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Errata

Title & Document Type: 2804A Quartz Thermometer Operating and Service
Manual

Manual Part Number: 02804-90014
Revision Date: September 1986

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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SAFETY

This praoduct has heen designed and tested according to nternational Safety Requiroments,
To ensure safe operation and to keep the producet safe, the information, cantions, and
warntngs in this manuel st be hoedod. Refor ta Section | for generad safoty considenttions
aplicable to this product,

CERTIFICATION

Hewlott-Packard Compuny cortifies that this product met its publeshed specificetions at the
Gme aof shipment from e fuetory. Hewlett-Packard further eortifies that ils calthration
measurements are traceable o the United States Naotional Rurean of Standurds, to the
extent aftowsd by the Duroan's calibration facility, and ta the calibration facilittos af other
hoernational Stendards Organization memboers,

WARRANTY

This Hewlett-Packord product §s warranted agoinst defects in material and workmanship for
a period of one year from date of shipment {, except thot in the case of certain components
{isted in Section | of this manual, the warranty shall be for the specified period] ', During
the warranty period, Hewlc:t-Packerd Company will, at its option, either repair or replace
products which urave to be defective,

For warronty service or repair, this product must be returned to a service facility designated
hy HP. Buyer shall prepay shipping charges to HP and HP skall pay shipping charges to
return the product to Buyer, Howaver, Buyer shall pay all shipping charges, duties, and
taxes for products returned to HP from another country,

HP warrents that its software and firrnware desigriated by HP for use with an Instrument will
exveute lts pragramming instructions when properly installed on that instrument, HP does
no'. warrant that the operation of the instrument, or software, or firmware will be
uninterrupted or error free,

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting Trom improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unautharized modificatian
or misuse, operation outside of the environmental spacifications for the product, or
improper site preparation or maintenance,

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PAS]TICULAR PURFOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHE rHER BASED ON CONTRACT,
TORT, OR ANY OTHER LEGAL THEOQRY.,

ASSISTANCE

Product maintenance agreements and other customer assistauee agreements are ovailable for
Hewdett-Pachard products,

For any assistance, conteet your nearest  Hewlott-Packard Sales and  Service Qfftee.
Addresses are provided at the wack of this manual,

P i i ok bl Lt G At o Wise bbb i Laidonarofciakdottoid cumnsc d 3 wain an el
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OPERATING ANC SERVICE MANUAL

2804A

QUARTZ THERMOMETER

Serial Prefix; 2620

This manual applies directly lo 2804A (nstruments with Serial Prefix 2620. For
instruments having serial prefixes higher than 2620, a manual change sheet is
included.

WARRANTY EXCEPTIONS

Probe warranty is void (f probe is subjected (o handling or operational
shock sufficient to damage the crystal, Also, if the probe is shipped in any
cantainer other than the probe container surrounded by 15,26 ¢cm (6in) ol
shock absorbing materlal, the warranty is void. Operation of the HP 2B04A
beyond Its published specifications will also vold the warranty,

"WARNING

LINE SWITCH DOES NOT TURN OFF AC
POWER AND SOME DC POWER CIRCUITS

GO HEWLETT-PACKARD COMPANY 1386
5301 Stevens Creek Blvd., Santa Clara, CA 95051-7299

MANUAL PART NO. 02804-80014

Microfiche part No, 02804-90018 Reprinted; SEPTEMBER 1986
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SAFETY

I this insteantent s to e engegized via an sutotranstormge
for voltage teoucnon, make sure the comman wrmnal o
connected (o the waethed pote of the power sourge.

BEFORE SWITCHING ON THIS INSTRUMENT, the
protective ¢arth wrminals ol this instrument muost (e
connecied 1o the protective conductor ol the {mins)
power card. The mains plug shall anly be insetted in g
rocknt outlet provided with a prowectiva varth contact. The
protective actign must nal e oegated by use of an
externian cord [power cable) without a pratechive con-
ductor iqraunding).

Make sure that only fuses with the regunred rated current
and of the speaified type normal Blow, ttme delay, ete.)
are used for replacement, The use of repaired fuses and the
short-circuiting of tuse hotders must e avoided.

Whanever it ts likely thet the protection offered by tuses
has been impoired, the  instrument  must be  made
inoperative  and  be  sequred against  any  umntended
aperation,

GROUNDING

Any interruption of the protective fgroundingl sonductor
Gaside ot outside the instrumentt or discannecting the
protecuve  carth  termunal can make  this  instrument
dangerous. Intennanal interruption iy probiinted,

HIGH VOLTAGE

Any adustment,. mantenance, ok repar ol the opened
msttument under voltage shoutd be ovoided as much as
pussibie and, when ievitable, should be carqied out anty by
4 skilted person who is aware of the hasard invalved,

Cappcitory inside the mstrument may stitl be charged even
i the instrument has been douconnecied from its souiee of
supply

Adpustments and service Jesenbed herein gre performey
with power supplied to the instiument while protective
covers are removed. Encrgy available at many paints, +
cantacted, recult in personal injury.

CAUTION

LINE VOLTAGE

BEFORE SWITCHING QN T"HIS INSTRUMENT, make
sure instrument requirements mateh the volwege of the
power source,

GROUNDING

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that all devices connected teo this instrument are connectcd
1o the protective {earth} graund.

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that the hine power (meing) plug s connected 1o a
three-conductor fine power cutlet that has a orotective
{earth} ground. (Grounding one conductar of a two-
conductor gutiet is nat sufficient.)

i
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IEC SYMBOLS

Tha toifawsng i 8 st of bey LEC symbaly used by Hentets Packsig AN sy mhuly
srn notmally apphed sdiacant 1 1he devace 1euining e wyanbal Yhey shald g
lie placmst g raaasavalie parls ikely 10 e detachest 09 ot

Inylegction "aneal gymbad 1t HECRIMY 1) Digletve the
ST Dam damage 1008 neceary tor e uker L ieler 1y
Ihe abucion manugl, then ghall thy M aiys he markpy
with thay symba HICC 1401641

Teominal devices Imt loom she wmlenin by hive yallages
ey be angeious when connecting 10 ar ihacunnecting ligm
hore devices shall Be marknd wih 1he Hlath shawn when the
viltsge epcewdd Y KV The Havh shall e sl 0CC 340 1A

Carth Toonmunals 11 1he wse of s aymizol byr die piotec)ive
il JRHnIng) 1 AoF el vmd try Natinnal §tandants, 1) may

be maddhind, toe weamptle, by Deing (ARcmd avsate » ccle BEL
44 1Bl

AC oyt HEC 117 4, gymbul No 3}
DC cunend HEC 117, symbol Na. 7)

AL o DG curtenmt BEC 1174, sy mbiot No R)

Frame o uhasis connsction  The haiching may e com-
Meiely or parilly vontited of there 31 ao amliguily 11 (ke
haiching i cimilied, 1he ine iepiesaming 1he ame or chagny
whall be thickar WEC 110, ppmbal o )

Ampare HEC 117 4 yymbol Na JLG)

Volt HEC V174 symbol No 162

VA Volismpeie SIEC 1174, wyinbol Nu I03)

w Wats HEC 1174, yymbol No. 1601

Wh Watthgur HIEC V174, yyiint No 3610

VAh Volinmporshour HEC 1174, symbat Ny 3672).

wuii imil i iR E
" ‘||1 | ' 1
"

Hy Heory TRC FET A yymbigd Ny 3681

Camtactd, pgemadly Unved 10 g0den 1 evond sorlution with
e syl b g epecitr Ihe dhcance Delweep the
Nurpanial Lay stiann herel hines should e at (gl egysl 10
the tength ut thow iney HEE LT D symbol No M0 2)

Ea gl i Qollinwiny slescnibes the use ol Watmngy © aulumis and Woley utet
i WP Agtestnie Tend Byabees Manusly

Wainings, esuriony and notes. (AN Wannimpy wodd cactiny thall preceda the tes)
0 which eacdh sapifies ut notes mav precede o0 el agplicalle 1est denigrcting
ui the vateral 1 be ghinond Warnings, cautignh, sl aoies thell not conlain
Diueedural sieps nov shall they Le numbered Wien a warmmg, cautian, or noie
conmii sl ban or more paiacsephy, he hesdog WARNING, CAUTION, NOTE,
thall nuyt te eepeatend aiose vach parageaph 10 evet twceitary 10 pecede s
pacagpagh by Jath & witreng amd g noie, 0 @ Laglion and & Aaste, sic, they thalt
A 1 TR e B3 POlEd, namety, A ring Counoota, dutes Such e
Wl et ghall e dhaet andd concise amd e yied (G smphatis e anportan) and

cnhical i iuglions

An operahing prcedyre, pisctice, 0lc, wiueh, 0 ot
currecily Intowed, coulid 1evult i pronsl inuy o
Tos ol life

An Dpenling (rocedurg, rachice, Mo whith, « nm
Minily obunved, coutil resull i damage 1o, or
desitychion of, euyinwnl

NOTE: Fa operanng grocedure, comdilion, eic whach
1 mbEnnial to highlight

Health hazardy precautian dats (AN Wher hagandous chemicaly ut advanng health
tactors, an the envitonment wr yan 31 e equipment cannol be shminsted,
AP0 NI Precautionasry rnjuitements shall be enchided
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Figure 1-1. Model 2804 A Quariz Thermometer
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Gonernd Informntion

SECTION |
GENERAL INFORMATION

1. INTRODUCTION

1-2, This manual provides opersting and service information for the HP Model 2B04A Quartz
Thermometer, Included s information on Hewlott Packard Interface Bus, (P00, Siginture Annbysks {SA),
instotlative, opemtion, malntenuner and service, Manunl seetions ans

Soction 1. General Information, Provides ideptification, specifications, safoly considerations, related
manuals or documentation, generpl deseription and options information,

Section 1. Instaligtion, Provides unpacking and inspection information, power requirements, packaging-Tor
shipments amd storage information,

Section I, Operstion, Provides un explonation of centrols, connectors and Indieators, operating
considerations, operators' checks, general mperature information and reference lemperatune adjustment
information. Also included i HPTD programming information,

Seetlon IV, Performance Tesis, Pyovides tost procedures which may be ueed s part of an incoming
inspection, or Lo verify clectrical perfosmance following repair,

Section V, Adjustimenls{Calibmtion, Provides adjustment and eplibrution information,

Seetiun VI, Iteplaceable Parts, Lists and identifies instrument assemblies and parts as wel) s mechanicenl and
chassis parts drawings,

Section VIl Backdating. Provides Information to hackdate the monual for gny cadier fnstraments if
npnlicable,

Seetlon VI Service. Provides HPIB and Signature Analysis Information, service and trovbieshonting
infarmation including signature lists, diagnostie kit use, component locators and schematie diagrams,

1-3, SPECIFICATIONS
1.4, Instrument specifications are Jisted tn Table !
1-6. SAFETY CONSIDERATIONS

1.6, Before applying power, verify that the rear panel power input 1avdule (LMI), is sel to the same
line voltage value to be used, and thet the correct fuse is installed (see paragraph 2-6). Whenever internal
circults ore exposed, coution must be exercised. Observe all wamihgs and cautions marked on the
instrument orlisted in the procedurvs,

Make sure that all test equipment chassis/case 1s connecled to evarth yround,
1-7.  INSTRUMENTS COVERED BY MAMUAL

1.8, Attached to the Instrument s & serdoal number plate, The serial pamber Is in the form:
QCG00A-00000 and bs in two parts. The first four digits and the letter is the serinl prefix ond the last flve
digits Is the suffix, The prefix is the same for ali jdentleal instruments and changes only when a chonge Is
mede to the mstrument, TF ffix is unique to ench Instrument, The contents of this manual apply Lo
instruments with seral pun refixes listed on L.¢ Lille page,
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Garernl Informntion

JIP 2H04A

Table 11, Bpecdfentions

SPECIFICATIONS

Range
-80 1o 260°C.

Abnalute Accuracy

{2B04A vith 1BY10A, 1B111A Quartz Prolie)

£0.040°C trom -60 to 1560*C.

$+0.076"C from -80 to 260°C.

NBS traceable to IPTS-68 when 1he following canditions are
met;

1. Reference temperature adjustment 1s made within 30 days;

2. The 2804A is at the same amblent temperatura duning the
measurament as il was when the refarence lemperature
adjustment was made.

("Accuracy Considerations” following describes requiremants

for higher accuracy measurements.)

inputs
Two inpuls, T1, T2, ar T1-TZ can he measured.

Rasolution
(Three levels can be selecied)

Nominal time between
Selection Resalution readings {In seconds)
*'Cc 'F TlLor T2 T1-T2
Low 0.01 0.1 0.1 0.2
Medium 0.001 0.01 1 2
High 0.000] 0.00} 10 20
Dlaplay

7 digit LED with minus sign, decimal, and degree C or F
annunciator.

Powar Required
100, 120, 200, or 240 VAC, +5%-10%, 4B to 66 H2, 5D VA
maximum.

Instrument Operaling Temperature
0 to 656*C.

Dimenslons
177mm high, 212mm wide, 467mm deep. (69 1h x 8.3 1n x
17.8 in)

Approximats Welght:
Net 6.9 kg ()3 tbs)
Shipping 6.8 kg (15 Ibs}

Extamal Tima Dare

Far hign accuracy measurements an external lime base may be
used. The 2B04A Quartz Thertnomeler requires an input
voitoge 1.0 ¥V rms5 Into 1 kUhm via rear panel BNC from source
of 1 MH2. Input may be sine ar square wave. Switch selecls
either internal or external lime bose.

Ans'ag Culput

Frenl panel switches lor zero and full scale adjustment of
retorder, left or center zerg on chart, and variable charl span.
Five selectable full scale ranges from }000°C o 0.1°C. Qutput
voltage range O to +10 volls. Minimum luad resistance 10
kOhms. Accuracy £0.2% af full scale (£0.02 volts)

HP-IB Systom interince
Provides digital output of measurement data ("Talker”) as well
as Input for remole pragram control (“Listener”).
Programmable features: temperature selectian (T), T2, T1-
T2}, resolution selectlon, system statlus read, write to analog
oulpul, configure for group execule tngger, sample and hold,
configure for interrupt aoperation, serial number ventication of
probes, and read aujustment thumbwhee! swilch setting.

SUPPLEMENTAL CHARACTERISTICS

Accuracy Conslderations

The lollowing guldelines are given to show sources of error and
wdys of obtainlng the maximum accuracy from the HP 2804A
Quartz Thermomeler,

Sources of erree for absolite accuracy measuremant
Hsteresis of Quartz Probe

$0.06°C from -B0 to 260°C.

10,02*°C hom -50 to 160*C.

+0.001°C over any 10° span fiom -20 to 120°C.

Long Term Stabillty of Quartz Probe
+H.004°C per month.

Amblent Temperciure Stabllity of Quariz Thermometar {Main.
frame only)

+0.030°C trom 0 to 65°C.

+0.006°C from 1B 1o 23°C.

Long Term Stabllity of Quartz Thermomater (Mainframa only)
10.003°C per montl .

Refersnce Teamperatura Adjustment Error

Fquals the accuracy to which the reference lemperature can be
delermined (e.g., $0.0002°C it a inple point of water cell is
used to provide a relerence lemperature). Note that adjustment
resolution is 0."01*C.

Thermal History Error From Usage Above 150°C

When quartz probes are subjected to temporatures abova
16Q°C, thermal history error staris lo become significant. In the
worst cose when 8 quartz probe is subjecled 1o 260°C and then
is brought down to less than 150°C, the display will read about
0.020*C too high, plus hysteresis. Afier one day the thermal
history error will decay down ta 0.010°C, and alter five days the
error will be negligible. Immaediately after relurning from a high
lemperature, the decay cate Is about 0.002*C/hour.

12
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2804 A

General Information

Table 1.1, Speeificaions (cont,)

Aolative Temperature Messnrements

Sgurces of errar Tor AT maasurmmuants made by the samo
prabe over thne ore the same as lor absolute muasure-
ments except thare is no reference adjusiment error. For
most applications, hysterasis will ba very smali +0,001°C
over any 10°C span from -20 to 120°C. Over small
ronges, AT measurements can be very sccurate, Under
norinal labaratory canditions, accuracy ol 20,01"C over
a 10° span is attoinable, 1f an extornat time Lase is used,
securacy hatter than 10.003°C is sttainahle,

Temperoture Ditferonce Betwaen Two Polnt

Sources of errar for T1-T2 messurements are the same at
far sbsolute measurements except that errors due 1o
lang tarm and temperature stability ol the Quart?
Thermometar cancel and ara therefore negligible.

