '3-38, Frequency Resolution, N Switch

3-39, The FREQUENCY RESOLUTION, N switch determines the amount of time that the
counter’s main gate s open for a particular measurement when the Main Gate FF {refer 1o

Section 1V) determines the gate time, Depending on the measureinent, this time results In a
certain measurement resolution (e.g,, frequency measurements), a number of intervals aver-

aged (e.g,, T.), AVG measurements), or a scaling factar by which the time base is divided {e.g,,
perlad measurements). Table 3-2 shows the setting of the RESOLUTION switch and the carre-
sponding time the maln gate is open, _ ~

Table 3-2, Frequency Resolution, N Switch Settings and Gate Times

RESOLUTION N " GATE TIME
Vi Hz 107 10s
1 Hz 108 1s
10 Hz 10% Js
104 Hz 104 10 ms
1kHz ‘ 10 ; Tms
10 kHz (i 100 ps
100kHz 10 10 us
T MHz i 1 ps

3-40. Table 3-3 summarizes the FUMCTIONS and the correspohding interpretation of the
FREQUENCY RESOLUTION, N swilfh setting.

i

Table 3-3, Functions and Resolution Switch Settings
FUNCTION RESOLUTION, N SWITCH
FREQ A, FREQ C Indicates frequency resolution in Hz.

PERIOD A, T, AtoB | Indicates the factor (N) by which time Yase s scaled, Maximum
' resolution accurs with N=1,

PERIOD AVGA, | Indicates number of time intervals or periods over which the
TLAVGAtoB average measurement is made,

RATIO B/A, RATIO C/A , | Indicates the number of counts at the A inputover which theratio

measurement is made, Resolution improves with Incraasing N,

3-9
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3-41, Input Channel Secilon : b l l

3-42, Two scparats inpuls are provided an the right side of the panel, The A and B Inputs are
identical In specification.and Identical contrals are provided for each input to allaw maximum
versatility and accuracy, ‘ \ - .

3-43, HP-IB PROGRAMMABLE INPUT CONTROLS, In COM A pasition, the output of the
Channel B attenutor s disconnected, The autput of the Channel A attenuator is routed to the A
and B input amplifiers as shown in Figure 3-8, In COM A the Channel B AC-DC, X1, X10, X100
ATTENuator relays are disabled, The Channel A AC-DC, X1, X10, X 100 ATTENuator determine the
coupling far the Channel B amplifier, '

AT MVH A

RELAY
ATTEN .
>—-l::]— X1 X1o i ‘
. [H.\:hll . NTARE
1]
AL MLLIE
: e Yy RER
. oy
" [ :
L -—-\£4> o
- x100 | wrc
ChAnNIL | eniar

Phe et A-B funcinin i, implemente]
within the mulnplesr

1
Figure 3-8, Programmable Input Switch Canfiguration for COM A

3-44, The A and B input amplifiers have independent LEVEL and SLOPE controls regardless

of the made of operation (SEP or COM A).
| .
3-45. . A and B Channel Signal Condiitoning

3-46. AC-DC SWITCH,. The AC-DC switch. controls the coupling of the external signal to the
attenuator-amplifier by switching a capacitor in series in the AC position or by direct coupling
in the DG position. The advantage. of AC coupling is to provide a DC block for signals with a
DC component. DC has the disadvantage of being unable to pass low irequency signals. A
distinct advantage of having DC coupling caver the full bandwidth (DC-100 MHz) fs that
extremely accurate time interval or pulse measurements can be achieved even though pulse
wRdths or sepetition rates vary since the trigger point Is independent of the duty cycle of theinput

~ signal.

t

3-47. ATTENUATOR. The atienuator (ATTEN) connects the input signal directly to the
ampliffer (in X1) or through a 1'0;1 attenuator (X10} or a 1001 attenhuator {X100) to increase the
voltage range by 10 or 100 times to allow measurement of high level signals that would other-
wise be impossible without external attenuation,

,..,
i .
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surement and the B channel ends the measurement),

NOTE
A simple pulse width measurement s achieved with the use of the

~ +5LOPE seiting for Channel A and the -SLOPE setting for Channel B.

HP 5320AH99
. Qperation

3-48,- SLOPE SWITCH, The :SLOPE switch (pravided for each channel) determines which slope
of the input signal will trigger the counter, As a simple example, (Figure 3-9) If the pulse width of a
positive pulse s to be measured, the A channel slope switch would be set to "+ and the B chan-

nel would be set to "= (for time interval measurements the A channel always begins the mea-

¥

SLOPE NEGATIVE SLOPE

PULSE WIDTH

POSITIVE f +

— 60 s e

INTERVAL MEASURED

Figure 3-9. Slope Switch Settings

3-49. LEVEL CONTROL. The LEVEL control for each charnel |s adjusfable over the range of

+2,5V d¢ with the attenuator for that channel in the X1
trols is shawn in Figure 3-10,

NOTE

Simple measurement of a time Interval, the LEVEL control of the A
and B Input channels were used to set the trigger LEVEL of A and B,

position, A typical use of the LEVEL con-

A INPUT 500 mvVDC
260G mvVDC . |
0 voC ! ) 760 mVDC
. ! ' :

B INPUT  TRIGGER - 176 mvVDC
POINT | )
ovoc '
! |
INTERVAL MEASURED k 326 ns A 4
: } [
l
t

A MARKER _J_——L_ oV

B *MARKER I L—OV

Figure 3~10, Level Control Settings
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3-50. Channel C Input |

3-51. The CHANNEL C 500 MHz 500 [r;pu_t Is useful for higher frequency signals out of the
A and B Input channel range {0 10 100 MHz). :

CALTION

The “C” channel fnput signal sipould be limited to 5 volts maximum.
If this limit is exceeded the inlink fuse may open (blow),

I

3-52. “C” Channel Overload Indicator o 0" 1 ' o '

_ , | L
3-53, The OVERLGAD (CHANNEL C) indicator will flash on and off if the voltage maximum
is exceeded at the "C” channel input, : |

3-54. Hysteresis Band of Trigger Levels ; | f \

3-55. The width of the trigger level hysteresis band, shown in Figure 3-11 is determined by the
sensitivity of the counter. Far frequencies below 40 MHz, it is typically less than 25 my peak-to-
peak, At frequencies from 40 MHz to 100 MHz, it is typically less than 70 mV peak-to-peak, The
signal must pass through the entire hysteresis band hefore a trigger pulst: is generated, If the
SLOPE swhich s set to "'+”, the trigger pulse occurs at the tap of th hystersis band. If the SLOPE

switch s set to =", \"e trigger pulse occurs at the bettom of the hysteresis band,

»SLOPE
TRIGGER POINT ‘

TRAIGGER _
LEVEL READ —p— mr e e —m o e N\
BY DVM <70 mv

' - SLOPE
. TRIGGER POINT:

Figure 3-11. Hysteresls Band

'3-56. Since trigger level measurements indicate the center of the hysteresis band, a bettervalue

for the actual trigger level may be obtained by subtracting one-half the hysteresis band {"+"
slope). . :

3-57. The value to use for the hysteresis band depends on the frequency; or, for pulses, it de-
pends an the rise time.

3-58. External Frequeml:y Standard Input
3-51 The rear panel external frequency standard {EXT: OSC IN) Iriput Is useful for locking

the counter to a high stability external frequency standard, This external standard must be 1,
2.5,%,0r 0MHz, with an amplitude of >1V rmsinto 1k} (maximum inputof 5volts peak-to-peak).
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3-60. Marker Outputs

3-61, Two marker output connectors are mounted on the front panel, These outputs represent

the Channel A and Channel B Schmitt triggers, The outputs provide 0 to 500 mV levels into 5001

delayed by less than 20 ns, These outputs are useful for oscilloscope monitoring. Time interyal
measurement setups are simplified if the time interval of laterest and the marker outputs can he
simultaneausly displayed on oscilloscope traces, Frequency measurements on nolsy signals can
be made with more canfidence since the marker can indicate the presence of nolise triggering.
These outputs are protected from inadvertently appiied val tage to 5V dc,

3-62. Gate/Marker Out

3-63. The GATE/MARKER OUT rear panel connector supplies a TTL level which Is high when
the counter’s main gate is open and low when it is closed. Monitaring the GATE OUT an an
oscilloscope can provide this information for applications where the markers do not give the
desired information, :

3-64. 1MHz and 10 MHz Frequency Standard Qutputs

3-65. The 1 MHz OUT and 10 MHz OUT cannectors are on the rear panel, When terminated
in 50 ohms, the output Is a square wave of approximately 1-volt amplitude,

3-66. Triggor Lights

3-67. A trigger light is provided for each (A and B} input channel tc cnable the user to know
not only if the channel is triggering, but also in which direction the trigger Jevel must be ad-
justed to cause triggering. The light is ON when input is above the trigger level; OFF when in-
put Is below the trigger level; BLINKING when channel is triggering. The trigger lights are
operative over the full frequency range of dc to 100 MHz,

3-68. The trigger lights can be used with a 10:1 oscilloscope prabe to provide a logic probe
function, By adjusting the trigger level to one-tenth (since using 10:1 divider prabes) of the
threshold voltage for the logic family under investigation (e.g., .14 volts for TTL), th. light in-
dicates the logic state of circuit points which are contacted with the probe. When the trigger
level light Is ON, the circuit node s a high (i.e., abave the threshald voltage). If the light is OFF,
the nade is a logical low. If the light blinks, then pulses {up to 100 MHz rep rate) are present at
the nade, The trigger lights can also detect the polarity of low rep rate pulses down to 5 ns pulse
width, Positive pulses cause the light to blink on while negative pulses cause the light to blink
off. S '

3-69. PROGRAMMING OPERATION

3-70. The 5328A Universal Counter |s fully ccmpatibllé with the Hewlett-Packard Interface Bus

{HP-IB) IEEE Standard 488-1978 Appendix C.

3-71. Procedures for verification of proper operation of the 5228A in the remote mode are
contained in paragraphs 5-37 through 5-42,

3-72. SETTING ADDRESS SWITCHES

il

3-73, To use the 5328A in an HP-IB based system the first step Is to set the rear panel address
switches shown in Table 3-4. The left-most switch sets the counter to ADDRESSABLE or TALK
ONLY mode, ADDRESSABLE mode is used whenever a calculator or other contraller is used
within the system. TALK ONLY mode s used when the counter will be controlled manually but
will output results to another device on the bus such as a printer or D/A converter,

1.1 K
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3-74, The live right-hand switches, As through Ay, set the talk and listen addresses 1o the 5320A
when itis used In the ADDRESSABLE mode, Table 3-4 shows the possthle address settings and the ' ‘
corresponding ASCH codes for talk and listen addresses,
Table 3-4, Addresssing
ADDRESSABLE
. |
(0000000
0
| AsAsAIAIAL
TALK * L ADDRESS SWITCHLS
ONLY
ASCH ADDRESS CODLS ‘
ASCH ASCll
po : LISTEN TALK
Ax Ay AJ 4\2 4] ADDRESS ADDRESS
0 0 0 0 0 P w
0 0 0 0 ) t A
0 0 0 ) 0 » B
0 0 0 b ) % ¢
' 0 0 I 0 0 5 D
0 0 ) 0 ) m i
0 0 ) ) 0 & 3
0, o ) b ’ G
0 | 0 0 ¢ ( 1 ,
0 | 0 0 | } |
i 0 ) 0 ) 0 . )
; n | ] ! } + K
0 J I ] 0 , L
0 ) i 0 ) . M
0 ) } ] ) . N
0 } ) ) ) / 0
) 0 0 0 0 v P
| 0 0 0 | ! Q i
} 0 0 ) 0 2 R 3
. ] 0 0 ; ! 3 5 '
3 R | 0. o 4 T *
N T T 5 u
1l 0 | | 0 6 Y »
. V)0 ! ! ) 7 W "
| ! 0 0 v R X !
g ! 0 0 ] 9 Y
} | 0 I ] : P A
| ; 0 I ) : [ :
} ) ) ¢ 0 < \ |
) ) ! 0 i . ]
} ) ) i 0 > -~ VL
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Tabie 35 Program Code Sot ,
Coanles shawn in hold lace ave start-up comihiom, These 25, Diplay |||,,,,|\|"v
condiiiom are ser by 1he cinde PP, Remore Program U Napmal Dhyplay
tnltlalize, or by 1he hus eommansds Deviee Clegr or Blank disphay odigin and decimal poinn
Selected Duvlee Clear, When the "P* commaned v 12 Chanel A Signal Candiioning
eaecutedd, the DAC go to pern 1) valis, ) Coupling
1 Inlializatinn ﬁ :E
P Remete Program Jnltiabize b, Slape
2 Tunction ; ﬁ: nllope
| wsope
;2 IF'L‘;?:::?A o, Allepuator
7 Pen Avp A Mo ¥,
m L. AR ATX)
::? ']!';HR ‘W}\”" 13 Separate = Common
e Chegd M Y Separate
Fa  Retln C/A A Common A
P> freq. © W Vigger lmuil»\
' yalts
M tepths of volty
3, Time B - hiumhmilln ol valn ,
At dydady
Time Res
Code | FreqRes | Muliphier (5td) Permimible srigger level rangut =250V 1o +,.50V,
B i
Go 1 MHz $ 180 s The program sequence to sal Irigger lovel sharts with 1he
G 100 kiiz 10 1 s channel desighation letier followed l:ya""r':'nr"-”nun.
G2 10 kHz [t 10 uy Next three dights set the vaftage Jevel, An " tenninales
Gl 1 kHe 103 100 ps the s-'m;unm, The sare seauence st e vsed e io
Gé 100 2 104 1 sl B yolty
b G5 10 |4z 1 10 m . T ' )
G,G 1 Hy i 100 ms [Iﬂl“plf.‘h ”2 .']’2(?'10:”, “‘ \;?‘I"n”
G7 0. Hz 107 i 11 4) vally

15, Channel B Signal Condilloning
i

A, Single-Multiple Measurement W, Coupling
] ]

Stngfe measurement, Haold vample rane, 02 AC |
Triger required, h nc '
51 Muhiphe imeasurement, Not fold, Ne trgger b, Slape
required, B4 tHslope
5 Meawrement Cyce . B5  -slape '
' 52 Walt to oulput; Service Request al end of ¢ Allenuator :
“measurement, B X '
5 Canilave cycle; no Service Request a6 Xx10
G, Ouiput Mor'x , ' : B7 X
'S4 Output at end of measurement 16, Tripger Level B
. . 55 Quiput when addressiat jonsthesly) Bt didady »
7. Sample Rate See Group 15, Trigger Lival A, tor derally
56, Maxlmum 7. Channel Inverl
s’ Manual control ifram front pand) ., bo ‘Narmal (A ls matn channel)
8. Arming 59 Invest A and B Inputs
;5 ofi ! 4. Resel; Trigger
-3 On IAlbo see Bus Command GET)
8 Display Storage R Resed, no Irigger
: §< On {narmai) : T Reset and trigger
S olf b
| 10 | Decade Roset ‘

5> Narmal
; 5t Disabled lor cumulative measurement)
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3-75. MEASUREMENT OUTPUT FORMAT

376, The HP 53A transmits the following string of characters o oulput a measuremen,

Position 1 2 3dhw 92 3 M 15 6 1

] + 9 dighs and +
Characler ’ G ’ i } . ‘ E
' sp - decimal point,

‘ d ' CR LF

-

Q" In the first position Jndicates meastrenient overflow, Leading @'s in positions 3 1o 12
wre sulput as SP (spaee) 1 they oceur to the left of the decimal pofnl exeapt for the ) noxt
to the decimal point, The decimal point my appear ot pasitions o+ to 12, The auput string
I always 17 characters kg, Typieal charaeter oupin strings are;

1 2 3 4 5 6 7 7
S+ 5 p 3, 2
S 4. 5P 5P sSp 5 4 3
0 + 9 5 3 1 , B

9 W 11 12 13 ¥ 15 16 1
7 6 9 8 F + 6 CR I
21 0 . E - 3 CR IF
5 4 2 ¥4 E 4+ 6 CR IF

The 5328A inserts a 8 in position 12 of the output string for all measurements that don't use
the ninth dight of the display. This extra 0 fills the outsut string to a constant 17 characters,

)

3-77. BUS COMMANDS

3-78, The HP 5328A oheys the following HP-1B Universal Commands and Addressed Commands
(ASCII codes shown [n.parenthesis and In Table 3-6),

a Unlversal Commandst
LLO  Loca! | uckout (ASCI.DC1)

* Disables all programmable front panel controls Including reset, Go To
Lacal {GTL) must be programmed to return 1o manual contro),

DCL  Device Clear {ASCl) DC4)

Resels the programmed state of the counter to the codes shown in hold
face in the program code set, Has the same effect as the program code
lipﬂ’

SPE  Serlal Poll Enable (ASCII CAN)

Sets the counter to the serlal poll moade, When addressed to talk during
the serial poll made, the 5328A produces a status byte to indicate Its
condition. If the counter fias completed a measurement and s requesting

service, the status byte contains a 1" In bit 7 (dectmal value 64), If the
counter has not requested service, the stats byte will be "g” In all bits,
When addressed to talk In the serfal poll mode, the counter will
immediately stop requesting service,

SPD  Serfal Poll Disable (ASCHl EM)

Terminates the serfal poll mode, The 5326A can resume Its normal data
output mode,

1
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b, Addressed Commands:
GTL  Go To Lacal (ASCI} SOH)
Returris the 5328A to lacal (manual) contral from remote control,
SDCC  Selected Device Clear {ASCI) £OT)
Responds as with Device Clear or program cade "'p”,
GET  Group Execute Trigger (ASC!I B5)

Starts a measurement, This command provides the quickest method to
start @ measur¢inent cycle,

Table 3-6. Amerfcan Stundard Code far information Interchange (ASCIH)

USA STANDARD CODE FOR INFORMATION INTERCHANGE

BITS l::':ss %0 [0y [ %1 | %1y | Tog | oy | ig| ',
Wem] o | v 2 a4 le [ |
ojolofjo | o | N pLE [ SF .l o | @ | p \ p
0|0]0]1 1 50H | DCI | 1 A Q 0 q
ofofifo |2 | stx | b2 | 2 B R b '
g|op 3 ETX | DC3 # 3 c 5 c 5
of1]ojo |4 | eor [Dm | s 4 p | T d b
lofr]o]y |6 [ Enva | nak | % | & E u " "
oft[1|o 6 | Ack | svyn | & o F v l v
ofvfr|r |7 | BEL |ETR | 7§ 6 | w 0 w
1lolojo | 8 BS | CAN | 1 8 H X h X
1lofofr [ o [ T Jem [ 9 | y i y
tjol1jo | w0 | Lk |[sus |- : J z i 2
vjoprfr | nfovr | Eesc |+ ; K | k |
tir|efo [ 2| FF | Fs , < | L]\ : :
1Irvjofr |13 cr | cs S U m |}
tfr|1rfo | » | se |Rs , > N t b ~
ifrfrfy [ s us |y ? 0 |—} o | DEL

———— g i Nt e Mo i o,

UNIVERSAL T UNLISTEN r UNTALK

ADDRESS COMMAND COMMAND

COMMANDS _LIETEN TALK
ADDRESSES ADDRESSES
ADDRESSES WHEN ATN 158 LGW,
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3-79. PROGRAM EXAMPLES

3-80, The following examples illustrate the programming capability of the HP 5328A, using the

HP 9825A Deski yp Compuler as a computing cantroller,

3-81, Example 1

3-02. This program sets the HP 5328A into its CHECK mode, with 1 Hz resolution,

The program

takes a measurement (trg 761) and reads it into the A register of the HP 9825A, After waiting 500

ms, the program loops back to line 1 for the next trigger.

B oyt P81 "PFLG
E‘Rli

prt A
2t wnit 5008atn
{
2 end
#9943

| LBBRBRGA, &
1 1BDBOEHE, 55
199860213, 39

i 13862908, 159
- 19303595, 35
| : LBRRGRAN, By

| ] 15808830, 9B

r o CLRRBaanE, 3o

3-18
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3-83, Example 2

3-84, This program sets the 5326A Into its Frequency made with 1 Hz resolution, The program
takes a frequency measurement, reads it Into the A register of the HP 9825A, and prints the
results, The calculator computes the period from the frequency measurement and prints the
calculated period, The progrum then sets the HP 5328A into its PERIOD mode with 10 ps
resolution, A perlod measurement is made, read Into the Creglster of the HP 9825A and printed.
Alter walting 2 seconds, the program loops back to fine 8 for the next trigger.

Bt wet PHLy"PF4G MERSIIRED FREl=
BE1ER" 2,73 B
1d redd VELYA HZ
2 prt "MEASURED CRLIC PERIGO=
FREG="yR+" L B3e-8s
HZ" e
3t L-REBREFLYL 20 MEASURED PERIND=
4t p-t "CRLC : 1o B3e-3n
FEREQOD=":8,y" 2R
-1 - e e
St owrt YRLP"PFYL
2ELBR”

Bt ored, 701, C HERSIURED FRE%G=
vt ey "HERASURED F.73¢ B3
PERIND="y0y" HZ

. sec” CHLC PERIND=
B: prt "mmmemme—a 1,852 -068
bttt 53 1~ S0
2hunit 2o09 MERSIEED PERIDD=
3 ano B : _ 1,93e~-85
18 end - . EE0
310122 e e e o

A b e e T e . -
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| SECTION IV
* THEORY OF OPERATION

41, INTRODUCTION

4-2, This section contalns a description of the operating Jorlnciples of the coupter in reference
to an overall block diagram I this section and to individual block and schamatic diagrams in
Section VI, ~ '

4-3, OVERALL 'mz,scmpnore! |

|
4-4, The 5320A 5 3 500 MHz universal frequency coupter with the following capabllities,

Frequency — 100 and 500 MHz direct count

Perlod — 100 ns resolution ) ,

Perlod Average y— 10 MHz clock .
Time Interval — 100 ns single-shot resolution

Time Interval Average -

Ratio — 100 MHz/10 MHz

Check .

4-5. BASIC COUNTER OPERATION | ‘

4-6, The operation of the frequency counter i best understaod by describing how the counter
performs a frequency measurement, If n Is the number of cycles of a sighal that occurs In a time
period, b the average frequency, f, of that signal aver the time perlod, t, Is given by

(=l | |
l . N
! | . (1)
4-7, Frequency
4-8, ' The counter measures the frequency, f, by accumulating the number of cycles, n, of the

Input signal that occurs over the time perlod, t, The basle counter elements necessary to per-
farm this measurement are shown In Figure 4-1, ' "

INPUY
SIGNAL

MAIN NECADE COUNTING
m{ DATE ASEEMBLIES

i MAIN GAYE
FLIP FLOP . DIEALAY

) . \

m DECADE ) .'

DIVIDERS

T 1ime aase
osciLLATOR ..

Flgure 4-1. Basic Elements of the Frequency Counter

41
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4-2

L

-9, INPUT AMPLIFIER AND TRIGGER = essentlally condltions the input slgnal to a form
that Is compntlle with the Intarnal clrcultry of the counter, As Figure 41 indicates, the autput
of the nlmplllﬂer/lrlgger Is a pulse trajn where each pulse correspends 1o one cycle or event of the
Input slgnal, | '

4-10, TIME BASE OSCILL)\TOR = |5 that elemeﬁt of the counter from which the time, 1, of

~equation (1) Is derlved, From equation (1) It may be seen that the accuracy with which t is

deteymined hns a significant effect on the mensurement accuracy of the frequency, I, The 5320A
employs a 10 MHz temperature-coniralled (oven-regulated) precision, crystal osclllator as the
time base element,

4=11, DECADE DIVIDERS — take the lime hase osciliator signal as the input and provide as
an ouiput a pulse trafn whose frequency is varfable In decade steps, The aperator can control
this frequency with the FREQ RESOLUTION, N switch, The time, t, of squatlon {1) s deter-
mined by the period of this pulse train, .

» 12, MAIN GATE = Is the heart of the ¢ ,'mter, When this gate fs opened, pulses from the
amplifler/trigger are allowed to pass throug b, The apening and clasing of the maln gate Is con-
tralled by the decade divider output 1o the main gate flip-flop,

4-13, DECADE COUNTING ASSEMBLIES — tatalizes the output rulses from the maln gate and
displays this total after the gate is closed, )f, for example, the gate Is open for precisely 1 second,
the decade counting nssemplles (DCA's) display the frequency, In Hertz, of the input signal,

‘414, Other hasic measurements the counter can perform are described in the following

paragraphs,
4-1.  ‘erfod

4-16, Perlod, the Inverse of frequency, can be measured with the counter by reversing the
inputs ta the main gate, Now the input signal contrals the duration aver which the main gate
Is open and the decade divider output Is counted by the DCA's, The duration of the count Is, of
caurse, one cycle or perlad of the Input signal (see Figure 4-2).

4-17, Unused decades In the decade divider chaln can be used to divide the amplifier/trigger
output so that the gate remalns open for decade steps of the input period rather than single
perlod, The Is the basis for multiple perlod averaging, Perlod and period averaging techniques
are used to [ncrease measurement accuracy on low frequency measurements, B

MAIN
BATE MAIN | PECADE COUNTING
. FF GATE ASSEMOLIES

\

INPUT
AN TRIGAER

Yy

DECADE
MWVIDERS

TIME BAS’E
OSCILLATOR

Figure 4-2, Measuring Perlod

" NOTE

The roles of the ampl),er/trigger and decade divider outputs are re-
versed In measuring the perfad.. This same configuration also serves

for ratio measurements with the second Input replacing the time base
asclllator, . -
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© 4-10, Ratlo

4-19, ny replacing the time base with a second Input of frequency, f,; the same canfiguration

as in Figure 4-2 can be used to measure the ratlo fy/f, For higher resolution the slignal at fre-
quency [ can e divided in decade steps in & manner ldentical to multiple perfod averaging,

4-20, Time lnleMl

4-21, Figure 4-3 shows the configuration for the measurement of ume between two events or
time interval, The maln gate Is now opened by the START input and closed by the STOP, The
decade divider output Is agaln counted and the dislay shows the elapsed Ume between START
and STOP signals, The measurement of time ine vl s considered In more detall In para-

graph 4-22,
4-22, TIME INTERVAL, RESOLUTION, AND AVERAGING TECHNIQUES

4-23, Time Interval, the measurement of the time between twz events, Is shown in the block
diagram shown In Figure 4-3, The main gate Is now cantrolled by iwo independent Inputs, the
START Input opening the gate and the STOP Input closing it, Clack pulses are accumulated for
START and 5TOP, This is shown In Figure 4-4, ‘

| MAIN -
GATE u] MAIN | BECADE COUNTING
FF : GATL ABSEMBLIES

DISPLAY

DECADE

VIME DASE
DIVIRERR

OSCILLATON

“Figure 41, Basic Elements of a Time Interval Counter
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I COUNT >

START

Figure 4-4, Clock Pulses

‘ : NOTE
In a time interval measurement, clock pulses are accumulated for the
duration the main gate is open, The gate Is opened by one event,
START and'closed by the other, STOP,
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4"'24. Resolulion 1 d

!
4-25, The resolution of the measureinent is determined by the frequency of the counted clock
(€8, 2 10 MHz clock provides 100 ns resolution}, The elements within the time Interval counter
(input amplifier, main gate, DCA's) must aperate at speeds consistent with the clack frequencz,
otherwise the instrument’s resolution would be meaningless, The 5326A counts a 10 MHz clac

3

4-26, Clock frequencles of 1, 10, 100-MHz, and other 10P frequencies, are preferred since the
accumulated count, with the appropriate placement of decima paint, glves a direct readout of
time Interval, This explains why the conventional time Interval counter js at present limited to
10 nanoseconds, a clock frequency of 100 MHz, 1 GHz Is beyond reach and a clack frequency of
200 MHz would require some arithmetle pirocessing of the accumulated count in the DCA’s to
enable time to be displayed directly, !

4-27, Time Interval Averaging .
' ' i )

4-28, This technique is based on the fact that i the £1 count error Is truly random it can be

reduced by averag?ng a number of measurements, Tte words "truly random” are sIgnificant,

For time interval averaging to wark, the time Interval must (1) be repetitive, and {2) have a

repetitton frequency which is a synchronaus to the Instrument’s clock. Under these wuriditions

ihe resolution of the measurement Jst '

o+
Resolutisn = &1 count

A
where N = purrber of time intervals averaged |

I
1

4-29, With averaging, resoluticn of a time interval measurement is limited only by the naise
Inherent in the Instrument, Ten picaseconds resolution can be abtained with the 5320A, Most
time Interval nvernglng.suﬂcrs one severe limitation; the minimum measurable time Interval
Is limited to the perlod'of the clock, This Himitation Is remoyed by cireults known as synchrao-
nizers which are used in the 5326A to meas|re Intervals as short as 100 plcoseconds,
|

4-30. The 5328A synchronizers operate as shown In Figure 4-5, The top wnveshapk shaws a
repetitive time Interva} which Is asynchronous to the square wave clock, When these signals are
applied to the main gate, an oulput similar zo the third waveform results (no synchronizers),

ote that much of this output results In transitions of shorter duratlci; ihan the clock pulses,
DCA's designed to count at the clock frequency are unable to accept pulses of shorter duration
than the clock, The counts nccumulamd(}n the DCA’s will therefore approximate those shown
i the fourth trace — the exact number of counts is Indeterminant since the number of short
duratfon J:rulses actually counted b+ the BCA’s cannot be known, Since the time Interval to be
measured is slightly greater than the clock period, the fourth waveshape shows that the average
answer will be in error, having been blased, usually low, because of the DCA's requirement of
having a full clock pulse te be counted, ! :

4-31,  This problem Is alleviated by the éynchronizers which are designed to detect Izading
edges of the clock pulses that occur while the gate Is open, The waveshape applled to ihe DCA’s,
when synchranizers are used, Is shown by the fifth waveform, The leading edges are detected
and reconstructed, such that the pulses applied to the DCA’s are of the same duratlon as theclock,

4-32, Synchronizers are a necessary part of time interval averagings without them the avep-
aged answered Is blased, In addjtion, It may easfly be seen that with synch, onizers involved,
time Intervals of much less than the period of the clock can be measured, This technique is only
as good as the synchronizers, however, The 5328A high-speed synchronizers erable Intervals
as small as 100 picoseconds to be measired, ‘
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COUNTS -
ACCUMULATED M L
IN DCA'S
COUNTS ACCUMULATED IN DCA'S ‘ .
WITI1 SYNCHRON)ZERS

Figure 4-5, Synchronizer Operation with Time Interval Averaging

4+33, There are occasional situations where time interval aversgling cannot be performed on
a perlodic signal, This prablem accurs when the input time interval repetition rate Is synchra-
nous with the Internal clack, : ’

4-34. SOURCES OF McASUREMENT ERROR

4-35, The major sources of measurement error are the 1 count amblguity, the time base error
and trigger error, These are discussed In the following paragraphs.

;

4-36, An additional source of measurement error may exist if the External Frequency Standard
Input s incorrectly used. The counter automutically switches to external mode when an external
Input of 1, 2,5, 5, or 10 MHz Is present, Cautlon should be observed to assure that the external
frequency standard Is of higher stability than the internal osclliator supplied with the counter,

When an external standard of 1, 2,5, or 5 MHz Is used, theinputis multiplied by 10, 4, or 2in order
* 1o obtain the 10 MHz required, Because of the multiplication factor, the signal should have a high

signal-lo-nalse ratio and a high slew-rale, otherwise errors may be introduced, especlally when
measuring higher frequencles with Channel C, A nolse free 1 MHz external frequency standard

‘requiring & muliiplication factor of 10 will casily meel the performance accuracy of 1 LSD rms,.

4-37, &1 COUNT AMBIGUITY, Since the signal input to the maln gate of the counter and the
clack Input are not coherent, an Inherent 1 count ambiguity exits in the count accumulated In
the decade counting assemblies, This s lllustrated by Figure 4-6,

CASE A CASE B
SIGNAL INPUT l-l ‘ ” ” ” | I | |
TO MAIN GATE ' - L —
SN SN vt 1y i
GATE OPENING ———— | |
_EIGNAL COUNTED . ﬂ ﬂ ﬂ

Figure 4-6, X7 Coont Ambiguity
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NOTE

The main gate is open for the same time, tyy,, In bath cases. Incoher-
ence belween the clock and the inputsignal can result in two different
counts which for this example Is nne for case A and two for case B,

4-36, FREQUENCY MEASUREMENT ERROR, The error caused by the ambigulty Is In ah-

- solute terms, 1 of the accumulated count, For a frequency measurement the signal counted is

the Input signaf of frequency, fin. Thus the relative error Is glven by
k1 count error, relative frequency measurement error

o

4-39, PERIOD MEASUREMENT ERROR, For period measurement, the signal counted Is the
Internal time base clack of perlod te, Hence the relative errop becomes:

*1 count etror; relative period measurement error

AT it
T Tin

(3)

4-40, MAIN GATE REQUIREMENTS, The 1 count error described above assumes the main
gate its ' does not contribute any error, As with any gate, however, the matn gate does exhibit
propay.tion delays and takes finite times to both switch on and off, Any diffa, ntial between the
times taken for the maln gate to switch on and off show up as uncertalnties jn the length of time
the gate Is open, This uncertainty In turn translates Into a measurement error that Increase the
£1 count, However, the uncertainty in the main gate of the 53284 s substantfally less than the
period of the highest frequency counted, so this error Is not appreciable. |

4-41, Time Base Error

4-42,  Any error in the time hase oscillator directly translates itself into a measurement error,
Thus, if the total of all the ascillator errors amount to 1 x 10+, the total error contrlbuted by the
tme base in the measurement of a 10 M4z signal Is 1 x 10-% x 107 = 10 Hz. Simllarly, for the
measurement of a 100-millisecond perlad, the error would be 4 x 106 x 10 = 1 x 107 or 100
nanoseconds.

. 4-43." Trigger Error

4-44, Nolse on the input signal will cause uncertainties In the point at which the Schmitt trigger
switches, Provided the nolse Is not large enough to cause false triggering (i.e,, cross both limits of
the hysteresis band which would produce mare pulses out of the Schmin trigger than input
cycles to [t) o significant error Is introduced In a frequency measurement,

4-45.  For period and timeinterval measurements, however, this uncertainty produceslike error
in the time the gate is open, since It Is this signal that contrals the gate.

4-46, In general the trgger error is defined as follows:

¢i2 + ep? \/f

Trigger Error = 1.4 Input Voltage Slew Rate at.{'rigger Point
Where ef = Elfective rams nolse of counter’s input channel (300 uV TYPICAL)
here en = rms nolse voliage of input signal for a 100 MHz bandwlidth

Note — The above assumes that bath start and stop signal slew rate are the same.

Trigger Level Timing Error {X1):

1/2 Hysteresls Band
Input Slew rate at START srigger point

1/2 Hysteresis Eand

+
~Input Slew rate at STOP 1. ‘gger point

T

| 1 [
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4-47,  For time Internal measurements, trigger errar Is generally negligible when compared to
the systematic error Introduced by the uncertainty in the setting of trigger levels, Averaging
reduces the trigger error still further {but not the trigger level undertainty error), The error Is
reduced by \/N for time Interval averaging and by N for perlod averaging.

7 p=—— INPUT SIGNAL

HYSTERESIS
" BAND

Figure 4-7, Nojse Induced Trigger Error

4-48. 5328A PRINCIPLES OF OPERATION

The 5326A Is organized Into four main operating sections (refer to Figure 4-8):

L

The main counter section

The Input section -

The power supply section

The Hewlett-Packard Interface Bus (HP-18) section

4-50. Each section operatesrelatively independently and communicates to the other through an
internal bus system, The two-way hus consists of 90 lines,

4-51, The power supply provides regulated dc voltage for the other operating sections of the
instrument. The main on-off switch of the instrument operates only the central power supply
regulator; the main ac power line is never broken, Unregulated dc s constantly fed to the oven
osclllator eliminating the need for time base warmup, The fan is dc powered,

4-52. Mafn Counter Section |

4-53. The main counter section on A1 Motherbaard contains all of the functional subunits of
a standard counter with the exception of Input signal conditioning and special Jogic, which are
contained in the input section. The decade counting assembly contains eight decades of BCD
counting loglc, latches, and output multiplexing logic. The time base assembly contains eight
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™ counting decades, output multiplexing logic, and synchronizers to generate precise timing
ol signals for the main gate. The oscillator section contains the input/oulput Jogic to accept an
 external signal via the rear panel or an internal signal from the oven-regulated crystal oscllf‘:tor.
= 4-54, The sample rate circuit controls the instrument display cycle, Inhibit, reset, main gate,
e transfet, and sample rate signals are generated in this circult, as Is the BCD digit address code
= for the strobed display, Generation of decimal point and anpnunciators and decoding of BCD
== data are accomplished by the display contral circuits, Data out of the decade counting assembly
= _ or the input modules s decodeJ) and displayed on the nine-digit LED display,
= __ R : .
——l 4-55. The A4 Function Selector serves as the main signal switch of the instrument, It routes
N input signals through multiplexers to the decade counting assembly and/or the time base, At
== the same time, it interacts with the display contro! circuits to determine the beginning and end
T Y of the display cycle, The precision main gate signal is created on the function selector through

interaction with the time base assembly, The function selector also has extensive Interaction
with the input modules, It Is the main receiver of the.high-speed data from the modules and
the originator and recelver of module arming pulises,

4-56. The flexibility of the 5328A comes from the ability of all these operating subsections to
accept diverse data from Input modules. This Is accomplished through the use of a 4000-bit
read-only memory (ROM) as the master contral of the instrument, Located In the main counler
section of the instrument, the ROM accepts the four-bit function code and the three-bit time
base code from the front-panel switches or the HP-IB remote programming board. The ROM
genera“es 32 bits of output data which are transmitted throughout the Instrument to sel-up each
subsection for the particular measurement situation,

t

4-57. Input Section 1 ’

f

4-58, The input madules are the main interface between the Instrument and the outside elec-
tranic enviranment. They accept input signals and convert them into the proper form to be
handled by the main counter circults,

4-59. The middie area of the input module section provides the 5328A with extended fre-
quency capabllity (Channel C). A 500 fuse-protected 500 MHz amplifier and Schmitt rigger
feed the 500 MHz decade, Latches In this section strobe the ninth (least-significant) digit from
the module onto the data bus and into the display. In functions not requiring an input from this .
modLLIf, !:‘OM lines deactivate the output strobing circuitry and the ninth digit on th» display
goes blank, : '

4-60. Hewlett-Packard Interface Bus (HP-IB) Section

RN

4-61. The fourth section of the instrument, the HP-IB assembly pravides for control of the
cotinter by the HP-IB, Connected to the main instrument bus through a ribban cable, the -
internally-mounted HP-1B board controis function, time base, cycle rate, arming, and other

controls in the instrument. '

I o Ll B

4-62. A1MOTHERBOARD

4-63, The A1 Matherboard consists of five sections, as follows:

a. Display control, :
b. State control, | '
S ¢.  Osdllator,
d. Decade Counting Assembly,
e, Time Base,

vt il
| AT
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4-64. Displ-; Conirol

4-65, The display contral section on A1 Motherboard acts as an Interface between the A16
Display board and the other circuits of the counter,

4-66. The outputs of the A16 Display Board FUNCTION and RESOLUTION switches go to the
ROM (A1U37), The outputs of the ROM position the decimal point and annunclators in the dis-
play and provide contral functions for other circults of the counter, Data from the data bus [s
tr:msl:mzt!J from BCD to seven-segment form In decoder U41 and sent to the display which is
strobed by U39, U39 decodes the digit address cade from BCR to one of 10 forms, Leading zero
blanking Is provided by the latch comprised of U328 and U40B, Latches U25, U26, U27, and
U31 pravide outputs related to function and time base cades for use in other sections of the
tnstrument, '

4-67, State Control

4-68, The state contro} section comprises circuits U1, U2, U3, U4, and U5, Decade Counter
U1 generates the digit select strobe cade for the display, Circuit U4 recelves the Sample Rate
signal and generates the maln Ruset, Transfer, and Inhibit signals,

4-69. A3 OSCILLATOR SUPPORT

4-70.  An oven-temperature-regulated crystal oscillator {A3A1) supplies the precision 10 MHz
time base signal In the 5328A, The A3A1 crystal oscillator (also designed HP 10811-6011T) isn a
rectangular metal enclosure which plugs into the A3 Oscillator Support, The A3 Oscillator
Support In turn plugs in the A1 Motherboard,

4-71, A3 Osclllator Circuits

4-72. On the A3 Qxcillator Support, five separate functional circults are provided:; a vollage

_regulator, an external signal detector, and amplifier-multiplier,a multiplexer, and a 16:1 divider.

Integrated clrcult U3ls a votlage regulator which regulates the 25-volt power at about 13 volts for
the oscillator, External signal detector U4C will detectif an external signal {1, 2.5, 5, or 10MHz) Is
applied to the 5320A rear panel EXT OSC IN cannector and send a signal, U4C{13), 1o cantrol the
U2 multiplexer. If an external oscillator signal s applied, the multiplexer selects the external
signal for the 5328A time base, If only the A3A1 10 MMz signal is available, It Is used for the time

_ base. U4A and B produce o 10 MHz output, U4Bi5), with either 1, 2.5, 5, or 10 MHz input, The

AJA1 10 MHz is divided to 1 MHz by U1 for the rear panel 1 MHz QUT connector,

The rear panel 10 MHz OUT and 1 MHz OUT are both ahways
derived from the HP 10811-60111, A3A1 Osclllator,

473, | A3A1 Oscillator (HP 10611-60111)
’

4-74. "iihis oscillator is a fleld-repairable module and Is described in its own Operating and
Service Manual, HP Part Number 10873-90002,

4-75. DECADE COUNTING ASSEMBLY (DCA)
i

4-76. The 5328A DCA comprises Decade Counter/Latches (U10 and U14) on the A1 Mother-
board and UJA, U3, and U4B on A4 Function Selector Board, The motherboard contalns output
e¢nable circuitey (U6, U7, and U9) for controlling the counters output data, signal overflow

| Indication, and 4ircuitry for strobing data Into the display (U41), The data output of each Decade

Counter in the DCA corresponds 1o a digit on, the display, The first Decade Counter in the

' sequence of operition carresponds to the least-significant-digit and the last of the most-

significant-digit, Digits 0 through 5 are processed by U10, digit 6 by U14, and digit 7 by U12,
! | | i
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4-77,  All measurements performéd by the 5328A result In pulses being counted n the DCA,
Pulses are admitted to the DCA by way of the Main Gate FF on A4 which Is elther controlled
by a Gate Out signal from the Time Bese (A7U19) or held apen by the HOPN signal from A1U25,

4-78, Data strobe signals, transfer puises, reset pulses, and an output disabling signal are
routed to the DCA via the 5328A State Control Circultry, These signals are processed In the
DCA and are used to control transfer of the ~ounter’s autput data to the latch autputs, strabe
this data onto the Data Bus, disable the outputs that feed into the Data Bus, and reset the
counters after a measirement cycle is over,

4-79. TIME BASE

4-00, The 5328A Time Base crcuit’ comprises an B-decade divider U231, shaping flip-flop
U19A, and Synchronization flip-flop, U198, The Time Base Input, depending on the particular
measurement being made, is elther the 10 MHz system clock or the Channel A or B input signal,
These signals are routed to the Time Base Input via the ROM-controlled Time Base Multiplexer,
U10 on the A4 Finction Selector board,

4-81,  The Time Base circuit has two modes of operation consistent with the two types of inea-
surements performed by the 5320A, For frequency and time interval type measurements, the
Time Base circult generates a gate during which either oscillator or input pulses are counted,
For totalize type measurements, the Time Base circuit divides its input by N as set on the
RESOLUTION, N switch an the front panel and outputs the divided signal to be counted In the
DCA, The outputs of the Time Base circuit, corresponding to both aperating modes, are gener-
ated simultancously, Regardless of the type of measurement being performed, these autputs
are made avallable to the A4 Function Selector which selects the proper signal to perform the
function, :

4-82, The length of the gate time generated by the Time Base circuit and the scale factor of
the Time Base Input is determined by the Time Base code, The 5328A Malnframe ROM reads
the cades of both the Time Base (RESOLUTION, N) and FUNCTION switches and outputs the
proper cade to the Time Base such that measurement resalution and scale factor agree with
the Information In the various {(RESOLUTION, N} switch pasitions,

4-83. A2 POWER SUPPLY

4-84, The power supply has five output voltages: 45, -5,2, +15, =15, and +3,5 volts, dc. The
+5V and--5.2V circuits are essentlally the same as are the +15V and -15V sections, so anly the
pasitive voltage sections will be described, '

4-85. +5V Supply

4-86, The 5V supply Is a switching regulator that has greater efficlency than a linear regu-
lator of the same output, When the cutput voltage Is below its nominal level, comparator U1 sees
Ite + input being above its - input and hence its output goes positive turning on transistor Q5
which in turn turns on Q3 and Q1. The valtage at the collector of Q1 now gaes high (greater than
17V) and current starts to build up through L1, charging the output capacitor and increasing
the output voltage, At the same time positive feedback is provided via resistar R11 to malntain
the situation until the output gaes slightly above +5v, When the voltage reaches this point the
comparator output voltage starts to fall turning off transitors Q5, Q3, and Q1 causing the volt-
age at the collector of Q1 to fall, This provides positive feedback via resistor R11 to reinforce
the charge, As a result, transistors Q5, Q3, and Q1 are turned off hard, and the voltage at the
collector of Q1 goes negative, except for diode CR3 which clamps the voltage to ground, During
this part of the cylce, current flows through diode CR3 and coll L1 allowing the energy which
has been stored in the field of L1 to go Into the load, This goes on until the output voltage again
goes low enough to avercome the offset at the Input of comparatar U1 and turn transistor Q1
on again, ‘ ‘

LI
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4-07, +15V FAN POWER, The +15V supply Is a simple tnear regulator using transistor Q7 as
the pass transistor, Transistor Q2 pravides Jeve) shifting and current gain while U3 is used as
comparator and gain block, The 5326A caoling fan motor recalyes power from A20, A20 s a
seale. unit which produces an alternating current from +15 volts input,

4-08. The +3,5V supply is also a sim(rle linear regulator with the operational amplifier section
of U5 being used as a comparatar and gain black, Resistor R32 provides overcurrent limitiny to
protect against shurts,

4-89. A4 FUNCTION SELECTOR

4-90. The A4 Function Selector serves as the main high-speed switching module of the 5328,
It receives high-speed differential ECL data frm the Main Bus (from the madules that process
the signal Input) and routes that data to either the Time Base or the DCA, In addition, the Main
Gate FF, the Arming Multiplexer and Arming FF, and the First Decade of the DCA are on the
A4 Function Selector assembly,

NOTE
Ref?r to Table 8-1 for definitions of mnemonics,

4-91. High Speéd Multiplexer, Main Gate, and 1st Decade

4-92, High speed multiplexer U6 serves as the main multiplexer and routes the following
signals, to the 1st decade of the DCA} A, B, GATES OSC {GO5C), C, DVM, TIME BASE QUT
(TBO), and OSCILLATOR (OSC). ROM lines IA, IB, and IC control the active address of the
multiplexer. Pin 2 (enable) of the multiplexer serves as the Main Gate, The Low Time Interval
(LTIF}, Low Main Gate *(LMGF), or {LTOTeLST), signal operating through U8 and enabled
by ROM lines LMGF, LifF, (LTOTeLST), respectively contral the Main Cate, In addition,
ROM line HOPN «1n averride LTIF or LMGF and lock apen Main Gate U6{2) through UBC, Main
Gate status is detected and sent off the A4 Function Selector by ECL-to-TTL translator U2D,
Capacitor C11 and resistor K35 serve to stretch any ECL gate signal present at U2(10) so that

the slower TTL control chip A1U4 and gate light one-shot (Q6, U36B, E} can sce the pulses and

properly react. UBD differentially drives bus lines MG and MG to opesate the remate Main Gate
of Channel C.

4-93. The output of the main multiplexer U6{15) feeds into first binary U1 of the main DCA,
UTA Js an ECL High-Speed binary the output of which couples to pins 1+ and 15 of ECL-to-TTL
trar slator U2, The TTL output of U2(13) clocks Schottky quinary U4 and U3, The outputs of the

first decade U3{9), U4(9), UJ(SL, and U2{13) travel off the A4 Function Selector board to the

DCA on the A1 Motherboard w
the DC_A.

ere they are latched and the carry feeds into the next decade of

4-94, Armfng‘i'nulliplexer and Arming FF

4-95, The Arming FF, the second half of U4, serves to inhibit varlous measurements by en-
abling or disabling T...)e Base Multiplexer U10 and the synchranizers in the Universal Module,
This action occurs via the High Disables Syncrhonizers (HDS} signal from U4{6). The signal
which sets or enables U4 comes from Arming Multiplexer U5{6). ROM lines control U5(10, 11)
while the remaining address line (pin 9) Is controlled by the Low Arm (L ARM) signal from the
rear panel ARM switch. U5 thus selects elther C-ARM, B, B, or free run (+5V) as the signal to
send to U4 as the Arming signal, The A and B signals are derived from ECL-to-TTL transiator
U2A and U2B, respectively, Capacitors C4 and C5 and resistors R17 and R18 serve as pulse

+ stretcher timing elements to enable the narrow ECL pulses on lines A and B to.be seen by the

12

TTL Arming Fir U4,

3
1

e i



Il d e i
it E oL

Wl | o

L

Ly Dl

HP 5328AH99
Theory of Operation

4-96.l Time Base Multiplexer and Main Gate FF

4-97, Time Base Multiplexer U10 select cither A, B, ar OSC ta send the Time Base Input (TBI)

signal via pin B8 to the Time Base, This same signal Is also sent to U1, the Main Gate FF, as a
resynchronizirg signal, ROM lines R{HTBA), R{HTBO), and R{HTBB) cantrol the selection of
the Time Base Input signal, The HDS signal to U10{3) or ROM line LTOT to U10(1) serve to
enable or dis *ble U10, -

4-98, U1B Is a high-speed ECL FF used to generate precise stable gate times for the Main Gate
Multiplexer UB and the remate gate in the Frequency C madule, A TTL replica of the Main
Gate signal (GATE QUT) Is generated In the Time Base and sent to U1 via the line Main Gate
Synchronizer on the Matherboard, Resistors R14 and R438 translate this TTL signal down to
ECL levels at U1{10), The oulput of Time Base Multiplexer U10 via resistors R42 and R43D and
capacitor C16 clocks U1{11) yielding a synchronized fast rise and fall time Main Gate signal

4-99. An Example of Operation

4-100. To show how the abave mentioned function selector circuits operate together an ex-
ample of the measurement of frequency A Is given In the following paragraphs.

4-101. Assume the counter Is in the middle of its display cycle. Low Inhibit {LINH) Is TTL
low, High Reset Time Base (HRTB) has momentarily gone high resetting U1 and U4 and High
Reset Decade {HRD) has momentarily gone high resetting First Decade U1, U4, and U4, The.

control chip on the Motherboard releases LINH to go high. U9{13) gaes low enabling Arming

Multiplexer U5. Assuming that self arm has been selected, A will have been selected by the ROM
on pins 9, 10, and 11 of U5. When the first A pulse occurs U4(4) goes low setting U4, U4(5) goes
high turning on transistor Q1 which in turn pulls LINH low again and inhibits another measure-
ment from starting uniil Reset has occurred. In a frequency measurement, the ROM selects the
Oscillator signal on pin 2 of U10 to be sent into the Time Base, Shortly after the Time Base re-
turns, a high signal on Main Gate Synchranizer drives U1{10) high, On the next Oscillator
signal {through U10) U16{11) gets clocked causing U1{14) to go low. This low signal propagates
through U8{B and C) to U6{2) opening the Main Gate and initiating the count. Signal A has
been selected on U6 by ROM lines R22, 23, and 24 thus each A event is counted into 1st decade
U1A, U4A, and U3, ! ‘

4-102.  After the appropriate gate time has eiapsed (N clock counts into the Time Base) the
Main Gate Synchronizer sigrial goes low and the next Oscillator signal clocks Main Gate FF
U1 closed. U2{10) detects the closing of the Main Gate and sends a TTL signal (LMGF) to U4 In
the State Control section of the A1 Motherboard which Initiates a new display cycle, -

4-103. A16 DISPLAY ASSEMBLY

4-104, _ The Display Assembly contains the display, as shown in the block diagram in Section
Vill, in addition to switches 51 (POWER}, 52 (RESET), $3 (FUNCTION}, 54 {FREQ RESO-
LUTION, N) and SAMPLE RATE control R6 as shown in the schematic diagram in Section VIII,

4-105. The display consists of a nine-digit seven-segment LED numeric display (DS$1-DS9)
and annunciators for indicating measurement units (D$10-D$16) in addition to overflow {D$17),

remote (D518), and gate (D519). The display digits and annunciators are automatically dis-
played with the correct decimal point. |

4-106. The digit address code from A1U39 on the Motherboard Is applied to transistors Q1
through Q9 to strobe each digit which receives the seven-segment code from A1li43 through
transistors Q13--Q20. The gate (DS19), remote (DS18), and overflow (D$17) LED’s receive
signals from the Motherboard through transistors Q10, Q11, and Q12, respectively. ‘
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4-107, REMOTE CONTROLLABDLE (PROGRAMMABI.E) INPUT BLOCK
DIAGRAM DESCRIPTION

4~100, 1n the local mede, the A19 Switch Control baard generates TTL levels that control the
A12 signal conditloning relays, These levels allow front panel control of A and b chanrei input
signal conditioning, TEe A19 board accepts inverted A and B channel slgnals froray the A12
board, These signals are routed through pulse stretcher and driver circuils to the A and B chan-
nnel trigger LEDs lacated on the A19 board, The nverted signals are also translate J from ECL to
TTL Jevels and supplled to the A and B marker outpuls, R

4-103, Input clrcultry tor the A and B channels Is on the A72 Amplifier board and part of the
A0 Synchronizer board, The A12 hoard contalns the 100 MHz A and B channels with signal

R condltioning SLOPE, AC/DC, ATTENUATORS, SEP/COM, amplifiers, and Schmitt triggers,

Slgnal conditioning clrcuitry Is controlied by relays K1 through K12 synchranlzing circultry for
perlod and time interval type measurements, The A, A, B, B, T, T, GOSC, and GOSC outpus,
from the A10 board, are routed to the A4 Funciion Selector,

4-110, The programming interface section of A10 board s used to allow remate control of all
Input signal conditioning relays, The A1 DAC board cantains two [dentical DACs, A and B
channel, that allow remote control of trigger levels, The outputs of these DACs are supplied to

_a relay on the A12 board, In remate, the relwy cannects these DAC levels to the Schmiit trigger
“ontheA12board, There are two modes of acv.epting remote commands, the non-DAC and DAC

control mades,

4-111, When the 5328A goes into remote, front panel switch contral is disabled, At the same

* time, the programming Interface takes control of the Input signal conditioning relays, In the

nan-DAC control mode, the Interface accepts and decades serial data bytes, stores the infor-
mation in latches, and control signal canditioning via the latched outputs,

. !
t

AlD !
EWITCH CONTRO!

v .
' 1

' Figure 4-9, Remate Controllable (Programmable) Input Block Diagram
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4112, When the Interface recelves a data byte, for control of trigger levels, it goes inta the
PAC cantrol mode, This is a result of the interface recelving a + or - an its input data lines, Once
In the DAC control made, the programming interface Intcﬁns disregard the information at thelr
Input, Simultancously, the infoarmation, on the Input data lines (MDA-MDD) Is accepted by the
AT‘ DAC bﬂﬂfd;

4-113, The A11 DAC bomd shifts the polarlly Indicator and three following numerical bytes
of informatfon into its shifl reglsters, Following the polarity indicator and the three numerical
data bytes, an asterisk (*) sppears on the MDA-MDD lines tsee Table, =7 for proper format),
The asterisk causes the programming Interface 1o revert back to the non-PAC control mode,
In this mode, the AT1 board stops accepting data, and the programming Interface latches agaln
accept the input data, ,
Table 4-1, HP 5328A Input Clreult Program Code Set

Pragramming Is accomplished ns detailed In Section Il with the additlons below, Codes
shown underlined are start up conditlens, These canditions are set by the code "'P, Remate
Programm Inltlalize, or by the bus commands Ruvice Clear, ar Selected Device Clear,
Commands 1o A channel are preceded hy A
Commands to B channel are preceded by B
Trigger levels are programmed using the following format
X,y 2°
Where X is valts
Y is 104 5 of my
Z s 10 x of my
* js used 19 terminate Inputs to the DAC's
Control Function Code
Caupling AC 2
' bC 3
Slope 4+ 4
: - 5
Atten X100 1
X10 6
X1 7
Separate/Com Separale AB
Common A A2
NOTF,
Underlined codes are default condltions,
Invert Normal B8
' A&B Inverted B9
The check function overrides all other programming commands for A&B channels,
. EXAMPLES: '
The instruction:
wrt 707, 'PF1G58137A3579-1,25°B37+1,65°R"
Input circults related programming informatlon
Will program a 5328A with listen address of 9to:
Function ,
Peremae Inttalize Charnel A Channel B
L Time Interval Avg A 1o B DC Cottpled DC Coupled
Multiplier 108 ~Slope X1 Alten
Multiple measurement X1 Atten Trig Level +1,65V
.- Continuous Cycle Common A +5lope
Manualsampleratecontrol  Trigger Level -1,25V
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4-114, The A1 DAC board processes the four serfal data hytes, and praduces one parallel
RCD output, The BCD autput pravides the Information for gencrating a square wave trafn by
using a series of rate multipllers, The square wave tratn has an average duty cycle proportional
to the input code supplied 1o the rate muitipllers, This square wave train switches on a pro
clsion current source that feeds a voltoge ayerager to produce a de output,

4-115, REMOTE CONTROLLABLE (PROGRAMMABLE)
INPUT SCHEMATIC. THEORY

4-116, Theory of aperation tor the programmable Input secdon |s glven in the following
paragraphs, ‘ ‘

4-117,: A19 Swlich Control Board

4-118, In local made, <0,7 volts is applied ta switches §1-58, This potentlal allows the switches
to control their respecilve functlons by supplylng an active low available at each switch, In a
clased switch pasition, the -0,7 valts will forward-blas the assoclated diade, pull the anode Jow,
and cause a low to be sent ta the smplifier board through J3,

. 4-119, Inremote mode, the -0,7 valts switches to +5 volts, only allowlng the autput lines, trans-

mitted through J3, to be high. When a switch |s apen, the pull-up resistor on the line causes Jt
to go 2[32. When the switch Is closed, the associated diode is reverse blased and the line re-
mains high, \

4-120, Trigger LEDs, DS and DS2, are driven by the inverted A and B outputs of the Schmitt
trigger (A12U4), These signals enter pins 14 and 10 of ECL-to-TTL translator U1, Feedback
capacltors CB and C9 stretch the 5 nanosecond ECL pulse to approximately a 25 millisecond
TTL output pulse, This 25 millisecond pulse Is of long enough duration to be seen, and fs used
to drive the trigger LEDs, Since this pulsestretcher is dc coupled to the Schmitt trigger, It functions
like a loglc prove with adjustable threshold voltage, When Channel A input is higher than the
trigger level setiing, the trigger LED Is ON, When the input Is lower, the LED s OFF, and when-
ever it passes through the trigger threshold, the LED flashes on or off depending on the polarhty
of the input signal, -

4-121, The 5 nanosecand Inverted A and B outputs are also applied to pins 2 and 6 respectively
of U1, The slgnals are Iranslated from ECL 10 TTL levels and connected to the marker outputs, |

4-122, A12 Ampllfier Board

4-123, Since both A and B channel circultry are identical only the A channey will be discussed,

4-124, Input signal A enters A12 through J2 and depending on relay K7 is either ac caupled
through capacitor C30 or dc coupled acrass relay K7, The signal then enters the three position
attenuator (X1, X10, X100) and is passed from the selected attenuation nade through elther K2,
K3, or K8 to the Input of the FET impedance converter stage, Diodes CR5 and CRS, resisto;s R39,

~ R37, and R34, and capacitors C23 and C24 form an overvoltage protection network to limit the

signal sent to FET transistor Q3 and successive circults 1o +2.61 volts maximum, The signal at

‘the nade between reslstors R30 and R32 follows closely the signal at the gate of Q23A, A poten-

tiometer fs used to adjust any Initlal offset voltage,

4-125. SEP/COM A relays, K4 and K5, cannect the input of the B channel attenuator to either

.:the A or B channel inPuts. The signal then pases through U4, a dual Schmitt trigger, Trigger
d

U4B compares the signul at pin 9 to a dc reference between +2.5volts on pini0, Thisdcreference
Is selected by K1 and is supplied by eithenthe A11 DAC board or by the A19 3witch Control board,
The output of U4 changes state whenever the Inbut crosses the reference voltage on 1J4(11),
The output Is ECL (~-0,8 to'~1,6V) and drives botﬁ the A trigger LED circuit on the A19 board
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and the axclusive OR gate U2, Schmitt trigger U4 has, n:proxlmmulr 15 mY peak-lo-poak
hysterasls at its input, Exclusive OR gate U2 [s used to select the desired shope of the inpi..