METHODS FOR MAXIMIZING ACCURACY

Refarence Temparatura Adjustmant

A relerence  temperature  adjustment  eliminates
hysteresis ond tong term stability arror of the probe and
thermometer, If the reference temperatura is made close
to the mieasured temperoture, lactory callbration error
and lhiysteresis are minimized. This involves preparing o
Lath ot a known temperoture and adjusting the display
of 'he quartz thermometer to read the some temperature
as the both, This odjustmunt takes about ong minnte
after the bath is ready and the proln is immarsed and
stabilized, Any temperature within the -80 ta +260°C
range will work as o relerence temperature, but the ice
point or triple point of woter {5 gunerally the mast
accurate and sasiest to preparoe,

Manotonls Measurement

It measurements sre made ot increasing {or decreasing)
temperatures from the temperature used for the
reference  tumpmature  adjustment, hysteresis s

minimized. In nther words, it a measurenment 15 to bhe
made ot about 50°C and about 200°C and a relerence
temperdture adjustment was just made at 0°C, than for
mast accurate results, the measuremant at 60°C shoutd
be made tirst and the one at 200°C made second, 1.6
technique is helplul when making measureniants ahove
6C°C, It shuuld he noted that this technique fs unly
impartant when the ditferences ore more than BO'C. Fui
example, il il measurements of a certain test were 10 e
made hetween 6O ond 100°C, there would he little
advantags to making measurements monotonically,

Extarnal Tima Bose
Every quartz thermometer provides ke optian of
oparating on either an internal or an external time base.
It a 1 MHz external time base is used, ambient
temperature stabitity Is greatly improved, os is the long
term stobllity of the 2004A Quartz Thermometer, With
on externcl time base, the contribution from the 20804A
maintrame to  ambient emperature  stubility s
10,0007°°C end 'ong term stobility error is negligible,
The o terpal Ume bhose shgulfd have a shainy 1erm
stability of batter than Bx107! Izor 1 second averaging,
and fong term stability of 1x 107/ /month, which carre-
sponds 1o 0.003°C per month.

Thermal History Errar Fram Usege Above 160°C
Compunsation for thermal histary error can be made in
two ways. One woy s to make g reference temperature
adjustment after the quartz probe returns from a high
temperature, The quartz probe will continue to drift for
live days, but if the measurement is made immediately
aftar the raference temperature adjustment, the drift will
have little effect, The other woy, of course, is 10 walt
five days after subjecting the quart? probe to tempero-
tures above 160°C,
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a 1.4, An instrupeny manufetored after the printing of tis monual may have o serdal number prefix el %T
B listed an the tue page, An unlisted serin) number prefix indieates differences Setween te instroment and —
= e manual, Mannals for newer instniments hnve o yelow, Manoal Changes Supplement ineluded, This . -
i’ supplement contains *change information” that explaing the diferences botween the manual and the newer ==
- Istrament, =
= L0, The supplement may alss cantain information Lo correet errors b thie manual . To keep the manual =
=i as current and aceurale ns possible, Hewlett-Packard recommends that you pedodically request tie lateat —_—
= Manual Changes Supplepient, ‘The supplemeat is identifivd with the manual print dite and part number, ~
= hath of which appoir on the manual Utle page, _
_: L Complimentdry coptes of the supplement are avallahle from Hewlett: Packard, For information i—
E’ concerning serol number prefixes nat listed on the title page or in the Manual Changr s Supplement, coplael if,
— your nearest Hewlett-Packand offlee, ply——
5 =
i 1.1 Model 2804A Quarts Thermuometer i o two chapnel, digital qunrtz thermometer. Lt ennblea high =
= necuracy, high resolution tempernture mensurements to he made from -50°C to +260°C. Sepnrate o
—_ tempernture measurements can be mnade through either of the {ratrument’s input chunnels, or T
& tempernture difference measurements enn be made using both ehnnaels simultancously. =
| 1-14.  ‘Temperature pensing con be made from remote gources up to nhout G0 meters (B8 ). Motehed o
=i Quurtz Probes/Colibration Modulea nre interchangenlle from channel-tochannel snd instrament-to -
= instrument by making o temperature reference ndjustment for ench channel or matrument.
1+16.  The Anunlog Qutput nllows temperatures ty be plotted on n strip chast recorder. The Hewlett ]_=
i Packard Interfnce Dus Syatem Inserfoce ennbles the inatrument to be used as part of n system controlled -
N by a computer or calculator,
G 1.16. OPTIONS 0 =
0 -
1-117.  Optionnl equipment s listed in Table 1.2, —
1-18. EQUIPMENT AVALABLE -
1-10.  Eguipment available is listed in Table {2, Supplemental characteristics for these necesnaries are o
‘l also lsted in this table, —
- 1-20. RECOMMENDED TEST EQUIPMENT
- 1121,  Recommended test equipment is listed in Table 1.3, Fquipment with equivalent chnructeristicn _:
may be subatitued. —
- 1-22, WARRANTY =
—
_ 1-2),  Instrument and probe warranties are as specified un the inside of this manunl's front covey, Probe ., W
warennty {8 void if the probe is subjected to hnndling or operntionul shock sufficient to dumnge the -
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2804A

Tuble 1-2 Optione and Equipment Available

General Informntion

(lam Dascriptlon Quariz Probes
2804A Quartz Thersnomater
18107A External Osclllator S ey
Two internal oscillataes are permanently 1B110A
maounted inside the 2084A Quartz Ther-
maomaler. The 1B107A Externa' Osclllator
rerally is used only it the Quartz Probe is
lo be operated remate'y maore thon 3.7 e S—
melres from the Quartz Thermomeler. 1B111A
K96.69591A  Dtagnostic Kit
18110A° Lab Probe w/calibration module, 26 mm .
long J—
IBLIIA  Lab Probe w/calibratior modute, 232 mm ol
wng R ol
-
Opt 001 For 18110A, 18111A add exira calibra- pocnt )
tion rnodule to new order
LBLAIA Evlernel Oscillatee
*NOT RECOMMENDED FOR LIQUID IMMERSION

M i AR i i S A A AN bt s 14 i

Yy ATy
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Genarnl Information

2804A

Table 1.2, Options nnd Equipment Available (cont.)

SUPPLEMENTAL CHARACTERISTICS

18107A External Oscillator

WEIGHT

110 gm (4 oz.} net, 230 gm (B oz.} shipping.
S5I1ZE

30.2 x 30.2 x 100 mm (1.19 x 1.19 x 3.94 in.)
CONNECTORS

Female BNC on bolh ends.

OPERATING FREQUENCY

28-29 MHz,

POWER

12 V at 42 mW (supplied by 2804A),

Quanz Prohes

PROBE MATERIAL

Prabe Loy Ie 304 stainless steel.

APPROMMATE PROBE WEIGHT

90 gm (3 oz.) net, 0.5 kgm (1 Ib.) shipping.

PROBE LENGTH

3.7 m (12 it) including integral cable.

SHOCK

Quarz probes will withstand mechanical shock of = 5000g
per MIL-STD-883A Method 2002.1, Test Conditlons A
through D, without calaslrophic damage. Shifts In
calibration may be experienced. (Note: 6000g is approwi:
mately equivalent to an B inch drap onlo a hard surface).
VIBRATION

IMMERSION DEPTH

Quartz prabes may be immaersed up lo but nu . cluding
the cable connection.

Immersian deeper than the cable connaction may
ddmage the probes, 18) 10A NOT RECOMMENDED Fre
LIQUID IMMERSION.

CABLE HEAT LEAK

From stagnant water;
18110A . _Lal
18111A 65 x 103 207

THERMAL MASS
Equivatent mass o water, in grams al full uysable
immersion
1B110A |
1B111A 4,

RESPONSE TIME

For water flawing axially to the probe at 30 ¢m per second
63.2% completeness ~ 2 seconds
$9.0% completeness < 10 seconds
99,9% completeness < 16 seconds

IMMERSION ERROR

In a stirred hath at 0°C

Quarlz p:obes will withstand sinusoldal acceleratton of Immersion Error Immarston Depth
20g, = Hrxto 2 kHz without catastrophic damage. Shilts in 18111A
{
calibration may be exgerienced. 0.0001°C 16 cm
001 °C 9cm
Quartz Probes 0l *C 3.
Brare bamng 1 FYPY
- VAT et Cam ity WG e Note: For most spptisetions, the 181114 offars the best
U:BE-‘-’-‘:L‘?:‘-“:-'-' SN 1) caombination of tharmal properties lor high accuracy
. e o . maasuramants.
P s b v
1A
IMMERSION CHARACTERISTICS
g I
3]
n‘: Vel \
3 \::::::.3:::-.’;:?;
| \
g tut t
R i
et T | ——
) [ ] [ ] "y 2 " L1
Immettaon Depth=-n cm
1.8
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HP 2804A

General Informntion

Tuhle 13, Reenmmended Test Equipment

. INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENDED MODEL USE*
Triple Paint of Water ACCURACY: Equitibrium temperalure must Jarrett Instrument Co. P
Cell Le within +0.000,00, and -0.000,15°C of Model AlJ A
(Temp. Standard) the triple-paint of pure waler which has
the isotopic composition of ocean waler.
REPRODUCIBILITY: The equilibrium tem:
peralure of a cell must rapeat to within
10.000,06°C of the mean equilibrium lem-
perature,
- STABILITY: Aflter equilibrium is reached,
the temperature of the inner melt of an ice
mantle must remain constant to within
- $0.000,03°C for as long a5 the mantle can
be preserved.
Frequency Counter Frequency Rangs: »30 MHz HP B345A PAT
Time Base Stability: Belter than 1 part in
1Q* (or "house standard”)
Vector Vollmeter Frequency Range: >30 MH2 HP BAQ5A A
Phase Resolution; 0.1°
Phase Range: 360°
Frequency Synthesizer Resolution: 1 Hz HP BG60A/BG601A PAT
Frequency Range: 0 lo >30 MHz
o Output Level: 0 to +0.5 dBm @ 501
DC Digital Voltmeter Accuracy: +0.01% HP 3480A/B/C/D PAT
HP 3490A
Oscilloscope Bandwidth; >30 MHz HP 180A/1801A71820A AT
Diagnaostic Kit K96-59991A AT
Isolator Test Fixlure See Appendix A lor instruclions to b.iild AT
Dewar Flask Min: 505 mm (20"} deep A
620 mm (24"} wide
I
*P = Parformance Test A = Adjusimenls T = Troubleshoating
*»
1-7

Operation

HP 2804A

321,  The International Practical Temperature Seale of 1968 (1PTS.68) was adopled by the intemnational
Commitler of Weights and Mensures in 1868 according to the power given to it by Resolution B of the 13th

sy
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_f 1:24, SUPPLEMENTAL DOCUMENTS -
- 125, Information nvailable to assist in the aperntion nnd use of the HI? 2804 A nvailable equipment is $ =
- cantained in the fullowing Operating Notes: [
OPERATING NOTER PART NUMBER B
_i 1B107A Eaternal Quclllntor 18107-00001 é
IBL1O0A AO6G-3802 =
- WRG-H0031A Dingnostic Kit 1810880002 i
-
| »
!
=

pr e

|
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1.8

2804 A Operation

3-32. ADDRESS SELECTION
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JID 2H04A Inatalintion

SECTION 11
INSTALLATION

2-1,  INTRODUCTION

2., This seelion contains information on initial inspection, preparmtion for use, power requlrements
and stumge and shipment, Also contatned in this seetlon are instrietions on how o install the calibratlon
mndplea ant quarlz, prohes,

2:3.  INITIAL INSPECTION

2o, fmpeet the shipping contalner for damage, If the container or cushloning material |s damoged,
keep i Cheek the contents of tie shipment for completeness, then cheek the unit mechanicolly and
vleetrienlly, Refer Lo Section 1V fur eleetrieal chiecks,

20, If Use unit is mechonically damayed or fails electrical tests, notify the carrer and the nearest 1P
office (isted ut the rear of this manun!), Hewlett-Packard will srrange for repair or replacement of the
instrsument without walting for vlalm setement.

28, PREPARATION FOR USE

CAUTION

Befure conneeting this instrument Lo an AC puwer souree, be sure that the rear panel line
module [5 set Lo the same vollage as the AC source and that the carrect fuse for that AC
voltage Is installed (.6 Amp for 120 Vae, .26 Amp for 220 Vac).

2.7, POWER REQUIREMENTS

i, This instrument requires o power source of 100, 120, 220, or 240 Vae, +5%.10%, 48 to 60 112
single phase, Power consumption is no more than 60 Ve,

29, LINE VOLTAGE SELECTION

200,  Pigure 2-1 provides instructions for line voltege seleetion, Card and fuse are factory instelled for
120 Vac operation,

2-11. POWER CABLE

212, This instrument Is supplied with a three-wire power cable. When conneeled Lo en sppropriate ge
power receplacie, the cable grounds the instrument eahinet,

23
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Instaliation HI? 2804A

2:13, INTERCONNECTIONS

204, The HY 2804A and Ws quorlz probes are integral parts of 8 tempemtire measurement sysiem,
Before any wemsurements ean be made the HP 2804 A and at least ane quartz probe must be conpecied
together and the celibration module for thal probe must be installed iy the appropriate chanael, Following
Lhis, n temperture reference adjustment must he made,

NOTIF

Quortz Probe must be connected directly to front punel T1 or ‘T2, ar to HP [B107A

Externnl Oncillntor for proper operation.

PROCEDURE

1. Slide caver daor to lelt (the line pawer cord must be
disconnected).

2. Rotate FUSE PULL 1o left. Remoave the luse.

3. Remove the PC baard by pulling 1t out. Select opur-
ating voltage by positioning PC hoard to show the
desired voltage on top-left side.

4. Reinsert the PC board.

6. Rotate FUSE-PULL back into narmal poution and
Operating voltage 15 reinsert fuse. Use coution to select carrect fuse value.
shown in module window.

=)

S———

2-2

Figure 2.1, Line Voltage Selection

2.16, QPERATING ENVIRONMENT

CAUTION

Quartz thermomeler probes are very frogile and can be permancently damaged by physical
shock or vibration in excess of 5000 g's. For exemple, a imp of approximately 20,32 cm
{8 inches) onto a hord surface can cause sufficlent damege to break the crysta) or cause a
permanent change in calibration,

216,  TEMPERATURE. The instrument may be operated In temperatures from 0°C to 66°C.
2,17, HUMIDITY, The instrament may be operated in environments with humidity from 6% (o 96'%

R.H., @ 40°C. However, the instrument should be protected from temperature extremes which couse
condensation within the instrument.,

afhm ol
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HI* 2804A Inntallntion

2:18, STORAGE AND SHIPMENT

. 2-10. ENVIRONMENT
220, The nstrement may be stored and shipped within the following enviremmental limits
Temperature: -10°C to +756"C Do not stare or ship where temperature extoemes will
Humldity: 8003 LK. @ 65°C, enuse contdensation within e instrument,

2:21, INSTRUMENT FACKAGING

220, QRIGINAL PACKAGING, Contaipers and packing materisl used in factory packaging can he
ohtoined through Hewlett.Pockard sales and service offlees listed ot the rear of this manueal, 17 the
instrument s retumed o 1P for repole, sttach a tay listlng the type of service or repair seeded, Include
retum address, model number, option pamber G0 applicable) ond complete serial number, Also, mark the
- eontainer "FRAGILE" to onsure careful handling, In any letters, refer to the instrament by model pumber,
upton number (I applicable} ond comptete serial mimber,

2223, OTHER PACKAGING, Use these general instructions for packoging with commereinlly avallable
materials

8. Wrap the instrument In heavy poper or plastic, 1f shipping to an 3P Sales ar Service Office, Inciude
Loy listing type of service needed, return address, model number, option number (F applicable) and
complete serial number.

b, Use nstrong shipping container such as o double.wall enrton with 276 lbs. burt test,

¢, Use a layer of shock abisorbing materiol, 70-100 mm (3-4 10} thick. This provides a e cushion and
presents movernent inside the container, Protect the front panel with cardboard,

d.  Seal the eorton securely and mark it “FRAGILE" 1o ensere careful handling,

2-24, PROBE PACKAGING

2:25, ‘There is only one acceptable method of packing a probe, It must be contained bn the original factory
packing cose, The case must then be ploced in a strong shipping container filed with 15,26 em (G inches)
thick of shack shsorhing maoterinl on all sides. Seal the carton and mark it FRACGILE, Ensure that ali
approprate correspondence s included with the chipment. Improperly packoged probes will vold the
warranly,

2
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SECTION Il
OPERATION

3.1,  (NTRODUCTION

32, This section contning o deseription of frunt and senr panel controls, eonnectors nnd indientors amid
their operntion. Genernl temperature informntion, high sccurncy enlibrotion procedures, fce bath
ennatructivn und use, teiple pointofwater coll wee nre alue included, Additionadly, Cperatur Checkn
tpoweran nnd inftin) instrument indications), reference tempernture adjustiments using a tripie point cell
or fee bath, vae of the Anntog Output and HI-IB System Interfoce and information on B4 are also
included.