. waveform, When pin 7 of U2 Is held to an ECLL high level (SLOPE switch In + position), U2 acts

as an inverter, when pin 7 goes low {SLOPE switch Ih the - positloni. U2 does not invert the
sighal phssing through jt,

I

4-126, Input signal conditioning control Is accomplished by inverters U1 and U3 and relays
K1—K12, This control Is supplied from elther the A10§ snchronlzer board or the A195witch Con-
trol board, When the 5328A Is In remote, relay contral ﬂs recelved through )1 from the A10boird,
in the local mode, relay control arrives via P2 from the A19 hoard, Since all of the rejay control
lines contain inverters, relay activatton {s caused by a high at the input, '

Lﬂ?. A10 Synchronizer Board

4-128, The differential A channel outputs from A12U2 feed through connector P2 pins 7 and 8
respectively to U1, Circuit U4 s o one-shot that only triggers on a negative edge, and sherefore,
passes only trigger events that occur on the slope selected by A1202, The outEut ol U4 pin 15
is an ECL pulse of nppr’oxlmatelz 5-—10 nanoseconds width, In the FREQ A check mode, the
ascillator sighal from U1{2), (¢

10 U10{13), The no,mal A Input entering U10{12) Is disabled at A1204 by LCHK being low, The
osclllator signal at U10(13) is passed through U10C and U10D to U171 a dual 4 to T muliiplexer,

-In a noninverting made, multiplexar U1 always routes the A channel signal to the start syn-

chrorszer UGA, In a perlod function, U11 routes the A channel signal to the stop synchronizer
U6B, For time Interval measurements, the B channel signal Is supplied to stop synchronizer UGB,
ROM line R6 cantrals the stop synchronizer input switching, In remote, HINV, from U11(7)
allows the A and 8 channel outputs of U11 to be inverted, The oulputs of UTIA feed U12A
which drives the A and A oulpuls to the A4 Function $elector,

4-129, In T, T) AVG, PER, and PER AVG functions, U5, U6, U12, and U13 are used to gener-
ate synchranlized time interval and gated oscillator pulses for the mainframe. After a reset pulse
arrives on_the HDS line, the RS FFs U5 and U12 and D FFs U6A and UGB are reset, At the same
time, the TT and GGSC outputs are at an ECL high, When a start event enters USD pin 12, it sets
the U5A output to U6A pin 7 high, The next clack pulse to U6(6) will cause UGA pin 3 to go low,

This pulls the T1 output fow, signaling to the function sclector that the time Interval has started, .

When TT goes low, GOSC (U13B) starts to output osclllator pulses, When a stop event occurs
at U5(10), the output of U12C goes high. This, synchranous to the next clock pulse, sets U16{15)
high. When U16(15) goes high, the T and outputs go high, stopping the time interval
measurement. The Q output of UGB through U13C, U148, and UT4A resels all FFs and thus
prepares them for the next measurement.

4-130, - ROM line RLE(HC), connected to U14(11) by R6, Is used in nertod measurements, This
line Is set low in period, and holds the stop FF (U5C and U12C) off untll the start synchronizer
U6A clocks a high to its Q output, ' .

4-131, In a PER AVG function where time base scaling takes place, ROM line RL5(T10) Is
driven high. This TTL high Is converted to an ECL high, by resistors R18 and R21, and applied
through U4D to U12(1)), This causes the stop synchronizer flip-flop (U5C and U12C) to remaln
in a reset condition, : : _

4-132, The programming interface has two operational modes, the non-DAC and DAC control
madzes, These modes refer to the operation of the interface with respect to incoming data,

* When the incoming data is for control of signal conditioning (not triggs" leve!) the interface
will be in the non-DAC made, Theinterface will be in the DAC control made when incoming data

Is far DAC (trigger level) control,

er 10 MHz or 100 MHz as selected by 51) Is injected via USB

4-17
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* applles,

A=133,  When the 5320A gous into remote, LEXT goes tow, The low, on LEXT, causes the QupLt
of A1 Motherboard switch control clrcult to go from -0,7 volts 1 +5 volts, This change, disables
front panel switch contral on the A16 and the A19 boards, Whan LEXT Js low, U17{4) connecied
lo trl-state buffers U2 pln 1 and UB pines 1 and 15 Is also low, This low, returms the aulpits of
tri-siate buffers, U2 and U9, 1o thelr active state, With the utputs of U2 and U9 enabled, the
outputs of addressable latches, U and W15, contral the A12 signal conditioning relays,

4=134, The interface Is reset by a high on the HRPR line, This high Is generated by the A15
HP-IB Interface Board when It recalves an ASCI *p»,

A-135, When the interface Js reset it defaults to the non-DAC contral morde, The resel cases
the Jatched outputs of UB and W15 1o Bo low, This sets 17 plns 9 and 10 law, giving a low at
U17(8), The low st U17() Is connecied 1o UZ), where It causes the Interface to be iy the non-
DAC made, The low at Ui7ib) Is also connected 1o clock multiplexer U16(1) where [t causes U16
to route clack (LMS) pulses 1o only UB or U15,

4~136,  Clock multiplexer U16 decodes the MA and MB lines, from the A15 board, to determipe
whether the input data byte, on MDA-MDLD, is A or B8 channel Information, It then roules the
clock pulsa to UB{14) for A channel information, or to U15(14) far B channgl Information, The

clack pulse, fatches the information into the Intended latch,

4137, After reset, the Interface defaults te-al} of the underlined funcilons In Table 3-3 Pro-
gram Code Set. To change one of the signal conditioning contrals it Is necessary Ie pragram
that function, - \ :

4130, As an example, assume & Channel A function setting of X1 ts desired, This means tha,
an "A7"” must be Included in the data string sent by the system contraller to the 53284, When the

A" is decaded by the A15 HP-IB Interface iteauses the MA line ta be high and the M)} Jine to
be low, The MA and MB lines are decoded by L6 and Jt routes the fallowing clack pulses 1o U,

4-133, When the"7" Is sent, 1110 appears atthe Input of ROM U7 on MDA-MDD ‘mépcctlvely.

As shawn In Table 5-28, the 1110 pt the Input causus an output af 000011 on U7 plns 1—6,

. 1 " ‘
4-140, The clock pulse artives at U8(14) and latches the high on Ug{13) to UB(B), The High on
U&(5) js.bulfered by US and appuars at pin 13 of Jts ourput, T e hlgh at U9(13) s Inverted on the
same function as Channel A, . .

4-141,  All hon-DAC Information Is latched in the same manher, 8 channel infarmation Is

latched into the autputs of U15, It has the same code Inta U7, and thus the same code out of U7,
for the same function as Channel A, : ' | - _

4-142. Refer to Table 3-5 Program Cade Set for theJ:rdpcr format to progr;ﬁz a trigger leval,
The proper format Is +X,YZ*, and follows an A and B which Indlcates to which channel it

)
4-143,  For the following discussior, assume a trigger fevel js programmed, following the.
praper format, and preceeded by an "A”, The Interface resets ta the hon-DAC mode when the

A15 board receives an ASCI! "P” from the system controller, When the A15 board recelves the
"A”, the MA linels set high and the MB line s set low, U16 decodes the MA and MB lines, in the
hon-DAC made, and clocks the A channel latch Us, o

4144, When a + or - appears on the MDA-MDD lines, a high Is latched Into Ua(12), Latching
occurs on the positive clack pulse trunsition from U16, The high at U8{12), will cause U37{g) to
go high, U17(8) Is connected to U7(14), where the high changes the Input address to ROM vz,
and lorks the interface into the DAC control mode, The high at U17(8} is also connerted to
- U16(1), A high at U16(1) causes U16 to supply clock pulses to efther the A or B channe: DAC,
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* Since the conditlon of the MA and MB lines remains the same, the Channel A DAC recolves
the cock pulses, On the negatlve transition of the clock pulse, the + or ~ Is shifted into the A
chanhe! DAC shift reglsters A10U7 and U1,

A-145, Following the format, the next data byte on MRA-MDD will be n number, The MDA~
MDD lines supplied 1o U7 are plso conpectad to the A11 DAC hoard shift registers, Since the

- Interface is in the DAC mode, nelther U or U15 are clocked and thus disregard data on MDA~
MDD, The number is clocked Into the A channel DAC shilt registers, The condition of the MA
and M3 lines, determines which DAC Is clocked and accepts the number, FollowlnF the first
number, a decimal appears at the Input to ROM U7, When U7 decodes the decimal, it sends
U2(5) high, This high, applied 1o U2{15), causes U2 to hlock the clock pulse assoclated with the
decimal data byte, In this manner, the DAC disregards the decimal, ‘

4-146,  Following the format, two more numbers are Input, serlally, and each clocked into the
A channel DAC ﬂtllt reglsters, The final character in the siring, an ‘asterisk {*), appears on the
input data lines 1o U7, When U7 decades the asterisk, U7(5) goes high, again blocking the
positive clack pulse transition 1o the A channel DAC, This causes the A channel DAC to disre-
gard the *, Simultaneously U7(6) gaes low, allowing the negative transition of the clock pulse
1o Jatch the low at UB{13) Into UB{12), The low at UB{12) causes U17({8) to go low, returning the
Interface to the non-DAC control mode,

4147, A11 DAC Dinard

4-148, Since the DAC hoard contains two Identical DACs anly the Channel A DAC will be
discussed, For the following description assume the Channel A DAC Is programmed for a
+2,22V trigger Jevel, Refer to Program Code Set, Table 3-5, for an explanation of the format,

s : 4-143, The firsticiata byte, a +, pppears on the input data lines MDA-MDD, This data byte is
o - supplied to the Inputs pr shift reglsters U7 and U171, An LMS clock pulse routed through A10UG,
o applled toU7 pin 1, shilts the + into U7 and U11, The next three data bytes, all two's, are shifted

© % into U7 and U1 In the same.manner, -

i . ). b
4-150," With' the + and'the threa numerald. shifted into U7 and U11, the shift registers pravide

- parallel BCD ouiput, This p;ynllel output Is dtatic until the A channel DAC Is reprogrammed.,
- " The parallel output is supplied o the input of rate multiplier chaln.UB, U9, and U10,

Vo i 4','." Joy ; . . |
44151, Clrault UZC dnd related camponents sre donfigured as on oscillator, The oscillator
~, output Is couplad through Q7 to the clogk input of rate multipliers UB, U9, and U10, The clock
signal is also eupplied through Inverter USDi 1o O-FF U2A, which Is used as a synchronlzer and
- wave shiper, ° B F‘ [T AR A

L s [
i if i “ !

4-152,  With '1000 pulses entering pin 9 of cach. ratdi multiplier, the output at U10(6) will be

222 pulses, These pulses are supplied throygh level shifter anil inverter USB 10 U2(12). The in-

~ *put pulese are synchronized and shaped by:U2A, The Q and Q 'optputs, from U2A, supply level

- shifter networks compased of resistars' R31,,R34, and R36, R39, and R39, The pulse outputs
L from the level shifter networks arrive at the cathode of CRE pnd the anade of CRS,

4-153. The + shifted into.U11, couses UG pins 2 and 6 to go high,'The highs, on pins 2 and 6,
O cause pins 1.and 7 to go low, The low at U6{1), causis CR17 1o be forward blased, Forward blas-
Ing CR11 causes UBA to sink all of the current from thie positive current source, This disables
the positive current source U3A and Q3, With U6{7) tbw, CR12 s rew;rjse' bjased enabling the
. T i

negatlve current source U3B and Q4, - o, ,

P ‘ " 454 The signal at the anede of CRB Is the Inverted 6qlpm from the Fate ﬁ;ultlpllers. When
o the anode of CR# Is low, CRE Is reyerse blased, and current flows through CR10 Into U4{2), When
L b the anode of CRU Is high, CRB s forward blased and current flows from Q4 through CRB.

g I " . ~ 419
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1155, Averager Ud canverts the current pulses supplied via CR10into a de autput voltage, The
Average generntes the output voltage proportional to the duty cycle of the Input current pulses,

4-156, Al Channel C Input

4-157, The AB board contains drcultry to amplify and detect Input signals up to 500 MHz, a
:{lviz(l]e-b!y-’m counting chaln, a high speed gate, an clreuitry ta drive theleast-significant-digit n
the display, ‘

=158,  The input signal enters |1 ard conrinues through a fuse (F1) into a bridge limiter circujt
composed of dlades CR4, CR5, CR6, CR7,and a 50-0hm termination R3, The bridge miteriimits
the input signals to protect amplifier U2, 1t also preciudes the problem of miscounts or double
counts due to amplifier distortion under high drive conditions, Diodes CR2 and CR3 provide
input protection, The diodes will stakt conducting when the Input voliage reaches ~7 vaolts,
thereby blowing out the fuse (F1), Overload detection circultry conslsts of R1, R2, C1, C3, CR1,
Q1, and U1, Detector circult CR1-C3-R2-R1, senses the Input overload condition, {~3 volts to 7
volis) then it turns off Q1, which allows U1 LED flasher to flash the overload LED, The flash ratels
controlled by the value of C1, The Input signal passes through the bridge limiter and ac couples
Into amplifier U2, U2is 2 1 GHz amplifier that provides approximately 14 dB gain, The gain can be
changed by changing the value of R6,

4-159, The ouptut signal from U2 (~700 mY p-p), ac coupled into amplifier/Schmit trigger U3,
The Schimiit trigger autput (U3 pin 19}is s logic (EECL) level from zero valts to approximately -600

-mV, This signal enters into the divide-by-10 counting chaln composed of U4 (divide-by-2) and U6

(divide-by-5). The outputs from the decade divider are then level shified {EECL 1o ECL) and sent
lo the A4 Function Selector as Cand T signals, Clrcult U7 translates theinfarmationin the divide-
by-10 counting chain (U4 and U6) to TTL level. The infarmatian Is then shifted Into a quad latch
tU9) where it is stored for stroblng Into the display, When the least-significant-digit is being
strobed, U10 decodes that and enables U11 which sends the least-significant-digit information
stored [n U9 Into the display, The Schitt trigger output (U3 pin 18) geesintoa detector sendsa’'C
ARM” command ta the Function Selector {Ad), CRY, €20, and R36are used to disable the CARM
line during power~up operation which ensures that a zero Js displayed,

4-160,  During nurmal operation iin the frequency C Function), U4 s originally disabled by a
high lagic level at U4 pin 14 {0 volts), When the counter fs ready to make a measurement and It
senses that an fnput signal Is present via the"C ARM" \Ine, the main gale opens, Pin 14 of U4 then
goes low {-600 mV) and the Input signal passes thraugh U4 (divide-by-2) and U6 tdivide-by-5) is
iranslated to ECL levels, and sent to the A4 Function Selector an Cand C buslines, After the time
base counts out, the main gate closes, U4 pin 14 goes high, and the divide-by-10 counting chain
1U4 and U6) stops In its present state, Clrcuits U7, U9, U0, and U11 translate the informatlon to

TTL level, stare It, and strobe it into the least-significant-digit of the display, ‘
44161, The Offset Valtage Adjustment circult [s a voltage divider composed of resistors R7, R11,

R12, and R13, The adjustment Is to adjust the de voltage at pin 5 of U3, 4 mVY mare negative than
the measured dc voltage at pin 7 of U3, This will ensure the output of U3 pln 18 will be high (0
volts)} and the ouptut of U3 pin 19 will be a low {-600 mV), with no inputs,

4-162, HP INTERFACE BUS THEORY

4-163.  The HP Interface Bus transfers data and commands between the components of an
Instrumentation system on 16 signal lines, The interface functions for each system component
are performed within the component so anly passive cabling Is needed to connect the system,
The cables connect all instruments, contrallers, and other components of the system in parallel
to the signal lines, | :

4-164, Eight of the lines (DIO1—DIQB) are reserved for the transfer of data and other messages
in a byte-serlal, bit-parallel manner, Data and message transfer is asynchranous, coordinated
by the three handshake lines (DAV, NRFD, NDAC). The other five lines are for control of bus
activity, , '




Py

HP 5320A1H99
Theory of Operation

4-165, Devices connecled to the bus may be talkers, llsteners, or controllers, The controller
dictates the rale of each of the other devices by setting the ATN {attention) line low and sending
talk or iisten addresses on the data lines (DIQ1—DIOB), Addresses are set into each Jevice at
the time of srstem'conﬂgurmion either by switches bujlt into the device or by jumpers on a
PC board, While the ATN line is low, all devices must listen to the data lines, When the ATN
line is high, only devices that have been addressed will actively send or recelve data, All others
Ignore the data lines,

4-166, Several listeners can be active simultaneously but only one talker can be active at a
time, Whenever a talk address is put on the data lines (while ATN Is Jow), all other talkers wil}
be automatically unaddressed,

4-167, Infarmation Is transmitted on the data lines under sequential contral of the three hand-
sheke lines, No step In the sequence can be initated until the previous step is completed,

Infarmation transfer can proceed as fast as devices can respond, but no faster than allowed by’

the slowest device presently addressed as active, This permits several devices to recelve the
same message byte cancurrently, _

4-168, The ATN line is one of the five cantrol lines, When ATN Is low, addresses and universal
commands are transmitted on seven of the data lines using the ASCI 'American Standard
Cade for Information Interchange) cade, When ATN Is high, any code of & bits or less under.
stood by bath talker and listeneris) may be used,

4-169, The other control lines are IFC, REN, 5RQ, EO|, IFC (Interfacé Jclear) places the inter-
face system in a known qulescent state, REN (remote enable) is used with other coded mes-
sages to select elther Jocal or remote control of each device,

4-170.  Any active device can set the SRQ (service request) line Jow, This Indicates to the con-
troller that some device on the bus wans attention, say a counter that has Just completed a

time-interval measurement and wants to transmit the reading to a printer, -

4-171, EOI (end or Idrntify) s used by z device to indicate the end of a multiple-byte transfer
sequence, When a controller seis both the ATN and EO) lines low, each devico capable of a
parallel poll indicates its current status on the DIO line assigned 1o It.

4-172. For a more detalled description of bus operation, refer to the manual entitled "Con-
densed Description of the Hewlett-Packard Interface Bus”, HP Part No, 59401-80030,

4-173. HP-IB A15 INTERFACE OPERATION

4-174,  The 5328A HP-IB Interface is used to remotely program the 5328A ar+ deliver the mea-
surement results to the bus, Thus, the board operates both as a llstener and as a talker,

4-175. As a listener, the interface s capable of pragramming most of the controls in the
matnframe and all programmable modules that may be installed, The HP-1B board contains
storage circuits to control the mainframe remotely, and [s set up to program the storage circuits
in any programmable module, ‘

4-176. As a talker, the Interface is capable of outputting the measurement data In exponential
format with a mantissa of nine digits {leading zeros are autput as spaces) and an exponent of
one digit, Overflow and signal information Is also contained along with a carriage return (CR),

'linefeed (LF} termination to make it compatible with the standard HP-IB serial data format,

4-177. 'In-addition to being a talker and listener, the HP-IB Interface follows a set of HP-IB

commands. This includes complete service request capabllity, The ASCII codes used for ad-

dressing and for data are shown in Table 3-7, Address switch information is shown in Table 3-4,
The program code set is shown In Table 3-5, :

4-21
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4-22

4-17€. Overall Operatlon

4-1719» The heart of the HP-IB Interface s a 256 state algorithmic state machine (ASM) can-

trolled by a 256x16 ROM {U22) as shown in the hlock diagram, This state machine has two dif~

ferent farmat states determined by the format (F) bit from U22, One state (F=0) Is an output
maode state where the machine wll{proceed sequentially to the next state {address) after storing
or oulputting informatian, The other state {F=1) is a made where the machine can elther pro-
cead to the next line or perform a condnlonnlLump to a different Jine in the program. The de-
clsion as to which state is chosen Is made on the basis of where the qualifier bit from U11A Is
low or high, Preset counters U14 and U23 provide presetting to a jump state when F=1 and the
qualifier Is low, These caunters increment thelr count in all other cases, Altogether, there are

. 52 different bits that may be selected as the qualifier for a particular state,

4-180, Qualifier negate clrcuit u30C can invert the qualifier bit for any given state so that the

- michine can branch on the qualifier being low or being high, U7 Is added for pseudo sub-
‘routine capability.In the output mode, the ASM goes through the same group of states once
for every character being outputted on the bus, U7 is incremented every time so that the ASM

cun tell which character it Is 1o output,
4-181, Bus Command Mode

4-182, In this mode \ATN low), the ASM accepts parallel bytes of information and decades
them Into bus commands, This usually requires setting or clearing bits of storage in U19 or 126,

4-183. Listen Mode

G-184. In the listen mude, the iisten qualifier of U26 must be low and ATN high. The interface
will then accepr &-bit parallel bytes continuausly, When receiving the: ASCIl characters P, Q,
U, R, or T the counter will act upon the byte immediately (refer to programming In Section 1)),
When recelving the letters F, G, A, B, C, D, or § the interface will then route any ASCH number
or numbers following these letters Into particular storage registers. These registers are U2B,
UJ.?, ond U34 along with any that are contalned In any ‘of the aptional modules fngalled in the
malnframe, ‘

4-185. Talk Mode

+4-186, The HP-IB Interface will go Into the ta'k mode if the talk qualifier of U26 Is low or the

talk always switch Is set to talk always and ATN high for both cases, There will be no output in
hormal operation unless a completed measurement is present and has not been outputted, The
Information to be put on the bus is latched into latches U15 and U24. These drive the high cur-
rent buffers US, U10, and U16, Counter U7 s used as a pointer for the ASM to recognize which
character in the serial output string the Interface is to output, :

4-137. A15 Clrcult Qperation
4-188, The following paragraphs describe the circult operation of the Hp-IB Interface,
)

4-189, STATE COUNTERS. The state of the ASM ROM (current state and next state) is deter-
mined by State Counters U14 and U23, These counters form an 8-bit preseltable binary counter,
When pin 1 of U25 Is low, the counters will always increment, When pin 1 of U25 Is high, the
counters will preset (jump to another state In the program if the output of UUC is high, The
preset address is supplied to the State Counters input from the ROM, The program Is thown
in the operational flowchart, Figures 5-10, 5-11, and 5-72, The output of U30C is determined by
the “not” bit from the ROM (through U21E) and the output of the Qualifier FF U11A. The pre-
programmed state ‘of the "not” bit determines whether a high or low output of the qualifier
FF will result in a jump in the program, (This Is shawn In the ASM Operational Flowchart, by
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the use of the letter “N” In a dezlsion djamend symbol,) The preset {jump) Is synchronous and

onrlr occurs when pin 9 of U14 and U23 is low and when there is a rising edge at pin 2 of U14
©an

U23, FF U31A £nchronizes the reset of the State Counters to accur at the proper lime,

4-190, ASM OSCILLATOR, As shown In the ASM Oscillator Timing Diagram, Figure 4-10,
the ASM osclllator circult provides three separate phases of clock oulpuls, Schmitt trlgger

- U1BA s the fundamental osclllator element which uses hysteresis to develop oscillation, The

autput of U1BA (through U13} strobes starage latches UT1A and B, U5, U19, U24, U26, U2,
U33, U31B, and U34, The output of U18A Is also sent through a delay clrcult consisting of re-
slstor R4 and capacitor C4 into U8B to pravide another phase of the clock autput that deter-
mines the next state of the ASM. In addition, the output of U18A Is sent through U30A to pro-
vide a third clock phase which Is applied to U31A, The output of U3TA resets the 8-bit State
Counter synchronausly at power up or when the IFC signal occurs, (Synchronous reset prevents
loading the storage latches with erroneous data,) The [FC signal also resats U26 (ASM starage),
The pawer up reset circuit U18C and U18D clears all storage clements,

4-191,  BUS INTERFACE. The bus interface circuit consists of bus line termination resistors,
data output drivers and data input buffers, Resistors R29 and R30 form the line termination net-
works, U4 s used to buffer the bus line inputs and U5, U10, and U176 are high current drivers
that drive'the bus lines output, The ATN signal Is sent through U9A and UZD to ensure that
the gates connected to bus lines DIO1—DIO7 and DAY do not output when ATN goes true, The
DAO signal from U24(9) arms the DAC signal through U17B to ensure that DAC gaes false
within a few gate delays after ATN goes true, {In some cases, the DAC response from the ROM
:nay be toa slow.) After ATN Is true, DAO is set to a 6" to allow normal operation of the DAC
ine,

4-192, END OF MEASUREMENT, When a measurement has been completed, FF U118 |s set,
This FF s clacked by the closing edge of the LMG signal, Diode CR2 and transisior Q3keep U118
from going to the 1" state when LRES Is low or HRD s high, (During these times the counter

Is being reset and nolse appears on the LMG line which could trigger U11B,)

4-193. QUALIFIER MULTIPLEXERS. Five B-1o-1 multiplexers are connected to allow 36 lines
to be multiplexed 'Into 1 line, ASM:ROM U22 contrals multiplexers U3, U6, U8, and U32 to
select Individual line qualifiers and U712 to select ane of these multiplexers, In addition, U12
checks the output of auxiliary State Counter U7, a 4-bit binary counter that allows the same
sequence of states to be repeated up 1o 16 times, In the output algorithm, each state represents
an output character, Qualifier FF U11A eliminates erroneous results by ensuring that the State
Caunters U14 and U23 are nat clacked when a qualifier is changing states, This would cause a
partial preset and partial increment of the State Counters,

4-194, ADDRESSING, Address Comparator U2 monitors the Data tnput/Cuiput {DIO} lines
2 through 5 and the addruss switch (51) settings. When a comparison occurs between the state
of these DIO lines and the address switch settings, U2 sends qualifier ADDR to multiplexer Us,
The TALK ALWAYS section of the address switch provides a means of setting U6 so that inter-
face is always addressed 1o talk, :
4-135. DATA OUTPUT, The Data Output circuit outputs characters on the bus data Jines,
Storage clrcult U24 transfers outputs from the ROM to DIO lines 5 through 7, U15 seleéts data
from either the ROM or the 5320A data busand transfers it to DIO 1~~DIO4, Thestate of the *not”
bit from ROM U22(13) through U21E determines the selection made by U15, A displayed digit
Is selected from the 5328A, any other characters (decimal point, "E”, carriage retus ), exponent,
linefeed, etc.) are selected from the ROM, °

4-136, ASM STORAGE. The internal memory for the ASM operation is in ASM Storage circuits
U19, U26, and U318, There are 17 information bits that can be set or cleared by these circuits,

- This'section also includes npe-shat U1 which outputs a 2 ms pulse {LRST) to ensure rellable

4-23
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operation of the state contral circult U4 on the motherboard, Diode CR3 ensures that LINH |s
low to Inhiblt the counter during the time that LRST |s low.

4197, STROBE ENABLE DECODER, Decader U1l Is a 4- to 10-line decoder used to sirobe the
varlous storage latches, Pins 1, 14, and 15 are used 1o select the device 1o be strobed and pin 2
Is an enable which determines the widih of the strobe pulse, The output of U2SC disables U713
when the ASM is in the dedsion state made, In the decislon state mude, the format bit U22(17)
goes high which disables U13,

4-198, REMOTE PROGRAM STORAGE, Storage clrcults U28, U33, and U34 are used to program
Instrument functians, U28 stores Time Base codes I 3-bit bytes and U234 stores Function codes
in 4-bit bytes, U33 stores 8 bits of information, ane-bit at a time. The Sample Rate, Arming,
Storage Off, and Decade Reset can be programmed by U33, In addition, U33{4,5, and 6) control
the manner in which measurements are made and output to the bus, The Inputs to the remote
program starage clrcuits are the Madule Data A, B, C, and D lines fram DIO lines, %, 2, 3, and 4,
respectively, '

NEXY STATE OF ASM

LT y

STROBE 5TORAGE LATCHES ‘ ‘
wIBtY) _ ' | |

RESET BINARY COUNTERS !4, U23

U301y

1

)

Figure 4-10. AS}, Osciflator Timing Diagram

,_._‘
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SECTION V
MAINTENANCE

5-1. INTRODUCTION

5-2, This section glves maintenance and service informatlion, Included js a table of assemblies,
recommended test equipment, a performance test (which may be used to verify proper counter
operations), and adjustments,

5-3. ASSEMBLY DESIGNATIONS

54, Table 5-1 lists the designations, name, and Hewlett-Packard part number of assemblf <s
used fn this instrument, “

b

Table 5-7. HP 5328A Assembly Idemification

A" NUMBER DESCRIPTION HP PART NO,
Al Maln (Moatherboard) 05328-G0O4B
A2 Power Supply | | 05126-60047
A3 Osclllator Support (Holds 10811A Oscitlator) i‘ 05328-60038
AN | Osclllator 108117 | 10611+60111
A4 Functiop Selector 05326-60005
AS Not Used o |
A6 | Notthsed |
A7 Not Used ;
AB "C” Channel Inpur .~ | 05324-60045
A9 Not Uséi - .
A0 Synchronlzer 05320-60020
AN Digital-ta-Analog Converter 05320-60023
A12, »A-B” Channel Input ' 05320-60042
A1l ! Not Used ' ’
Al4 Not Ured -
A1 | HP-IB Interface 05328-60043
A16 Display L 05320-60026
A1 Not Used -
A8 Not Used _ : .‘
A19 switch (Attenuator) 05328-60039

5-5. TEST EQUIPMENT

5-6, Test e'quipment recommended for maintatning }:nd check[ngﬁeiformanccis listed in Table
i5-2. (;rest equipment having equivalept characteristics may be substituted for the equipment
Isted, o : ‘
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" 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 A4 pin 10 Is A4{10}, -

5-2

Table 5-2, Recommended Test Equipment
INSTRUCTION TYPE REQUIRED CHARACTERISTICS- RECOMMEND TYPE

Frequency Standard 1 MHz Cutput
Oscilloscope 50 MHz Bandwidth HP 180A

Vertical Plug-In 50 mV/em Senshtivity HP 1801A

Time Buse Plug-In 50 MHz Bandwidl_h - HP 1820A
Tesf Oscillator 1OE Hz 10 10 MHz at 5V p-p HP 654A
VHF Slgﬁal Generator 10 MHz to 500 MHz HP 86408
Frequency Counter 10 to 80 MHz Frequency Measurements HP 5381A
Digihl Multimeter 10V range ,01% Accurécy 'HP 3430A
DC Voltmeter 010 200 Vde, 1% Accuracy | HP 970A
AC VTVM 010 250 Vac | HP 400F
nglc Prabe ‘Logic State Test HP 105257
Logic Pulse;r= State Activator | HP 105267
Logic Comparator 1C Test HP 10529A
Contraller HP-1B Compatible HP éB!SA
HP-IB Calculator Interface | Connects HP 9825A to HP-IB HP 98034A
Printer Compatible with HP.9825A HP 9866A, HP 9871A
Pulser Generator 0.5Hzto 25 MHz at 1V HP B008A
DC Pawer Supply 0—10V Stable to £1 my HP 6213A
RMS‘Voilnieter RMS ac Voltage 0-:10\/ Rang. HP 3400A
Oscilloscope 275 MHz Bandwith IHP 1725A
Power Meter Frequency Range 10 MHi - 1 GHz © HI 436A
Power Sensor Power Range 30 dBm - 0 dBm HP 8481A
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5-9, PREVENTIVE MAINTENANCE

! 5-10, Preventive maintenance conslsts of perlodic inspection, cleaning, performance checks,
>' and osclllator calibratlon. Table 5-3 lists the recommended schedule of preventive maintenance
routines, -

Table 5-3, Preventive Maintenance

: - ROUTINE SCHEDULE
' Inspection o . Weekly

i Cleaning M-m!:hly
Performance Test As required
| Osclllator Calibration Quarterly

511, Inspection

5-12.  The HP 5328A should be Inspected for Indications of mechanical and electrical defects,
Electronic components that show signs of overheating, leakage, frayed insulation, and other .
signs of deterioration should be checked and a thorough investigation of the associated circuitry
should be made to verify proper operation, Mechanici parts should be inspected for excessive
wear, looseness, misalignment, corrasion, and other signs of deterforation,

513, Cleaning

5-14,. Theinstrument should be kept free of dust, molsture, grease, and foreign matterto ensure
_ ~ trouble-free operation, A dry tlean cloth, a soft bristled brush, or a cloth saturated with cleaning
- . " compound may be used, '

]

| |

: : 115/230 VAC SUPPLY WIRES ARE EXPOSED Y¥HEN EITHER TOP

OR BOTTOM COVER IS REMOVED, USE EXTREME CAUTION

DURING TROUBLESHOOTING, ADJUSTMENT, OR REPAIR,

: ~ AVOID PERSONAL INJURY AND DAMAGE TO INSTRUMENT BY

v - REMOVING POWER BEFORE REMOVING OR REPLACING
a COVERS, ASSEMBLIES, OR COMPONENTS, ALL MAINTENANCE

AND REPAIR MUST BE PERFORMED BY QUALIFIED SERVICE

~ PERSONNEL,

5-15. Performance Test

5-16, GENERAL, The performance test {Table 5-4) and test card sheets that follow the test can be

used to verify and record proper operation of all circuits of the counter and may also be used:
a, As part qf an ncominy’ inspection check of instrument specfﬁca!ions. |
b. Peripdically, for Instruments used in systems where maximum reliability is importent,
. As p‘art of a procedure to Icoate defective circults,

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

> e, Asa permanent record of Instrument malntenance performed, because the test record
S pages may be remaved,

, 5-3
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5-17. REPAIR

5-18.  Printed Clrcult Companent Replacement

\

5-19, Component lead holes In‘the circult boards have plated-through walls 1o ensure good
clectrical contact between conductors on apposite sides of the board. To prevent dumage to the
plating and the replacement component, apply heat sparingly, and wark carefully,

5-20, Replacing Integrated Clrcuits

5-21, Foliowing are two recommended methods of replacing integrate circults:

a. SOLDER GOBBLER, This is the best method, Solder is removed from board by a soldering
iron with a hollow tip connected to a vacuum source, :

b, CLIP-OUT, This method should be used as a Jast resornt only, Clip the leads as close to the
, base as possible, With a soldering ron and Jong nose pliers, carefully remove the wires
from each hole, The clean the holes, i

5-4
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) Table 5-4, Performance Test

1 SENSITIVITY — CHANNEL A |

Specificationt

30 mV rms, 0-35 MHz (de cotjplcd}
20 Hz-35 MHz (ac coupled)

60 mV rms, 35 MHz-100 MHz
Descriptions A signal generator with callbrated output Js set to the specified 5328A signal

sensitivity level and varled over the specified Irequency range, The counter must display the
cérrect frequency,

a 10 Hz to 10 MMz

Setupt
.l
: ' P 53284
TEST OSQILLATOR v
? | ’
601 f
OUTPUT ,

~ 10100C

501} FEEDTHROUGH

TERMINATIGN

(1) DC coupled 10 Hz to 10 MHz

* Setthe 5320A to FREQ A, 1 Hz RESOLUTION, SAMPLERATE fully ccw, Level Ato
PRESET, DC COUPLING A, ATTEN A X1, SEP, Rear panel ARM swiich should be
set to OFF,

» Set the 654A for 30 mV rms, Vary the 654A frequency from 10 Hz 1o 10 MHz and
verily that the 5328A displays the proper frequency, Adjust the 5328A LEVEL A
conlrol as necessary to achieve a stable display, Mark results on performance test
record a the end of these procedures, ? _

{2) AC mUpled 20 Hz to 10 MHz
» Set the 5328A to AC coupling,

L s Set the 654A for 30 mV 'ms, Vary the 654A frequency from 20 Hz to 10 MHz and
. , verify that the counter displays the proper frequency, Adjust the 5328A LEVEL A
' contral as necessary to achieve a stable display, Mark results on performance test
recard at t} 2 end of these procedures, . :

i
[

55




HP 5328AH99
Maintenance

Table 5-4, Performance Yest (Continued)

b, 10 MHz to 100 MHz

Setupt -
o | G;NPE%B:'?(B)H/ P sa2eA
SWEEPER INPUT A

Wn

10100C .
501} FEEDTHROUGH -
TERMINATION

1)) DC coupled 10 MHz to 100 MHz
* Set the 5328A to DC COUPLING,
* Sct RESOLUTION to 16 Hz,

* Setthed640B for an outputlevel of 30 mV rms, Vary the 8640B's frequency from 10
MHz 10 35 MHz and verify that the zzunter displays correct frequency readings,
Increase the BG40B output level to 60 mV rms and vary the frequency from 35
MHz to 100 MHz, Verify that the counter displays correct frequency readings,
Adjust 5328A LEVEL A cantrol as necessary to obtain stable display, Mark results
on performance test record, ’ ‘ ‘

{2) AC coupled 10 MHz to 100 MHz o

« Set the 5328A to AC coupling, o o S

* Repeat part 1) third step above, Mark lrf!su!ts on performance test record,

2. SENSITIVITY - CHANNEL B/RATIO B/A o

The counter will measure the ratio of the frequencyat B (0to 100MHz)tothe frequencyat A
{0 to 10 MHz) for N counts of A, ‘ 2

b

Specificationst St

30 mV rms, 0-35 MMz (dc coupled) I - DR
20 Hz-35 MHz (ac coupled) } :

60 mV rms, 35 MHz-100 MHz
Description: 5 } _ o
. 10 Hz to 10 MHz: SENSITIVITY Channel B e

: . ; P t
A generator with calibrated outpui drives the B Channel of the:5328A under test, ThéI e
frequency of the B Channel MARKER OUTPUT fs measured by the A Channel, The’t -~
gencrator js set to the specified 5326A signal sensitivity level and varted ‘over the' |
specified frequency range, The counter must display the correct frequc:‘]c'y,

10 MHz to 100 MHz: SENSITIVITY Channel B and RATIO B/A oo,
The 10 MHz time base output from the rear panel of the 5328A drivesthe A Channel, )
I

The 86408 drlvgs the B Channe!, The 5328A J5'set to RATIO B/A. o

The generator is set to the specified 5328A signal sens'islvpy Ievél:arid vurije;d'ovérthe
s,ecified frequency range, The counter must display the correct RATIO.!

56 | ‘ ' i e . . "':;V'I “ };:ij i:‘
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a, 10 Hzto 10 MHz

* Set 5328A to FREQ A, 1 Hz RESOLUTION, SAMPLE RATE fully cew, Level

Selupt
HP 654A HP 532BA ‘MARKER
TEST OSCILLATOR INPUT A INPUT B QUTPUT
' : MO ™I} B
’ | 9 9 ’
(
_ FEEDTHROUGH 1L
l TEAMINATION '
‘ |
(1) DC coupled 10 Hz to 10 MHz ) {)

~ to PRESET, A and B ATTN X1, A Channel to AC, B Channel to DC, SEP,

* Set the 654A to 30.mV rms. Vary the 654A frequency from 10 Hz to 10 MHz and
verify that the 5328A Channel B MARKER OUTPUT Is the correct frequency as
read by the A Channel, Adjust the 5328A LEVEL A and B controls as necessary to

achleve a stable display, Mark results on performance test record,

{2} AC coupled 20 Hz to 10 MHz

* Set HP 5328A to ac coupling B Channel.

»  With the 654A set to 30 mV rms, vary th frequency from 20 Hz to 10 MHz and
verify that the 5328A Channel B MARKER DUTPUT is the carrect frequency as
read by the A Channel, Adjust the 5328A 1 ZVEL A and B controls as necessary to

achleve a stable display. Mark results on performance test record,

b. 10 MHz to 100 MHz
Setup:

10 MHz OQUT

HP 5328A

INPUT
A
L

INPUT
B

?

\

HP B647B
GENERATCR/
SWEEPER

10100C
501} "

FEEDTHROQUGH

TERMINATION

AindB
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—

Talile 5-4, Performance Test {Continued)

}

(1} DC coupled 10 MHz to 100 MHz i
* Set counter to RATIO B/A, 1 Hz RESOLUTION, LEVEL A and B PRESET, A ATTN
X10, B ATTN X1, A Channel AC, B Channel DC, SEP, .
* Setthe 86408 for an outputlevel of 3AmV rms, Vary the 86408’ frequency from 10
¥z to 35 MHz and verlfy that the 5528A measures the correctratio, Increase the
86408 output level to 60 mV rms and vary the frequency from 35 MHz 10 100 MHz,
Counter must continue displaying the correct ratio, Adjust the 5328A LEVEL A
and B controls as necessary to achieve a stable display, Mark results on
performance test record,
(2) AC coupled 10 MHz to 100 MHz
*, Set counter to ac coupling B Channal,

* Repeat part 2 of step (1) above,

3, SENSITVITY - Channel C

Specification: -23,47 dBm (15 mY rms) 50-506'MH;¢ _ ‘

Deiscirjpllori\z A signal generator Isconnected throuﬁh a power splitter ta the 5328A Channel
C Inp.t and a power meter, The signal generator Is varied over the frequency range
maintaining the specified signal level, The counter must disp!ay the correct frequency.

’. . 436A POWER METER

{

. 125007000
’ ADAPTER Nim)
BEIA YO BRCIN
\s:ow:n SENSOR
.. 12500760 »
\ iy ADAPTEL. Nim) sl

o o BNC cAnLE
11687TA TO BNCHI} -
" POWER SPLITTER mﬂ . g

ALY
Wuna  5328A UNIVERSAL COUNTER
ATTE‘?idl?ATOH
1260 0002°* - '

ADAPTER Mim)
TQ BNCim}

==

*HP PART NO
1= FEMALE , \
m = MALE
|  NOTE
Dotted lines represent direct connections, not cabling.

* Setthe5328Ato FREQ C, RESOLUTION to 1 kHz (10), and SAMPLE RATE to midrange.

* Setthe signal generator to provide -13.5 dBm at 50 MHz, as measured on the HP 436A
"\ Pawer Meter, Instrument counts at 50 MHz. Set the signal generator to 100 MHz, 250

counts at each frequency, Mark results on performance test record,

MHz, and 500 MHz (at ~13,5 dBm at each frequency) and verify that the Instrument

5-8
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Table 5-4, Performance Test (Continued)

4, PERIOD AND PERIOD AVERAGE

Specificationst

PER A — counter will measure periods of signals to 10 MHz with resolutions from 100 ns to
15 In decade steps,

PER AVG A — counter will measure perlads of signals to 10 MHz with resolutions from 100 ns
to 0.01 ps In decade steps, The number to periods over which the period average
measurement s made can be selected by the FREQ RESOLUTION, N switch,

N
IMHzOUT <

‘ HP 5328A

INPUT A
)

. 10100C
601 FEEDTHRGUGH
TERMINATION

Description: The 1 MHz time base oursut from the rear panel of the 5328A drives the A
Channel input of the counter,

» Setthe 5328A Function switch to PER A} Freq, Resalution, N switch to 1MHz, 1; Level A
to ¥RESET; AC coupling; X0 ATTN; SEP, Verify that the counter displays 1.0 us, Mark
results o performance test record,

* Set the 5328A Function switch to PER AVG A and the Freq Resolution, Nswitch to 1 Hz,

108, Verily that the counter displays approyimately 1000.0000 ns with 0.1 ps resolution,
Mark resuits on performance test record,

5. RATIO C/A
Specification:

‘ ‘ Counter wlll measure the ratlo of the frequency at C (50to 500 MHz) ta the requency at A
- (0 to 30 MHz) for N counts of A, : '

. . ,
I :
'

| _ Description: The 1 MHz time base output from the rear panél of the 5328A drives the A
input channel of the counter, The Hp 86408 Is used to drive the Channel C. ‘

j
5-9
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Table 5-4. Performance Test (Comtinued)

Setup:
1 MHz QUT -
HP 6§328A HP 86408
N GENERATOR/
A G SWEEPER
L ] ; ouTt !
10100C
501} FEEDTHROUGH
TERMINATION = ‘

* Setthe 5328A Function switch to RATIO C/A; Freq Resalution, N switch to 1 kHz, 103;
Level A to PRESET, AC coupling, SEP,

* Connect the HP B640B output to Channel C INPUT; set the HP 8640B to output 500
MHz at 30 mV rms, Verify that the counter displays approximately 500,000 MHz, Mark
results on pérformance test record, ‘

6. TIME INTERVAL AND TIME INTERVAL AVERAGE '

Specification:

T.. A~B — counter measures time jntervals {100 ns to 108 5) between a start signal at the
Channel A Input and stop signal at the Channel B input,

T.I. AVG A~B — counter measures time interva! (0.1 ns to 10 s\ between a start signal at the
Charnel Alnput and a stop signa! at the Channel Binput, The number of time intervals over
which the time interval average measurement is made cah be selected by the FREQ
RESOLUTION, N switch,

Descriptiont A 1,1 MHz signal drives the A and B Channel irouts of the 5328A counter,

Setup:

HP 654A HP 6328A
' TEST .
OSCILLATOR

b _ INPUT  INPUT
‘ A B

' * | T °

501} ‘
_ 10100G
CQUTPUT ‘ 500) FEEDTHROUGH
TERMINATION

5".:0 l . !
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Table 5. Performance Test (Continued)

NOTE
For this test, do NOT use a synthesized signal,

» Set the 654A to 1,1 MHz and 30 mV rms,

. » Setthe 5328A Function switch to 7,1, A-B; Freq Resolution, N switch to 1MHz, 1; Level
3 A and B to PRESET; ac coupling on both channels, X1 ATTN on both channels, COM A,

} » Setthe Channel A SLOPE10(+) und the Channel B SLOPE o (-), Verify that the counter
display 0.5 ps 0,2 us, Mark resulis on performance test record,

* St 5328A Function switch to T.I. AVG A—B and Freq Resolution, N switch to 1 Hz, 106,
Verify that the counter displays 454.XXXX ns, Mark results on performance test record,

+ Change Channel A SLOPE to (-) and Channel B SLOPE to (+), Verify that the counter
displays 454.XXXX ns, Mark results on performance test record,

7. GATE/MARKER OUT AND SAMPLE RATE

Se’up:

|

GATE/MARKER (T
{FROM REAR PANEL)

| o HP 180
HP §328A " | OSCILLOSCOPE

riMll

—)

« Set the HP 5328A to CHECK, 1 kHz, 103 Resolution,

* Observe the GATE/MARKER OUT signal from the counter, Vary the SAMPLE RATE
contro! to full ccw. The GATE/MARKER OUT signal must be greater than 2.4V apd the
sample delay {time during which GATE/MARKER QUT Is Low) must be less than 10 ms.

- Mark resuits on performance test record,

5-11
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Table 54, Performance Test (Continued)

Setupr .
!

B. REMOTE TRIGGER LEVEL TEST

HD B8034A
HP~IB

INTERFACE

.

HP 4826A
.COMPUTING
CONTROLLER

i

HP 180

L

! OSCILLOSCOPE

SYSTEM

i

A CHANNEL g

10100C

5011 FEEDTHRCUGH

TERMINATION

—

A MARKER INFUT B MA
ouT A Q

HP 6328A

10100C

| 50i} FEEDTHROUGH “]

TERMINATION

T\

]

—— ]

HP 654A
TEST OSCILLATOR

ko (.
QUTPUT :

5-12
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Table 5.4, Performance Test (Continued)

- » Set Channels A and B of the HP 5326A to de coupling, COM A, X1 ATIN, and FREQ A,

* Setthe HP654A Test Oscillator fur an output of 100 Hz at 6 volis peak-to-peak, Center
the signal on the oscilloscope B Channel display,

* Execute the following from the HP 9825A keyboard;
wrt 701, “PF4G6513A379+000°B37+000*R"

; * Adjustthe aisplay of the . Channe) marker output {on Channel A of the ascilioscope)
such that the top of marker waveform just barely Intersects the positive slope and -
negalive slope of the 100 Hz sine wave, Verify that this occurs at 0 volts on the 100 Hz
sine wave, - : o

T Y BT

3 o s B S—
"j ")rj- L IV/DIV
s AREL [T
[é&iﬁ'? o e I CHANNEL A
Sl It 0.6V/DIV
e 25 L,

ey

y I ST AN TN
o s R
b o T

‘ ifre .
B 3 B B Tk
i I I

, 2 msec/DIV

< Connect the counter's B Marker output to the A Channel of the ascilloscope, Verify
that the top of the marker intersects the 100 Hz sine wave at 0 valts,

* Execute the following fram the HP 9825A keyboard:
wrt 701, "PF4G6513A379+200*B37+200°R"”

* Adjust the <ispiay of the B Channel marker output such thatthe top of the marker just
barely intersects both positive and negative slopes of the 100 Hz waveform, Verify that
this occurs at +2 volts on the 110 Hz waveforms as shown.




™ Ll L L s S 2 A ™ e P T 7 22 T S Y
: w! +: H [ . K . . t i P o
(3 'ﬁ{ﬂwlﬂ » um;.iu-lpuqmmwguhwtummtmmuﬂgf. X
SRR — .
et ST P, R ; !
] oy ' . '
} '} 3 |i | o .
bt ' ' } ) i 1 ¢ t i i . \
S I ; . S ! ) .
i - i . | ' | i 1 i
! ! i .
B ' £ i i
. , '
[Fro. ! ' s b : . .
A N l ! 1 4 |
RNV . 1 |
y ! ‘ ! o
[ i
} ' ] .
! P ' ! !
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1 , : 1
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Table 54, Performance Test {Continued).

- i : CHANNEL B
- e Ll riwow

— CHANNEL A
_0.5V/0IV

2 msec/DIV

* Connecl the HP 5328A A MARKER output tothe A Channel of the ascilloscope, Adjust
the position of the A MARKER as described above and verify that it intersects the 100
Hz sine wave at +2 volts,

! ~» Execute the fullowing from the HP 9825A keyboard: ,
' wrt 701, “PF4G6513A379-200*B37-200*R"

» ‘Adjust the display of the A Channel marker output such that the top of the waveform
Just barely Intersects both positive and negtive slopes of the 100 Hz wavefarm, Verify
that this oceurs at -2 volts on the 190 Hz wavelorm, 1 :

CHANNEL B
v/ors

—0ov

P LCHANNEL A

' 0.5V/DIV
T

* Connect the HP 5328A B marker output to the A Channe] ofthe oscillosacpe, Adjust

the position of the B marker as described and verify that It Intersects the 100 Hz
‘wavefarm at ~2 volts,

2 msec/DIV

* Mark results on performance test record,

5-14




PERFORMANCE TEST RECORD

HP 5328AH99
Mamtenance

HEWLETT-PACKARD MODEL 5328AH99
500 MHz Universal Frequency Counter

-Serial Number:

. Test Performed by:

' TEST

'DESCRIPTION

RESULTS

PASS

FAIL

a. Sensitivity, Channel A

(1) 10 Hz-10 MHz, d¢

12} 20 Hz-10 MHz, ac

b. Sensitivity, Channel A
(1) 10 MHZ-100 MHz, dc

{2) 10 MHz-100 MHz, ac

3, Sensktivity, Chanpel B
{1} 10 Hz-10 MHz, dc

12) 20 Hz-10 MHz, ac

b, Sensitivity, Channel B/Ratio B/A |

(1) 10 MHz-100 MHz, dc

{2) 10 MHz-100 MHz, ac

Sensitivity, Channel C

5¢ MHz-500 MHz

Period and Period Average

1.0 ps display

Approximately 1000.0000 ns display

with 0.1 ps resolution

RATIO C/A

5-14a
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" PERFORMANCE TEST RECORD (Continued)

, TEST DESCRIPTION

RESULYS

PASS

FAIL

6 | TIME INTERVAL AND TIME INTERVAL AVERAGE
! TI. A—=B -0.5 ps display
T.I. AVG A—B, i+) 1o {-), 454.XXXX ns display

T.l. AVG A=B, () to (+), 454,XXXX ns display
7 | GATE/MARKER OUT AND SAMPLE RATE

8 | REMOTE PROGRAMMING

a, (-} SLOPE TEST

b. (+) SLOPE TEST

c. AC/DC TEST

d. SEP/COM A TEST

e. INVERT TEST

f. ATTN TEST
(1) ATTN X1 Test
121 ATTN X10 Test
:3) ATTN X100 Test

g Trigger Level Test

5-14b .
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5-22. ADJUSTMENTS

5-23, Adjustment procedures are rrovlded for the osclllator and for the time interval unit
[sensitlvily) The adiuslmei\ts should not be done unless:

a A repair has been made which would affect these values,

b, The instrument daes not meet all specificalions while performing the check in Table 5-4
(Performance Test), or during periodic calibration.

5-24. OSCILLATOR ADJUSTMENT, Periodically, the oscillator whould be checked against a
house standard, When adjustment i3 required, use the oscilloscope method shown in Figure 5-1.
Using the appropriate sweep speed, adjust the oscillator umil the movement of the paitern is
stopped or neirly stopped. Detailed osclllatcr adjustment procedures are Jescribed in
paragraph 5-28,

PATTEAN MOVEMENT
ca—e UNKNOWN HIGH !

f‘lv'” = UKKNOWN LOW

y EXT
SYNG 1 MHE.
INPUT

| INPUT 1G MR
FREQ 510 : TmGGERED UTPUT

aurpur O SWEEP

16 MHE OSCILLOSCOPE
HP 5)28A ' AEFERENCE FHEQUENCY

REAR PANEL ‘ S5TANDARD

Figure 5-1. 10 MMz Oscillator frequency Check
5-25. Channels A and B Sensitivity-Offset Adjustments

Setup:
HP I12A . HP 1125A HP 5J70A
SIoNAL OSCILLOSCOPE ":nen M;g;[ﬁ
NERATUR MARK
GENERATU A 8 QUTPUT A g J{OUTPUT
? ? ? P¢9 e
'
I o
t -
3 4 :
PR, VI
'
10100C
501 FEEDTHRQUGH
TERMINATION

Figure 5-2. Sensitivity-Offset Adjustment Set-up, 10 kHz 2t 10 mVrms

5-15
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5-16

i

1. Adjust channel A and B sentivity-offset as follows:

a4,

d. .

o,

-Set the 5328A front panel controls as follows:

Remove top cover of the HP 5328A to gain access to variable resistors R26, R28,
R54, R55 on the A12 Am. 'ilier Assembly, 05328-60042 (see A12 componen!
locator in Section VI,

FUNCTION .....oivviivinisnnnsnnnss. FREQ A
RESOLUTION ....ovvvvvvviinrinnes.. 10 He, 105
AC/DCIA & B) .ovviviiiiiiinriniesnsinns,s DC
ATTNIA G B) ivevaviiinnininnenississnsens X1,
LEVEL (A& B) .00 0. 0iiivinninrnsss PRESET
SEP/COM A L.viii i renes SEP

Set HP 5328A rear panel controls as follows:

ARM L O e Y N Y ENE) OFF
Set oscilloscope as follows:

MODE ............... R 8 ¢
CHANNELA ...y, oo 0.2 mViem, 500}
 CHANNELB ....oievvee., 0,05 mVWam, T MIL
HORIZONTAL DISPLAY ......vovvveh .. MAG X10

- Connecyiest equipment per Figure 5-2. For the HP 5328A Channel A adjustiment,
connect signal generator’s output to HE 5328A INPUT A and to scope’s Channel

B; connect the scope Channel A 1o HP 5328A Channel A MARKER QUTPUT,
Setthe HP 3312A Function Generator to output a 10 kHz sine wave signal at 10mv

“rms (28 mV p-p).

Set scope in the X-Y made. Ground bothscopesinput and calibrate scope (dot in
center of screen),

Set bath R26 1offset) and R55 tsensitivity) pots in the midrange position. Vary R26
tollser) 1o get hysteresis in the center of oscilloscope screen. Adjust R55
isensiivity) 1o 20 mV p-p i X-axis); see Figure 5-3, This completes the adjustment
for the HP 5328A Channel A,

Disconnect oscilloscope’s Channel A cable from the BP 5328A " A" MARKER
QUTPUT and reconnect it'to "B" MARKER OUTPUT, Disconnect signal
generator’s output from HP 5328A Channel A INPUT and connect it to the HP
5328A Channel B INPUT,

Set bath R28 1offsets und RS4 (sensitivity} pots in the midrange position, Adjust
R28to locate the picture in the center of the oscilloscape screen; adjust R5410 20
mV p-p iX-axis). This is the end of Channel B adjustments. Turn-off and
disconnect all tes’ equipment,
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HYSTERESIS BAND

8 L TE] e

* Oscilloscope in the X-Y Mode

¢ Channel A: 0,005 V/cm  (X-axis)
Channel B: 0.2 V/ecm  {Y-axls)

Figtre 5-3, Hysteresis Adfustment

5-26, Channel C Offset Adjustments
2. Remove the top caver of the HP 5328A to gain access o variable resistor ABR12 (QFST),
b. Connect the HP 3490A Voltmeter ta ABU3 pin 7. Measure and record this voltage.
¢. Move the HP 3490A Voltmeter 1o ABU3 pin 5.
Adjust ABR12 (OF5T} until ABU pin 5 is 4 mV more negative than ABU3 pin 7.

e. Replace the top cover,
5-27, Digital-to-Analog Converier Adjustment Procedure

The followlng adjustment procedure ndjusls the A11 D-to-A convetter outputs for accurate
programmed trigger levels, Measuring the DAC outputs with a DVM is NOT an equivalent
procedure. Since the gain through the HP 5328A input amplifiers §s not exactly equai 10 1.00, the
signal acriving at the A12U4 comparator Is not identical to the signal at the counter’sinput. Asan
example, assume the input amplifier gain is 0.95: Further assume aninput signal whichgoes from
0volts to 1.0 volt and it is desired to trigger at the 1.0 volt level, Since the signal arriving at A12U4

. g ¢s from 0 volts to 0,95 volts (due to the gain of 0,95, the trigger level specified by the DACto
A12U4 must be 0.95 volts. Triggering at 0.95 volis on the A12U4 input signal is the same as
triggering at the 1.0 volts fevel on the original signal. The pracedure described in the following
takes into account the fact that the input amplifier gain is less than 1.0

The procedure offsets an input signal 1o the HP 5328A by 0, +2, and -2 volts and programs the A
and B channel wrigger levels for 0, +2, and -2 volts, respectively. For each offset, adjustments are

. made by abserving the A (and B) channel marker outputs and adjusting for a 5¢% duty cycle. A
50'% duty cycle indicates that the programmed trigger level (which is the center of the hysteresis
band) is exactly equal to the de offset at the signal input to the A12U4 comparator,

It Is very impartant that the DAC adjustments be performed after the A and B Sensitivity-Offset

. Adjustments”. In this adjustment, follow the procedure outlined in paragraph 5-25, but adjust for
optimum sensitivity by continuing to decrease the signal generator tevel below 15 mV rms and
adjusting resistors A12R26, R28, R54, and R55 for stable counter displeys.

5-17
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5-18

ai

c,

g

t
J

Set up the equipment asip Figura 5-4, Set the rear panel address switches on the P 5328A
to: ‘ - :

1

i n|.

I

. f
[
TALK ONLY —I I - |

| As .' At

5et the 654A test oscillator to 20 kHz at 4 fevel ot 25mV rms {70 mV p-p). Set the HP 180A
ascilloscope A Channel for ac caupling and 50 mv per division, Verity that the 20 kHz
stgnal into the counter is 70 mV p-p, ! ‘ :

Disconnect the de supply for 3 0.0-volt dc. offset on.lhé input signal. Execute from the
keyboard of the HP 9825A the follawing:

wrt 701, "PFAGSS153A379+000°B 37 +0p0°R”

Monilbrlng the HP 5328A Marker A output on the oscilloscape, adjust A1IR21 lor a 50°%
dity eycle in the Marker A signal as shown. '

Connect the HP 5328A B Marker output 1o the B Chanrnel of the oscilloscope. Adjust
A1IR20 tor a 50 duly cycle in the Marker B outpur signal. 1The counter has been
programmed for COM A}

Connect power supply as In the figure and adjust for a dc level of 2,00 volts (#2 mV) as
read on the DVYM. ‘

Excecute the following from the keyboard of the HP 9825A:

wit 701, "PESGSSIS3A Y79+ 200°B37 + 200°R”
(Press RECALL.on HP 9825A and simply change DAC valtages ay required.)
Adjust ATIR18 for a 50°% duty cycle on the HP 53284 B Marker output siénal.

Connect the HP 5328A marker output signal to Channel 8 of the aclloscope. Adjust
ATIR24 for a 50% duty cycle on the A Marker output signal. '

Reconligure dc power supply for negative s-olragc; and set the voltage for 200y 0lts (22
mVl},

Execute the following from'the keyboard of the HP 9825A:
wrt 701, “PF4GSS1S3A179-200°837-200°R”
Adjust A1IR26 for a 50% duty cycle on the A Marker output signal.

Connect the HP 5328A B Marker output to the B Channel of the oscillascope. Adjust
ATIRY7 for a 50 duty cycle on the 8 Marker output signal. -
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1
! 1
.’I :
, f | ' 1
,B8034A HP-IB INTERFACE
{8ET'TO ADDRESS 7)
R [
! 'HP-iB CABLE |
b i
! ' HP 180A
' WP 8825A° | HPEIZBA A B A B
P ; P9 oO¢ 9 9
i ] B '
D A 7 :“\MARKER
\ i ! [ MARKER ] v OUT
. j ' - ouT f
o
o _
o 1 uF (NON-POLAR
HP 654A p |g:90 ) : _
oscmm#on - :
‘ I
DC
10001
VOLTAGE
suppLY [ YV DVM
HP 6213A ' ; {HP 3490A)

*S825A should have sither the 98213A General /O-Extanded 11D ROM or the
868214A Plotter-General 1/O-Extended 5/0 ROM,

Figure 5-4. DAC Adjustment Iquipment Connectiom
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MARKER
CUTPUT
{A or B}

A INPUT
IAC COUPLING)

10 pS

’ A1l
DAC BOARD

ADJUSTMENT LOCATIONS

i N26 A channel *-" ajustment

R24 A channel "+" adjustment

TOP OF A2 A channel 0" adjustment
INSTRUMENT \

R20 '8 channel 0" adjustment

RIB B channel "+ ajjustment

O [0 [@ [0 [0] [@

R17 8 chanel *-" adjustment

I

) FRONT OF INSTRUMENT

Figure 5-5. DAC Adjustment Oscilloscnpe Readout and _Adjmrmenc Locations
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5-28. OSCILLATOR ADJUSTMENT .

5-29.  Allow a 24-hour warm-up before this adjustment Is made,

Setup:
. TRIGGERED SWEEP
05CILLOSCOPE :
‘ PATTERN MOVEMENT:
6328A 0SC FREQ HIGH
' 5328A OSC FREQ LOW
OSCILLATOR
QUTPUT
REFERENCE
UNIVERSAL SYNC S ARD
COUNTER INPUT | inpuUT QUTPUT

Figure 5-6 Oheillator Adpatment Setap
1. Conpect reference frequency standard imuliiple of 10 MH2z to the EXFERNAL SYNC
INPUT of the mcillator,

b, Set HP 5328A rear parel OSC INT/ZEXT to INT and connect oscillator output BNC to
Channel A of the oscilloscope.