3-3, OPERATING CONSIDERATIONS

34, To ensure Ipstrument accuracy, a reference lemperatune adjustment must he made when recefved
from the foctory or within the lnst 30 days preceding the use of the Instrament, Tua adfustment minimizes
the vrrors due to thennal history and quartz probe aging rale.

3.6, Any temperature within the -B0 to +260°C range can be used my a reference lemperature,
Naormally, the lee-point or the thple-point-of-water Is the most accurnte and <nslest Lo prepare. (o
referenee temperature close to the measured temperature §s used, the calibration errors and hystereris of Lhe
quortz probw are minimized,

3.8, When using a known lemperature other then the lee-point or trple-point-of-woter, the instrument
thumbwheel switches are adjusted for o display which |s the ssme as the known reference temperatum,

3.7, For the fee point yeference temperature, the instrument thumbwheel switches are adjusted for
0,000°C. For the triple point of waler reference tempersture, the instrument thumbwheel switches are
ndjusted for 0.010°C, When a tdple paint of water cell (lemperature mndnrd) {s used, the roferenes
temperature adjustnint ervor is Hmited by the aecurmey of the coll (approx. 0.0002°C).

3.8 When a reference Llempersture adjnstment is made in one channel, the thumbwheel switeh setlings
for the probejcalibrtion module used eannol be used in the other channe) or in another instrument. on't
make the reference lemperature adjustment on channel T1 and use the probe/calibration module in channel
T2 with settings of channel T1,

3.9, In use, for meximum asccuraey, the Instrument ambient temperalure must be the same as when the
reference temperature adjustment was made,

3-10, SELF-CHECK

311, A sell check is automaticslly performed whenever the LINE switch Is pressed ON, See parograph
3-16 Operator Checks for power-on and indicalions of self-check.

Operation

d:1

B T R L TR TR R TIPPL T o . TR e i 1T KT E T T



Operation WA

3.2

3-12, ERRBOR MESSAGES

S8 Under certain conditions, the HP 2804 A will abort or fait to aclileve o normal display, An error
message Is disployed 3T oceurs, Messages and conditons causing them are Histed in tahto 4.1,

NOTE

Instrument will not operate o INTSEXT Switeh Is in EXT and na 1 Mz input |s applied
to C1LOCK cunnectur,

3-14, PANEL FEATUIRES

316, Frontand rear panel festures are deseribed in Figure 31 and Figure 3.2,
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Operation

2604 A
@ Table 3-1, 2804 A Error Messages
An grrar that is “bypassoble” moy be circwmvanted by saigcting the other maasurement chonnal,

MESSAG"T DESCRIPTION BYPASSALLE?
“Ereor 1" System Mallunction (Dascribed more fully in Note 1) No
"Eiror 2 Channel 1 Calibration Module absent Yoy

R “Erior 3" Channal 2 Calibration Module absent Yag
"Error 4" Channels 1, 2 Calibrotion Modulus absent Na

. "Crror §" Calibration Module 1 Checksum errgr Yo
"Error 6" Calitwation Module 2 Checksum esrar Yos
“Error 3" Channe! 1 Signa! Dropout Yes
YEreor 8 Channel 2 Signal Dropott Yoy
“Probe 1" Channel 1 Qut-ot-range vom 2) No
"Probe 2" Chennel 2 Qui-of range {Note 7, No

. ‘ NOTE 1:

NOTE 2:

' “Probe 1" and "“Probe 2" are ""self-recoverable” errars in the sense thst normal measurement resurnes
if the measured temperature s brought back within the permitted range, Excessive temperature over
range for prolonged periods may change probe temperature/accuracy response. It the probe hos been
. exposed 1o temperstures of lower than -=100°C or higher than 260°C for more than 1 minute, the
probe and calibration module sh.uld be returned to the factory for recalibration and o new
¢alibration module.

“Errar 1, denating system malfunction, occurs for the following situations.

{1}  Inabitity to proparly access MPU reglsters or RAM during Sell-Check.

{3} Inahitity to properly access “C/”F switch during Self-Check.

{6) Computational overilows.

[ 13

{2} !Inabitity 1o properly access front panal pushbutton switches during Seif-Check.

{4} No cutput from counter in response 1o an Internal 1 MHz test signat {(duning Seli.Check and
Error routines),

3.3
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2804 A
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2,
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FRONT PANEL

T1, T2 Inpul connectors, Input BNC's provide sensor probe connection to the instrument, 'T'1 s fefl
channel, T2 Is rght chanpel when facing the instrument,

Quortz Probes/Calibiration Modules, Lnnbles high necuracy temperature measurements to he made,
Mohes and enllbmtion modules are calibraled pairs and must be used together in the same channel,
Matehed paliy enables Uie quarlz probe/calibration module Lo be used in other HP 2804 A instruments
if o new reference temperature adjustment is made prior to o measurement,

Referenece Temperature Adjustments, Three 10.digit thumbwheel switches for each channel enghies
compensation for probe crystal aging to be mnde. For highest aecuracy s tripie point of water cell
should be used when making this adjustment. Probe §s immersed in an jce bath and thumbwheel
switches are sdjusted for 0.01°C (when using a trple point cell) and 0.000°C (32.00°1) (when using
an fee bath) indication an the displey. See parngraph 3-20 for additional information. Also see
paragroph 3.3,

LINE 5 vitch, In the ON position de voltage Is applied to all nstranent elreufts, In the STANDRY
position, only the de vollages to the display assembly and to the Ad processor are tumed off, This
switch does not control ne line vollages. T'o completely power-down the Instrument, the rear ponel se
power cord must be disconnected.

1.4

Figure 3:1, Front Panel Controls, Conneetors, indicators
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Qperation
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TEMBERATURE Made 1,1, 'TETL Pushhutton wwitchas uned to solect the input mode «Channel
TEor T or n temperstore difference mode CT1TR

NOTE

Quartz Probe must he connected directly to front panel 'TL ar T2, or to 1D 18J0TA
Fxternal Oueilintor far proper operption,

REBOLUTION LOW, MED, 1LGH, Three levels of resalution enn he seloclod:

NOMINAL TIME BETWEEN

RESOLUTION READINGS (IN SECONDS)

SELECTION

‘c °F T1or 72 THT2

Low 0.01 0.1 Q.1 0.2

Mudium 0.0 om ! 2

High 0.0001

0.001 l 0 20

7

i}

10,

Digiel Display. Displays all temparnture measurements in <C or 7, Also diapinys suven "B"s and
"I when automatic self-cheek paases .. inftio) poweran. Quartz yrobe/enlhration todule fajlures
or nutabrange lemperature canditions nre nleo disployed os onenften erroe codes. The 2B
nddress (fnctory preset nt wddross 1) s displayed precedimg automntie nelficheek, To change the
HIM I addrens, aee paragraph B-61,

I Saytem Interfoce Btntus Indieators:

REMOTE, TALK, LISTEN, BERVICE, DATA HOLD annunciatora provide an indication of the
inntrument status,

ANALQG ourprur
CAL switch. 0V, BV, 10V, Provides enlibroated output veltnge at rear panel ANALQG cannectors of
ov, Y, 1OV fur n stripchnrt recorder use,

OF Switcli, NORMAL, OFFSET. In NORMAL the analog output voltage at the rmar panel is 0 W
+10V and direetly correspands to thres displny digits, In OFFSET the snnlog output voltage nt the
rear poanel s offset by +HY which maves the 0V to Lhe center of the stedpchnrt recorder paper. Thia
provides n +6Y to 110V and OV to +6Y excursion,

Digit selection Switeh, Three digits of the displnyed tempernture are selected for canversion by s
swi.ch, The value of the nelected digita ranges from 000 Lo 899, The snalog output volinge s n de
le* ¢l ronging from 0,00 volts tn 9.00 volts and direetly corresponds o the value of the selected digits,
i'he QFFSET mode providea n more readable recording when the three selected digits are nenr 000
and 090

*C/°F Bwitch (Internnl to Instrument)

This switch is Jocr:ted inside and near the front of the instrument (87 on A2 Assembly), Top cover
must he remaved to change the setting which ennbles the digital dieplay to indicate temperature {n
*C or °F,

b
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Operatinn 2RO A
Examples of anslog outpat valtages for NORM AL and OFEFSET Modes: 0
'} o
DISPLAYED ANALOG Vite QUT ANALQG Vde OUT
TEMPERATURE NONM MODE OFFSET
= BELECTED DIGITS
+12[ 394 |42 ¢C 3.04 B.04
ri230(a43| ¢ Add 9.43
1123 | paa |TL 0.44 .44 .
123 006 |4C 0.08 4.00
- .
1124 (000 [0'C 000 6 00
124 0{100|'C 0.10 5.10
0o foc 0.001 501
+0.| oo o' ¢ 0.00 500
u|ootjoc | £ 00 4.09
Fart of Fignpe 3-1 @
i
by
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HIP 2804A . Uperntion

REAR PANEL

1. Line Medule provides ac powar conneetlon, fuse holder, and operating biput voltage selection,
@ 2. Power 'I‘runsrurmor! [nput ac power transformer.
d, +b Vde uiogulnmr. rinpp!h‘s +6Vdce o disptays and pmc'wsor assembly.

1, CLOCK INT-EX: Swtich. INT selects interial 10 MUz oselllator, or EXT in conjunction with s |
MHz input Lo CLOCK connector, seleets an external 1 M)z signal source.

| . NOTE
Instrument will not operate if INT-EXT Switch s in EXT and no | MEz input is applied
to OLOCK connector,

5.  CLOCK Connector. Ex ernal 1 Milz signal input, Used In conjunclion with CLOCK INT-EXT swilch
* ond ¢nubles higlier aectiracy measurements to be made (dependent on aecuraey of external 1 MHz
input,}
' G. TYL, T2 Input Connectos, Input BNCh provide inputs from sensor probes when used with HP

1B1O7TA Externgt Oscillalors, T'L corresponds Lo left inpul channel and T2 corresponds Lo rght input
channel.

CAUTION |

. Only on HP EBLOTA Oscillator or an HP 1810BA Amplifier should be connected to these
BNC's. Damage to the instrument may resuloaf uny ather device s cunneeted,

7. ANALOG QUTPUT
A de valtnge from O to +10V corresponding to three disploy digits selected fur conversion to un
analog voltage.

B.  HPIB connecctor. Provides signel connections and control to the I hus necording to the
Hewlett.Packurd implementation of IEEE-488, 1875 for controlling the HP 284A with n enleulntor
or computer.,

7
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Operation 2804 A

CONTROLS, CONNECTORS, AND INDICATORS
GROUND COMMOMN
ek nul\ﬁ mut oy 2 (GHIELD]

NOTE: '\_ B N

N
N
HP.13 T =
LABLLED ~ I'EHH : 1\ \
ACCORC'NG ; :
TO IEEE-488 (O)
1676
s
1#//'

For further information,
refer to [EEE-488-1876 -~

DIOT DIOZ  DIOT  LIO4 £ DAY KD NDAC TC SO ATN  GIrOUNG COMMON
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HP 'D Address
HP-1B Addraose is Iactary set 10 13, Address may be changed to another volue, See paragraph B8-61 [or Address
Salectren infurmation,
LOGIC LEVELS
HP-1B logic levels are low true and TTL compatille (1O = 0.¢ to +0.4 Vdc, HI = +2.6 1o +56.0 Vdc).
Example; SRQ s LO active,
NRFD is Hi active.

Input Signals:
Each Input line Js terminated with 3000 ohms to 46V and G200 obyms to ground {one TTL load).

Quipat Signals:
Cach nutput can drive 16 HP-10 loads, The output is ¢n open-collector driver capable of sinking 48 mA pt 0.4V
autput,

SIGNALS
NRFD
Ready For Data. Indicates HP 2804 A will accept dota when NRFD is HIGH,

NDAC
Dato Accepted. Indicates HP 2804 A hos occepted dote. Returns to LOW when HP 2004 A s finished precessing
data.

DAV

Data Valid, Indicates valld output da:o is ovailoble fram HP 2804A it addressed to talk, Input data is available if
2B04A Is addressed to lsten and ATN is HIGH, Address is valid ff ATN is LOW,

ATN
Attention. A LOW stote indicates cammands are present on the DO lines, A HIGH stote indicates dato is present
on the DIO lines,

D101 thre DIOB
Data Input-Qutput lines, Message bytes are carried on the DIO signal lines in 8 bitparalial byte-serial form,
ssynchronously and generatly in a bidirectional manney,

REN
Remote Enable, Used by the controller to cause the HP 2B04 A to be placed in the remote mode,

5RQ
Service Request. Indicates the HP 2B04 A wants the attention of the controller,

IFC
tnrerfoce Clear, Used by the conrgller to terminate oll activity on the hus.

EQI
End or Identily, ror further information, refer to |EEE-488-1976

Part of Figure 3-2,
3-8
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HI* ZHC4A

Operntion

3-16. OPERATOR CHECKS

These cheeks enahle the operator to make quick evaluntion of U instrument’s functions prior Lo

o -
use and requires that o quads probe and s companlon Calibration Madule is instalied In one of the input
chaniels (T3 or T2), To opemte the instrument uee the following procedure:

- n.

e,

318

CAUTION

Do not install ur remove ealibration modules without pressing LINE switeh to
STANDBY,

Determine the voltoge of the ac power source Lo be used. Ensure that the rear panel Line Module s
st Lo the correed line vollage, Also, ensure that the correct Tuse (6 Amp Tor 120 Vae, 26 Amp for
220 Vae) is installed, (Line Madule is set at the factory for 120 Vae operation). Conneet the
instrument Lo the ac line valiage nvallable.

install the ealibration module into ‘I’ channel and connect the guartz probe to front panel chanael
INC.

Ensure that rear panel INT-EXT Switeh is set ta INT, Press instrument front panel LINE switch to NN
position, This switch does nol control ae gower, It controls e +6Vde to the AT display cireuits and
to the AJ MPUMIme Base Assembly,

NOTE

Instrument will net operate if rear pandd INTAEXT Switeh is In EXT and no § M)z [nput
I5 applied to CLOCK conneclor,

At poweron, the HP-IB address location shipped from factory, set o nddress location 1Y) is
displayed (Addr 13). The eight alpha-numerie indicntors wiil then display B88HBBSIS and all
other shdicators will be on for ubout 12 seconds, This meoans that automatic seit-cheek hos
passed,

Following “a)l indicators on" the instrument automatically makes s measurement fram T1 channel at
LOW RESOLUTION,

To meet the accurocy specifications, the thumbwheel switches must be set to the value obtalied from
o reference temperature adjustment, This adjustiment must be imade within the last 30 days preceding
the use of the instrument, (See poragraphs 3.3 and 3-26). The reference Lemperature adjustment
correets for sources of error due to:

8,  Quariz probe crystal sging,

b.  Individun! escillator clreults characteristics,
c.  Varintions in smbient temperature,

d.  Reference osclllater nging.

A Reference Temperatore Adjustment has not been made at the factory and should be done before
the instrument is used. If a quartz probe and its compnanton Calibration Module is installed in T1
channel, the instrument display will be the temperature the quartz probe is subjected Lo, I an error
message is displayed, see Table 3-1 for tie message oud description.

Whenever 2 TEMPERATURE or RESOLUTION control s selected (manual or awtomatie) the

LED, in the pushbutten cap, lights,

318,

o "

GENERAL TEMPERATURE INFORMATION

The basic temperature scale [s the thermodynamic temperature scale (T) mensured in kelvin (K)

and s defined as 1,273,16 of the thermodynamie temperature of the triple point of water. The Celsius
thermodynomic teniperature (U} §s defined os L=T-T,, where T,=273.16 K.