¢ Adjust FREQ AD) on 1687135-60111 Crystal Oscillator unit and A3R14 1 FINE AD)) for
minimyom sideways movement of the 10 MHz displayed signal.

d. By timng the sideways movement (divisions per second on the ouwilloscope), the

approximate offset can be determined based an the oscilloscope sweep speed 3s'shown
helow:

Fahle 5.5 Calibration

MOVEMENT | SWEEP SPttD NOTES
* 1afdive | 0.0 usydiv, | 0.00 us/div,
1 div/s 1 105 1= 10-? 1= 10-8 With second hand ol watch or clock,
1 v/ 10 }or 0T 1w 10-8 109 measure the trace movemaent of the
}div/ 100 s - 108 1> 10-% | BRIV RN oscilloscape tor ¥ dwision,

5-30. For example, if the trace ' moves 1 division in 10 seconds and the sweep speed is 0.01
us/div,, the oscillator signal is within 1< 10-9 of the reference frequency, as can be seen from the
Calibration Table abave. A calculation can also be made as follows:

At ot
e t
.01 m/allv.‘ 21 % 10-9
©10 s/diy,

5-21
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5-31. Adjustment of A3 Amplll'le:r—Mullipller _
1, Connect 5328A, HP 8640, and HP 180 as shown in Figure 5-7, '

, SOOPE PROBE
A3 ASSEMBLY —(
EXF, | »
o5 N o EXTENDER BOARD 180
HP640 — ]
]

= U

figure 5-7. A3 Qscillator Support Adjustment Setup

2. Plce A3 onv an extender hoard | . |
3. Apply a 1 MHz signal at ) Icvei gredlr‘trwlh.m 1V rms to the 532;1A rear-panel EXT Q3C IN,
4. W.h scope hmho, monitar A2 16 rion-component side of A3 circuit board,
5. Adjust AIC15 and A3C12 to minimize side-fitter in trace, as shc;wn in Figure 5-8.
)

6. Put the scope in X10 and fine-lune the adjustments for minimum Jitter.

5-32. TROUBLESHOOTING . !

5.33. Trouble isolation can best be accomplished by obtaining all possible information from the
controls, connectors, and indicators on the 5328A. This information should then be analyzed by
conducting the Performance Test (Table 5-4) to aid in detesmining symptoms of the trouble.
Troubleshooting aids are described in the following paragraphs. - :

5-34. TROUBLESHOOTING AIDS

5-35. Troubleshooting flowcharts for each assembly ‘of the 5328A are provided at the back of
this section, Extender boards and test cards are available as service kits, This section contains
a table for analysis of functional signals and a table for IC troubleshaating. ‘

5-36, Extender Board

5-37. Two extender boards are supplied with the 5323A to extend the A4 Function Selector
Assembly or the A8 Finquency C Assembly. One extender board is ruquired to extend the
A10 assembly for the 5328A. :
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4! 100ns

Figure 5-5A

.

*15. €12 Adjusted for Minimum Jitter

Figure 5-58 |, ;

)

Figure 5-8. A3 Minimum Jitter Adjustment
5-23




HP,5326AH39 , - | .
Malntenance ‘

3-33. IC froubleshooling ' _ "
5-39, To troubleshaot the iC’s on the A1 Motherboard, préceed as, follows:
2. Set the FUNCTION switch to CHECK, .

h. Set the FREQ RESOLUTION; N switch to 1 MHz, 1.

¢ Remove top caver and remove A4 Function Selector Assembly,

d.  Apply power and check for the Joglc states as shawn In Table 5-6, using an HP Yiodel

- 105284 Logic Clip or'a:Made! 105257 Logic Probe. A dark pattern indicates alogic high,

5-40. Function Signals \ - o ; .

. ' ' 1 e . I !
5-41, Table 5-7 lists the functional signals at pertinent paints for each pasition of the FUNC-
TION switch. This information can be used to fsolate problems'that may accur in any of the

varinus modes of aperation. f

5-24
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5320A Display. ARORCOC .
{See preceding Initial conditions)

NOTE

" When checkjng a 14-pin IC with the 16-pin lugic clip, Ignore the
atterns for pins 8 and 9 of the Loglc Cllp 35 shown by the douedt

N, o Fneon the pauern.

;‘ LY o
I TITTITIR 14 PIN
BN NN NG
. w16
: l-:'
1y 's» a
Uz dJoAERumNA 14 PIN
g pEmaENCON :
. 1o|-- 1]
: _ |: : 8
- IROARCHRO
U2 !IHIIIDI 14 PIN
f ) vl I G
Co0osOmDA ‘
25 amoooomo 16 PIN
) 10
o B .
C(mCEEOmRON 16 PIN .
Y% lowooomon ﬂ
0 D
1 8 ,
Uy ER0ONODUD 16 PIN
uju):ysjuf Ju] 1P :
o : 6
‘ Lo ) :
U CERSpDRB0
DeRENDER) 16PN
10 e v 15
B
i ! Y - B .
ROEmsnECOA
UB  |(swmcuces M PIN
[EL ' 16
Y . 1{ . *q
(. o ROmMEREEO
- V% fwnmeoen 14PIN.
Wl L :“5‘
1 : B
U3t 70O OEO _
(uje] Jwis] Ju]-] : 16 PIN
T : 8 \

Wk}

33

u34

uas

Ui6

VA

U39

uU40

U4

| RN
siE0j}=

[ Ja)

3 Jel

-
SIEE|=

R

e m]
- yaB
TSiEA |

16 PIN

14 PIN

14 PIN

14 PIN

14 PIN

14 PIN

16 PIN

14 PIN

16 PIN
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Table 5.6, IC Troubleshooting, A1 Motherboard (Continyed)
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Table 5-6, JC Troubleshooting, A1 Motherboard (Continued)
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Table 5-6, IC Troubleshaoting, A1 Motherboard (Continued)

-
ot

—h

vy

(ROM STATES WITH A4 REMOVED)

1 =y
2 +5Y
J L
4 L
5 L
6
7 H
B 1
i H
BN ¥
t
H
2 H
13 1
14 L

15 1L
% G
17 L
m \L
1 I
0 H
2}
n i
23 L
4 H
25

H
% H
L
+

27
bl

ND

12v

Table 5-7. HP 5)28A Functional Signals

—

NOTE

'N=0-7 {Exponent of 10 on FREQ RESOLUTION, N Switch.

N<=0 Js pashion 1 an switch, Alt ather positions N#0),

CLK = 10 MHz
* = Don’t care

t = ROM makes "A” into period = gate time

CA =CARM

Function Displayed Number Signal to T8 | Signal to 11t Decade Arming Main Gate Gite
Py FREQ $ TIME | (Qutput A4U10)|  (Output AdUS) | (Output A4US)| tinput asue) | (opt. 030)
(H2) (seconds) | IFN=0 IEN7a| 1FN=0 N0 |Nom Armed|IFN=0 tF N7o| (input AsUY
10N +H)
FREQ A Ao K [Ck | A o B R A .
§
PERA %,'5 o PER A * |k |cosc | 18O | free| B {open| M .
PER AVG A CLK ¢ 1N PER A . A | GOsC | ck | Free| B | Open | MGEHF .
T) A—=B ’%‘- TO A-B * |ck [cosc | o | Fmee| cA |open] n .
THAVG A=B [ (CLK » 10N) o T} A-B . B COSC | GOSC | Free | CA | Qpen | MGFF ’
FREQ C 10iN+1)
\Optlan 030) T CLK | CLK C C CA B | Open | Qpen MGFF
RATIO B/A Be % O B B | Fee| <A | T Imor .
RATIO C/A col® « | A C ¢ | free] B |Open)open | JIIFNSO
A MGFF IF N#0
: +10iN+1)
CHECK ck e ak |ck [ cak | ak | Fee| B |Marr Mo '
NOTES

5-42. HP-IB VERIFICATION USING THE HP9825A

5-43, The following program checks the 5328A for proper operation on the HP-1B. The program
Is designed to operate with the 5328A connected to a HP9825A Deskiop Computer asa controller.
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5-44.  To perform the verification, connect the 5328A as shown in Figure 5-9, and set the rear
panel address switches to decimal equivalent one,

98034A HP-1B INTERFACE
SELECT CODE 7

1'P 5328A ' HP 9825A°

HP 5328A ADDRESS SWITCHES!

ADDRERSABLE

| BOREWEA

| As A A A A{

TALK | f |
ONLY

ADDRESS SWITCHES
ADDRESS = 01

Fige - 5.8, Sy:tem Conlfiguration

5-45. The program listed in Table 5-8 may be keyed Into the HP 9825A or may be loaded fron, un
HP-1B Verification cassette, HP P/N 59300-10001, (Revision ) or later) which also contains HP-1B
verification programs for many other instruments, To run the program on the casselte, insert the
cassette into the HP 9825A, Load file B, and press RUN. Enter #5328" when the instrument model
number [s requested, When HP 9825A displays “5328A Option 006 or H42 (1=Y, §=N)?”, then
press CONTINUE. Answer with a 1 on the next question, The HP 9825A will then load into
memory the HP 5328A verification program., ‘

. i ; ;
5-46, The HP 5326 HP-IB Verification Program goes through 17 check paints, Theinformation
In Tabl~ 5-G4, B, C tells what occurs during each test and what should be observed by the
operator if the test has been successtully completed, At the conclusion of each test, the program
stops and displays the current cherk point. To advance to the next test, simply press CONTINUE,
if it Is desfred to repeat a test, set the variable L to 1 via the keyboard {—~L EXECUTE), then press
CONTINUX! To go onta the ne | test after looping, set L back to O whenthe program halts (O—L
EXECUTE), then press ,CONTINUE.
\ . ) "y l.
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S328AR/H99
500 MHz FREQ
COUNTER
: CcHECK POINT 7 CHECK PQINT 15

HP~IB TESTS BFER, AYG, R ¥COUPLING

FXFA A FRREERELS

CHECK .POINT 1 CHECK POINT B

*REMOTE #¥T,I,H+B

e e b e e b

CHECK POINT 2
*CHECK=
+ 19, 0080E+5

el R e A PR

CHECK POINT 3

RESOLUTION
+ 18, BBE+E
+ 153, B00E+8
+ 13,0000E+5

+  10,000080E+¢
+ 10, 00000G8E+8

- +10.0000038E+5

D+, 9DBBOONOE +5

s A Y e e me S A

CHECK POINT 4
*FRED B

b e S e e e b

CHECK POINT 5
#RATID B/A

T o b S S -

CHECK POINT &
¥PERIOD A

Ll A L

CHECK POIHT 9
*T, I,AYG. R+B

et I e T

CHECK POIHT 10
FREQ C

et R N N

CHECK POINT {1
RATIO C/A

A e W me o b e B e e

CHECK POINT 12
*SAMPLE RATE

¥ IHOLE/MULTIPLE
MERSMHNT

el T R Sy

CHECK POINT 13
¥RTTEHURTOR

o b W e TP b e b M

CHECK POINT 14

*SEPARARTE/CONNON

¥NORMAL 7 INYERTED

- s . R AR e e

CHECK POINT 17
BUS COMMANDS!E
¥LOCAL LOCKOUT
*DEVICE CLERAR
*SELECTED DEVICE
' ERR
*GROUP EXECUTE
TRIGGRER
¥S5ERIAL POLL
STRATUS BYTE=
54,060
¥G0 TO LOCAL

ENMD OF TEST.
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Table 5-8. Program Listing

0: dim AS{16},85(16],C5[40);dsp “MODEL 5328A/H99 FREQ COUNTER"
Lt prt " 5328A/HY9",” 500 MHz FREQ"," COUNTER";spc
2: prt " HP-IB TESTS"}8pC j"~===tmrmmmee————— LY VIR AL LT LR L 2 APY 1
3t prt BS;spc

4: "code":ept "gtlect code?”,C

5: If C=721;dsp "error: calculater addresc”™;wait 1000;gtc "code™
6: Lif C>730;dsp "out of address range«high”;wait 1000;0to "code®
7t Lf C<0p+sp "out of address rangeelow"pwait 1000;gtc “code”
8: dev "5 ,C

9: "1":prt "CHECK POINT 1*

1b: rem "5"

il: prt "*REMOTE";beepjopc 2

12: dsp "CHECK POINT 1--PRESS CONTINUE”stp

13: if L=1;g9to "1”

14: "2"iprt AS,"CHLCK POINT 2"

15t wrt "s®, "PP<G3ISLIR"

16t resl "5",CSpprt "*CHECK=" ,CS5;beep;spc 2

17: dep "CHECK PQINT 2--PRESS CON'TINUE";stp

18: i€ L=ljgto "2"

19: "3":prt AS,"CHECK FOINT 3","RESOLUTION"

20t L+X

2l: "LOOP":fmt 2,"G",f.0,"R"

22: wrt "s5,2%,%

23: red "S”,C$;prt Cs

24t X+1+X

25; {f X=B:gtco +2

26t gto "LCOP"

27t desp "CHECK POINT 3-~PRESS CONTINUE" jheepjstp

28t snc 23if L=lygtec "3"

29; "4%iprt 'AS$,"CHECK POINT 4"

30: wrt "S","t4R"

il: ort "*FP"Q A" theepsnc 2 '

32: dep "CHECK POINT 4--PRESS CONTINUE";stp

33: if L=l;ato "a"

34: "5":prt A$,"CHECK POQINT 5"

35: wrt "g","F9R"

36: prt "*RATIO B/A" theepispc 2

37t Jd=p "CHECK POIN'! 5--PRESS CONTINUB”;Btp

38: if L=)lj;gto "5"

3Y¢ “6”:prt AL ,"CHECK POINT 6"

40t wrt "s",*F6R"

41: prt "*PERIOD A" rbeepienc 2

42t dsp "CHECK POINT 6--PRESS CONTINUE" ;stp

43: if L=ljgto "§"

44t "7"tprt A$,"CnlCK POINT 7"

45: wrt "E", "PIR"

46: ort "*PER.AVG.A" ;beep;snc 2

47: dsp "CHECK POINT 7-~-PRESS CONTINUE" ;stp.

48: if L=l;gto "7"

49t "8":prt AS,"CHECK POINT 8"

50: wrt "g","FBR"

51t prt "*T7.I,.A+B";beep;spc 2

52: dep "CHECK POINT e~=-PR:55 CONTINUE" ;stp

53: {f L=ljgto "&"
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Table 5-8. Pragram Listing (Continued)

54
55¢
56¢
57:
58:
59:
60;
6l:

- 62t

6
vd:
65:
66:
67t
68:
69;
70:
71
T2
Th
742
75:
76
77
78:
79:
B0
Bl:
82;
B
B4t
B5:
86:
87:
B8:
B89
Y0
9l:
92
93:
94
95:
96
97:
98¢
99;
100¢
101:
102:
103;
104:
105
106¢
107:
108¢:
109;
110:

"3":prt AS,"CHECK POINT 9*

wrt *5","F:R"

ort “*T.I1,AVG.A+B";beeprspc 2

dsp "CHECK PUOINT 9--PRESS CON'1INUE";stp

if L=l;qtc “9”

"lO":prt AS,“CHELK POINT 1n®

wrt "g","F>R"

nret “FFEQ C"jheepjspc 2

den "CHECK FOINT 10--PRESS CO+ INUE";ctn

if L=ljgto "“10*

"l1":prt A5,"CHECK PUINT 11“

Wwet st MEeph

prt "RATIC C/A"ibeep;snc 2

dep “ChECK POINT 11~~PRESS CON'IINUE" r2tr

if L=l;gto "l1"

"L2":prt AS,"CHLCK POINT 12"

wrt "g8", "p<glsliipe

dep "MANUAL OK?--PRESS CONTINUE" ;5tp

prt "*SAMPLE RATE"

wrt "S","S560R"

dsp "GATE LIGHL1 OFF?-PLLSS CONTINUE" 5t

Prt "*SINGLE/MULTIPLE MEAS’NT"jbeep;suc 2

dep "CHLECK POINT 12-~PRESS CONTINUE" ;stp

if L=l;qto "12"

"13":prt AS,"CHLCK PUINT 12"

wret "EY,"PPAG4AS13A19837R"

dep "STEES 1,2-PRLSS CONVINUE” s tp

weet "S",PPF4G4S1INLIIIBLIR" jwalt L6a0

prt “*ATTENUATOR";reeppspc 2

c&p "CHECK vQINT 13--PRLSS CONTINUE" ;e tp

if L=l;gto "13"

"L4" tprt AS,"CHECK vOINT 147

dep "STEP 3--PRhBS COMLINUE" s tp

wrt "s","FF9G3IS13A7YB7IR"

wait 2000 p

drp "STEP 4--PRISS CONTINUE" jetn

wet "SY,"EPAGHS13BT9R pwait 2+.00 ,

prt "*SBPAPATB/COMHON","*NOFMAL/INVERTBD“:*eep;snc 2

dsp "CHECK POINT }4-PRESS CONTINUE";5tn

If L=1l;9te *14" :
"15"inrt A$,"ChEJK POINT 15" ‘

wet "5, *PF4G45]1IATSB TR \

drp "STEPS 4,6--PFUSS CONTINUE" ;stp

wrt ®s", "PF4G4S513A1379R37RY

prt "*COUPLING" }beepispc 2

dep "CHECK POINT1 1l5-PRESS CONTINUL"pstr
if L=l;gto "15"

"16" tprt AS$,"CHECK POINT 16"

wrt “S”,”PF4GGSL36A379+000*B37+UUO*R"
dsp "STEPS 7,8~~PRESS CONTIRNUE" ;s tp
wrt "E","PF{G65136A3794+040*B37+040*R"
prt "*PRIGGEF LEVELS" ; spc

dsp "TRIGGER LVLS-PRESS CULITINUE" ;s tp
dsp "S1EPS 9,10,11,12-PRLES CONTINUE" ;s tp
wet "S","EF:5137A379+040*B37+0504R"
prt " CHWNL B,+SLOPE"

dso "CHANNEL B,+SLOPE--PRESS CONTINU' " ;5tp
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Table 5-8. Program Listing {Continued)

11Lks

112:
113;
11l4:
115:
116t
117
118:
119;
120:
121:
422
123
124:
125:
126:
127
128:
129;
13ve
131
132:
133;
134;
11356:
136
137:
1382
139:
140
141
142:
143:
144
145;
l46:;
147:
148
149
150
151:

. 152

*7485

rem "s"

I

}

wret "S","PF:S137A379+4040*B375+050%R"

prt " CHNL B,-SLOPE"

dsp "CiINL B,~-SLOPE--PRLSS CONTINUE";stp
wrt "S%,"PF:S137A379+050*3375+040*R"

prt " CHNL A,+SLOPE"

dep "CHNL A,+SLOPE-PRESS CONTINUE" ;stp
wrt "S5*, YPFiSL37TA1795+050*B175+040%R"

prt * CHNL A,~SLOPE"pspc 2

dsp "CHNL A,-SLOPE~PRESS CONTINUE':stp
dep "CHECK POINT 16-PRESS CONTINUE"stp
If L=1;gto "16"

"1l7":prt AS,"CHECK POINT 17"

prt "<us COMMANDS:"

rem "S";dsp "REMOTE?-PFESS CONTINUE";stp
llo 73;dsp "LUCAL LOCKOUT?~PRESS CONTINUE";stp
prt "*LOCAL LuCKoUT"

wrt "S5","PF<513G3IR"

dep “IU.UOUMHZ?-PBESS CONTINUE" ;s tp

clr 7;prt "*DEVICFE CLFAL" tbeep

dep "DCL-PRESS CONMINUE"istp

wetk "5","PELS13GIR"

dep "10. OOOMHZ? -PRESS CON%INUh';stp

clr "S"pprt "*SELFCTED DEVICE CLEAFR" theep
dep "SDC~PPRLESS CONTLNUE"jstn

wrt "E", "PECGISNIR

dsp "IN HOLD?~-PRABS CONTINUE";stp

weit Ludbytrg 73beepiwait 2000;trg "S”;beep;Wait 1400
prt "PGROUP LCXECUTE TRIGCER"

dsp "GET-PPRI 55 CONTINUE"}stD

wrt "s5","PPKG7S12R"

rds{"sS")+Arden A

if A=Ojgto -1

prt "*SERIAL POLL"," STATUS BYTE=",A

dep "SELIAL POLL-PRLSS CONTINUE":stp.

lcl 73dsp "COUNIER IN LOCAL?-PRESS CONTINUE"pstp
prt "*GO TO LOCAL"pspc 2

dsp "CHECK POINT 17-PRESS CONIINUE";stp

Lf L=ljgto "M 7"

"END":dsp "ENU OF EST." : ;
prt "END OF TEST.":heepjspc & _
end
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Table 5-9A Program Descrintion

CHECK . q
POINT TEST QBSERVE ON HP 5328A

1 REMOTE Front panel iIRMT) annunciator should be nn,

2 CHECK Countet should read 10.000 MHz,

] RESOLUTION The HP 9825A should print and counter display the 10 MHz check

signal with resolutions fram 0,1 Hz 1o 1,0 MH2.

4 FREQ A Counter display should read 0.0000 Hz.

5 RATIO B/A Counte. display should read 0,0000000.

6 PERIOD A Counter display should read 0, s,

7 PERIOD AVERAGE A | Counte - display should read 0.00000 ps,

8 TI A—B Caounte - display should read @, s,

‘ 9 T.. AVERAGE A~B | Counter display should read 0,00000 ns,

10 |FREQC Counte; display shouid read 0.0000 Hz,

11 |RATIO C/A Counter display should read 0,0000000.

12 |SAMPLE RATE When calculatar displays MANUAL OK?, verlfy that front panel
SINGLE/MULTIPLE | SAMPLE RATE control can be manually adjusted as seen from GATE
MEASUREMENT LIGHT ftashing rate,

When calculator displays GATE LIGHT OFF, verlfy that GATE LIGHT

; i truly off,

5-47. Connect a function generator to the 5328 input channels and manitor the signal with an
oscilloscope as shown in Figure 5-11,

HP §328A CHANKEL  CHANNEL
A ;]

Q 0

—— e —

HP 33124
FUNCTION GENERATOR

y ' ’

BNC*T"

: HP 180 !
' SERIES
: QSCILLOSCOPE

I ‘ \ : € IMn

Figure 5-11. Hookup for Tests Described in Table 5-98 & C
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Table 5-98, Program Description

CHECK

—

POINT SiEP TEST COUNTER DJSPLAY READOUT
1 1 ATTENUATOR | Set the function generator to an ourpuy of 1 kHe, %00 my p-p sine
wave centered at BV dc as seen on the asclloscope. Connedt the
funciion geperator's nuiput to Channel A of the counter, Set the
counter's LEVEL A and B to PRESET HP 5320A trigger lights should
he blmking ‘
2 When the AP 9625A CONTINUE key Js pmssod senly that the
counter itigger lights stop biinking, ‘
14 k| SEPARAYE/ | With function generator connected to Channel A of counter, when
COMMON | CONTINUE key of HP 9825A Is pressed, verlfy counler readout
NORMAL/ |as 1,000,
INVERTED o :
4 With functlan generator connected to Channel 8 of counter, when
CONTINUE key of HP 9825A is pressed, counter should display
‘ ' approximately 1,L0 kHz tirequency of function generator),
15 5 COQUPLING |Set the {unction generaior to a triangular pulse autput of 1kHz at
| 306 mV p-p with a +0.4V dc affsel as seen on the oscilloscope tFigure
v 5-11), Connact signal 1o counter’s Channel Alnput. Counter's Chane
nel A ard B rrigger lights should be blinking
6 Wheri the HP 9875\ CONTINUE luzy Is presse.!., obwwe the counter's.
trigger lights stop blinking.” ,
, 16 v SLOPE/  |Set the functlon generator to a triangular pulse output of 1 kHz at
‘ TRIGGER  [300 mV p-p vith a +0.4V dc affset as seen nnthe oscllloscope (Figure
, LEVEL 5-11), Connect the function generator's otiput to Channel A of the
N counter, Set the coupter's LEVEL A and I to PRESET,
' 8’ ' When the HP 9825A CONTINUE key b pressed, observe Chan-
! nel A and B triyger Iigh"p cummence blinking.
g *| CHANNELB |Whep the HP BﬂfSA CONTINUE Hy Is pressed, coupter should
+SLOPE: display approxima cly 150 ps 75 ps iwide tolerahce),
0 CHANNEL B [When Ihe HP Y825A CONTYINUE key is pressed, counter should
-SLOPE - |display appro:lmalely 400 ps 1100 ps (wide tolerance),
1 | 'CHANNELA |When the HP 93254 CONTINUE key is pressed, counter should
+SLOPE | |dlisplay approximately 400 ps 2100 ps iwide tolerance),
! 32 CHANNEL A |[When the HP 90254 CONTINUE key Is pressed, colinter should
-SLOPE  |display approximately 150 ps 75 us (wide tolerance),

o

J
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CHECK
POINT

TESY

Table 5-9C. Program Descript,un

COQUNTER DISPLAY READOUT

17

LOCAL LOCKOUT
{LLOY

DEVICE CLEAR
incy

SECECTED
DEVICE CLFAR
tSDC

GROUP ENLCUTE
TRIGGER (GET)

SERIAL POLL
ISPF/SP(D)

i
1

GO TO LOCAL
(GIL)

When the HP %9254 CONTINUE key is pressed, verily that the counter
IRMT) annunciator s on,

When the HP 96254 CONTINUE key is again pressed, verlly Local Lock.
out by aressing front panel RESET button and ensuring counter doesn't
B0 into Local aperation. (RMT annunchatar remains ON,|

When the HP 9825A CONTINUE key is pressed, verify that counter displays
10.000 'HHz. When the HP 9825A CONTINUE key b agidn pressed, counter
will reset 1o its Remote Program initialize mode and display 0",

When the HP 9015A CONYINUE key is pressed, verily that counter displays
10.00 MHz. When the HP 9825A CONTINUE key is again pressed, counter
will reset to ity Remate Program initialize mode and display 0",

When the HP 98254 CONTINUE key Is pressed, verily that counter Is in
Hald (Gate Light off), When the HP 9825A CONTINUE key is again pressed,
Gare Light should flash twice and counter shauld display 10.000 MHz,

When the 1P 9525A CONTINUE key is pressed, counter should display
10.0000007 MHz) and Gare Light should go off. Calculator should prin;
(5TATUS BYTE = 64.00),

When the HP 93254 CONTINUE key Is pressed, verify that counter fs In
Local iIRMT annunciator offj, When HP 9825A CONTINUE key by again
pressed, counter will go inter remote,

END OF TEST,

+0 .56y

H).Avdc

3

SSREPY S —

+0.26y

|
l
|
|
|
|
|
I
|

|
l
l
!
I
|
!
l
o
|
|
g

& Imsec

Figure 5-12, Triangular Pulse Observed in Steps 5 and 7, Table 5-98
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Table 5.0, HP 5128A Al5 Qualifiery and Signal AMiremonics

QUALIFIERS _
SIGNAL | SOURCE DESCRIPTION
ADDR U2aid |H = My Listen Address '
ANN Ukl L = Annunclator On
ATN udiss L = Alleatlon
Bo U125 [ 16-Stare Sequenze Count for Qutput of ASCIl Cade
13 U1Zier | 16-State Sequence Count for Quiput of ASCI Code
n Utz | 16-Srate Sequence Count for Output of ASCH Code
B} U1z |15-5tate Sequence Count for Quiput of ASCH Code
ALK LI6i 7}
D Uizs |H = Decimal Point has been Outputted
DAC usisi  |H = Data Accepted
DAV UXn  jL = Datajs Valid
D101 U2 [HP-1B Data Bit 1
D102 W) JHP-IB Data Bie 2
B10J U4y FHP-IB Data Bie 3
p104 L5 HP-IB Data Bit 4
OS5 Uliey  FHP-IB Data Bit 5
DIOG Uz fHP-1B Data Bit 6
o7 Ux9  [HP-1B Data Bit 7
EOM Uty IH = End of Measurement
J a2y | Always HIGH, used for unconditional jump
LDP Uiz [L = Decimal Point On
LIS U6t | H = Address to Listen
1O U199 [ H = Locdl Lackout Qut 5
MA U615 |L = Enable Strobe 1o Function Select Latch U34 and Select Bit on Module
Stirobe Code
MB U6i6) |L = Enable Strobe to Time Base Select Latch U28 and Select Bit an Madile
Strobe Code
MLT U326 [H = Make Multiple Measurements
M3 U293} |H = Module Sirobe L = FC & TB Strobe,
OVFL U324 |L = Overllow
oDy Uiz | L = Wait until Addressed
RDF U329 |H = Read Data on the fly
REN Ubid) |L = Remotr Enabled
RED U89 [H = Ready for Data :
RMT H = Option 011 in Remole
5 U3k | H = Measurement has dimension of time
5P U3} |H = Serial Pale Active
5RQ U6i3} [L = Service Request
SWiL Ut | H = Switch to Local
TALKA | U2 [L = Talk Alwayb
TLK U265 | H = Addrss 1o Talk
LS Unlisten
HLIS Listes
LK Untalk
HTLK Talk ,
Lsp Serial Pall Disable -
HsP Sernl Paoll Enabl |
LMA, Enable Function Code Latch Input Module Select Code, Also used jn putting
! out Exponent
Qpposite of LMA

HMA
i

|
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: {
Table 5-10. HP 5328A A15 Qualifiers and Signa: Mnemanics (Continued)

QUALIFIERS
SIGNAL | SOURCE DESCRIPTION
LS Measurement does nat have dimension of time, Quiput POS EXP
HS QOpposite of LS
HLTCH | Latch Data into U128, U33, or U34
LRMT Go 10 Local
HRMT Go to Remote .
LD Decimal Point has nat been outputted
HD Decimal Point has been outputted
LMB Enable Time Base Cade Latch input, Module Select Code, Also used jn putting
out Expanent
HMB Oppasite of LMB
LMS Cnable Function and Time Base Code Latches Disable Module Strabe Line
HM5 Opposite of LM5
LDAV HP 5320A says Data Not Valid
HDAV HP 5328A says Data Valid
LRFD HP 5328A says Not Ready for Data
HRFD HP 5328A says Ready for Dara
LDAC HP 5326A says Data not Accepted
HDAC HP 5328A says Data Accepte
LLO Local Lockout Off
HLLO Local Lackout On
LEOM Reset End of Measurement F/F 11)118)
HIC Initialize 16-5tate Counter \
HOSA Strobe Mainframe Display and 16-State Counter
LRPR Turn OFF Master Remote Programming Reset
HRPR Turn ON Master Remote Programming Reset :
LDDIS Low Disable Display. TTL active low turps blanks display except LHS
Annunciators
HDDIS Opposite of LDDIS
LINH Inhibit Counter from Arming ‘
'LRST T.tn OFF Counter Mainframe Reset
HRST Turn ON Counter Malnframe Reset
LSRQ Output {an U15, U24) Binary B an ASCII Bus !
HSRQ Qutput {on U15, U24; Binary 64 an ASCII Bus
ASP Output (on U15, U24) ASCHE Space :
LDAQ Output 1on U15, U24) all HIGHS on Bus and Disarm DAC Line
HDAO Output (on U15, U24) all HIGHS o Bus and Arm DAC Line. All succeeding bits
; \ put out on U15, U24 to be put on HP-1B as ASCH Characters.
ADIG ASCIHI Digit from Display - k
ALF ASCIl Line Feed . ;
Ag ASCH @
ACR ASCI Carriage Return
AE ASCIE
ADP ASCH Decimil Polnt VU
A3 ASCII 3 : b
A6 ASCI} 6
AS AsSCIl 9
At ASCIH +
A- ASCH -
AOVE ASCl Letter O
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5-43, TROUBLESHOOTING INPUT CHANNELS

5-49, The main function of the Input channels is to perforr Input signal conditioning via elther
local or remate control, Therefore, effective problem diagnosisls divided Into two sections, lncal

and remote, It is mast efficient to assure proper local aperation before remote section trouble-

shooting Is performed, Use of the Performance Test (Table 5-4) will ald in determining which

troubleshooting section to use, ‘

5-50. Local Mode Troubleshaoting

5-51, Local Moade Troubleshaoting consicts of the lrdubleshooting flowchart in Figure 13.
" These flowcharts are intended to help isolate local operation prablems.

5.52, The flowchart In Figure 5-13 Is intended for overall local operation troubleshooting. Tabfe
5-11 Relay Qporation shows required levels, control {ines, and the refay involved for any func-
tion, Table 5-12 Relay Control Loglc shows the output line and level required for proper relay
operation in a function, These Tables, 5-17 and 5-12, are to be used with the Local Mode Trouble-
shooting Flowchart {Figure 5-13), '
5-53. The pragramming interface sectlon of the A10 Synchronizer board Is used only when the
537BA Is In remote, The interface Is used In conjunction with the A11 board to control A and 3
channel signal conditioning, When the 5328A isin remote, addressable latches, U8 and U15, con-
trol all of the signal conditioning relays. The A11 DAC board Is also used in remote to allow pro-
gramming of the A and B channel trigger levels,

) ' * Table 5-11, A12 Relay Operation |

J-1 Pin # Function J-1PIN Relay Controlled
j ‘ HI Lo
2 Channel A Slope — + ——
5 Channel B Slope — + ———
6 Channel B Atten X1 X10 K6, K11, K10
” 7 | Channel 8 Coupling pC AC K9
10 SEP/COM - COM SEP K4, K5
17 Channel A Atten Xi X10 K2, K3, Ko
14 Channel A Coupling '|  DC AC K7
NOTE: Nongrouhded pins on )-1 should float to TTL high,
Table 5-12, Relay Control Loglc
! Function Channel A Channel B
Slone + A10)3 Pin 2 Low A10}3 Pin 5 Low
Pe . ' A103 Pin ?righ A10)3 Pin 5 High
4 A10)3 Pin 12 High A10}3 Pin 6 High
Attn X10 A10)3 Pin 12 Low A10)3 Pin 6 Low
X100 A10)3 Pin 13 High A10]3 Pin 8 High
AC AT0)3 Pin 14 Low ; A10)3 Pin 7 Low
Coupling ¢ A10}3 Pin 14 High A10}3 Pln 7 High
SEP, COM A SEP A10J3 Pin 10 Low
COM A A10)3 Pin 10 High

5-54, Remote Mode Tfoub_leahooting

5.55. The foltowingi information includes Programming Logl: Troubleshooting and DAC
Troubleshooting, These areas will help Isolate remote operatian problems where A and B input
channels operate correctly In local contral,

ot ‘ 5'39
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|

Table 5-13, Program Intdrface Operation

Code | Funez-gy | N10U7 Plns | A10UB Pins [A10U15 Plns A10)3 Pins AToU17
: ! 123456 [456791012{4567912 | 26670910111213 14 L]
AOBC 1 Meg 011000 0
A3B3 DC 107000 1 1
A2 AC tei000 ] 0
ASB5 - 100000 1 1
AdB4 + n0000pD 0
A7B7 X1 1 1 0000 1 1 1 1
Ao Xi0 010000 ] O 0
A1B1 X100 111000 1 1
ASBY |ComA,lny, | 100100 1 L
AGBA | Sep, Norm | 000100 0
A+BH DAC 111101 L 1 1
A'B® NORM 011110 0 0 0
NOTE

U7 s -goud and U3 Is bad, check for pulse one pins ¥ and 10 of Y16 for all commands
and pins 6 and 7 for DAC command only. Pulse will occur durlng execution of command,

Table 5-14, ROM (A10U7) Input/Outpu! Code

tnpul Code Oulppl Code 1
A10U7 Plns A10U7 Pins
¥ 11 11 o 10 4 3

Tt el ek v b kb b ok el b e - =S OO D OO O D OSSOSO,

[=J% =3

et e el it S D000 S 00O0 - S OSSOSO
—l—|—nﬂocog-a-—a_ncaQc—n—-&.—»ccca—-—s—n—laaac
OO0 = it D0t it DS ek 2 O D it ot S b ot 8L b b

— o O3S .

b= Rl el R R T R T Sy S PR e Y

o--—--ac-n-—-—u—nad-ﬂda«aocccccacoccccc [

e e N N - - T - RN - R N - T I SO A N N
R E T - - - - R X - G A
DD u O = " 000000 o DS ot EE 0 e et e =

O s n O e C O OO et At B e DSOS e |

_-c_.c_;c_.:;_.ag_._.c—a—c—-c—-c—-:'.—ac—-c—ht:-—-c —
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5-56, Programming Loglc Troubleshooting Includes Tables 5-13 and 5-14, Tadle 5-13 Program
Interface Operallan shows the necessary levels that the A10 must generate in any function, input
and Qutput codes for ROM (A10U7) are contained [n Table 5-14,

5-57, DAC Troubleshooting includes a checkout procedure that does not require a program-
ming source, Table 5-15 DAC Logic Le+ 2ls gives the required logicoutput levels far proper opera-
tion, The Informatian In Table 5-16 DAC Signals Is designed to aid In troubleshooting $tshould be
used to troubleshoot problems where the logic levels are correct, yet the analog output Is bad,

5-50, DAC TROUBLESHOOTING, To perform DAC troubleshooling praceed as follows!
g,  Check +5, -5,2; +15, and ~15 volts on the A1 Motherboard (refer to A1 troubleshooting
procedure for repair),
h, Check for clock signal an U5 pins B and 11 and on callector of Q7. If Incorrect, suspect
Ws, Q7, nr C12,
¢, Perform the following setup procedure:
1, Turn 5326A power off and unplug 14-conductor cable from A11)1,
2. Remove DAC hoard A11 from 5328A and install jumpers in J1 fram pins 8 to 10,
510 6, 4 to 7, and 3 1o 12, Relnstall A11 board using an extender board (05328-

62016) into XA11,
NOTE

Ensure jumper from pin 8 to 10 does not shart to any of the
other jumpers,

3, Apply power to an HP 10526T Logic Pulser,
4, Connect HP 3490A Volimeter between A11TPS and 5328A chassis {used to
monitor Channel A DAC outpin),

5. Turn 5320A power switch to ON, ‘ ;

d. Pulse A1IUN1T4) with the lopls pulser, This resets the DAC storage registers, HP 3490
Volimeter should display OV :£50 mV. If so, perform step 5, If nat, refer to Table 5-14 ond
check the logic levels listed on line 1 ireset pulse U1(34) for an improper level, Sus-
pest any integrated clrcult listed If It has an improper output,

e, Yulse A11)1{14} oncz wih the loglc pulser and verlfy line 2 of Table 15,

g Sters athrough f have checked the A channel DAC, To check the B channel DAC change \
the voltmeter connection to A11TP6 and 5320A chassis, Repeat steps d through f,
pulsing A11)1 pin 13 Instead of pin 14, The parentheses In Tabje 5-15 refer to B channel
DAC circult locations,

_h. 1 the A and B channel DAC output vltages were the same as in Table 5-15 the board
is functioning carrectly, If a digital output form Table 5-15 is Incorrect, suspect the
integrated clrcult generating the level, If the digital outputs are correct ard the analog
output is Incarrect continue with step |,

I, Reset storage registers (U16, U15, U11, U10) by pulsing A11U10{14) with a logic pulser,
Using an oscilloscope check signals listed in line 1 of Table 5-16,

J.  Pulse A11}1(14) and again using the oscilloscope check for signals in line 2 of Table 5-16,

k. Pulse A11)1(14) three more times, stopplng after' each pulse to verify the next line in
Table 5-16 with the oscilloscope,

L Sets | throveh k have checked the A channel DAC signal path, To check Channel B DAC,
follow steps | through k above, pulsing A11)7 pin 13instead of 14, Stop after each pulseto
verlfy the locations in parentheses of 7able 5-16,

m. Refer to T2%e 5-17 match the symptom recelved with the probable cause of trouble,

5-41
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Table 5-15, A11 DAC Logic Levels
Least Signilicant Most Signiffcant
Diglt U10{14) un(13) Digh Uai12) | Sign Qutput
M 15 1 311415 2 ) L) 15 TiN(1) T1%5(6)
Resel Pube UNIPin4|l0 0 0 olo 6 o of o 0 0 0,000£,050 YDC
. , -
TPulse 1 Pin 14131 [0 1 0, q: 0 0 0 0 0 0 ~0.020£.050 vDC
2ubses P PID 143 [0 1 Jon "I) 1 0 0 0 0 0 -0,220+,070 yIC
SPulses P43 O 31 "0 100 1 0 of 0 1 0 -2, 204070 YDC
APubes PR3 [0 1 0 o 1 0 o o 1 1| +a2romvoc
NOTE
This procedure dus not exerdse every bit, If DAC symptoms are that some
voltages are ot programmable, exercse cach biv high by Jeaving that bit
not shorted 1o ground. :
Table 5-16, A11 DAC Signals
AT Anade CR5, Cathode CRB,
TR Pin 0(6) Pin 9(5) CR6 (1, 4) TR16 (), 3) TP5{6)
Resut Pulse U1 Pin 14 | No Pulses No Polses No Pulses No Pulses 0,002 2.05 yDC
1 Pulse J1Pin 1013 [ 10msectdnnec | 10msectdmsec | 10msectdmsec =11 VDC ~0.02£0,05 VDC
period pulses | period pulses | period pulses
2 Pulses 11 Pin 1413 [imsect04msec | Imsect04msec Tmsect0.dmsec «+13%0C 0,200,607/ VDC
perfod pubses | perlod pulses | perfod pulses
3 Pulses 11 Pin 140131 [100pmsectd0psec 100useckdlusec | 100useckdusec =+13VDC ~2,2240,07 VDC
period pulses | period pulses | perlod pulses
4 Pulses 1) Pin 14003) [100psectd0pec | 100psectdQusee | =~13VDC | 100psectdOpsec | +2.22£0,07 YDC
period pulses [ period pulses pertod pulses
NOTE

Pulse petlod is approximate; 40% varation may be normal since pulse spacing
Is not constamt aut of rate multiplier, Fatnter pulses between brighter pulses
may be seen, This Is nopmal,

Table 5-17, A11 DAC Troubleshooting

Symptom

Prabable Cause

Pulses wrong at TP4
Pulses wrong at TP3
Pulses wrong at U2 ourpit
Pulses wrong at drain of Q2
Pulses wrong at drain of Q1
Pulses wrany at dridn of Q4
Pulses wrong at drain of Q3
I pudses at all polnts good

U12, U3, or U4

Ug, U9, or U10

L2

Q2, CR2, CR4, U1, or U3
@1, CR1, CR3, U1, or U3
Q4, CRG, CR10, U4, or U3
Q3, CR5, CRG, U4, or U3

U4 for Channel A
U1 far Channel B
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559, REMQVAL AND REPLACEMENT INSTRUCTIONS ‘

5-60, Removal and replacement instructions are provided for the instrument cover, the time
Interval module tassemblies A10 and A19) and A16 Display Assembly,

5+61, Instrument Cover Removal

5.62, To remove top or bottom cover, remove the screw at the rear edge that secures cover to

instrument, Sfide cover toward rear of instrument and lift off, To replace cover, reverse

pracedure,
| WARNING I

115 OR 230 VAC SUPPLY WIRES ARE EXPOSED WHEN EITHER
TOP OR BOTTOM COVER IS REMOVED, USE EXTREME CAUTION
DURING TROUBLESHOOTING, ADJUSTMENT, OR REPAIR.
AVOID DAMAGE TO INSTRUMENT BY REMOVING POWER
BEFORE REMOVING OR REPLACING COVERS, ASSEMBLIES,
OR COMPONENTS,

5-63, Time Interval Module (Assemblles A10 and A19) Removal Replacement

5-64. To remove and replace the time Interval module, proceed as follows:
2, Disconhect the power cable from the 5328A (Safety Precaution),
b, Remove rear feet and the top cover from the 5328A,

¢, Using a suitable flat-blade screwdriver as a prying toal, gently remowe: |he plastlc filler -
strip from the top of the cast front-panel frame,

d, ' Remave the two machine screws that secure the top of the madule Irnnt panel to the top
ol the cast front-pandl frame.

e, Tumn the 5320A on fts side and remove the two machine screws that secure the bottom
of the module from panel to the battom of the cast front-panel frame,

|
f. Slightly loosen all remaining machine screws along the top of the cast front-pancl
frame, This releases the compressive force on the madule front panel,

g. Remove frant panel nuts from A and B channel Input connectors,

h, Remave the A19 Switch Board with front pane! attached, by gently pushing the assembly
from the rear, Note that the A19 board Is separate from the A10 Synchronizer Assembly
during this operation,

I Remove the front panel from A19 by removing the MARKER OUTPUT connector nuts and
removing the LEVEL A and B cantrol ki abs,

j»  Remove the A10 Synchronizer Assembly by pulling the assembly upward,

" k. Replacement is essentially the reverse of removal.
5-65. A16 Display Assembly Removal and Replacement

5-66, To remove and replace the A16 Display Assembly, proceed as follows:
a. Disconnect the power cable fram the 5328A (Safety Precaution),
b. Remove the top cover from the 5320A.

¢, Using a suitable flat-blade screwdriver as 2 prying tool, gently remove the plastic filler
strip from the top of the cast front-panel frame,
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d,

e,

f.

B8

Remove the two machine screws that secure the top of the display front panel to the
top of the cast front-panel frame,

Turn the 5326A on its side and remove the two machine screws that secure the bottom
of the display front panel to the bottom of the cast front-panel frame,

Slightly loosen all remaining machine screws along the top of the cast front-panel
frame, This releases the compressive force on the module front panel,

Remove the A16 Display Assembly, with front panel attached, by gently pushing the
assembly from the rear, Note that the display assembly s separated from the A1 Mother-
bhoard during the operation,

- Using a suitable allen wrench, remove the SAMPLE RATE control knab from :he

module,

Remove the nuts that attach the SAMPLE RATE and RESET switches and separate the
frant panel from the display assembly,

NOTE

If the FUNCTION or FREQ RESOLUTION switch control knob is
removed or if the associated printed-circuit board switch is disas-
sembled, the knob and switch must be aligned during replacement
as described in the following paragraph, '

To realign the display switches with the proper knob positions, set the rear ceramic
wafers with the slots down, Set the knob of the FUNCTION switch to FREQ A and set
the knob of the FREQ RESOLUTION switch to 102 {10 kHz). ,1kHz position and tighten

the two set screws on each knob with a suitable allen wrench,
!

—
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5-67, Signature Analysis Troubleshooting A15

5-68, This procedure utilizing signature analysis as a troubleshooting too) for the A15 HP-IB
assembly should be used alter a fallure has been detected with the 5328A HP-IB Verlfication
program,

5-69, The 5328A Option 011 functional block diagram Is divided into sections to help the
technlctan understand and troubleshoot the A15 HP-IB assembly board, By observing the
signatures at the sections output and input, a fallure can be |ocalized to a section level; then,
within the section, the fallure can be located to the companent level, Signatures are provided in
Table 5-18,

1, Remove power from 5326A, ‘

2, Make sure that there Is no cable attached to A15)6 (HP-1B connector),
3., Make only the following connections between A15W1 and A15)1:

ABWIPIn g 1o A15)1 Pin #
N — 2
W ——
, I e— 7

28 —_—

4, Setup 5328A address switches as follows:

ADDRESSABLE-I
wlulml=l"1" 1]

TALK ONLY —— As As A3 Az Al

5. Connect A15U22(17) to ground, to provide for {ree-running condition, |
6. Connect the 5004A Signature Analyzer POD connections as follaws:

CLOCK —~ A15U18(3) i
START/STOP — A15U23{15}  (Not shown on schematic)
GROUND - A15U18(7)

7. Set 5004A Signature Analyzer front panel switches as follows:
START and STOP o - — o e a A

NOTE:

If an input/out of a given device Is ACTIVE-LOW,
then the 5004A front panel CLOCK switch mustbe ... \_
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B, Apply power to $3208A,
NOTE
Because the preset counters({UT4and U23)have two functions:
a) Increment the ASM through all its address, and b) provide
the Jump-address when so Instructed fU22(17) and U30C(B)
are high), it Is possible that they could iave good signatures
and stil} be the source of the problem, due to the fact that in
“free-running” we are incrementing the addresses only, On
those rare cases, refer to "Local Troubleshooting Flowchart”
in the 5328A Option 061 Operating and Servic2 Manual,
Table 5418, HP 5128A Al 5 {05328-60043) Signatures
pNe [ ur b2 [ ua ] us [ ous [ ue [ us [ us | us | ue [PINK
] 0000 | HP43 | ASPC | CC34 | H41B | 72H6 | €000 | CC34 | 657 1
2 ' 0000 2
BOAH | HACA | PHU | H4CH | 2P04 | 56031 | CcC34 | 0000 | CC4
.3 0000 3
CCH | 6CB4 |HOCO| 6UB0 | 7248 | 56031 | 6F76 | U45C | HP43
4 4
0000 | 1PHU [ 6CB4 | CC34 | 406 ] X% | ccaq | 4usu | 5A72
5 _ 5
PFU9 [ oooo FAF | 6UB0 | 6CB4 |COAO| CC4 | CCad | owi0 | cCod
6 6
CCI41| 3425 | H4CH |HOCO| d89 | X 0000 | CC34 | P16
7 / 7
CC34 4| HIH2 | o000 | 0000 | 92C€7 | X | A9c2 | o000 | o000
| 0000 | 0000 | 5A72 | A5PC | 0000 | o0oo | 0000 | ccas | AeC2 | o
9 425 | 295A | P16 | IPHU | W4sC | 0000 | W94A | o000 | 1286 9
10 F21F | 0000 | F2IF | C€C34 | nooo | oooo | oooo | €C34 { 1206 | 10
n TPHU | 2APS | 7928 | 7928 | U92u | o000 | 2AP5 | 0000 | UgsA | 1
12 0000 1 12
6CB4 | 59H7 | 2425 F2IF 59H7 | 72H6 | S9H7 |09CH 1| 427p
13 CCl4 13
HACH | U2U | BUTY | CC34 | 2APS | X% [ uoau | cusy | 427
14 ‘ CC34 14
6F76 | 6FIP | CC34 | CC34 | 183A |UHUH 1| 6HPA | cC34 | cCag
15 S7PU | HI0A Alap H6HP 15
16 CClM | CCM CCl4 CCH4 16
NOTES:

1. X =Don't Care
2. | =5004A CLOCK switchmusthe In L, tNegative edge
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Table =18, HP 5328A A13 (05)28-60043) Signatures {Contintied)

Fine | UN w2 [ U3 | un u15 s | U7 j unm uag U2t | PIN &
1 CC34 | HA | MBF | C€CI4 | 6UF | CC34 | CCH [ U92U | 7FPC | 9IH 1

2 cCit 2
uorc | Henp | o000 | ccas | ccas | 3aa5 | ccas | som7 | grpc | 2aps
3 | 0000 CCat 3
ccast | erer [pHaz e | ssur | ccas | sunr | ooco | 2ap5 | aooo | P23
4 ccas . 3
ccad | asop [Aaper| Haza | Haze [ ccas | wpa | uoss | uasc | son7
s cCiy 5
wec | 7216 unum | sras | ccas | eare | 000 | 6577 | cca | amc
6 P7HI 6
AsUU | oooo |ccast| opap | sFa4 |HoM2 | ccas | ap | ausu | usau
7 D545 7

0000 | 0000 [CC341| CC34 | OP2P | 0000 | 0000 | ASC2 | 0000 | 0000
8 ccys | oooo | 0000 | 0000 | 0000 [ CC34 | 0000 | 0000 [ 9FUL | 6A72 1y

9 CC 9
0000 0000 |{2CAA 1| CC34 | 5378 0000 |- CC34 | FUBL | 27FC P146

10 ccM CCy 10
CC34 | 000U [9AAS 1| CC34 JAAPF | 3352 | CCl4 | PFUD | 27FC | 5378

1 CCH 1k
| CCH GUIA | C289) | 5CPO | FUIF 295A 1286 krile X PU4F

12 cCH : 12
X 7UAH [ PR4S 1| PSPH | €C34 | CC34 | ABC2 | F7HU X Q000

13 CCl4 CCY 13
GAAS | | 98F | PZHI L | 725C | TPHU | 926P | CC34 | 8370 | U45C | CCl4

14 CC34 14
CC34 14CUU | 7UIH | 96PF 6CB4 | CC34 | CCI4 | P545 ) | CCI4 | CCH

1% UQFC | 6U2A | 826P [ H4CH CCl4 15

16 CClM | CC34 | CCI4 | CCI4 ' CCH | 16

NOTES:

1, X = Dont Care
2, | =5004A CLOCK switch must be In L. INegative edge),
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HP 5328AH99 -

Maintenance :
! Table 5-18, 1P 5326A A15 (05328-60043) Signatures (Continuod)
pINe | D23 | u2d | ouss | b6 uy | U F Ul | wao oW | U2 | U3 [ UM |PING
1 ! ooon  |ooon | 1
cca | s | 0000 | U92U | U4SC | 4UGL J09CH 1 [ CCId 1] CC4 | U934 | 6CB4 | AUGU
2| : ' uacy 2
eCid | oeru | uasy | 59H7 ¢ 9epo | oooo | pe32) | CC34 | €C34 | CC34 | IPHU | 0000
3 " |ccia jec3d |ceas 3
‘ 967U | 3FO8 | CC34 | 2AP5 | 0000 { 0000 | GB4F) | 0000 | 0000 | 0000 | F21F | 4U6U
4 0000 | | 0000 7FC 4
“ | k88 [ 1IH8 1 [osCH 1| H4I8 | L45C | 0000 | B2FC ) | €C34 | €C34 | €C34 | 0000 | 4UGU
5 1000 CC34  |CCH 5
_ WIC | CC34 | U4 | 9530 |PFOC 1 ] 0000 [LHUK | PHI? 1| €C34 | 71C4 | 0000 | NOGO
6 CC4 ! 9FuL | 0000 0000 6
v lgreo | BC | 86661 | 7248 | o000 | oooo | 39Ul 1| 56034 | 0000 | 0000 |H22C 1| 0000
7 ’ ' CC34 CC4 7
B26P | 67CO | 0000 | 71C4 | 0000 [C2693| 0000 | 0000 | o000 | 0000 | cooo |C269)
B CCH . ' i
00G0 | AUHP [ 0000 ) | 0000 | oo0d | oovo | W4SC | Lew7 | 4UGL | 0000 | 0000 | 0000
9 ; 0000 _ 0000 92C7 9
CC¥ | 14PA | CC34 1| COAQ | U4SCT [ 92C7 | €CI4 { ASUU | U45C |H22C )| coo0 | PB32)
10 . 1 0000 10
CcC34 | 926p | ccad | 4sn9U | 0000 | 489U | 4UsU | 5378 | €C34 |oooo | PRRC I |COACQ
" 0000 [CC34 "
GPCP | 295A | 0000 | 92C7 | 7FPC | €C34 | CC34 [1HB L | 2CAA 4| U92U | 96P9 | F2IF
12 | 77F7 | 0000 | CC34 | P46 | CCI | IPHU | €CI4 | €C3 | 5378 | 59H7 | 0000 |1PHU | 12
13 0000 : CC34 13
\ 85PA | 1IHB | CC34 | 5378 | F7HU | 6CB4 | 0000 JAAPEI| CC34 | 2AP5 | HACH | 6CB4
14 i CCH CC 14
7P25 | H9H2 | CC34 | P7HT) | CC34 | H4C4 | CC34 | CC34 | CC34 | H785 | 8666 ) | HACH
15 | UP73 | 62P6 CCl4 P146 GFCY1 | 5A72 | P16 | 15
16 | CCl4 | 3425 CCl4 CC CC34 | CC34 | CCI { 16
NOTES:

1.

X = Don't Care

2. 1 = 5004A CLOCK switch must be in - INegative edgel
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HP 5328AH39

Maintenance
1
START LOCAL ASK BTATE TABLE
SET 5328A FUNGTION TO FREQ A |
SET 5328A TRIGGER WORD Q03
FUNGTION ....., CHECK DELAY SET ADDRESS
FREQ RES ,..,... Ns=i0 00000 4
00002 6
00003 7
00004 10
00006 1
DOES

5326A CHECK g g g g ? ! §

PROPERLY !
” 00008 14
00009 15
Q0010 113
00011 114
DISCONNEGT HP-IB 00012 116
CABLE FROM /15 00013 126
TURN 5320A POWER 00014 126
SWITCH TO STBY THEN 0co15 127
TO OFER 00016 130
00017 131

DOES
6328A CHECK
PROPERLY

? .

DISCONNECT ONE
END OF 28-CONDUGTOR
CABLE -

DOES
6328A CHECK
PROPERLY

PROBLEM IS NOT
ON A15 BOARD

RECONNECT THE
28-CONDUCTOR
CABLE

!

REFER TO LOGAL
ASM STATE TABLE
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Part of Figure 5-14, Lacal Troubleshooting Flowchart
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SECTION VI

REI’I.ACEABI.E PARTS

{

61, INTRGDUCTION .

6-2, This section cantatns informatlon for ordering replacement ports, Tahle 6-1 lists abbreviations
used n the ports lists, schemalies, and throughout the manual, Table 6-2 fIsts parts In
alphanumerical order of thelr reference designators and Indicaies the description and HP Part
Number of each part, together with any applicable notes, The table Includes the following
infarmation, ’ : : '

s Dekclripudn of part (see abbreviatlons below),
b, Typical manufacturer of the partin a five-digit code; see list of manufacturersjn Table fi-4,
¢, Manufacturer’s part number, ;
d; Tatal quantlty used In the Instrument (Qty column),

" 6~3, ORDERING INFORMATION

64, To cbtain repl&ccmem parts, address order of Inquiry to your laca} Hewlett-Packard Sales
and Service Office (see lists ot rear of this manual for addresses), Identily parts by thelr Hewlett-
Packard part humbers, ' . :

a, Instrument madel number, |
b, Instrument s¢rial number,
6 D¢;5criﬁt_ton of the parl, )
d, Function and location of the part,
& Check digit,

" £ Quantity required.

Y 6"1




HIP BI2BAHYY
Replnceable Parts

t

Table 81, Abbroviations and Reforenen Dusignathons
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G5 HP PART NUMBER ORGANIZATION

I GI2OAHS
Raplacenble Parts

!
}

G, The followlng 1s o general deseription of the HP pan number system,
it .| L - ~ ) )

67 ‘Component Parts and Materials

g-,, Generally, the preflx of HIP pan numbers Identifins the type of device, Eight digit par
numbers are usmi.whumllmfnur-lellprcllxitlnnllﬂustlm ,peof component, part, or materfal
)

and the fotur-digit sufflx Indicates t
eommonly used prefixes for component parts, The list Ineludes HP manufactured pans and
- purchased parts,

Preflx:

21~
0122~
140-
0150+
01640~
0160-
0330~
0340~
0370~
0360~
0410
0470~
0490~
f 0510~
0674~ through 0778~
0811= through 0831+
700~ .
1205~
1250~
1251~
1410~
1420
1820~
1826~
1850~
m51-
1853
1854~
s
1900~ through 1912-
1920~ through 1952~
‘ 1990~

3100 through 3106~

8120-
9100~

e specific type, Followlng is n list of some of the more

Component/Pari/Materlal

Capacltars, Varlable {mechanlcal)
Capachars, Voltage *'arinble (semiconductar)
Capachars, Fixer!

Copacitors, Fixed Non-Electrolyiie

Copachtors, Fixed

Capacitors, Fixed Flectrolyile
msulating Materials
Insulators, Formed

Knabs, Canlrol

Crystals

- Crystals .

Adhesives

Relays

Fasteners : .
Resistors, Fixed (non-wire wound) :

‘Resistors {wire wound)

Sockels far components

Heat Sinks ' P
Connectots {RF and related parts)

Connectors (non RF and related parts)

Bearings and Bushings

Balterjes o
Manolithic Digital Integrated Circults

‘Monuolithic Linear Integrated Clreults

Traseistors, Germanjum PNP

Tré nsistors, Germanlum NPN

Transistars, Sllican PNP

Trans/stors, Sllican NPN

Fleld-Effeci-Transistors

Diatles . '

Vacuum Tubes ' _
Semicnnductor Photasensitive and Light-Emitting Dlodes
Switches

Cables -
Transformers, Colls, Chqkes, Inductors, and Filters

6-9, For example, 1854-0037, 1054-0221, and 1051-0192 are all NPN transistors, The first iwo are

silicon and the Jast Is germanium,

6-3




I 5326A1189 " -
Replacenble Parts bl e i

6-10, General Usage Pars | | ‘
6-11, The following list glves the prefixes for HP mapufaciured parts used in several instrus

ments, e,py side frames, foet, top and bottom covars, et These are elghi-diglt part numbers
with the four-digit prefix identifying the type of pais as shown belawt

Type of Part Prefix

Shent Meta) 5000~ 10 5019~
Machined 5020~ to 5039~
“Moldad £040~- to 5059~
Assemblies 5060~ to 5079~

Campanents 5060~ 1o 5099~
1‘\ : A

612, Specific Instrument Parls ‘

6-13, These are P mnnulncturl;d parts for use In Individual instruments o serles of Insiru-
ments, Far these parts, the prefix indicates tne instrument and the sulfix Indicate the type of

© parts, For cxnm(rlc, 05320-60001 Is apy assembly used in the 5328A, Following s n list of sulfixes
commonly used, o ' .