T L S ey S e e it an sy = ol AL A PTTTTY b
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Operating HI* 28044

B0, Phe Internationad Practical Tempersture Seale of 1908 (1PT8.68) was sdopted by the International

Committer of Weights nined Measures in 1908 secording to e power given o it by Resolution § of the 13th

General Conference of Weights and Measuros, An awended text of this 1968 seale was adopted in 1970, ‘
e 1068 scale replaces the Internstional Practicn) Tompernture Beale of 1948 (mmended edition of 1860},

The Internationnl Practical Temperature Seale of 1968 (11P15-68) hns been chosen o sueh o way that the

temperature measured on this seale closely approximates the theppody nansie temperature, Note, however

that the [PTS-68 defines only practieal seales of tempermtore and not thermodynamie emperatures,

322, The IPTS-G8 signifes proetieal Relvin tompernture with Tgy and prctienl Celsius Tempeiatures
with tgg. The relatlonship between Ty and Lgy B tgy=Tgg - 273, 10K.

.23, The IPTS-68 is based on U assigned volues of the temperatures of o number of reproducible
equilihrium states (defining Axed points) and on standard Instruments ealibrated at those wmperatares,
Interpolation between the fixed point tempermiures is provided by formuslae used Lo establish the relntion
hetween Indlentions of the stondord instruments and values of Internationsl Practical Pemperature,
Additional detailed informetion |s svailable In the LS. Department of Commerce, National Bureau of
Standards, NS Monograph 126,* .

324, In the United States, the II*TS.68 s mointained by tw Nolional Bureau of Standards, The
aceuraey of the HP Model 28044 Quartz Thermometer s traceable Lo [PTS-68 through NBS. In countrivs
other than the United States, the P 2804A s traceable to 1PTS.GB through the National Standards
organization of the respeetive countries,

3-26, REFERENCE TEMPERATURE ADSUSTMENT

326,  Referepnce Temperniure Adjustments are simple, requiring inexpensive equipment and eliminating
the necessity of n second fxed-paint tempersture peferenee, For highest accuracy, a temperature referenee
adjustment using a triple polnt of water eell should be made, See poragrophs 3.3 throwgh 3.9 for Operating
Considerations, Immerse the probes in gn les bath (see Checking Calibration, paragraph 3-27) and adjust the
thumbwheel switehes on the front panel for display of 0.000°C/32,00°F Indication or 0.01°C indicetion
when using o tiiple point eell. The reference temperature adjustment takes Just a few minutes and Is the
only odjustment for maximum accuracy, A referenee temperature adjustment must be made within tie last
30 days preceding the use of the Instrsenl, Foctory recalibration Is recommended no more than onee a
yoar,

3-27. HP-IB INSTALLATION

328, Table 12 ligts the standord interface cables used for hookup between the HP 2804A and the
contraller. Cables are nvailable in different lengths to suit user requiremants, The connectors nt either end
of the cable are identical. The plugs will mote with the rear panel connector on the HP 2804 A, The recepliscle
on the back of the enble connertor will recoive nnother cable plug,

328, A Bus Interface Kit is needed to use a lewlett-Packard caleutator as the HPR controller,
Information about this kit may be obtained from the nearest Hewlett.Packard Sales and Sepvice Office,

3-30. MAXIMUM CABLE LENGTH

3-31.  As many as 16 instruments can be connected In paratlel, (Be sure to count the caleulator when
counting the number af devier s In the system ). However, observe e following rules:

a.  The tolal cable tenyth for the system must be less Lhan or equal to 20 meters (66 (L),

b.  The total cable length for the system must be less than or equal to 2 meters (6 L) times the total
number of deviees connneled to the bus,

For instance, o system with one caleulstor and one §P* 2804 A would allow 4 melers (12 L.) of cable,

*NBS Monograph 126, Platinum Hesistance Therrmometry by: John L. Riddle, George T, Furukowa, and .
Harmon H, Plumb,

310
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Operation

3.32. ADDRESS SELECTION

35 The TN address soleetor switeh bs loeated on te B0 PC boaed assembly AT, The switeh is
preset ot Lhe factory for!

AsCH Rinnry
Talk Address, oo v oo e v M e TODLIDN

Listen Addiess. ..o = ./UOIJII(JI\
M5B Lsn

The {ast five bits in the binary code are switeh wlvetable. The fisl two digits Onost stgnificant) ane *hard
wired' into the P8 cireitey,

334, Tochange the address of the 11 2B04A, tallow this procedure:

a.  Tum off the power switeh and unplug the power cord,

b Release Lhe top cover by unserewing one serew toested at the rear and centeredge of te top cover.
¢, Remove the tap cover,

d.  The address seleclor switeh is seven SPST switehes contained in a dual-tn-line (DIP) paekage, Figure
3.3 shows the switch with the foctary preset values,

¢, The switeh settings may now be changed with a pointed instrament (Hke a pencl) or pen),

NOTE
Do not sl all adifress stwitches ‘o the 1" position, This cade fs reserved for special nse,

ABGCII ABCH
M5B L50 LISTEN TALK
ADDRESS ADDRES'S
[4] 0 4] 0 1} EP Q@
4] 0 90 0 ! ! A
0 0 o 1 90 o 3
0 0 0 ] " C
0 0 1 0 4] s D
1} 0 1 0 1 k) d
0 I | 0 & F
0 0 1 1 1 . CI g .y
n 1 9 0 o ! H k¥ aN
0 1 o 0 1 | t 0] 1a
0 1 0 0 ' i) KOT USED % o
0 LI 1 ' K Wl YO | ae ru;:t‘wx“
0 1 1 0 0 \ L g :; :lnn"l"
o _ v 1 o 1 = M ] o ¢
o 1 1 1 o . N [ JO)u
Y] 1 1 1 1 ! 0 st | O av
i [¢] a 0 (4] [*] P
1 0 0 0 1 i Q FACTONY PRESET VALUES
AR ; o e
1 0 1 0 0 4 T
1 Q 1 0 1 b u
1 e 1 1 0 6 v
1 o 1 1 i 7 w
1 1 0 0 0 B X
1 1 0 0 | B Y
i 1 0 1 0 t z
1 10 1 : i
11 1 0 0 < \
t I B ¢ ! . ]
1 ' 1 1 0 > N

Figore 3.3, HP-IB Address Sclection

J-11



Operntion 2804 A

3-35, CHECKING CALIBRATION

i
330, Checking the calibmtion of the quarty. prabefeolibiation module may be dune by performing a ‘
referonce tempemture pdiustiment, Two methods can be used which yield pominal accuracies of £0.6m"C
and $hm”C. These are?

a. Trple polnt of water using a Traple-Point-of-Water Cell which pravides a probefinstrument setting
aceuraey of £0,6m°C.

h,  Migh quality fee bath prvfnrml with de-josized water and lee which provides a probe/instrument
setling ncenpaey of 16.0m°C.

3237, Large differences (>200) in thumbwhee! switeh settings from previous settings may be indicative .
of ane or more of the following:

- a,  Qumtz probe/calibration module installed in the wrong channel for the switeh settings used,
h,  Probe damage has ogccurred,

e,  Instrument degradation has occured,

d.  DProbe Thermu! History eror resulting from high tempymture use,

e, Amblent tempemture durng measurement s substentislly different from the smblient tempersture
when o reference temperature adjustment wos made,

) 3.38.  Followlng the preparation of the lee bath or the triple-point.cell and the Insertlon of the quartz.
probe the thumbwheel swilches ean be adjusted, Waleh the display and allow a minimum of 10 minutes for
the quortz probe temperature to stabilize,

3-39, USING ATRIPLE POINT CELL

3-40.  The temperature of the triple-point-of-water |5 the temperature of pure water, fee and walter vapor
in thermal equitibrium. 1L Is one of the fundamental defining Oxed points of the International Proctics)
Temperature Scale (IPTS-G8), and the one defining Nxed point of the Kelvin thermodynamic temperature
seole, This Lemperature has been assigned a value of +0,01°C on the International Practical Temperature
Scale, end o value of 273.16 K on the Kelvin thermodynamie seale, Triple-point-of water cells are used In
the caliliration of thermometers, Although most commonly used for the determination of the Ry of

- standard-grade platinum  resistance  thermometers, they are also used for calibration of quartz
thermometers, thennistors, liguid in glass thenmometers, They are also used to establish Use zero, and
evaluate the stability of other Lemperature sensing devices,

41, Checking calibration using the Triple Point of Water (Following text extracted in part or whole
from U.S, Depariment of Commerce, NBS Monograph 126},

342, The triple point of water (0,01°C) is the most useful and importanl of the defining Nxed points

for calibirsting. The triple poinl is realized In & sealed glass cell (such as Jarrett Instrument Co., Model No,

A13,} contalning ice, water, and waler vapar, Wiien the cell s in use it inay be placed in an ordinary bath of R
chipped or erushed ce, and water, Figure 3-4 shows the cell and ice-bath system,

3:43.  The cell Is Nirst immersed in the fce bath with the mouth of the re-entrant thermomeler-well shove
the surrounding fce-water level, The well is thoroughly dded, then filled with crushed dry fce and
maintained full for about 20 minutes by replacing the sublimed dry fce, The Initial freezing of water within
the trple-point cell occurs several degrees below the triple-point temperature because water casily
supercoals,

3444,  When the water does starl Lo freeze, fine needles of fce crystals {(dendrites) initially fonn and
protride from the wall of the well into the liguid, The fine needles quickly cover the well but soon
disappear to form a clear coating of Ice on the woll that will grow to & 4 to B mm thick mantle in about 20

3-12
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Do NO o,

Heavy black leit shield against ambient
radiation,

. Polyethylene tube fur gulding the quartz
probe inta the thermameter well,

. Water vopar,

Boarosilicate glass cell,

Water from ice hoth,

Thetmameter well {precision botel.
lce mantle,

Alr-{ree wotur,

. Polyurethane spongg,

. Finely divided ice ond water,

Dewar Flask

[
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Figure 3.4, Triple-point-of-water Cell
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3-14

minutes, 1L important to keep the well completely full of dry lee durng this pedod, (f the dry fco level In
the well [s allawed to drop several inehes and then the well s reflled the lee monte may emek, The desired
tiplespaint temperatune moy nol Be achieved 15 a emek In the lee mantle extends from the well surface Into
the surrounding liquid water,

J4b. In the process of introducing dry foe into the woll sume of the dry fee may be doposited around
the top of the cell, esusing the water within the eell to freeze solidly acrass the top, "The fee at thie top of
the coll should be melted e distoly Lo avald the possibie breaking of the coll glass, Wheneyer fee §s frozen
solldly acrss the top surface of Lhe eell water apd g strong hond Is formed between U thermameter well
and the outer cell wall, any subsequent freezing of vater below the surface fee ean result bn sufficlent
prossure Lo rupture the eell, The surfoee bee can be irelted by raising the col) slightly and warming the tap
of the cell with the hands lriely while gently shaking the top of the cell sidewnys to *wash" the regiun
with the cell waler which facilitates the melting of the tayer of jco,

346, Aflter 21 minutes no additional dry lee should be added and the remaining dry fee In the well
should be allowed to sublime complotely, Finally, when the dry fce in the well Is campletely gone, the el
Is lowered deeper Into the jee hath snd the well allowed e 01 with water.

347 An immerston type cooler may be used instead of dry Ice for freezing the iee mantle, Howeyer,
care must be taken to avoid admitting the auxiliary heat-transfer liquid, e.g., aleohal, into the surraunding
jee bath,

348, A second jee-water interfoce |5 formed by melting the iee immediately adjacent to the well surface,
This is referred to as the "“inner mell,” The fnner mell s made by inserting o glnss e at ambient
temperature into Lhe well for 8 few seee wds. A test for the existence of the fee-walir Interface over the
entine interdor surface of e mantle §s to give the cell a smal) ratational impulse and determine whether or
nol the jee mantle rotates freely arcund the axis of the thermometer well,

3-49.  Some evidence exlsts that the tempermture of the tripte-point evll is sometimes slightly low {shout
2x10~1°C) immediately after froezing, therefore, the coll should be prepared at least one day prior to its
use, The reason for this low Initial temperature and the subseouent gradual inerense during one or two days
to a steady value {5 notl clegdy established but is belfeved to be connected with structural strains thet ore
produced when the fee s finst frozen; presumahbly the strains are relieved with time as the fee anneals, The
magnitude of the lower initinl temperature and the rate of increase to a steady lemperature velue s
dependent upon the specific technique that Is emplayed in freezing the cell,

3-60.  To eliminate the ambient room radintion (from celling lights in particular} o heavy black [l cloth
(1) covers the top of the coell except for 8 hole through which the thermometer moy be inserted. The
thermomelter Is precooled in the fee bath that surrounds the cell before it is Inserted Into the cell. A

polyethylene plastie tube (2) from the hole In the folt cloth to the reontrant well provides a guide for
inserting the sensor probe,

3-61. CHECKING CALIBRATION USING AN ICE BATH

3-62. A high quality fce bath prepared with great care and using defonized water and jce will yield an
sccurney of $6m°C. Accuracy is dependent upon water and fce purity and on the technique used in
preparation.

3.63. Delonized or distilled water and lce, Delonized water and fce, or ice made from distilled water in
conjunction with distilled water is used to prepare an ice hath,

3.54, A practical 0°C reference can be constructed using the following procedure,
Figure 3.6 illustrates the fce-bath:
a.  [ce-Bath Preparation,
1. Wash your hands thoroughly Lo rertove any salts, then wash the Dewar Nask I it s dirty.

2,  Rinse the Dewar MNask in deionized or distilled water,
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Figure 3-6. Practical Ice Bath for Calibrating Quartz Thermometers
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|
3

N T K
1,

b,

b,

Tee Bath Use,

1P 2804A
Crush as much delonlzed - distiiled-water iee gs ls needed to pack the Dewnr Nask foll,

In a separte container that has been rirsed in defonized or distilled water, mix deionized or
distilled water and [ee unth the mixture s rrecooled close to the freezing polnt,
of the Dewar Nask. ‘This water Nis the voids in the lee pack,
1.
. 2

Pour this water into the Dewnr flask, Alled in step 3, until the water level Is just below the Lop

mindmize contaminetion af the ce hath,
3

C.

Wash the sensor probe to be used in defonized or distilled water, This is very important Lo
1.

Insert the sensor probe in the fce pack by At using a prednsed gass rod to form a pilot hale in
the fee pack, then fnsert the sensor probe fato the pllol hole,

Iev Bath Refroshing.
9

If the sensor probe temperature is greater than 126°C, precool the sensor probe in o weparate jce
hath (using procedures listed In ilem a,) before plactng it in the main lce bath,

3.

J-bb,

Siphen Usie water out of the bottom of the Dewar Nask when a significant melt has occupred
Repack the Dewar fask with mure defonized - or distilled-water ice,

I noeded, add more woler {as prepared in item s, step 4.)
3.66.

must he used as & comparison

Tap water and lee, The most practicsl of all icy baths Is ice made from tap woter, Heproducibility
J-68.

atid aceuracy will depend on many variables {geographical Jocation, water impuritics ete), To determine if
the sceuracy meels your minimum requirements, bee baths prepared according to paragraph 3.33 or 3-43
excepl that tap water is used,

Procedures for preparing o lap water lee hath are the same ns procedures listed in paragraph 3-43
3-57. OQPERATION USING HP-IB SYSTEM INTERFACE

HP.IB is Hewlett-Packard’'s implementation of IEEE-488-1875, *'Digital Interface For
Programmable Instrumentation”. It ennbles the HP 2804A to be controlled, in a system environment, by
an independent controller. To fully utilize the HP-IB capuabilitica of the HI* 2804A, you should be familiay
with the cantents of IEEE-8TD-188-18765. Information is nlso nvailable from Hewlett:Packard by ordering
*Condensed Description of the Hewlett-Packard Interfuce Bus”, HP Part Number 6840180030, The HP-IB
document is also included ps Appendix B nt the rear of this munual,
3-6%8.
3-80.