Type of Par P/N Suffix
Sheet Metal "~ =00000 to ~00499
Machined 20000 10 ~20499
r “molded ~40000 to ~40439
| Yesemblies ~60000 to ~60499 .
! Components  ~B0000 ta ~B0299 ‘

Documentatian . -90000 to -90249 | ‘
. J :
6-14, FACTORY SELECTED-PARTS

)

1. . o '
615, Some af the values in the pyris lsts are selected duriig manufacture to meet circult re-
quirements, These parts are marked with an asterisk %) in the ports list and schematic diagrams,
‘With average values shawn, { : ' ‘

1
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' ' HP 5320AH9)

- _ ' ‘ : - Replacenble Parts
1;! ' : :
" . Table 6-2, Replaceable Parts
] - , '
o oforance - PPart sl qp | Das 1 Mfr
X oriptio Mfr Part Number
g Eusiunntlon umbor (o] =YY ription Code
M padImsodis |0 1| MOTHEHROAND [MAIN), SEN)KE 424 zemn0 | obaznsocds
114} ‘ oY nnnlrnrn
: ApIR - HAT e
: AILS IR E 1| cAra |1nl-r b 4, zurt aX INURE TA BAaNY bopavuﬁvaanpn
B AYLEA ulhn»nigl A 9 | EAPACEIDR-FXD gL unnubn POLYE gnanb pIm
o ALt IR y 3 | cAPAGEYLN-FXD ﬁnurt-nnx wypE ¥ shon? | |htnha»x|nnnn=
f‘ MM 014019y |0 V| CARALLTON-EXD ABOPE +=)X 300VDE HICA mysh | bRIRFaRIrRARRMYIER
Sy AlE p)7o~0dad | v p | EAPACIEDH-#XD ,BDRUF ¢»nn; nnnvnn FULYE gndie | pizn-o024
] atnz n{ - e uaanliur- ;n VRIDES-ROX 2BV ﬁ ELDDY BOEIIANNDYOAR
8 MELD nlge-n:lq » ‘ CAPALITOR-FXD ,pIliF v-BX AUdVDC JoLYE nAaLy £IUME038AUR y
- ' ABIRY, ninb-opys |0 B | CAPACITON-FXD JUF#-£DX BOYDE TA no2n? | VYhopyaskinnoaR
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! yesi-na0n [ i ENKRECTOR=-DGL CONT PEN L, 4A~KH=BSC-GZ 89 ROARS 109 -a600
IEBY-Enbe } CONBERTOR-PE CELE PA-CUNT/RAN R-ROKD ROAGY by -2802
BOGI=DINL h [} LONTAET, PE 204D 5001-0100
Bool-01%7 ? ! BPRING, PC 490 BORb-0IBY
! BUAk-5940 |8 ) INSULATOR, BALE LLLL BEAD-4¥AY
SHAD-LYAY ¥ i INEULMLR, FERALE poaAnd anan-L94y
™ ) 0'5080-20047 |7 t BRACER, LED ll'leI.[ 421 aroge-Qpoey?
Lo i on3Ra-pecd2 | 7 |4 LPALEIR, BTM"D Eg40b aEadn-2ang
."' BB 3I28-40003 |0 ) APACCH, LED, LQNG REsMR aL/A20-40603
. } 3130-04%0 . | D ) FIVET & JWDEX ASGERELY pEbE BISUT CIR toam 3130-04%D
I 30-0800 -] ] GHAFT & INDEX AGGERDLY ), 542 STRUT CYR Roane 31308500
\ . :

i See fntroduction to this section for ondering infurmation
*[ndientes lm.lnry selected value




HP 5328AHY99
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Table 6-2, chfacenble Parts {(Continued)

6-22

Refarence P Part |c Qt Mir
0sc r Part Number
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Table 6-2, Reblncenb!e Parts (Cantinued)

HP 5326A1H99
Replaceable Parts

1
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See [ntroduttion te this sectlon for ondening ln formation
*Indicates foctory selected va[uv
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HP 5328AHYY

Replaceable Parts

| Table 6-3, Mantfactirer Code List

MER, NO, MANUFACTURER NAME ADDRESS ZIP CODE
50545 | Nippon Electrle Company Tokyo “
00000 Any Sati?!aclory supplier
0121 | Allen-Brmdiey Co, Milwaukee, Wi 53204
01295 | Texas Insie. Ing, Semlcond, Cmpn, DIy, - Dallas, TX 75222
001 | Specirol Electronles Corp, City of hl,, CA 91745
02114 | Ferroxcube Corp, ' Saugerties, NY 12477
03500 | GE Co, Semlconductor Prad, Dept, Auburn, NY 1320
03338 [ K DI Pyrofilm Corp, Whippany, N) 0791
04713 | Matorala Semiconductor Producty Phoenlz, AZ 35008
07263 | Falrchild Semiconductor Div, Maunlain View, CA 94042
19701 | MEPCO/Electra Carp, Mineral Wells, TX 76067
20032 EMCON Dly ITW, 5an Diega, CA Rl
4046 | Trapsitron Electronle Carp, Wakelield, MA 01840
4546 | Carning Glass Works (Bradiord) Bradford, PA 16701
24931 | Specialty Conpector Co,, Ine, Greenwood, IN 46227
25008 | Slemens Corp, Iselin, N) 08830
27014 | Natlanal Seniiconductor Corp, Santa Clara, CA Y5051
400 | Hewleti-Packard Co, Carporate Hq, Palo Alo, CA 94304

L29907 | Omeya Engineering Inc, Stamford, CT 06907
31585 | RCA Corp, Solid State Div, Sommerville, Nj
30943 | MEPCO/Electra Corp, .| San Diego, CA N
32997 | Bourns Inc,, Trimpaot Prod, Dy, - Riberside, CA 92507
4335 | Advanced Micro Devices Inc, Sunnyvale, CA 44006
51642 | Centre Engineeting Inc, State College, CA 16501
52763 | Steuner Electronics Inc, Chattanaoga, N 13035

- 56289 | Sprague Eleétrlc Co, North Adams, MA 01247
72136 | Eleciro Mollve Corp, o Florence, 5C 06226
7138 | Beckman Instruments Inc, Helipat Div,. Fullerton, CA 92634

75042 | TRW Inc, Philadelphia Diy, Philadelphia, PA 19100
75915 | Linelfuse, Inc, Des Plaines, iL 60016
B411 | TRW Capacitor Div, Ogallala, NE 69153
91637 [ Dale Electronics Inc, Calumbus, NE 64601
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Manual Changes

- L SECTION VI
. MANUAL CHANGES

71, INTRODUCTION

.72, This section contains information for adapting this manual to instruments with serial

prefixes ather thay that listed on the title'page, This manual applius directly to instruments with
serial prefix numbers listed on the title page. Refer to Section | for additional impartant
informatfon about serial number coverage, - !

7-3. MANUAL CHANGES

7-4. Instruments having serial number prefixes highter than those listed on the title age of this
manual are covered with a "Manual Changes” sheet included with this manual. If this change
sheet Is missing, the information can be supplied by any Hew!stt-Packard Sales and Service Office
listed at the back of this manual, I

7-5, 4f your Instrument’s serfal number prefix is lower than that listed on the title page of thls
manual, this manual must be modified to correctly apply to yourinstrument, To determine which
changes must be made to this manual, locate your instrument's serfal number prefix in Table 7-1
and make the indicated changes,

i

Ve Tahle 7-1, Manual Backdating

© THEN MAKE THE FOLLOWING CHANGES
2402 1
2329 o 1,2
2118 . 1,2,
2248 1,234
2234 1,2,3,4,5
2233 1,2,3,4,5,6
2225 ' : . 1,2,3,4,5,6,7
2224 1,23,4,5,46,7,8
2221 _ 1,2,3,4,5,6,7,8,9
2220 : 1,2,3,4,5,6,7,6,9,10
2216 , 1 through 11
2214 1 through 12
211 - ‘ 1 through 13
2151 : f 1 through 14
2144 } 11 through 15
2130 : 1 through 16
2N ‘ ' 1 through 17
2126 . i, 1 through 18
14 ‘ 1 through 19
2105 . < 1 thorugh 20
2047 i , : 1 through 21
2041 ‘ ' ; 1 through 22
2023 , 1 through 23
2017 ; ' : 1 through 24




HP S120AH9 : |
Manugl Changes

CHANGE 1 {2402A)

Table 6-2, A1 Motherboard (05328-60048) Replaceable Partst
Change part number to 05328-60026. ‘
Change series number to 2407, ‘
Change A1U10 to 1820-1143 1 Inchronaus DECI CNTR, T1L.
Change A1U11 1o 1820-0301, TTL D-Type Latch,

- Change A1U12 to 1020-0634, PMOS DECD CNTR,

* . Change A1U14 to 1820-0513, 2 INPUT, QUAD TTL AND GATE.

Change A1U21 to 1820-0633, PMOS IC, :
Add AICR4, 1902:0031, 12,7V Zener Diode,
Add A1R16, 0683-1025, 1K 5% . 25W, ‘ i .
Add ATUT3, 1820-0269, TTL 2 INPUT QUAD NAND GATE. ¢
Deleie XM1A/B, 2100-0269, Fuse Holder Clips, “
Delete A1M1, 1010-0071, Elapsed Time Meter,
Delete ATRB6, 0698-4987, I.U?M-Dllm 1% 1 5W,

Figure 8-7, A1 (05328-60048) Motherboard Schematic Diagram and Compohent Locatort -
Replace the A1 Moatherhoard Schematic (05328-60048) and Component Locatar with Figure 7-1,
A1 Motherboard (05328-60028) Schiematic Dlagram, {Series 240%) and Component Locator,

Table 62, A2 Power Supply (05328-60047) Replaceable Parts:
Change part number to 05328-60035 and serles numbor to 2216,
Change A2R23 10 0698-6446, 2.162K ,1% ,125W, -

*Change A2R25 to 0696-8498, 1,02K ,1'% .125W,

Figure 8-9, A2 Power Supply Schematic Dlagram! !
Change serles to 2216,
Change A2R23 to 2,162K, J
Change AJR24 to 1,02K, _ _ ' ' C !

Table 6-2, A8 C Channel Input {05328-60046). Replaceable Partst

Change the part pumber to 05328-60045 and serles number 1o 2231,

Change ABF1 from 1250-1899 to the fallowing parts assembly: *
ABF1 0590-0038, Hex Nut, : :
ABF1 2110-0301, Fuse. ' T
AB F1°2190-0124, Washer,
ABF1 05305-20104, Fuse Halder,
ABF1 05305-20105, Insulator,

~ ABF1 05305-60205, BNC Connector,

ABF1 05305-60206, SMC Connector Assembly,

Change A8R18 and A8BR22 t& 0698-7209,

Change ABU3 to 1826-0579, IC,

Table 6-2, A15 HP-IB (05328-60043) Replaceable Parts:
Change the part number to 05326-60039 and serles number to 2402,
Change A15R11 1o 0683-1235, 12K, 5%, ,25W,
Change A15R28 1o 0683-3025, 3K, 5%, .25W,

Figure 8-22, A15 HP-IB (05328-60043) Schematic Diagram:
Change the part number to 15328-60039 and series number to 2402.
Change A14R17 to 12K, !
Change A15R28 to 3K,

CHASSIS PARTS: . .
Change the Fuse Post from 2110-0564 10 2110-0464,
: Change the Fuse Post Cap from 2110-0565 to 2110-0465, '
Change the 1/2-inch Fuse Post Nut from 2110-0569 to 2110-0467,




T

CHANGE 1 (2319A) :
Table 6-2, A1 105328-60028) Replaceable Parts (A1 Miscellaneous);
Change A1 series 1o 2329,

HP S328AHP
Manual Changes

Change XU22, XU37 to 5200-0567 SOCKET-IC 28-CONT DIP DIP-SLDR, change nuantity from 4 to 2,

Change XU4 from 1200-0525 to 1200-0639 SOCKET-IC 20-CONT DIP DIP-5LDR,

Figure 0-7, A1 Motherboard Schematle and Components: .
Changa A1 series to 2329,

Table 6-2, A15 (05328-60039) Replaceable Parts;
Change A15 series to 2329, o
Delete XU22, XU35 1200-0567 SOCKET-IC 28-CONT DIP DIP-SLDR,

Figure 8-22, A15 HP-1B Interface Schematlc and Componentst
Change A15 serles to 2225, Co

CHANGE 3 (2310A) |

Table 6-2, AB "C"" Channel Input” Assembly (05328-60045) Replaceable Parts:
Delete an 1sterlsk from R14 0698-7288 to indicate factory selected value,
Delate alte-pate R14* 0698-7270 RESISTOR 26.1K 1% ,05W F TC=0+700,

CHANGE 4 (24BA) o
Change 4 affes ts [nstruments with the following serial numbers:

2316A 56501 231RA56580

56521 56509
56553 . 56594
56576 56602 )
56560 56608 ‘
5650) 56418
' 56505

Tahle 6-2, A1 (05328-60048) Replaceable Parts:
. Change A1 sores to 2226, : .
Change the A1 Motherboard part number to 05328-60028,
Change part number of AT1CR7 to 19010040, -

CHANGE 5 (2234A) ‘

" Table 6-2. A12 [05328-60042) Replaceable Parts:

Change A12 serles to 724,
Change K7 and K9 lo 05328-60041 RELAY-SHIELDED.

CHANGE 6 (2233A)

Table 6-2, AB (05326-60045) Replaceable Parts:

Change A8 series to 2223,

Figure 8-14, A8 Channel "C” Schematic and Components:
Change AB series to 2223, : ; :
-Change C20 connections 1o be between -5V and the junction of R46 and 147,
Change the HP.Part Numher for A1U41 to 1820-0914, '

The instruments with the following serfal numbers have CHANGE 6;
2234A55007 2234A55357 2234A55382 2234A55397 2234A55413

55261 55358 55385 55398 ¢ 55416
55316 55361 551386 55400 55419
55334 55365 . 5ele8 - 55404 55423
55319 55374 THRU 55405 55425
55344 53377 55391 55407 THRU
55353 55378 55393 55409 55€75

53355 55381 . 55395 55411
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HP 5)28AH99
Manual Changes

CHANGE 7 (2225A) o

Table 6-2, A1 105328-60020) Replaceabln Parts;
Change A1 series 1o 2138,
Change €3, 35, 17, 39, 41, 43, 44 to 0160-2055 ,01uF 190VRC,
Change C54 1o 0180-2617 CAPACITOR-FXD 6,8uF £10% 5VDC TA,
Change R76 1o 0690-7220 RESISTOR 215 1'%, ,05\ F,

Figure 8-7, A1 Motherboard Schematic and Components;
Change A1 series 1o 2138,
Open the line between C4 and Pin 17 of U4, Connect C4 to Pin 9 of UID,
Change U2C 1o an inverting amplifier with Pin 10 open,

Table 6-2, A15 105320-60039) Replaceable Parist
Change U3, U6, UB, U12, and 3210 1820-0658, 1C TTL 93112,
Change U2 10 1620-0504, 1C TTL 93124,
Change U24 to 1620-0076, 1C TTL 74L75,
Change W19, U26, and U33 to 1820-1350, 1C TTL 93134,

Table 6-2, A16 105328-60026) Miscellancous:
Change HP Part Number for SOCKET-IC 14-CONT to 1200-0474,

CHANGE 8 {2224A)

Table 6-2, A15 {05320-60039) Replacwable Parts;
Change U14 and U23 to 1820-1057, IC-TTL B6}76.
Delete A15MP1 and MP2; 1406-0531; CLAMP-CABLE,

CHANGE 9 (2221A)
Table 6-2, A3 (05328-60038) Replaceable Parts:
Change A3 serles to 2126,
Delete AICR4; 1501-0535; DIODE-5M SIG SCHOTTKY,
Delete AJCR5; 1901-0040; DIODE-SWITCHING 30V 50MA 2NS DQ-35,
Delete A3R22; 0698,3441; RESISTOR 215 1% ,123W F TC=0£100,

Figure B-10, A3/AJA1 Oscillator Support Schenratic and Components:

Delete CR4, CRS, and R22,

Connecl pin 6 of U4B to the negative side of varjahle capacitor C12,
‘Connect pins 2 and 3 of U2, : -
Delete pins 13 and 14 of U2, ‘ .

Delete the connection between pin 5 of U4B and pin 3 of U2,
Connect pins 4 and 5 of U2,

Connect pin 1 of U1 to the base of Q1.

Delete pin 12 of U2,

CHANGE 10 (2220A)

Table 6-2, A4 (05328-60005) Replaceable Parts:
Change A4 series to 2151, R
‘Change A4C3 to 0160-4084 . 1uF 50V,
Change A4C17 10 0160-4556, 1000%F, 20%, 100V,

. ChangelMRds to,1698-5103, 430 nhm 5%.

Figure 8-12, A4 Funcilon Selector Sch-matic and Coriponents!
Change A4 series to 2151, : ‘
Change the value of R45 to 430,

CHANGE 11 (2216A) ' .

Fable 6-2, A15 (05328-60039) Replaceable Parts;
Change A15 serles to 2138,
Change A15U17, U25, U29 to 1620-0054 TTL 7400 GTE. 3
Change A15U11, U31'10 1820-0077 TTL 7474 F/F. v
Change A15U7 to 1820-0099 I1C-TTL 7493,
Change A15U4, U9, U21 to 1820-0174. TTL 7404 INV, |
Change A15U20, U27 1o 1820-0269 TTL 7403 GTE,
Change A15030 to 1820-0282 IC TTL 7486,
Change A15U5, U10, U16 to 1820-0621 TTL 7438 BFR,
Change A15U13 10 1820-0627 IC TTL 93109,
Change A15U15 to 1820-0656 4-BIT MULT 74198,

* Change A15U18 to 18201056 IC-TTL 74132,

g
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HP 5)28AHY
Manual Changes

CHANGE 12 {2214A)

Table 6-2, A2 105320-60035) Replaceable Panst ' ‘
Change A2 serivs 1o 2109,
Change R13 10 06034725, 4,7K 5% , 25W,
Change R16 1o 0698-3,60, 31,008 1'% 12w
Change R10 to 0757-1454, 33,2K 1'%,
Change R23 to 0698-0084, 210K 1'% ,12W,
Change R24 to 0757.0283, 2,00K 1'% ,12W.
Change R25 to 0757-0240, 1.00K 1'% ,12W
Change R26 1o 0757-0280, 1,00K 1% ,12W,
Change R28 to 0757-0280, 1.00K 1% ,12W,
Change R29 to 0683-4725, 4.7K 5% . 25W,
Change R0 10 0603-1135, 11K 5% . 25W,

Tahle 6-2, A12 (05320-G0042) Replaceahle Parist
Change A12 serles to 2124, ‘
Change R7 1o 0683-4725 47K 5% ,25W,

Change R14 1o 0698-1025 Resistor 100 ohm 5% ,25W,

Flgure -9, A2 Power Supply Schematic and Componentst -
Change A2 serfes lo 2138, :
Change R13 and R29 10 4,7K, ‘ :
Change R14 1o 33,2K, ; .
Change R23 to 21K, '

Figure 8-20, A12 "A-B"” Channel Schemalic and Components;
Change A12 series 1o 2124,
Change R? value to 4,7K ohms.
Change R14 value 10 100 ohms,

. CHANGE 13 (2211} '
Table 6-2, Replaceable Pans;
Add 05328-50120, CABL™ ASSEMBLY, OVERLOAD INDJCATOR.

Table 6-2, AB “*C” Charnel Input Assembly (05328-60045) Replaceable Parts:
Add AYW1 05328-60116 CABLE ASSY-FREQUENCY C,
Add ABW2 0532060120 AB-A16 INTERCONNECT RESET,
Add ABW3 05328-60110 CABLE ASSY-HP-IB §ING, -
Change AB to A1, :
Dejete W1 05320-60116 CABLE ASSY-FREQUENCY C.
Delete W2 05320-60127 CADBLE ASSY-OVERLOAD INDICATOR,
Delete W3 05320-60114 CABLE ASSY-EXT LINE,

CHANGE 14 (2151A)
Table 6-2, A10 (05328-60020) Replaceable Parts:
Change A10 series to 3708,
Delete R30; 0695-72123 Qly=1} RESISTOR 100 1'% ,05W F TC=0£100.

Figure 8+1G, A10 Synchrankzer Schematic and Components _
Change series at top of diagram 1o 1708, _ '
Add R30 100 ohms resistor in series with P1 pin 76 and Junction of U13A(2) and R14A,
Delete the following nnte, under NOTES, as shown!

4, Instruments with Serial Numbers 2211A52487 thru 2211A62660 do not have resistar R30 (0696-7212)
in serfes with P1 pin T8 and Junction of U13A12) and R14A,

NOTE; The follawing instrument have CHANGE 12;
211A5248-52050, ‘ o
2211A52051-63135 ; ' :




HP 3328AH99
Manual Changes

CHANGE 15 (2144A)
Table 6-2, Miscellaneous Replaceable Papts;
- Change 0590-125% to 2950-0035 Brass Hex Nut,

NOTE: This is preferred replacement part and Is direvtly inlercimnguable with the old part,

The Serlal Prefix of the Instrument remains 2151,

NOTE: The Instrumenis hay» CHANGE 12:

2151A5205 N51A5322  2151A52375 2151A

52069 52333 523087 -
52119 . SBH 523¢)
52127 52341 52393
52219 52343 5294
52293 52348 5°:398
52302 52351 . 42400
52304 52358 - 52402
52309 52364 52407
52316 52366 52408 .

CHANGE 16 {2130A)

52411-52415
52418-52421
52425
524256
524:B-52437
52438-52441
52443
52444
52447-52450
52453

Table 6-2, AB *C"” Channel Input Assembly (05328-60045) Replaceable Parts:

Change AB series to 2138, ' ,
Change ABC4, ABC13, and ABC20 to 0180-0474 15uF 20% 20V,

Figure 8-14, A8 "'C"” Channel Input Assembly {05328-60045) Schematic Diagrams

Change the serjes at the top of diagram to 2138,
Change the value of C4, C13, and C20 to 154F,

" Table 6-2, A4 (05328-50005) Replaceable Parts;

Change A4 series 1o 2016,
Change A4C17 to 0160-0153,

Figure 8-12, A4 Function Selector Schematic Dlagram:
Change A4 series ta 2016 at 1ap of diagram,

i

* CHANGE 17 (2131)

Table 6-2, AB "C" Channel Input Assembly (05328-60045) Replaceable Parst

Delete an asterisk (*) from R19 and R25; *Factory Selected Value,

Figure 8-14, A8 "C” Channel tnput Assembly Schematic Diagram:
Delete an asterisk (*) from R19 and R25; *Faciory Selected Value, .

Paragraph 8-16. FACTORY SELECTED COMPONENTS:
Delete the procedures to select ABR19 and ABR25,

 2151A52454
52457
52459-52461
52464-52476
52479
52480




HP 5320AHS
Manual Chanyes

CHANGE 18 (1126)
Paragraphs 4-157 through 4-161, 48 Channel C Input:
Replace with the attached paragraphs 4-157 through 4-161,

4-156, A8 Channel C Input

'

4157, The AB hoard contalns circultry to amplify and detect inputsignals up to 500MHz, a

divide-by-10 counting chain, a high-specd gate, and circuitry to drive the least-significant-

digit In w2 display, : ‘
4-158, The Input signal enters I'I\ and continues through a fuse {F1) into a limiter circm}lt
composed to diodes CR2-5 and a 50-ohm termination, Diodes' CR2-5 have 70V reverse
breakdown voltage and limit the signals below that value to approximately £600 mV to
protectamplifier U1, Fuse (F1) is rated at 125 mA and blows when the inputvoltage reaches
about 7 volts, The signal passes through amplifier U1 (with a single ended gain of ~4) and
drives U2 (a combination amplifier/Schinitt trigger) differentially. The Schmitt trigger
output (U2 pin 13} is a Jogic level from 0 volts to approximately ~600 mV, The now digital
{square wave) signal passes through U where it branches to drive a binary (U4) and a
detector, The detector circult senses the presence of an Input signal and sends a TTL "'C
ARM" command to the A4 Functiori'Selertor, as described in the following paragraph,

4-159, During normal operation (in the frequency Cfunction) U4ls originally disabled by a
High logiclevel at U4 pin 14 (0volts). When the counter is ready to make 7 measurement and
It senses thatan input signal is present via the "C ARM" line, the maln g \te opens. Pin 140n

U4 then goes “low” (to 600 mV) and the Input signal passes through Y4 (+5) where It is.

translated to ECL levels, A 50—40% duty cycle (for sine wave inputs) signal Is sent to the A4
Function Selector on "C” and '"C” bus lines, alter the time base counts out, the main gate
closes, U4 pin 14 goes high and U4 and U5 stop In their present states, Circuit U6 translates
the informatfon In U4-U5to TTL level and itisshifted Into.a quad latch (U7) where it fs stored
for strobing into the display. o

4-160, Clrcuits U10, Q1, Q2,_and various reslstors consitute a current source to properly
bias U1 and U2, The circuit draws approximately 16 mA out of pin 3 of each |C and adjusts

the current out of pin 6 between 28 and 56 mA until the voltage on pin 3Is approximately

+600 to +900 mV on each IC,
4-161. Resistors R1, R2, R4, and R82 and. USA comprise the offset voltage adjustment

circult, This clrcult also compensates for changes in input klas current into U1 to minimize
drift In offset voltage, : ' C ‘

¥
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HP 53286AH93
Manual Changes

CHANGY: 1B (Conl'd)
Tahle 541, 5326A Assembly |dentification; '
Change the A8 "'C" Channel tpput assembly part number to 05328-60032,

Paragraph 5-26, Channel C Sensitivity Adjustment:
Replace paragraph 5-26 with th  “llowing paragraph;

526, Channel F Sensitivity Adjustments:

8. Remove top cover to 5320A to gain access to variable resistors ABRE2 and ABRBS,
b, Set counter front panel contrals as foliows:

FUNCT'ON bOODl'DP"’V"'iDI'DDDP FREQC
RESOLUT'ON {l'lr.r}’t'b‘brt’ 0p1 kHZ,TO"
SAMPLE RATE PERERRR bR IR b b a) m[dfange

¢ Connect HP 86408 Si'gn.il Generator (or equivalent) to INPUT C, Set signal
generator to 100 MHz at 50 mV rms. “

' d, Slowly decrease Channel C signal source output level to 15mV rms, while adjusting
resisior ABRE2 for stable counter display, ‘

e. Set signal generator to 512 MHz at 50 mV rms and radue signal level to the point

| 1 where counter display Is no longer stable, I
AR i;?-:g'. _Adjust resistor ABRBS for stabie;cdbnter display, '

Tnl*l;! 6-2, A2 Replaceable Parts List; |
Change the A2 serles to 2124,
Change'MRzS te 9757-0203, 2.00K, 1%..

Table £-2, AB C” Channel Input: | :
Replace the Ab Replaceable Parls List with Table 7-2 for the 053268-60032 series 2124,

Table 6-2, Miscellaneous Parts: : !
Delete the followingt

05328-20223 «  HP-IB SHIELD

: : 1 .
Figure B-8, A2 Power Supply Block Dlagram; ‘
Change +15,75V OUT 1o 15 O'T. :

Figure 8-9, A2 Power Supply Schematic and Components: -
Change series to 2124, C .
Change A2R23 to 2.00K 1'%, n
Change the +15,75V supply outpu, to +15V." 1 |

Figure 8-13, A8 Channel "'C” Diagram:
.+ - Replace with Figure 7.2, AB Channel "C” Block Diagram,

Figure 8-14, A3 Channel “C” Schematic Diagram and Component Locatar:
Replace with Figure 7-3, AB Channel "'C” Schematic Diagram and Companent Locator,

Table 6-2, AB Channel "C"” Replaceable Parts sty
Replace with Table 7-2, AB Channel “C” Replaceable Parts,

J
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HP 5320AH99
Manual Changes

CHANGE 19 (2124)
Paragraph 4-70, 4-72 INOTE), and 4-73:
Change 10811-60111 1o 10544A,
Paragraph 4-74; Change secand senlence to read:
The oscillator specilications are given In Table 1-3, This oscillator Is a factory-serviced assembly,
No clreult description Is glven here.
NOTE: All references to 10411A or 10811-60111 that may appenr inthis manual, should be change to 10544A,

Table 6-2, A3 (05328-60038) Replaceable Paris:
Change serles to 1904
Change A3A1 1o 10811-60101,
Change AJR2, R3, R15, and R18 to 0663-1025 1,00K 5% .25W, -
Delete AJR21; 0757-0200; RESISTOR 1K 1% ,125W F TC=0£100 (CRB14),
Delete AJR20; 0757-0274; RESISTOR 1,21K 1'% ,125W F TC=0£100 tCRBH}
Delete {*) to AIR20, indicating factory selected value,
Delete A3C19; 0180-2816; CAPACITOR-FXD 68uF +20'% 10VDC TA 119601148},
Delete AJC20; 0180-2617; CAPACITOR-FXD 6,84F £10% I5VDC TA [T368B605K03I5A5CE240),
Under A3 MISCELLANEQUS;
Add Lead Elect 8159-0005; WIRE 22 AWG W PVC 122 80C {26480),

Figure 8-10, A3/A3A1 Osclllator Support Schematic and Components:
Change serles at top of diagram to 1904,
Add A3A1 10 MH2z Oscillator Schematic Diagram and photograph. (Refer to 10511A Operating and
Service Manual for Schematic Diagram.)
Delete R19, R20, R21, €19, and C20,

Table 6-2, A1 105328-60028) Replaceable Parts:
Change A1 seres to 2017,
Change AIR1 to 0683-2715, 270, 5% 25W,
Change A1R76 to 0698-2215, 220 ohms,
Chinge A1C3 1o 0160-0230, 14F, 50V,
Delele ATRBI; 0698-4037; RESISTOR 46,4 1'% ,125W F TC=0+100 {CRB14),
Delete ATRB4; 0757-0422; RESISTOR 909 1'% ,125W F TC=0£100 (CRB14),
De|gte AIRD5; 0698-7236; RESISTOR 1K 1'% ,05W F TC=0£100 {MFIC),
Delete A1Q10; 0853-0036; TRANSISTOR PNP S} PD=310MW FT=250MHz {SKA3334),
Delete A1C54; 0180-2617; CAPACITOR-FXD 6,8uF £10% 35VDC TA (T368B685K035A5C8240),

Table 6-2, Replaceable Parts:
Under CHASSIS PARTS:
Delele W2; 05328-60126; CABLE AY EXT REF IN,
Under MISCELLANEOUS PARTS;
Delete 0360-1190; TERMINAL-SLDR LUG PL-MTG FOR-#3/8-5CR (720-,380H),

Figure 8-7, A1 Motherboard Schematic an.) Components (Sheet 1 of 2;
Change series at top of dlagram to 2017,

- Delete C54, RB3, R4, R85, and Q10
Delete the shielded cable symbol from the "EXT Q5C IN" line,




HP 53128AH99 -
Manual Changes ‘ |

CHANGE 20 {2105) :
Tenle 6-2, A2 {05328-60035) Replaceasble Pasts;
Change A2 serfes to 2023, _
Change A2XQ1, XQ2, XQ7, XQ8, and XQ11 1o 1251-3246, SOCKET-XSTR 3-CONT,

Table 6-2, A12 105328-60042) Replaceable Parts;
Chanige A12 serles to 2023,
Change A12W1 and W2 10 05328-60111,
Change the following resistors as shown:

REFERENCE

DESIGNATION HP PART NO, DESCRIPTION 3
A12RY, R2 _ 06985426 RESISTOR 10K 10% ,125W

AI2RS, R8 - 0693-5999 RESISTOR 4,64K 5% ,125W

-A12R11, R13 0675-1027. RESISTOR 1K 10% .12W

A12R29, R30 0698-5996 . RESISTOR 560 5% ,125W

A12R34, R36 0698-6203 RESISTOR 10 5% 1.8W

vigure 8-9, A2 Power Supply Schematic and Components;
Change serles al top of digaram 1o 2023, ‘
Move C21o between R2 and R34,
Delete C23,
Delele C24,
Mave R1 connection from +12V and R35 10 between +12V and the plus {+) side of CR13,
Move R35 from between F1 and €9 to between C1 and F1.