The HP Interfoce Bus transfers data and commands, on 16 signal lines, between components of an
361,

instrumentation system. Interface functions for cach system component are performed within each
component so only passive cabling is needed to conneet the system. The cables conneet all instruments,
controllers, and other components of the system in parallel to the signal lines,

The doia lines (DIQ1-DIOB) are reserved for the transfer of data and other messages in o byte-
serial, bit-porsllel manner, Dota pnd message transfer is asynchronous, coordinated by the three control lines

{DAV, NRFD, NDAC). The other five lines are far control of bus activity. The cantrol lines are ATN, 1FC,
REN, 5RQ, EOL Figure 3-2, {tem 8 provides an explanation of these signals. Figure 3-8 shews the lines,

Devices connected to the bus may be talkers, listeners, or controllers. The contruller dietates the
or recvive data, All others ienare the data lines.
318

role of each of the ol ar deviees by setting the ATN line true and sending talk or listen addresses on the
data lines (IMO1-DIO8). Addresses are set into cach device al the time of system configuration clither by

switches built into the device or by jumpers on a PC board. While the ATN line is true, slb devices must
[isten to the data lines. When the ATN line is false, only devices that have been addressed will actively send
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$02, Infurmation i traesmitted on the dats tes ander soqueathd control of the three contpl lines, Kn
step in e sequenee van he inbtsted il the previous step s complelod, Information trseslor ean proceed
my ol s deviees ean respraned, ot no faster than the sbowest desier prosetly addressed s oetive, This
permiis seseral des,een to reeeive Uie same mesasge by e copienrrendly

F0L The aperation of tw interfaee I enerally contralted hy one devier eguipped to aet as contialler,
I uses o group of conpmands Lo direcl U other instrameats o Gie bos B earrying out their functions of
talking and Jistening. The vomtroller has Lwa ways of sending interfaee messages. Multiline sessages, whiel
catnnl exist coneurrently with other moltine messages, ane sent over e oight dota lines and the thres
transfer-bus lines, Uniline essapes ane transfornad over e A individusl Dies of e management bus,

B84, The commands serve soveral different purpioses:

n. Addressas, or Lalk and Ustens commands, seleet U istraments tal will transont pnd aecept data.
They are sll multiline messapes,

b, Universal commands cause overy instrument equipped to do o o perform o speeifie interfnee
operation, They include multile messages snd three uniline commands, interfaee elear (1FC), ranote
enable (LEN), and attention {ATN).

e, Addressed commands are sinilar to unfversal commands, except that they affeet only those devices
that are addressed omd are all multiine commonds. An fnstrument responds 1o an addressed
cumtnand, howuever, unly afler an address has already Lold it Lo be o talker or Hsteaer,

d,  Secondary commands are multiline messages thot ane alwoys used in series with an address, universal
cammand, or addressed commane (also referred to as primary commands) to farm o longer venion of
cach. ‘Thus they extend the code space when neeessary.

3656,  The operational Meillty through which a device can recelye, process, and send information over the
bus is a set of Interfoce Functions, 1EEE-488.1976 defipes coch Interface Function in tenms of state
disgrams that exactly express ol possible interactions. The HP 2804 A Implements the following 1EEL-188
interface functions:

AH1 — Accept handshoke

SH1 — Source handshake

TL = Talker

L1 — Listener

SItt - Serviee Request (Status by te=constant)
RL1 — Remote/Local

PPL — Parallel Poll

DC1 — Deviee Clear

DT1 ~ Deslee Trigger

3-66.  The HP 2B04A Is programmed through messages on Lhe HPEB, The device dependent messages to
which the HP 2804 A responds are:

TL, T2,7T3, Temperture select

Ri, R2, R, Resolution select

o, D1 DAC ignore Nag

a9, Gl Confgure for group Exccute Trigger

Hp, I SamplefHold mode

J9, J1 Interrupt mode

X Delimiter for Controllers which are nol self-delimiting

WP PRy b L adi b o el e o ST PYVII
[ :

2RO4A

i
o B



HHOIA Operation

BOT, T 1D A uses secandary sddressing to implement addBlma) festures, Beeomdary addressing

appears to the controller, us wosel of registers vl o e HPIRA that provide B followlyg
. BECONDARY ADDIRERS FURETION
1} e status slring
02 Hoad vhannel 1 Preset
0 Head ehamwl 2 Prosvt
h Hend channel 3 endihration madule fdenti Neation
pmber {Note)
ah Read ehanned 2 ealihration madule identieation
numher {Notwe)
* 0 Write to DAL
NI

The ealibration module identifieation number is the lasl aix digits of (s seral mombher,
J0R. The deviee-dependent characteristies of the 111 2HO4A message sel nre:

YN DAC Lore Nag.

When DR, the DAC will e updated from the display In acoiandanee with the front pael switeh
seitings, When DY, the DAC will froeze with the dast update, and will be refroshed anly by
reventon to 1Y, or by a secondary nddress (98) write Lo the 110 2H04 A, The Intler reguires o 31D
string to be sent by the cantroller to secondary address 00, The 111 2804 A wilk take the Jast hee
digits of the stdng 1o update the anslog outpul, Nownumerde information tncluding decimal
point) will be Ignored, e 1P 2HO4A provides leading-zero insertion for BCD stdngs bess than
Hhree digits,

o GHGL  GET ConNgure,

When 0, te HP 2H04A will lgnore the GET command from the bus, When G, the 1P 2800 A
will wait for a GET command, displaying HOLD on the 111 2804 A display, ARer neeelving O1T,
the NP 28044 will commence reading, 10 the 5703 mode is tane (1), the BP 2E08A will take one
reading, displny the resodt and light the DATA HOLD annunciator, The instrament will wait forn
new GET before taking nnother roading, 10 S0 §s oot asserted (1Y), the TP 28044 will read
continuously, and will not wall for o new GST until ancther configure mossage [s reeelved,

HOML S Mode,
1E1IQ, the BER 2HCA A will resd contihously,
16 B, the 1P 2804 A will moke one reading, display the sult and fight the DATN 1HOLD
annunciator, {See GQJGT,).

JOA SIQ Mode,

. I£.J0, the P 2804 A will not genernte n service regiest,

If J1, the HE 2H04A will generate a senvtee neguest (8RO asserted) and light the SERVICE
annunciator when new datn s available for transfer. When the data has been aceepted, the
. SERVICE annunciator will e extinguished.

X An ASCH X serves as a delimiter for those controllers which do not delimit date tronsfers
automatieally. The HP 2804A will respond (o Wie following delimiters; X, CR/LF, EOT bittag on
final hyte,

3-19
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Reeomdary Adreas 011 alodun-string
Whon a seemdary address OF read I performedd tye 100 2600A phaces o messige stving on the s
s fflowat , \

Boss Ty My Ox dx Iis Dy WLl

Where s bs the numerie infarmation asocated with each nl||l|'n vhapipe,
The B clirseter gives error status of te 1R 2HOTA. The string » Axed formpt | chaniclep
(r CIULYE torminator) lony,

Becaminey Acdress BAO3Y 0 ) = rear panel inpal
A remd of seeandary address 03] retupn o dadigit 801 sbeing frogn the chanonel T 021 taimb.
whesl presets,

Seeondnry Addrews D4(16)
A read of secondnry addross 03006) returms o Godlgil BCTY strieg Trom the channel 102 Calilirtion
Muddute 1dentifieation mipiher febd b te Calihration Mosdule,

Heeondary Addnws 08
With the DAC Iynore Flag ssserted (D1), the HP 2804 A updates the analog autput based on
infarmation sent W secondory address 00, The P 2804 A uses the last three digits of n string,
ignoring none-nmede dats, For less than Lthree digits of datn, the 1P 2804 A inserts leading soros,
Examplet

Lo A trnmsfer of *HUD" will vesult In an analog output of 65,00 Ve,
2.0 Atronsfer of PRI whil resalt b nn snlog satpul of 0,81 Ve,

Datn Tmnsler
A dota read from e primary address, returns o fixed formel stdng of 11 byles (including sign,
deelmal ang terminstor), The 1P 2804 A pravides lending and tmiling Wanks as 8 function of
selreted rosolution snd DISPLAY ED TEMPERATURE. Message string Is as follows:
For Exampler WiIlh T1 and R2 seleeted, for o temperature of -0.01°C the dato string Is:
-550.0188 CIYLFE,

Error Conditions
When an HP 2804 A error condition oceurs, the Instrument will Lransmit o reading of 999, CRILF
which far most controllers s seeepted as 999, The burden (s therefure on the user Lo deteet this
out-afrange reading ond perfonm a status read (SEC address 01) Lo detennine the error condilion
and Lake corpeetive pelion,

300, The B 2804 A, NPID aption has two mudes of apemtion:

0, Controlled device,

b, Talk Always device,

370, The Talk Always {TA) mode is selected by the HIMID Address Switeh {AT51-1), In its 1" positien,

te P 2804 A assumes thal ne controller 1s on the bus and Lries Lo transfor data after each meassrement

The TA mode s designed for outputting te o digital printer. Duta format s the some as deseribed in

paragraph 3.60, The [ 2804 A remains in loeal cantral so that mode snd resolution are controlled fram is

frant panel.

3.20
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Operntion

371, Operntion of the P 2804A. M s a function of the contrmbler s the devieedepondent
messnge-set to which the HIY 2804A responds. The sequence of messages on the T defines the
aperation of the B 2804A, For exnmple, the instrument aperntor may do a Stotus Btring Read fram
secontnry address 01, and reprogrom the HP 2864A for the next highest resolution, Messayge soquence un
the HP- 13 should then be

UNLISTEN

TALK ADDRESS
GROUP

SECONDARY
ADDRFESS
GROUP

STATUS STRING
MESSAGE

Exx Tx Rx Gx Jx Hx DOx CR/LF

UNLISTEN

LISTEN ADDRESS

GROUP

MESSAGE ""R2E"

H
i

Clasr tha 2004A

Belact 2004A as Talkar,

Salact 2004A Secondary
addr e (et two digte —
must be two)

Read ststus mesage and
print it,

Claar the 28044

Saluct the 2004A & lis-
tensr,

Salect MEDIum rssolution

elr 2113 uremd 7,72

emd /, "TUM"”

wrt 71301 (Note: by
Instruetlion)

red 11301, A
pet A

clr MW3oremd 7,

and 7, "1U "

wrt 713, ""R2E"

Example for §825A contralier

emd 7, "TU-", " TIRY e Saluet T1 and Low resofution

Clear all listanun

Tather addrem {controller)

Note: Ail sbove axamples refer 10 the HP Maodel JBZ5A used as the controllsr, Refer to "Candensed Descripticn of
the Hewlett-Packard Intarface Bus”, HP Part No, 59401.80030, for mars genersl informstion,

’ ' Listen address (2004 A)
For Talk addrass, use "M
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HIY 2604A PPerformance ‘Fests

SECTIGN IV
PERFORMANCE TESTS
4-1,  INTRODUCTION
* 4+ Toests ‘i this soction verify the instrument’s electdenl performance, Table 1.1 Ysts the astrument

spedifivationg, These Losls may he wsed as part of Incoming inspection, and can be dune withoul aceessing

Che instrument's Internab clreuits, 17 the nstrument fails to perform os indicated in this seelion, refer to the

trmubleshaoting procedure in Seetion VI

4.3, EQUIPMENT REQUIRED

Test equipmaont required for the t#ts Is fisted In Table 1-3,

4-4, TEEY RECORD

4.0, Resulls of tests inoy be recorded on the Test Record located at the end of this section, Results of

these tesls recorded during incoming Inspection can be used for comparson In maintenance, trouble

shooting ov following repsirs and,or ndjustinents,

46. CALIBRATION CYCLE

0 47, Factory callbration of the quartz probefenlibration module cambination is reammended no more
than once each year, A reference lermporature adjusiment must be made when the nstrument is finst
received from the factory and then, within the last 30 days preceding the use of the Instrument,
48. PERFORMANCE TESTS
4.8, The complexitly and expense of performonce testing 100% to the instrument's specifications os
listed in Tuble 1-1 nre such that "Operation Verficetion™ tests are wecommended, These tests are ensily
done ond check at least 907 of the instrument capabilities. Also these tests can be used as incoming
inspection tesls or ests to be made followlng repalr.
4-10. OPERATION VERIFICATION

4:11.  Operation Verification conslsts ol

n.  Qperators Checks,

h.  Error Message Tests.

. Reference Tempernture Adjeatments,
d.  Internnl-Fxternal Clock Test.

", Digital-to-Analog Tent.

. HPIB Toeat,

41

LY FL_TL LT S ORI B ey g e Bt e o BT Rt 1 v s o




il o1 i Wl
A T Lok ||| I ‘ I ‘I !l\ \ i ‘ il
B0 mnng  jnl 1IN T S Ll |Iu||\||:. o | im0 m

Derformunee Tosts Y 2H04A

4:12,  To verify instrument opemtion withoul. testing ol of the specifientions listed in Table 1.1, do the

followiny: o

NOTE

Instrument will not operate it INTVEXT Switch §s in EXT and no | MHz fnpul is applied
to CLOCK connectors,

8. Do lhe Operntar's Check in Seetion 11, poragraph 3-16,
b. Do the following Error Message Tests, To do these tests, the instrument must be powervd down

hefore remaving the calibration modules and powered up to test for the error message, Power up or \
down 15 done by pressing the LINE switeh to ON or to STANDBY, respectively.

NGTE .
"ERROR 1, &, and 6" cannot be simulated. "PROBE 1 and 2" are gquartz probe

out-of-range conditions {temperature spectfications exceeded) and should pot be
simulated,

1, Power-down the Instrument nnd pull out channel T'1 Colibmtion Maodule, then powerup the
instrument. Display should be ERROR 2,

2. Power-down the instrument, reinstall ihe T1 Calibration Madule and powerup the Instrument.
Disconnect the T1 quartz prohe, Display should be CRROR 7,

3. Repeat steps 1 and 2 for T2 channel, Display should he ERIROR 3 and ERROR B respectively,

4., Powerdown the instrument and remove the Calibration Modules from T1 and T2 channels,
then power-up the instrument. Display should be ERROR 4.,

6. Power-down the instrument, reinstall the Calidralion Module(s) and reconnect the quortz
probe(s} then powerup the instrument (f only one channel is used, use channel TL).
Tempersture indication on the display will be the T1 chonnel quartz probe smblent
tempeialue, Press MED ROSOLUTION; display temperature resolution should inerease Lo
X.XXX°C and readings should chenge at a Lsecond rate. Press HIGH RESOLUTION; display
temperature should incrense Lo 3. XXX%"C wad readings skould chonge every 10 seconds,

6. Press T2 and repeat procedures of step 6.

7. I both channels nre used, press T1-T2. Display will be cemperature difference between T1 and
T2 quariz probes, Resolution will change as in step b,

e, Do the Reference Temperature Adjustment using informstion in section 111, paragraph 3-26 and 3-27.
Accuracy desired will determine the method of checking calibration Lo use,

i, To do the INT-EXT CLOCI. Test, an external 1 MHz, at I VRMS/1KOhm must be connected to the
instrument rear panel CLOCK connector, Ensure quartz probe nnd Calibration Module are installed in
T1 channel,

Set INT-EXT Switch to EXT, Display should be amblent temperature of T1 channel quartz prohe,
¢e. Do the Digital-"-Analog Teat as followa:

1. With the Instrument powered-up and operating normally, conneet a voltmeter (set Lo its 10 volt
range) to the HP 2804 A rear panel ANALOG output (observe polarity).

42
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2. Canneet an gsellloscope to the ANALOG output (observe polorily),

3, Set the instrument front pancl CAL-OP switeh to the positions listed In the following table,
Voltmeter reading should he as listed,

CAL-O) Switch Voluneler leading
oV 0 Vaolts £ .004 Vde,
oV + b Volts £.,012 Vde,

1oV +10 Valts £ 008 Vde,

No oscillallons should be evident | each switeh position,
4, Bel CAL.QP to OP-NORMAL and set the digits selected switeh to XXX, (uppermost position).
5.  For the displayed tempersture, the voltmeter reading will renge from 0 to 10 volts {(depending

op temperatere), Example Llemperatures spd voltoges ore listed helow:

Examples of analog nutput voltages for NCRMAL sod OFFSET Modes:

renpLnATUTE ol By
= SELECTED DIGITS
+12|::3._9__4_‘43"c 3.0 8.04
+123.8[443 [°C 4,43 .43
+123,| 044 13°C 0.44 4.4
+123.| 608 (0°C 0.00 4.60
+124.| 000 |0°C 0.00 5.00
+124.0/ 100 |°C 0.10 6.10
+ 0 001j0°C 0.001 6.01
0.| 000 {0°C 0.00 5.00
- 0. 001 |0°C 0.09 4,09
{No ascillations evident on ascilloscopal

6. Hepeat Step b with the CAL-OPswitch set lo OP-OFFSET. Voltmeter reading should be offset
by +b volts, Step b lists exwu nple temperatures and voltoages.

Performance ‘Iusts
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f.  Dothe HMI Te tan fullows:
1, Power up the Instrument,

2 Obscrve the BI-PY sot address (factory sel al *Adde 137) following automatic self-check,
3. Uhserve that the instrement passes selleheek,
4, Read the stotussting from Secondary Addeess 01, 'This perfarms bath read and write

operalions, The eantroller should now have Uw statusstring as defined in paragraph 3.68 which
will verify HPD aperation,

b, A sample program usbog an P B326A colewlntor s provided in the following Flgures and ‘Tables,

0: BpcC 40 prt "PIRL",Z

1t prt AN RN RE RN Y NNl 41: fxd 3

2t prt "2004A HP-IB TEST" 42t wrt "2804","TIR2E" T
It prt "sANAR KA NR RN RN RN 43: walit 2000 =
41 8pcC 44: red "2804",2 =
%t prt "THIS PROGRAM" 45t wait 1000

6t prt "TESTS THE 2B04A" 46: prt "TIR2",2 -
7t prt "WITIi PROBE AND" 47t Exd 4 _
8: prt "CALIB. MODULE InN" 48 wrt "2804","TIRIE" :

9: prt "THE T1 POSITION" 49: walit 12000 -
10: prt "FIRST, THEN THE" 50t red "2804",2 =
L1t prt "T2 POSITION," 51: wait 1000

12: Bpc 52t prt "TLR3",Z =
13: prt "MHAKE SURE THAT" 53t spc -
14t prt "PROBE AND MODULE" 54: prt "SET 2804A TO" m —
15t prt "ARE IN THE T1" 55: prt "STAND~BY. PLACE" —
16t prt "POSITION," 56t prt "PROBE AND MODULE" =
17t prt "SET THE 2804A TO ON"  57: prt "IN T2 POSITION," -
18t prt "AND NOTE THE" 58: prt "WHEN DONE, SET" =
19t prt "HP~-IB ADDRESS." 59t prt "THE 2804A TO ON" }

20: spc 60: prt "AND WAIT FOR" —
21t prt "WAIT UNTIL TEM=" 61t prt "ERROR 2, THEN" :

22t prt "PERATURE IS DIS-~" 62t prt "PRESS ’"CONTINUE""

23t prt "PLAYED, THEN" 63t spc —
24t prt "PRESS “CCNTINUE " 64: stp ’

25t stp 65: prt "ARE YOU SURE THE" -
26t spc 66: prt "2B04A IS ON?" *

27: prt "BP-IB ADDRESS?"jent A 67: prt "PRESS "CONTINUE'" =
28: spc 68: spc =
29t 700+AsA 69: stp _
30: dev "2804",A 70t wrt "2804","DOGOHLJLIE"

31: £xd 2 71: wait 1000 ==
32: wrt "2804","DOGOHLJ1E" 72t wrt "2804","T2R1E" , -

33: walit 1000 73t wait 500 =
34: wrt "2804","T1R1E" 74t £xd 2 -
35: walt 500 75t red "2804",2 =
36t red "2804",7 76t wait 1000 oy
37: wait 1000 77: if Z2>=999;gto 53 -

36: Lif 2>=999;gto 12 78: gto B0 -
39: gto 40 19: spc . s

Figure 4.1, 2804A, UP.IB Sminple Program
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IHOAA Performance Testa

0CG: prt "T2R1",Z 91: wait 1000

Bl: £xd 3 92t prt "T2R3I",2

82: wret "2804","T2R2E" 93t wrt "20804","DOGOBOIOE"
83r walit 2000 94 wait 1000

04: red "2804",2 95: lecl “2804"

65: wait 1000 96: wait 1000

86: prt "T2R2", % 97: spc

B7: fxd 4 98: prt "END OF TEST"
80c¢ wrt "2804","T2R3E" 99: spc

89: walt 12000 100t end

90: red "2804",32

Lines O thru 26 Print instructions to user, Printed on the 88256A printer,

Ling 27 Allows usar to enter the HP-1D address displayed at turn-on of the 2804 A,

Lines 20 and 30 Canverts the HPJB address to a number understood by the 2B04A,
Assigns tha label '2804"" 1o the variable A",

Line 31 Fixes the displayed number ot two decimal places, Used only 1o make the

printout "pretty”’,

Line 32 Sets up the 20804 for the desired measurement modes, See the description
ol the 2804 A measurement commands,

Line 33 Allows o wait or delay of one second to allow the instrument to settie,
This time delay can be chanyged 1o a shorter time, and should be tested 1o
find the minimum time required.

Line 34 Selects the T1 Input and LOW resolution,

Line 3b Provides a time delay to allow the measurement to be made, LOW
resolution measurements are 0,1 second.

Line 36 The controller makes a reading from device "2804", and assigns it to
varlable © 2",

Line 37 Provides a delay of 1 second to permit the user to see the TALK
annuncintar,

Lines 38 and 38 Tests for an error condition. One such candition would e no probe
vonnecied to the T1 input channel,

Line A0 Prints the measurement result on the BB26A printer,

Lines 42 thru 46 Selects the T1 input and MEDIum resolution, Waits for two seconds lor

measurement to be made, Medium resolution requires one secand to make
the measurement, Prints the resuit on the 8826A printer,

Lines 48 thru 62 Selects the T1 input and HIGH resolution. Waits 12 seconds for measure-
ment to be made, High resalution mode requires 10 secands to make the
measurement, Prints the result on the 8826A printer,

Lines 63 thru 69 Instructions o user to permit changing the probe and calibration module
to the T2 channel,

Lines 70 thru 82 Do the same things as for the T1 channel. The measurements are still
LOW, MEDIum, and HIGH.

Lines B3 thru 96 Places the 2B04A In a different function {turns off some annunciators},

and places the instrument in the local mode,
Figure 4-2, Explanation of 2804 A Sample HP-1B Program
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Performance Tests THO4 A

RUN

oy
-

L § 0.26

PRINT SETUP REQUIRE-
MENTS TO STARY TEST,

) 27

ENTER HP.I8 ADDRESS
NOTED AT TURN.ON
OF 2804A

] 29, 30

CONVERT ADDRESS TO
VALUE UNDERSTQOD
BY 2004A,

1 32,33

WRITE COMMANDS TO
2804A TO GETIT
READY, WAIT 1 SECOND

\ 34, 36

SELECY T1INPUT
AND LOW RESOLUTION
WAIT 0.6 SECOND

36

READ DATA FROM
2804A, WALT 1 SECOND

3
ERROR?

h NO

B,39

40

PRINT RESULT

Figure 4.3
2B04A HP-1B Sample Program Flow Chart
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2804 A Performance Tests

. @ a2, A3
SELECT T1INPUY,

MEDIUM RESOLUTION,
WAIT 2 SECONDS.

A4, 45

READ DATA FROM
2804A, WAIT 1 SECOND

} 48

PRINT RESULY

Al 49

SELECT TV INPUT,
HIGK RESOLUTION,
WAIT 12 SECONDS

i 60, 61

READ DATA FROM
26048, WAIT 1 SECOND

! 62

. PRINT RESULT

- 63, 69

INSTRUCTION TO CHANGE
PROBE AND CAL MODULF
TOT2 l

{ 10, 71

WRITE COMMANDS TO
2B04A TO GETIT READY.
WAIT § SECOND

k) 72,73

SELECT T2 INPUT,
LOW RESOLUTION
WAIT 0.6 SECOND

AEAD DATA FROM
28044, WAIT 1 5ECOMD

Figure 4-3. 2804A HP-1B Sample Program Flow Chart (Cont.)
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Perfonmance Tests

ull

TR

i
| AR

HO4 A

®

60

PRINT RESULTY

Y

02,43

SELECT T2 INPUT
WAIT 2 SECONDS,

MEDIUM RESOLUTION,

B4, B85

READ DATA FROM
2604A, WAIT 1t SECOND.

1]

PRINT RESULT

s

68, 89

SELECT T2 INPUT
HIGH RESOLUTION
WAIY 12 SECONDS,

.

!

80, 91

READ DATA FROM
2804A., WAIT 1 SECOND.

82

PRIMT RESULT

4

83, 64

Y ) |y

WRITE COMMANDS TO
2804A TO PUT ITINTO
CONTINUQUS MODE. WAIT

PP NS A Py DY YT YT e

1 SECOND,

b, 8G

PLACE 2804A N
1 SECOND

LOCAL MODE, WAIT

END

Figure 4-3, 2804A HP-IB Sample Program Flow Chart (Cont.)
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JRO4 A Performance Testy

Table 4-1, Sample HI-IB Operations with the Q4254 Calenlntor

Manags Name Dusernipuion Bamypite l.'Jpcmllmn1 ~
ata Quiput lext aned vatighles to wogle eyices wrt 70V, “total=",A B
wrt "Printer® a,D0,C
Quiput unghe characteny wib 70%,H -
Tnput data trora a device red 711 ,A8,038 -
Input wingle eharacien rdb(711 A )
Spealy desce aduresy and seed dato i e formad | emd 7, "2U-", oY -
ASCH rharacien, emd “dum”, “LiQ" i
Quiput tata o mubnple Lietenen wrl “dum,printer’, "L1Q" =
cmd "1UK", g B
Tranaler data tram dovice 1g device. cmd 7K .
Trigger Send a Group Execyte Trgger 1o sl wiatrumenty trg 7 =
Send a GET 10 selected devicey. trg 711
Clent Clear all devices clr 7 -
Clear selected device. elr 711 i
Remaote Enabile reimote muode on all davices Switching the rem 7 -
calcylator an alwo sendy 0 Remote meunage.
B
St temale mode on welected device rem 7§1 f—
Local Retutn selecied devier 1o lacal mode. le} 722
Local Lackout Pravant ali devices from returning to focsl mode. jlo 7
Clear Luckout:Set Local Sat o) mode pnd disable locat lockout on all de- lel 7
vices, « i ofs0 wends thiy message,
[ =}
Paws Contral Transler bus control to a selected device, pct 723 ,
L
Require Setvice Aequest Syryice from the controller and send an rqs 7,106 :
Status Byte B-tut status byte far ruponse to a Serial Poll. .
Starus Bit Bit and logic eved tor responses 1o a Parallel Pol), rqs 7,64 .:—'
k
Abart Clear alt bus operations and return control 1o the el 7 1
arlginal system controller. - Jaiso vends an abort =
mesage. -

'in each caue, 8 device dgma can by ssiigned and subslituted 1or the select code pajatiates, Gie “The Devica Statamenmt”
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de voltages nre still present. Disconnect ac power from the instrument before removing
any ossembiles,

6-9. ADJUSTMENT LOCATIONS
5-10.  Adjustment lucations are shown in Figure b+,
65-11. CALIBRATION CYCLE

. 5.12.  An annval callbration Is suggested for the quartz prok-/calibration v .dule combination, ‘Che HP
2804 A can be ealibrated snnually, Test equipment required islisted in Table 1 3,

2804 A Adjustments
—
- SECTION V -
ADJUSTMENTS =
5-1. INTRODUCTION
v 5.2, This section contains complete Neld adjustment information for the Madel 2B804A Quortz =
- Thermometer, The adjustments are presented in the recommended order for o complete instrument -
) calibration, pemn
B 5-3. SAFETY CONSIDERATIONS 1—
o _
| G4, This section contains wamings and cautfons that must be followed for your protection and o -
avoid damage o the equipment, Whenever intemal Instrument circufls are exposed, coution must be —
exercised, 115 Vac is present at the rear panel, bottom side of the instrument, When using ac-operoled tost =
s equipment, moke sure thal the test equipment chassisfease Is connected to eorth ground, With the i
— instrument LINE switch in STAND-BY ac power s still applied to the Instrument and some de voltages are far—
— stll present. ‘To completely power-down the instrument, disconnect the ac powrer from the Instrument. =
z . =
- * WARNING! =
= o
- @ 3
- LINE SWITCH DOES NOT TURN OFF AC e
= POWER AND SOME DC POWER CIRCUITS Eﬂ
= B
é 5-6. EQUIPMENT REQUIRED ﬁ
— b-6. Test equipment needed for ndjustments is listed In Table 1.3, Test equipment that satisfies the [
- critical specifications gven in Table 1.3 may be substituted, =
= =
- 5-7. INSTRUMENT ACCESS (SEE WARNING OF PARAGRAPH 65-4) E“
A 5-8, The Instrument’s intemal circults and assemblies are aceessed by removing the top and bottom
- covers. Top and hotlom cavers ore secured by one serew each ot the rear edge of each cover,
- . CAUTION :
;:: Whea LINE switch is In STANDBY, ne power is still applied to the instrument ond some o
|

5.1
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Adjustments

5-13, POWER SUPPLY CHECKS

h-14,

8. With the instrement in normal operation, use a de soltimeter to measore the vollage ol ABXAT pins;

Iar to mnking any intemal adjustients, the power supply voltages should be checlvd ns fullows:

ABXA7 MAXIMUM
PIN DC VOLTS RIPPLE:
NUMBER AC VOLTS
1 tht.,26 Gmv
11 th 1 .26 6 mv
21 217 (41610 +20) ABQ mV
1¢] -121 .G Gmv
B ~5 1,26 GmvV

b, Use nn oscllloscope ond check the ripple voltage at ASXAT pins listed in step a, Values shauld be as
listed in step a.

516, ADJUSTMENT PROCEDURES

516,  The adjustment procedures are listed in the recommended order of performance, The Al, TCX0
and A2 Sensor Osclllator ndjustments normally should not require ndjustments. The AG DAC Qutput

sdjustment ray occasionally need to be adjusted,

4
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HIY 2504A Addjustmenta

A CTEMPERATURE-COMPENSATED-CRYSTAL OBCILLATOR (TCXO) ADJUSTMENT
NOTE

Thin ndjustment need not be tade pa a periodic calibration step, The
microprocesaor on the Al Asaembly Inkes [nta aceount amnl) differonces in time
bnse frequency from inntrament to inatrument, and compenustion in mnde via the
frunt panel thumbwheol switehes, The TCXO should never need adjustiment
tiroughout the Hife of the inatrument. Unlesa there Is rennon to hellove the TCX0
han heen tampered with, it s not neceannry to make thin ndjustiment.

2804A FREQUENCY COUNTER

Q

R

Figure B-1. Al TCXO Adjuntment

Teat Equipment Required:
Frequeney Caounter.
PC Bonrd Affected:
Al

Betup Comlitjons:

2RO4A
TEMPERATURE et b e e e e e e ey T4
REBOLUTION .ottt iaas it isbnansss e e e LOW
Frequeney Counter
RESOLU T ON i it i e s s se et enrss bastbararoarerransrs 0.0 la
Procedure:

1. Cuonnect frequency counter to ASTPY (HD) and e aenis (LO)
2. Adjuast trimmer on top of TCXO can for the Irequency marked on the front of the can,
NOTE
The TCXO hus a Jupg:-term stability of | part in 107 per inonth. The frequency
counter used to ndjunt the TCXO must have a time base at least nn order of

magnitude better (or n "houne atandard”),

3 Disconnect frequency counter, After this adjustment, it will be necessary (¢ perform a reference tempern.
ture calibration ns shown in Section III of this manual,

i ]




Adjustmanta HI? 2R04A

N HENSOR OBCILLATOR ADJUSTMENT

NOTE @

This adjustment need pot e mnde an n perisdie enlibration atep, The senaor
oncilintors should never hnve to be ndjusted thrmughout the Wle of the instrument.
I adjustonent s required, the symptom vidil be tint the sensar oscillator will no.
oseillite nerous the entire range of <800ty £200°C 1=L124F ta 193201, hat will be
uccurate Across the portion that does wark,

H® B408A
A D
g o
2004 A ] FREAUENCY CUUNTER
10K
I8OLATOR 50 T T2
TEST ‘] ] o o
FIXTURE }
{5ee page A-1) MATCHED CAE_LE
{SEE NQTE 2) @
OR
P8 4
HP BB80A/BBGOTA 120
NOTES
o 1. Al connections excepl counler probe tip and HP
s— BAOGA pre BNC.
2. thotched cable is 11.97 Ft {3.60M) of RG-1B7 A/B
78-0hm coax (HP BY20-0777).

Figure 62, A2 Sennor Orcillntor Adjustment

Teat Equipment Required twith BNC conncctor at each end):

HD BOBOA/BGEOIA Synthesizer, HP H40OA Vector Voltmeter, frequency counter, extender bonnd Inc  for Toat
Fixture, 129 ohen resiator (on BNC connector), | M-ahm acape prabe, matched enble.

PC Bonid Affected;

A2,

wrrETH ey




HIP 2h04A Adjustmenta

Hetup Conditiona:

2W04A
TEMUERATURE ...... Creraaees e Y

HI* BG30A/BGBOIA Synthesizer

FREQUENCY .. .......... ey bere eerraas be e s e RPN voew 28,486 MUz
ouTPuUT LEVEL ... Veens as e e e RN Cerirrrens 160 mVrms

HI* B4ORA Vector Vollinetey

PHASE RANGE ..., e R e e e veors BF
CHANNEL ..... ceriiens Creerraaas Crrees beverres b e Ve Pereneaas P v A
AMPLITUDE RANGE ............ T b O 100 mV

Frequency counter — conneet to ABUL pin G with scope probe.
Procedure:

1. Bel BGEOA/ZHGGOLA Synthesizer frequency Lo 28,480 MUz, Adjust B406A Vector Volimeter fur 0% phase
reference.

2, Pemove 120 ohm resistor from matched cable. Connect matched cable to T1 connector on 2804 A front
punik.