Figure 8-20, A12 "A-B" Channel Schematic and Components;
Change serles at top of diagram to 2023,
Move R24 to between 4,5 of K10 and 1,8 of K11.
Move R22 to helween 4,5 of K2 and the ventical line gaing from R39 10 4,5 of K4,

CHANGE 21 (2047)
Table 6-2, Replaceable Paris: :
Change A15U28 and A15U34 10 1820-1166 DMBsL5T,
\
' CHANGE 22 (2041)
' Table 6-2, A2 Replaceable Parts;
Change A2 series to 2041, a
Change A2C14to 0700-0418, TuF, CAPACITOR-FXD 1uF £20% 35VDC,
Delete A2C23, C24, C25; 0180-2811; CAPACITOR. [AD 22uF +20', 35VDC TA; 28480,
Delete A2R38; 0663-1025; RESISTOR 1K 5% ,25W FC TC=-400/600; »121; CB1025,

Figure 8-9, A2 Power Supply Schematic Diagram:
Change A2 series to 2041,
Change A2C14 to 1pF,
Delete R38, 1K from the base to the emitter of A2Q117, .
-Delete €25, 22U from the "+3,5V” line 1o "'+3,5V" common, positive side to +3.5V. :
- Delete €23, 22U near the cathode of CR1, from the "12V” Jline to camman, pasitive side to 412V,
Dejete €24, 22U near the anode of CR2, from the "~12V” line to common, positive side to comman,

NOTE; tnstrument Serfal Numbers 2047A16634 through 2047A16753 Include the madtfications in CHANGE 23,

Table 6-2,' A8 (05328-60032) Replaceable Parts;
Change AB series to 2041,
Delete an asterlsk (*) 0 ABC10 and ABC13,
Delete ABC35; 0160-3378; CAPACITOR-FXD 1000PF £20% 100VDC CER. ‘
Deldie NOTE: ABR93* (previously added to CHANGE 23) s nol normally needed when ABC35 Is Installed,
Delete ABR92°; 0757-0280; RESISTOR 1K 1% ,125W F TC=0£100,

1




HP 5128AHDY
Manual Changues

CHANGE 22 (Cont'd)

Table 6-2, Replaceable Chasily Parts:
Change the quantity of 05320-00003; BRACKET, FRONT 1o 1,
Delete the following note to 05328-00011; SHIELD, FREQUENCY Ct

NOTE

The FREQUENCY C SHIELD may or may not be included In all
instruments,

~ Figure 8-14, A8 Channel "C”" Schematic Diagram

Change AB scries to 2041,

Delete C35 (1000PF) from U2i7) to U210) at the junction of C19 and R42,

Delete NOTE: R93* {previously added in CHANGE 23) §s’ not normally needed when €35 Is ins*alled,
‘Delete asterisk {*) by C10 and €19,

Delete R92* (1K),

NOTE: Instruments with Serial Numbers 247416634 through 2047A16753include the modifications in CHANGE 23,

CHANGE 23 (2023) ‘ ; '
Table 6-2, AB (05378-60032) Replaceable Parts; _ f
Change serles to 2023,
Change ABC25 to 0160-4084, .1uF, 50V,
Delete ABR93*; 0698-5996; RESISTOR 560 OHMS 5% ,125W CC TC=—330/+BDU
*ABRI3 [s a factory selected value,

Figure 8-14, AB Channel "C” Schematic: . : ' ‘
Change serfes to 2023, "
Delete R93* 560 ohms between U2 Pin 4 and Uz Pin .

CHANGE 24 (2017)

Table 6-2, A2 Power Supply Replaceable Parts:
Change ‘A serfes to 1936, '
'Change A2C15 and C16 to 0140-0209; CAPACITOR-FXD 5PF 500V,

. Table 6-2, AB Replaceable Parts:
"~ Change AB series to 2017, ‘
Change ABU9 to 1826-0139; MC 1458 DUAL COMPARATOR,

Table 6-2, A12 Replaceable Partst ‘
Change A12 series to 1828, '
Change A12K4 to 05320-80041 RELAY, SHIELD,D,

Figure 8-8, A2 Power Supply Schemalic Diagram:
Change the series 1o 1936,
Change A2C15 and C16 to 5PF,

Figure 820, A12 "A- B” Channel Schematic Diagram:
Change A12 series to 1828,

7-11



HP 5320AH99
Manual Changes

Table 7-2, A8 Replaceable Parts

Leplacenhle Parts

See Introduction to this seetlon for ondezing infurmation
*Indicates factory selected volue

l
I 4

Reference HP Part |c Mir
criptio Mfr Part Number
Dasignation | Number |o| Q% Description Code
Ad OBIN-80932 [ 8 ] *C" CHANNEL INPUT {BERIES M) FLLL 0] 0532080032
[T14] LILIELY 1] ] b CAPACETORPRD [ LUF e=2ax SOVDL CEN abg Blabeapin
(1143 LIIIT L) i 3] cl’at{ldl-l D ‘IU'O-IOI WL l F{L1]] Sis0wpalh
it} Clho=0a2d # CAPAELT O sdUFengex ayDL pald ping=pala
111 o10gep ‘l [ i CAPACITONRPRD B RUFesZON lnvnc TA YL \Sapaasatodoat
113 oiboenclns  |d EAPLETTORRFND .iur ss208 ¥OYOE CUR 100 | 01a0eagin
1113 ! 0)ige}T0) H CAPACLITORSPXD p OUFeedog AVOC ¥ (1111 groﬂllllncilll .
1144 ITEI Ll b CAPACIYORPND ilﬂ'l ninh loaun: (114 abe2ne
134 ] oladeapn, |8 CAPACITORRPRD JUF andey 5OVDC CER plaguapdn
174 Dlage=30YY ? [} | CAPACITORSFND ,OLUF #=2&N LOGYDE CER (HIDTHL
[Y14] ) LALTEY 101 2 ) L] CAPACETOR=FXD loae'! sdbk LoaveL CER TR
1413 [ 1103 101 e Y CAPACLTORWFXD J0agPF e=dOx LOOYDE CER oac=3a78
ANC) 2 o)s0elire 7 CAPARLTORGFED ,0JUF #eR0X 100YOC CEA IO
(11471 (AT EYITL [ GAPACLTONWFRD [JUF se20k S0VDC CER:. . oladsaadd
ARCER LRI TAL] ] 2 CAPACLTOMeF XD fluro-ial 20V0C T LITTELT L)
(114} ] d180epaTa 1 CAPACITONPXD liurt-;e: 20¥DC T4 TIETYH
(11T} Sldo=R004 [ ) CaPACYIORSPND .IUF =dex SOVOC CIN o)hp=agin
ARg)? glan=3u})y 1 CAFACITOR=PXD 0JUF eedok Y00¥DE CEN Slade )TV
Ark)e , o NI A CAPACETOR=FXD Eenorr =208 J0OVDE CER 140074
[ [4L) LIYII L) ] CAFACITORSPED JOQOPF 4wJOX JOOVOC CER Diad=30TH
ARClo LI1123 3] [ ] CAPACLTORSPXD loocl! 208 [0OVOL CER 2lab=3aTa
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Schematic Diagrams

SECTION Vil
SCHEMATIC DIAGRAMS

8-1. INTROPUCTION

8-2, This section contalns schematic diagrams and part locators, The part locators show the
location by reference designator,

8-3. SCHEMATIC DIAGRAM SYMBOLS AND REFERENCE DESIGNATORS

B-4. Figure 8-1 shows the symhols used on the schematic diagrams. At the bottom of Fig-
ure 8-1, the sysiem for reference designators, assemblies, and subassemblies are shown,

8-5. Reference Designations

8-6. Assembljes such as printed-circult boards are assigned numbers In sequence, A1, A2, etc.
As shown In Figure 8-1, subassemblies within an assembly are given a subordinate A number, For
example, rectifier subassembly A1 has the complete designator of A25A1. For individual

components, the complete designator Is determined by adding the arsembly number and
stibassembly number if any, For example, CR1 on the rectifier a?sembly i designated A25ATCR1,

8-7. SIGNAL MNEMONICS

8-8, Table 8-7 contains a list of the mnemonlcs used to !demify signals on the schematic
diagrams, ‘ :

8-9. IDENTIFICATION MARKINGS ON PRINTED-CIRCUIT BOARDS

8-10. HP printed-circult boaids (see Figure 8-7) have four identification numbers: ur assembly
part number, a serles number, a revision letter, and a production code,

8-11. . The assembly part number has 10 diglts {such as 05328-60018) and is the primary.

identification, All assemblies with the same part number are interchangeable, When a
production change is made on an assembly that makes it incompatible with previous assemblles,
a change In part number Is required, The szries number (such as 1704A) Is used to document
minor electrical changes. As changes are made, the series number Is Incremented, When
replacement baards are ardered, you may receive a replacenient with adifferent series number,
If there is a difference between the series number marked on the board and the schematicin this
manual, a minor electricla dilference exists, If the number of the printed-circuit board is lower
than that on the schematic, refer to Secifon V! for backdating information. M itis higher, referto
" the loose leaf manual change sheets for this manual, If the manual changes sheet are missing,
cl:)ntact vm;r local Hewlett-Packard Sales and Service Office, See the listing on the back cover of
this manual,

8-12, Revislon letters (A, B, etc,) denote changes in printed-circuit layout, For example, }f a
capacitor type is changed (electrical value may remain the same) and requires different spacing
for its leads, the printed-circuit board layout Is changed and the revision letter isincremented to
the next letter. When a revision letter changes, the series number is also usually changed. The
praduction code is the four-digit seven-segment number used for production purposes,




HP 5328AH99
Schematic Diagrams

8-13, Symbols are used on PC boards to aid in Identifying pin numbers, diode elements, etc., as
follows:

A OR O
IDENTIFIES:

Pin 1 of dip and flat-pack 1C’s,
Tab of TO CASES.

+ side of electrolytic capacitors,
Pin 1 of resistar packs,
Cathode of diodes,

Section | of dip switches,

B8-14. ASSEMBLY LOCATIONS AND COMPONENT LOCATORS

8-15, Figures In this section show the front, rear, and top views of the 532BA, The front and rear
view shows reference designators of the front and rear panel controls, connectars, and
Indicatars. The top view shows assembly locations, Component lacators for each printed-circuit
assembly are located next to the schematics,

1

8-16. FACTORY SELECTED COMPONENTS

8-17, Factéry selected parts are identified by an asterisk on the schemaics and Is listed In the
table of replaceable parts, A table-format summary an the schematic indexes factory selected
parts by reference designator, describes what they are selected for and the range of normal
vilues,

8-16. PROCEDURES TO SELIICT ASR19

8-19, 'When selecting the optimum value for AB R19 use a 1%, .05W resistor INOMINAL VALUE Is
10k, select values ranging from 3,16K to OPEN), The value selected s for optimum sensitivity over
the frequency range of the Channel Cboard (50 MHz to 500 MHz), Folloving s a partial list -}f the
values and HP part number for resistors which may be used. Values be'ween 3,16K and ©JPEN,

)

other than those listed, may also be used,
i . P

VALUE HP PART NO.
3.76K 0698-7248
3,83K 0698-7250 '
4.64K 0698-7252
5.62K 0698-7254
6.81K 0698-7256
- ‘ B.25K 0698-7258
. \ 9,09K* 0698-7259
100K 0694-7260
121K 0698-7262
14,7K 0698-7264
OPEN

*NOMINAL VALUE
a,  Connect the output from an 86408 Signal Generator to the HP 5328A front panel Channel
C input (5011), through a power splitter.

b. Connect the HP 5328A rear panel 10 MHz OUT to the rear panel TIME BASE of the 86408
Signal Generator, Set the 8640B rear panel reference selector switch 1o EXT.
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"¢, Set the 86408 Signal Generatar FREQUENCY to 500 MHz; AMPLITUDE to 3¢ mV rms,

d, Setthe HP 53286A FUNCTION to FREQ C; RESOLUTION to .1 kHz; SAMPLE RATE to fully
* cew position,

e, Adjust the amplitude of the BG40B Slgnal Generator as low as possible while still
malntaining a stable count with the HP 5328A, Check the reading on the Power Meter,

f. The Power Meter should read -16,16 dBm or less (e,g,, =17 dBm). If the reading is ~16,16
dBm or less, the value of ABR19 Is acceptable and the procedure Is completed, If the
Power Meter reading Is greaterthan -16.16 dBm (e.g., =15 dBm), record the dBm level and
go to step g.

8 select the next lower value res[smr ithan the value installed) for ABRTS. cheat steps ©
and f

o NOTE

Wi ls necessary to srject a value Jess than 3,16K for ABR19 to
' obtain optimum sen:ltivity for teh HP 5328A, the problem Is
located elsewhere,

8-20. PROCEDURE TO SELECT AER25

8-21. When selecting the optimum value for ABR25 use 1%, ,05W resistor INOMINAL VALUEIs
9,09, select values ranging from 3,16K to OPEN), The value selected Is for a ZERO {£1 count) in
the rightmost digit of the HP 5328A display at 500 MHz. Following is a partial list of the values and
HP part numbers for resistors which may be used, Values between 3,16K and OPEN, other than
those listed, may also be used.

VALUE HP PART NO,

316K 0698-7248

363K 0698-7250

4,64K 0698-7252 -

562K 0698-7254

6.61K 0698-7256 |
8.25K 0698-7258 .
9,09K* 0698-7259 »
10.0K 0698-7260

121K 0698-7262

14,7K 0698-7264

OPEN ~  —————

*NOMINAL VALUE

a, Connect the output from an 86408 Signal Generator tothe HP 5326A front pane! Channel
C input (5011), through a power splitter, Refer to performance test set-up shown In test
three of Table 5-4 (SENSITIVITY - Channel Q).

b, Connectthe HP 5328A rear panel 10 MHz OUT to the rear panel TIME BASE of the 8640B
Signal Generator, Set the 8640B rear panel reference selector switch to EXT,

¢, Set the 86408 Signal Generator FREQUENCY to 500 MHz; AMPLITUDE to 30 mV rms,

d, Set the HP 5328A FUNCTION to FREQ C; R!:SQ'..UTION to .1 kHz; SAMPLE RAGE to
MIDRANGE. -

e. The HP 5328A display should read 500,0000 MHz (:t1 count in the rightmost digit of the
display) with the Power Meter reading at approximately -17,5 dBm, If the HP 5328A
display reads 5000000 MHz (1 count), the value of ABR25 Is acceptable, If the rightmost
digit of the HP 5328A display Is greater or less than +1 count, go to step f,

8-3
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f. if the rightmost digit of the HP 5328A display Is greater than %1 count, select the next

lower value resistor (than the value installed) for ABR25. Repeat step e, If the rightmost

digit of the HP 5328A display Is less than +1 count, select the next higher value resistor
{than the value installed) for ABR25, Repeat step e,

8-22, PROCEDURE TO SELECT A GROUNDING WIRE FOR THE HEAT SINK
STUD ON A8U3

NOTE

The HP 5328A instrument you have may or may not have a
grounding wire on the heat sink stud of ASU2J,

8-23, The stud on ABU3 may be grounded for one of two reasons, First, if the HP 5328A A8
Channel C Input Assembly (05326-60045) Is prone to arming by itself with no input signal,
Secondly, if the sensitlvity of the HP 5328A is greater than 11 mV (=16.16 dBm reading on the
Power Meter) at 500 MHz and cannot be Improved by the selection of ABR19, See Paragraph 8-18.

CAUTION

Extreme care must be used notto overheat ABU3 when soldering
the grounding wire to the heat sink stud.
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SYMBOLS
MAIN SICNAL PATH

I

FRONT PANEL
FEEDBACK PATH
REAR PANEL

r“
il
11
ot

TEST POINT

INTERIOR AND PC BOARDS
WANDY GATE

WIPER MOVES TOWARD ""CW" WHh

CONTROL 15 ROTATED CLOCKWISE
YOR' GATE

POWER LINE GROUND

CIRCUIT COMMON GROUND tHMVERTER
FLOATING GRAOUN
¢ aradhy NAND GATE
CHASSIS GRQUND
NOR GATE

KHOB CONTRAL
EXCLUSIVE NOR

©0 v+« + iy ]
VYRV Yoel

SCREWORIVER ADJUST

PRINTED CIRCUIT BOARD IDENTIFICATION

REVISION LETTER —____ HP PART NO,

05340.60037
. 2 MANUFACTURING

DIVISION CODE
PRODUCTION CODE

SERIES NO,
IMay Be Srtamped
Elsawhere On The Boal)

REFERENCE DESIGNATIONS
REFERENCE DESIGNATIONS WITIIN ASSEMBLIES ARE ADMUREV]
ATED,  ADD ASSEMBLY NUMBER TG ABBREVIATION FOR COM.
PLETE DESCRIPTION, JACKS ARE THE STATIONARY CONNECIORS !
AND PLUGS ARE THE MORE MOVEABLE OF TWO CONNECTORS.

ASSEMBLY ABBREVIATION COMPLETE DESCRIPTION

AZh Ci A2GCI
ALAL CRI AZLAICRI
NO PREFIX 4 )i
Ansemhly Sth N Assembly Neries No.
Assemhly Avsembly 1oyctutes A25A)  tused b diwvumsent
Number Name Assemhiy) changre)
s —

A256 POWER SUPPLY ASSYmbloo *600T) SERIES 320

pmontcton | oengie /AI RECIIFIER ASSY N I

Assrmbly A2S l Assembly et S0 6031 i Assembly AZS
Numbern indienie Partop A2S P l

Pins af 2

 WHT- ORN-GY RED |3 46 3V

Tev, Mis J_ APilE)
H dor )
g | al N
N - 28 IV mupplind
56\' ,; CONVEL I trom b in
)

T
l 1
' m :* XAL

Transformer / WP on

Terminaf ‘ ‘ CMMttorAHXAI t\l"ﬂ‘l‘ll}‘ Al
Numbers '~ Pin Nambers

Figure 8-1, Schematic Diagram Notes
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Table 8-1, Signal Mnemonics

MNEMONIC DESCRIPTION - ((
% Qutput of Time Interval Unit, A channel, ECL levels,
R (AB) Non-latched ROM bits that drive Arming Multiplexer select
R {A1) lines on Function Selector, TTL levels.
B Qutput of Time Interval Unit, B channel, ECL. levels,
B
C Output of C module, the carry Input for the FS decade,
C ECL levels,
C ARM Active high TTL line used for module C arming
measurement,
CLK Clock, Diglt address clack to display. TTL levels,
Data A ‘
Data B L 4-bit BCD code, Data going to display and HP-1i
Data C TTL 4-bit BCD code, Data going to displav and HP-18,
Data 0
Diglt A :
Digit B TTL 4-bit digit address code. Controls Interchange
Digit C of data,
Digit D
PDVM Frequency line counted by Function Selector 1o give display
s reading. ECL level, :
F Cade A (FA)
:53332 fi?;), Function code from function switch, TTL levals,
' F Code D (FD)
FS Function Selector,
GOSC Gated osciliator, ECL Jevals,
GOSC
HDS TTL level high disables synchronizers.
HDSA Used by Option 011 HP-iB Interface to sibe bus data in
remote listener,
HLS TTL level line used o strobe Jlatches,
RL (HOPN) . Latched ROM line which lacks open Function Selector
main gate,
HPL Same as LDP,
HRD High resets decades. TTL active high,
HRS High strobes 4K ROM, TTL active high,
HRTB High resets time base, TTL actve high. Also resets
Function Selector,
R {HTBA) Non-latched ROM bit which enables the TTL level Channel A
signal from the Function Selector to be counted by the
Time Base,

8-6
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' Table 8-1, Signal Mnemanies (Cantinued)

MNEMONIC DESCRIPTION
RL (HTOB) Latched ROM bit which enables the TTL level Channel B

‘ signal from the Function Selector to be couuted by the
Time Base,

R (HTBO) Non-latched ROM bit which enables the time base 1o count
the osclllator output,

RL {IA) TTL level latched ROM hits that drive High Speed

RL {IB) Multiplexer select lines on Function Selector,

RL {IC)

L ANN Lows annunciatars, TTL active low turns RHS annunciators
an, Must be timed with digit address cade to display
selected annunciators,

LDDCA Low disable Decade Counting Assembly (DCA). TTL active
low disables DCA so that all DCA outpunts are high,

LD Low disable indicators. TTL active low blanks RHS
annunciatars and all decimal points,

LDDIS Low disable display, TTL active low blanks display except
LHS annunciatars,

Lop Low decimal point, TTL active low turns decimal points on.
Must be timed with digit address code to display selected
decimal polints,

LDSW Low disable switches. The active low disables the FUNCTION
RESOLUTION and RESET switches, Allows module conirol,

LEXT Low external, TTL active low disables function and
resolution switches for external control and lights RM
annunciator,

LINH Low Inhibit, TTL active low inhibits starting new
measurement,

AMG Low main gate, TTL active low Indicates main gate open,

RL (LMGF) Latched ROM bt to Function Selector which selects the main
gate F/F on the Function Selector to establish the gate time,

LMRES Low when reset signal comes from display, Provides power-
up type reset, '

LRES Low reset, TTL active low resets when FUNCTION,
RESOLUTION, or RESET switeh settings are changed,

Also resets when DVM switches are changed, Provides
power-up type of reset,

R (LST) Non-latched ROM line which is high in stop totalize and Jow
in start,

RL (LTOT)} Low totalize, Latched ROM bit low n totalize mode.
. TTL level, ,

LTR Low transfer, TTL active low used in DCA,

MG Maln gate, Accurate signal to drive remote gate such as

MG channel C, ECL levels,

0sC 10 MHz oscillator, TTL level,
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Table 81, Signal Mpemonics (Continued)

MNEMONIC DESCRIPTION
osC 100 MHz oscillator. ECL levels,
0s5C
OVFL Overliow. TTL active low Indicates display averflow,
RG ROM bit, Used ta recognize period and institute hysteresis
compensation, TTL level,

RL1 (HEC) Latched ROM bit, TTL. level enables channel € to sirobe jts
digit onto the bus,

RL2 (BJL) Latched ROM bit, High for time interval average, TTL level,

RL3 (HDVM) Latched ROM bit, Enables DVM to strobe a minus sign on
the display or blank characters, TTL level,

RL4 (LTIF) Latched ROM bit, TTL level low in time interval or period
measurement,

RL5 {T1O) Latched ROM bit, TTL level used to recognize pertad
average,

RL6 {HC) Latched ROM bit which wrns hysteresis compensation on
and has a time interval as opposed to a perfod measurement
made by the Time Interval unit, TTL level,

SRT The charge node line that controls the sample rate speed,

RL (TBA) |

RL (TBB} Latched ROM bits that drive Time Base select code inputs,

RL (TBC)

T8I TTL signal that drives Time Base,
TBO Time Base scaled output, TTL levels,

TBS Code A (TBSA)
TBS Code B (TBSB)
TBS Code C (TBSC)

n
Tl

Time Base code input to ROM controlled by the Time
Base switch, TTL levels, ’

Time. imerval. Quiput of Time Interval madule used in
time interval measurements, ECL levels,
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A1652 AI0OR1/S1  At8s3 A1056
A8R24/58

Pomry
P T I

N B
T
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{ £ 3 A19S8
A16DS10 A1654 A16R6 A18J1 A19J2 A18S7
A1651 . A1653 _ All1 A10S] A18J3 A19)4

ABF1

Figure 8-2, 5328A Front View
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Figure 8-3, 5328A Rear View
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5328A OSCILLOSCQPE
FUNCTION: CHECK 3 HP 180A/1801A/1821A WITH 10;) PROBE
FREQ RESOLUTION: 1kHz 10 geggum: bC

E + :

SYNCH: INT, AGF

i U4, PIN 3

PP U4, PIN © ov

U4, PINB
2 U4, PIN 11 !

B U4, PIN 17

BV/DIV 1 ms/DIY
! Al

U2| P'N B ey g by -.[_ :
BV/DIV ovy y BN U1, PIN 14
.1 ms/DIV v : -- l_
BV/DIV : “] 11 Lk
18 us/DIV ovy £y i
oV i’ - "J“.(.
VTR
! AVIDIV  Bins/DIV
il U1, PIN 11 T

- _~. .} . "' } .,.' L)
ov RNAVANANVANAWEN 2, PIN 13

_ P/O Figure 8-7, AT Moatiierboard Assembly
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B32BA
FUNCTION: CHECK

FREQ RESOLUTION: 1 kHz ‘03

.BVIDIV 1 ps/DIV

W4 U12, PIN7{FOA} oV

0SCILLOSCOPE

HP 180A/1801A/1B21A WITH 10:1 PROBE
COUPLING: DC

SLOPEr +

SBYNCH: INT, ACF

|

us, PIn 12 (FOD) oV [ § ug, PIN 2

b EEN " . .
us, I‘IN} (FDC) oy U7,PIN G
,UB, PIN B (FDB) ov i M o, PIN 11

U9, PINB

Rl 121, PIN 3
G "WTV
- [UIRIUED Rad
L uz1,PIN 11
: ,6V/DIV
X uso,pine 1 ms/DIV
Bl uc, PN 3
< BV/DIV JAV/IDIV
; : BLVIDIV
‘ V usfDIY
BVIDIV
J /DIy
P/O Figure b-7, A1 Motherhoard Assembly
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5320A | ~ OSCILLOSCOPE
FUNCTION: CHw oK HP 180A/1B01A/1802A WITH 10t1 PROBE
FREQ RESOLUTION: 1 kHz 108 COUPLING: DG

SLOPE: +

SYNCH: INT, ACF

DIGIT BUS
ARDRESS LINE NO,
A 6
B A5
c a4
AR S
SUIRDN p a4
‘BUS
DATA LINE NO,
A 43
[t 43
¢ a2
p 42

P/O Figure 8-7, AT Matherboard Assembly
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Figure 8-8. A2 Power Supply Block Diagram
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MANUAL UPDAYING CHAWGES | . CHANGE DATE: October 4, 1984

s =

L 2B 3 3B 8N

* * % MANUAL IDENTIFICATION * # ® ®

Instrument: | HP 532BA/1199
Uniyersel Counter
Operating & Service
| . Manusl

/% % ® NANUAL UPDATING COVERAGE® * *

| ]
o . . "
This supplement adapts your menual &
to instruments with serial numbers *
prefixed through 2R44. d _
, o " Manunl Part No: 0532800101
" Manual Mlcrovricke: 05328-90102

Menual Print Date: June 1984
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ABGUT -THIS SUPPLEMENT .

_The information in this supplement is provided to correct manual errors and to
‘update the manual to instruments contair ing changes after the manual print
date, ‘ _ '

Change and cofreqtion information in this supplement is itemized by page S

" numbers corresponding to the original manual pages, The pages-in this supple-

ment are organized in numerical order by manual page numbher.

Manual updating 5Upp1ementa'are revised ms often as necessary to keep manuals
as sccurate as possible. Hewlett-Packard recommends that you periodically

' _request the latest editicn of this supplement, Free copies are available from

all HP offices, When requasting coples quote the model number, print date, and
part number listed at the top of this page.

HOW TO USE THIS SUPPLEMENT

’Ihaert this title page in front of the title page in your manual.

Perforz 8ll changes specified for "All Serials", and ell changes through the

Series Prefix of your instrument or board.

Insert any complete replacement pages p#ovided into your manual in the proper
location, :

If your manual has been updated according to the last edition of this supple-
ment, you need only perform those changes pertaining to the new series prefix,
See. List of Effective Pages on the reverse side of this page. New information

affecting "All Serials" will be indicated by 'a "#" ‘in front of the page number.
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* . SERIAL PREFIX OR

. B : »
& SERIAL NUMBER. - v - PAGES - . ' " 0
IIIlIIIﬂIIlIIlIIIIlllhllll"lElllllllllllﬂIll'lllllllll'Illlllllll'ﬂllllllilllll

»

. A1l Serials B-1, 6-5/6-T, 6-12, 6-23, 7-12

2u2y - ! The.f6110win3 Seriles 2424 instruments also
' ’ have changes indicated for Series 2444,
2124A56902  242L4A56958

56909 56960 thru
| 56911 56972
- 56922 56981 thru
56934 - 57001
56946 . 57003 and above 1
2 6-12, 8-29

(5328AH99)242UA= 16471, 16515, 16532/ 244 4A= 16668 o IR, |

i ' . : :
1 ' ) . . |
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MANUAL CHANGES MODEL 5328A/H99 (05328-90101)

. SERIAL PREFIX OR |
o SERIES HUMBER | CHANGES

1" Pnﬁc 5-1. Maintenanae

© AL Serials Table 5-1, Hﬁ 5328A Assembly Identification
! >Chonge A8 from 05328-60045 to 05328-60046.,

Pages 6-5/6-7, Table 6-2. A1 Motherboard Replaceable Parts:

All Serisls >Change A1CR7 from 1901-0040 to 1901-0535 DIODE-SM SIG
. : sAdd A1CR17 19010040 DIODE-SWITCHING 30V 50MA, 28480,
o ‘ 19010040,
' _ . >Add A1CR18 31901-0016 DIODE-GE 60V 6QM/., 28480, 1901-0016.
>A1CR19 and A1CR20 are Not Assigned.
>Change A1U10 from 1820-0633 to 1820~-2316 IC-DIG HEX DEC.
>Change A1XU22 from 1200-0549 to 1200~0567 SOCKET-IC 28-
CONT DIP DIP-SOLDER. o " _

Page 6-12, Table 6~2. A8 Frequency C Board Replacemble Parts:

O. All Serials >Change AB {05328-60046} S'ERIES to 2424,
, >Change ABC2 from 0160-3879 to 0160-4704,
>Delete ABC2 0160~4040,

| C'aygy . >Change AB (05328-60046) SERIES to 2444,
RO ., >Add LS, L6 9170-0029 INDUC FXO BEAD.

Page 6+23; Table 6-2, Chassis Parts:

ALl Serials >Add 2110-0301 FUSE-12A MIN-AX.
, f 1 ' ]t
: |

. Page 7-12, Table 7-2. A8 "C" Channel Input Repluceable Parts:
"’ Al Serisls  >Change A8 {05328-60032) SERIES from 2424 to 2105,

oy
i H

’ } ‘ . : b
Page '8-29, Figure 8-13. A8 Channel C Schematic Diagram: i

A1l Serials  >Change: AB (05328-60046) SERIES to 2uh4.,
>Add L5, L6 Ferrite beads to leads of ABCS.

: NOTE
0. , / : L5, L6 Ferrite beads are factory-selected parts
' ' S . and may not be used in all instruments.
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