3. Bhort AZTPL ond A2TP2 wgether, Adjust A2C4 for 0° phase,

4. Remove AZTPI and A2TP2 short. Disconnect matehed eable from T connectur, Connect 120 ohim reaintor
to T) wonnector, Adjust ARCHE for frequency of 28,486 £ .006 MHz.

h.  Conneet frequency counter to AGUL pin 8, Disconnect 120 winn resistor from ‘1) connector. Connect
matched cable to T2 connector. Presa 1% pushbutton,

8. Short A2TP) and AZTP4 together, Adjust A2C 16 for 0° phase.

7. Remove A2TPI and A2TT4 shorl. Disconneet matched eable from T2 cannector. Connect 120 ohm reaintor
to T2 connector, Adjust A2C22 for frequency of 28,485 ¢ 006 MHz.

G-b
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Adjustiments 2HO4 A .
- b1 113
¢, MMOITALTO-ANALOG CONVERTER OUTPUT ADJUSTMENT .
Tha..
. OSCILLOBCOPE -
2004A o DC DVM o
o .
A\ |
¥
2 -
= Figure 6.3, AG DAC Output Adjustiment.
= Test Equipment Required:
- DC DVM, oscllloscope =
- PC Baard Affected: ~
- -
= AG,
; Getup Conditions: ‘ -
~ 2B04A =
i TEMPERATURE . L ottt e st i e e e o e asues T =
- RESOLUTION i i e it e it e i i e s s b e s LOW =
S nC NDVM -
Zf L5 3 (1 10 Yde =
Canneect DC DVM to rear panel ANALOG OQUT jacks. -
- Procedure; -
= 1. Sect 2804A ANALOG OUTPUT switch Lo CAL OV, _
2, Adjust AGRB for DC DVM reading of 0,000 £.001 Vde,
- 3. Sel 2804 A ANALOG OUTPUT switeh to CAL 10V,

= 4. Adjust AGRD for DC DVM reading of +10,000 £.001 Vde, o
- 6.  These lwo adjustments Interact somewhal, Repeat steps 1 through 4.
6.  Set 2804A ANALQG QUTPUT switch to CAL BV,

= 7. Verdfy DC DVM reading of +5,000 £,006 Vdc,
- 8.  Disconnect DC DVM aond connect oscilloscope in its place, .

- 8, Verify that the de voltoge Is clean and nol oscillating.

5.6
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Adjustiments

REAR PANEL
ABA1
Al Ad AD AG A7
NOTE:
Y1 ns ASSEMBLIES SHOWN
0 Q INSTALLED IN RECOM
o) MENDED POSITIONS
ng FOR OPTIMUM HEAT
DISSIPATION
AB
A2
O en cz2 O
QKL c16 O
Al1A2
Al1A1
FRONT PANEL
Figure 6.4, Adjustments Location
6-7/6-8
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2804 A

Replaceable Parts

SECTION VI
REPLACEABLE PARTS

G-1. INTRODUCTION

G2, This section containg infarmation for ordedng replacement parts, Table 6-1 lisls abbrevintions used
and Table -2 is a Wst of replaceahle ports in Lhe 2804 A, Tables G-3 ond 8.4, are Hsts of seplaceable clinssis
parts, These parts are also Jisted In Talde 6.2 os miseellnneous parts, Figures 8-1 and 6-2 sve exploded views
of the Instrument, Table 6-5 (s o monufacturers' code list,

6-3. ABBREVIATIONS
6.4, ‘Toble G-1 lists abbreviations used thrpughaut the manual,
6-b. REPLACEABLE PARTS LIST

4.5, Tobde G-2 |5 the st of replaceable ports, Parts are listed in alphanumerieal order, Included is the
deseription, quontity (tots! vsed In the Instrument), HP Part Number and manufacturers’ part nunher,
Chnssis and mechanicnl parts are lso listed §n Table G-3, 64 ond Figures 6-1 and 6.2,

6-7. ORDERING INFORMATION

4.8, To order o listed part, quate the HP Part Numnber indleate the quantity needed and address the
order to Lhe nearest Hewletl-Packard Office, When ordering a non-listed part include the instrument model
number, serind numbcr and o deseription and function of the par, Address the order Lo the pearest
Hewlett-Packard Office,

6-1




Repisceable Farts

Table 6-1, Referepce Designations and Abbreviations (1 of 2)

2804 A

REFERENCE DESIGNATIONS

A asseimhly Ju e u inlegtated cicuit,
1] adlor, wynchip, lan K wiay a e abiv gurmbly
ne trhing ot L mupei v vacuum lulie,
nr batiny M e phatoceli, #1c
C I e (4] sl Pk Vi village cegulalor
cu crrcunt rrghes P Y] cannecior W HPe weie, cabihe asaeimlyly
(o} thgie Q Legisatnr x [GIN Y
o]} doday luwe il ey Y cryital
ns e, iglay ni thernistnr 7 Huned cavity, nelwak
4 Mo elecinca 5 waich
F tuee T Busslnnmer
FL Ll paee ™ ermingl hoard
J ecalacle conneciarn, jack L Iost et
ABBREVIATIONS
A ANy DIA et K milo l10'1;, kilohm
AC alterngling cuyr el o susl an ine package
ADD dehliowy npr dautde pale, daulie throw LED Ly e bing thady
A ditjusy, adpntmenl 1101 dauiie e, v thiraw LFY el
AL glunininn 411 e 1.G leyr)
AR M IR [BIRRVI 1] v LH it hana
ASM aigurit e stale imache 5 thvplay L KWR tockwishee
ASSY sty DL thude 1 anniiue bp Lr Uy sy
LS loww power Schinitky
(1] Liawe L Pitatiem L50 by s hicang {n
acp Bk y aded duoingd fce st cuugtled fog
Delu Lyl any copgnee FLECT vivchaly i M il Hﬂ'al, mule,
BN Ity ENCAP vocgpsulabeng gy L1071, b
BLK tlack EXT YRl METFIM - meral hitim
pLuy tHue EXTH b g ke METOX e LE O krete
ar Iand pass M2 mogaherty
oRN tirawn F friale, Lyady MEN s bactune
BRS FINTYY FF thp top MINTR tntune
BTU Britssh thovnal il FILM him MISC mieerifaneou
rm (I} MOM MOIHENLaty
[ caliveim FxD LEY ] MOS metal arude ywmigonductor
CATH cathae M5B most sopnbacant by
cow Loun it inck s G yhj -Uu: MTCHD muiched
coPL i plate GE WORILANH Y MTH maunting
CER £ g oL nlas MTLC mMalhe
CERMET cergrc met GND aoundied)
CKTS cHeuns 1y General Purpow N ©onmang il(l'ul
CFLM corhon lum GHA gy NC naHnGly clowd, ng
GCLK cich GOHN e PO LU TN T 1
cLit clvar NE negr
CMOS comglementary milal H HIGTITIY NO numbet
aruie srmiconguctor o HEOW hardware NO narmally gpen
com conrnon HE X bexggon, hexyjungl, six NP No Polaniy
COML commecal HP high prass NPN NEQE Lve POSIive ntative
caome COMpasHun Hit towriy) NIEQ OCgalive posihive 2etg l7en
COMPL Compn e HZ Hinng temperature coelhoent}
COND conduchn NAFR not recammerded Ly
CONN connecio IC ntegnad crcnl Lol replacemeng
CONT contact 10 wnde disme ter NS napmally ahornng,
CPRSN CoMmpresyion IF imermediate hraguency nangsecond
CcTL coenplementary- N < nch, inches NSR nol separaiely replacealne
tranvistor logy: INCAND ingandesger) NYL nylon
W clockwise INCL wctudels}
INSUL msulaon, insulated aBp arder by descopian
D drarmater INT ntesnal QD © oulude diameies
De direct curtuni INTL mbeinal ORN © wtange
REPC depasiter carbon

6-2
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9804 A Repleceable Parts
Table 6-1, Reference Designations and Abbrevintions (2 of 2)
ABBREVIATIONS

P mea 1107t 2 nvy nved THN en

PC Pl cireant Wy eve e Watkimg val b rre Hranytgn Branustoe logic
PCA P et aseembly Ty tygheat

PF mcatarad 5 e

oy Pegk Inyirse Vollgge 1] siow hinw (VR ITY] M |4} ﬁ|

PK frak s5cn wheon caontrlivd rognlace uF ol grad

PNL panel 5¢ wHrIum us nucraecndy

PNP PosLvE Negative proslive SGL single

p-p ek 1 ieak 51 whigan \ vulily)

PPM parly per talhon SHK [URGLY VAIR virhahie

PQLYC prolygathonge 5P il o ling pack e veQ vultage contniimg
POLYE palyeihytene BKT sched el

POLYSTY - palystyrene SLOR wiita vRCwW theect cuntehl working vatds
PORC ceian G sG] vIQ HE

POSN postionis) sPDT wngle pole daubite Hvow VNP ny jlanly vollage
o poruirve SP5T sngle-pole, ungiehrow

PRV peak rpvereae vl lage 55T vanlesy sieel W walls

PYWv Iak wt king yoltage E11] shnrt Wi wengh

PIQ g ot 572 gy W witrwountd

WHT whilp

R nng T up wiP Wiped

RAM PO ACCESY NP y A taniglum wiv widthimg stiveiae voliage
ROM tead gndy IMeMory TEL wjephone WHHI wisshen

RECT wchilies TC Temp Compansated,

RF raun frequency temp coelhicien X ey, mullgse

RH right hand THKNS thicknogy
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Replaceable Parts

F60AA

Table G-2. HP2B04AA Replnceable Parts
Relarence HP Parl |C Mir
art Nu
Dasignallon Number |D Qly Descriplion Coda Mir Part Numbar

8 0P604-co0ta | © U] DISPLAY EWITCA ASSENOLY [SORICE 1 T44) JHAB0 | Q7604 -€0010
Al HE0-Q3T4 |3 17 | CAPACITOREPD S6LF+-10% JOYDC TA e&7E9 | 1500108000002
Mep 0100 3481 ' 14 | CAPACYTOR-FXD QU +BG-J01 1Q0VDC CER soaen | oven-Jasl
Mg g180-0114 |2 CARACLIOR-FXD 10UF v - 10K JOVEC tA L&0 | 1k0DI08NB0GON]
MEA G180+ 348) 1 CAEACTIOR-FRD .OBUF +€0-20% 100VDC CLR FEI0 | 0VEO-J4BL
ALCH Q160+ 1481 ' CAEACYYON-FMD OWF 160-20% 100YD" CLR 460 | Q1E0- 4%t
AlCa VG0~ 2704 9 CAPACTYOR-FrO VQQEF o BL JOLVOC NICA 0480 01802704
MC? 0160-0876 1 % A0 | CAFACITOR-FXD ,RUF »-20% BQ¥DC CER 76480 | 0160-0%16
ALCH UVEG- JAG) \ CAPACITOR - P2 L QLUF «BD-70Y TY0VC (ER RRAGE | 0160-34n8
AVCE oteo-0ers [ & CAPACTIOR- D L 1UF - 20% SOV CLR 70400 | Q180-0570
AlCIO 0160- 1481 1 CAPACTYOR FRD ,QIUF #B0- 70% 100YDC CER 20000 | 0160 3ant
MOosH 1000-0882 | & 4| DISPAY-RUN-BEG 1-CHAR A2H 28480 | =082 1602
ALDS2 teuc-o8e? | & DISPLAY -WUR-SE6G 1 CHAR L AJ-H 26400 | 5082-785)
AIDSY to00-0882 | & DISICAY-HUR-BEG 1-CAR L Ad-H 78460 | &082-786)
AGEA Wwooeeg2 | 6 DIEDLAY -UN-5EG 1-CHAR ,Ad-H 76480 | EOBD- 78D
ADSS 1800 - 0592 & DISPLAY -hUR-REG 1 QiR 43-H 78400 50R2-14k)
[T 10300602 [ DIEPLAY -H-EEG 1 -CIHAR . 43-H FUEE L] G082 7667
AL05? 19%-0692 | b DISPLAY-HUR-EEG 1 -CHAR &3-H Jeegp | womz- rend
Atpse teg0-0682 | & DIEPLAY - -5EG 1:CHAR 4)-H 20460 | 6082 1KLY
ADSG 1690-cL8? |9 1| LED-LAP LUN-THT o, ACO [F s JOMA-NAX FU4G0 | EOEZ-ARBA,SIL IV
ALDSY9 199¢-CEAT [ LED-LAR? LUN-THTo b, ACD LF» JORA-HAR P64ED EOU 2 ALNA, SIL 1Y
oS 1930-6547 |0 LED-LARP LURTHTo®, ANCIY LF s JOMA-RAK 76460 | ECB2-ALEASIL IV
MDS1E 16500647 0 LED-LARP LUN-INToB, ARCO JF» JOMA BAX J84ge GoES kD4 EIL IV
MRS 1000-0547 | 0 LED-LAND Lin-IND 8, 4nCD TF» JUNASDNAX FEAEY | EOR2-AEuA,NEL IV
MDA 19390847 1 LED LA L INT o8, dBcD TF s JOMA-NAX TEAG0 BOE)-4CR4, REL 1V
3} 1900 0547 | @ LED-LANY LU IRTo8, MKD 1F ) J0NA-1AX 6480 | FpR2- 484, 5EL IV
MDA \We-0sAT | 0 LED-LAM® LUn-[hYe6, ARCD JF»JORA-HAX 7060 | BORZ-ASEA GEL TV
AMDSE? VE%0-0E4Y | 0 LED-L A LUN-IHTs 6, AKD TF 2 JCHA-TAN 29400 | ®092-apha BE| v
MDSEE 19996547 0 LED-LARD Lun-THTsS, ANCD TF JONA-NEK 744569 KhOR)- AEe4 S04 TV
AIDSIO 1950-0547 | 0 LED-LAMN LUN-DHT o8, A0 TF s J0NA-NLY 20450 | SoRY AER4BEL TV
A 1261+ 102% 8 ? CON-POST TYPE L 100-PIN-SPCG T4 COWT U] Ll 300h
MR 1B10-00bk 5 2 WETWORK-FES W 51P 10,0k 04D K B RAED LLAL 1Y)
ALR2 1810-0181 | 2 6 | METWORK-KER T-BIP 10.0K O X 6 WIK3Y | CXpaTLOD- 1Y)
ALRY Q1670442 | 9 5 | FESISTOR 10Kk VX L CQBU F TCH0e-100 14548 | CYR-178-10-1007-F
ALR4 ceGe-ne2 [0 1| FESISIOR 46,4k 1% L1760 F ThQer 109 JAEAS | CHA-170-10-4642-F
AIRS 0£G0-00E4 0 | FESISTOR 206K 1K V26U F TCs0¢ <100 245408 | ST 170102160 -F
ALES 06UE-00Bd [ 0 FESISILE 2,18k 1R L (28U F TCe0+-100 24388 | CT4-1 /6102100 -F
AlLRY GEgE-0084 ] FELISYOR 208K IR IJEW F TCaQe+1000 FLLTE ] CTa-1/8-10-118)-F
ALEB oece-0o64 {0 REFISOOR 218K 1% 1254 F TCe0+-100 24548 | crecsgeergemnney
ALRg 0658-C064 | O FEEISIOR 2.1EK IR 1760 F IC+0e-100 24546 | CT&-170-70-D1% F
AMRIQ 06080084 | U KESIGTOR 2,18k 'Y 126U F TCe0=-109 28588 | CTA-170+10- 2168 -F
AMEN [ 431 Ry-L ] FESISTOR 2,00k 1K L1264 F TC:Qe-100 24548 CTa-125-10-1161 -4
MRI2 oree-084 | 0 FESISTOR 2,182 1k 0200 F 10s0+:100 24546 | cra-ve-10-1181-F
AR ATeY-0180 | 2} 8 | FESISTOR 35.6 1% V2EU F 1CH0s- 100 shaae | o41-0100
AlRIA wist-pleo | 2 VESISTOR 33.8 1% V2EU F 1¢0e-100 18460 | O15T-01G0
AIRYE LI5r-0160 | 2 FESISTOR 31,8 1% 280 F 1CeQe-100 8460 | nmwr-oing
AR orer-0i0 | 2 FLBISTOR 31,8 ¥% . 1ZEM F TC0e-100 26460 [ oIoT-0i60
MRLY 0757-0160 {7 KESISTOR 11.6 \X L1ZEUW F 1CsQr-100 Jeaer | 0I57-01BC
ARYR olbr-0ie0 |12 FESTETOR 1.6 3% .32%U F 1CQe-100 78400 | oveT-0028
AlR10 arer-oi60 | 2 RESISTOR 31,6 1% ,025W F 1Ce0e 100 8460 | 0¥ET-VIGG
AIRIO 0r61-0100 | 2 RESISTOR 31,8 1% 1268 F 1CsQ0er100 20480 1 0757010
AIGI E060-5438 | 7 ¢ | PusButTON Suitcn B.C. howwl JE460 | sq60-9424

so41-0128 | o & | rEY-ALF L1VED 2680 | wed1-m2e
M52 S0t G436 | 7 PUSHEUTTON SUISCH P.C. hOWMT i5489 | ©060-9436

to41-0128 L3 KEY-HALF LITED JEABC EQAY Y120
A5 £060-0438 | 7 PUSIGUTTON WITCH B.C. NOUNT 26460 | s060-dale

a1 -0028 | 6 KEY-HALF L1TED 76460 | sa4v-3028
M54 c063-u436 |7 PUSICUTION SULICH P.C, NOUN! JBR60 | 5(K0-u420

Lodl-05i8 | 6 *EY-HALF LIIED 76460 | wod1-0020
M55 £050-9438 | 7 PUSHGUTTON SUITCH P, ¢, nownt 26460 | e060-8418

sg41-0178 |6 YEY-HALF LITED ie4g0 | tedyr-01e
PALLL LOEO-9A36 | 7 PUSHBUTION SULTCH P.C, NOUNT 26460 | %0£Q-9438

Sce [ntroduction to this section for ardering information
‘IndirJlu factory selected value
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Table 6-2. HP200AA Replnccable Parts

Replaceable Parts

Reference HP Parl {C Mir MI
t Part Numbaer
Designation Numbar |D Qly Description Coda
ALTRY YY) -ATOT [ CORNECIOR-EGL COMY PIN OB - JH -Bi5C-5) JRAED (AR R}
F 1Rk ibi-4TO? [} CORMLTNOR - SGL CORY DN 001 -N-B5C 52 JBAGY IFLIRE
AR tis1-4ta? [ COMMECTORBLL CONT BIN Q01 - )N-HRC-52 FEAED 1Fe1- 4107
AYIPA FaY 4707 .1 COMNLCTOR-EGL CONT PRH (03 - Th-BI%C 87 HLU Viel-ATG?
A tDS 12614707 [} CONNCCTOR 801 COnY PIH O Jh-BSC &) JE4g0  J 1yR1-4747
At 18201610 ) ? IC ORYR TTL DSPL LLD HiR 21014 [T
ALy 1970-1&00 b € OEwR 170 DS LD 1EN 014 DS 754970
AlYY 16540014 .3 2 IRANSTRTOR ARRAY L4-PIN PLSIC DIP JEAEQ 14E4 0014
Alyd 1GER-0014 [ TRANSISTCR ARFAY LA-PIH PLSEC O FUARD 16E6-0014
AlYS 16701423 4 ? PCoMy TIL LG PONOSTEL RETRIG DUAL nrek SHIALLERIN
Alug 16201168 & L3 ICFF TIL A5G O-TYFE POS-COGE-TFEG CON (11 SHIALS! TAN
ALY 1840-116% 7 L] JC FF RIL LS - 1Yel POS-EOGE-TFIG COh 0299 SHIM AL IEH
AlUG 167G-116% H JC FF YIL LS D-1YPE POS-LOGE-T1R)G COn M 265 ENTALS) ICH
AlUg 16201108 ? IC FF P00 L% D-UYFE POSYCODGE-VRIG COM 01 76% SHI4L 51 T8N
A0 1820-121¢ } ? 1C DCOR YL LS 3-10-8-L2W 3-)nP 0195 SHIALS) IEN
AU 1520 164D 1 2 1C DFVR TTL LS US 1KEX L-Ihp H26% EMTRLSIEG AN
At LE210 - LBAD H JC DEyR THL LS BUS MEX | -ThD 012%% LHIAL S 1CERN
(L1 oo-08%e ? B BOCKEY-JC 14-CONT DIP DIP-ELDR J84i0 12000674
AROER V7000838 1 SOCKET-JC 14 CORY BIP DIP-ELDR HLL 1700-0618
AlpDSY 1700-0818 ? SOCKET-IC 14 ConT OIP DIP-SLOR J6Ak40 1200-06 38
ALDS4 tJ00-CE T8 7 SOCREY-JC 1A-CONT DIP DIP-SLDR FEALD 17000618
ALDSS 17000628 |} SQCKEY-TC LA-Cont DIP DIP-SLOR rBARQ 12900618
LR 1200-0828 1 BOCKET - 1C 14 -CONT DIP DIP-SLDR JBARD 17094818
AVDST 13000638 7 EOCKET-IC L&-CONT DIP DIP-ELDR JEAEQ 15000678
AbpDIg te00-068)E 7 EOCKETY-JC t4-Conl DIP DIP-SLDR F{ L1 1:00-06 38
O8N D028 ] ] KIVET-EENITUB Qv QB0 DIA 112 16 [HddeLild] GROER By DESCRIPTION
0350:689) ] [} EPACER-EYT O ,1EB-JH-LG ,182-1K-]D FE4EQ 0IE0-099)
18001169 '] 0 SYAMDLHG -BE - (U CONNCCTOR STRIF 8450 1800-V1E9
A04G-169% [] & SYARDGEF-LID 197 1H- WD 107 IN-LG JE4EQ 4040 1945
Q2E04-Z000 | & L] GUIDE JARED Q604 - 70700
A2 QZEQA-EQON | ) 1 DSCILLAYOR/PRESEY ASSCMOLY {SEFTES 2417} EAEQ a7E04-cOo
AZCY 01ED-0374 1 CAFACITORF)) 10UF «+10% ZOVDC TA tE268 A SA0106REOZ0N2
A2 01£0-3870 ? 2 CAPRCITOR-FXD LOSUF v+ 200 100VDC CER H L10] 011979
M) MEQ-JR 7D 7 CAPACITOR -FpD ,Q1LF »-20% 1Q0VDC CER Ll gier eY)
ACA 0121-0402 L) 4 CAPACYIOR-Y TRAN-CER 3-104F 3BQY PC-NIG 13969 Oy11 %08
ACS Q1E0-31%7 4 2 CAPACITOR-FX) 1ZFF o+E% EOOVDC CER FULT] aIeo- k7
AND 0160 - 4040 ] 12 CAPACIIOR-FMD 100GFF +-BX 100YDC CER 76460 CIEQ- %040
ACT 01604040 ] CAPACITOR-FMAD 1QQO0RF o-EX 100VDC CER BARD OlE0 4040
A8 0160 4940 .} CAPACTYOR-FrD 100Q0PF +-BR 1OOVDC CER ZBAE0 QIEE- 2040
[ il 0160~ 4040 ¢ CAPACIIOR-FXD 10C0PF o-EX 100VDC CER JEAB0 GI1EQ 4040
[Fiq]] 0121-9402 4 CAPACTIIOR:V TRMR-CER J-I1CPF 380V FC-NIG 13849 RIS AT o
A2 0160+-4342 ) 2 CARRCIYOR-FPD 3, 3FF o JEFF 200vDC CER F6ARD DVEQ 4182
[ Fig}] 9160- 4040 .} CIPACITORFXD 10Q0FF «-EX \0OVDC CER FEAG0 0160040
AJCIA 01E0- 2897 B H CAPACITOR-FXD 8. 7FF o~ CFF 1kVIC CER SEASD 01607697
AZCIE 0160-4040 b CAPACIIOR-HMD YQOOPF »-8% 100VDC CER FEAED DIE) 4040
AzCI8 Q121 -0402 4 CAPACLIOK-Y TRRR-CER J-10PF 380V FC NIG 73899 Dy HIBSI0C
[ Fin g QLED: 2157 [ CAFACLYORFRD VZPF »-6% GOOVDC CER 78480 0LEO-NET7
[ Y]] 01604040 6 CAPACIYOR-FXD 10CORF +-£% 100VDC CER G480 OHEQ - 4010
A1 QIED - 4040 € CAPACLYOR-FD 1000PF »-8% 100%IX CER H LT3 DLEO: 4040
reC20 OYED- 4040 ] CAFACEITORFMD 1000PF «-E% 100YDC CER JE4E0 OLED- 4040
A2l 01602151 T 1 CAPACITORFrD &, EPF »+ 26PF BOOYDC CER LRAEQ QLED- 2751
AJC2R 0121-04972 L) CAPACLIOR-¥ IFMR-CER 2-10PF 380V PC-RIG 11669 DY1IRSIQC
L Fisa ] OLEQ-43E2 [} CAPACITOR-FMD 3, IPF - 2ERF 200¥DC CER rEABL QLEQ- 4562
AR 24 0160-4040 & CAPACITOR-FXD 1000KF «-BY 100YDC CER E4EQ OLED: RQ40
AJCet 01€0-2G37 ] CARACITOR-FYD 8, 2FF - BPF paWDC CER SEAED OLEQ - 2997
. ¥ie1) , O1€0-404L 6 CAPACLIOR-FxD 1QQ0RF o-EX 1GOVYDC CER 8450 QLEQ -RG4D
A27 01604040 ] CARACTTOR-FD 10008F «-EX 100VDC C(EF FLET A QLEQ - 404)
A2l 1260 087 1 ;] CONLECTCR-RF SR8 h PL 50-0mh FE480 12000287
AR 1260:0,%17 1 CORKECIOR-RF EMD b PC £0 D 76460 1000257
[ V3R] 12813078 r] CORN-FOST IYPE VGO-PIN-ERCG FA-COHY JEAB0 1611045
MK 1I60-0804 % 4 CORMECTOR-BF BHC FER SGL-HOLE-K¥ EO-OHA TEAED 1780 0L 2A
[T314 1ita0%29 % CORIECTOR -k¥ B FEN SGL-HOLE-ER £0 Ot L64EQ §oC0-0Ca4

See [ntroduction 10 this section for ordsring infermation
*Indicates Factory selecied vilue
t"achdaling information in Section Y11




Replacenlle Parts

vEOAR

Table G-2. HP200AA Replnaceable Parts

HP 2804A

Ralarance HP Part [C Mir
ascription MIr Parl Number
Daslgnation Number D Qly D P Code
ALY 91602269 | & A | THDUCTOR FFCH-mD YL BUN AL 78400 | @ag-7see
ML [HEDRGRN 1] & H THIVCIOR FF -C-muD 2700 &) F8400 Hay-018)
An @e0-22e0 | @ PHOUCIOR BF-ClemD Y, 50 00 JHAND | 0v00-2:te
Ana CTEL IO & THOUCICR KT CH-MD P B 78460 | wldo-clin
AJOL 1otd-g011 |0 4 TRANSISTOR He B T0-72 PO J0CMG sa4s0 | rund-097y
r202 1E64: 0072 '} TRANSIETOR HPH BT 10-77 PO« JO0NY JEADY VEt4 000}
A0) tE54-0073 | o TRANSISEOR WM B) 19- 12 X 200w se4m) | sbd-gumr
AZ0A 1mEA007) | o TRANSIEYOR MOH K1 30 12 10y JOOmY 76480 | tEt4-007)
AgEY (LTE R TT YO WL IUGKK - WES 7-61P 10.0k OO b & BB | cspojcot-toy)
AZR2 18190181 | 2 KLTUGRK K15 7-63P 10.0k O 2 8 916837 | CEPOICOT-1EY)
AR 1100861 | 2 WETUOEK RES T-51P 10.0k O 2 6 91537 | CEPOICOT-1OH
ATRA 10o-0s |2 KEIOER -KES 7-51P 100K O ) & 916311 | "UNNOT-10))
AZRS oittoke2 o FESISION 10K 8% . 126U F TC0»- 100 24548 | cracvsg-19-1002-1
AZES ore)-10ts | 6 ¥ | KESISION 1R EX 20U CF 1CQ-EQ0 01121 | Cltorg
AZRT eesg-N3e | o 7 | FESIBIOR 17.Bk VR AJEUF 1Ce0s 100 7agae | cre-rzeroaTer
AZFD orer-04dd |1 4 | RESISTOR 120K IR 128U F 1CH3e-100 bt | Y8100 F
AZR oret-0304 |0 7 | FEEISIOR BY.) AN U F VChGe- 100 JAEAD | €A 120-10-BIKV-F
ANNO ¢rst-oam | o 2 | FESISION 3.0k A% NSEUF TCH0e-100 24546 | cracvze-10- 180K
AZRV) 0157-044) 0 H FEESICTOR 11K 1% 1Y F T0sge- 100 FELTL) Cla-1 /8101107 F
(¥} gtge.oomy |0 3| FEGISTOR 1.GEK 1R 18U F 1Cds 1060 24546 | CV& 176101080 -F
AR 07870444 |1 ELSISIOR 120K Ik VJEU F 160000100 2AEAS | cYa 1810 020
A 0mr.0169 |2 3 | EESISION 2%.Uk AR W2WF ICHde 160 24648 | CYA-120-10: 2180 F
AIRIB CLTE BT T S I S FEBISTOR YR EX ,J&4 CF TC:0-600 o112y | covond
AJRLS oted-nm |8 RESISTOR 10.8% 1k )JLU F 10000 -100 JAERE | C1A-1/R-10-1 702 F
AIRVY 01570444 \ FESISTON 120k A% (126U F 1CrQr-100 FL1-T] cra-pe-10-1219F
A1 017054 | O FESISION BY.t 1% ,V3EU F YCe0e-100 JANAS | CTA-V78-10-616T ¥
ARYG 01670219 | o FESISION 306K 1% 126U F 1000100 JALAE | C1A-v7E-10-218Y F
AIR20 0152 043 | o FESISIOR 16k V% 1754 F 1CQer160 JALAS | CTA-1/RT0+V102F
AN aEQf 0003 | B FESISION 1, 08K 1% VU F 1000000 TAS48 | CYA-1/B-10-1081F
A2 o044 |t FESISTOR 12,0k 1% ,E2EU F 1000+ 000 TABAG | CTA-LRAMO-2F
AIRZY 0180 | 3 PESISTOR 20,6k 1% 028U F TCeQs-100 FAAL | CTA-1/0-00-28)-F
AZS1 15001601 4 8 | EWITCH-TINGUEEL 10 PGS RINKRY CODED 8480 | 3100-1804
A252 nag-eo | A EUITCH DIUnGUEEL 10 POS INARY CODED ZHAG0 | M100-160)
A5 Nnoo-tagr | 4 RUITCH- PHURBDEEL 1D FOS BINARY CODED 26450 | 00 186)
AZ5A 300 tENE | 4 SUTTCH - THURBGEEL 10 O3 BINRSY CODED JEAGD ] H100-186)
ASS Neo-teEet | 4 SUITCH THUMIMEEL 10 POS BINAXY CODLD 26480 | 3100-188)
A2SS Nnocen |4 SWITCH- HUNGVAEL 10 POS kihAkr CODED JRABO 1 )100-188)
AZS? nov-21g9 } 1 EMETCH-BIL SPUT BINER €A YZtvAL PC JHdEC QL -2109
AT noo.22¢9 | e IHDUCTOR BF-CH-MLD 1. BING 10X 7E480 | 0o iR
A2 DI00-4032 | @ 2 | TRANEFORRER 78 Me2 GSCILLANOR 18480 | 9100-%032
[ ¥iF] G100 - 2t6 [} THOUCTOR RF -CH-MLD Y. BN 10X 14480 91002788
A2TA 01004032 | ® TRANSFDSPER 8 MH2 DSCILLATOR 70460 | s100-4092
AP 12604707 (| B COMMICIOR:SGL CONY PIN 030~ IN-GSC- 52 70480 | 1Z8) 407
A2IP2 1280-4707 | 6 CORMECTIOR-EGL COMT FIN 031 [N-BSL 52 ia4g0 | 12814707
A2IR) 1261-4001 | 8 COMMECTOR -EGL COWT PIN 031 -EN-BSC-52 70460 | 1Eb1-4N07
A2TPA 1261-4707 | ® CORHECLOR-EGL COHT PIN 031 IN-DSC-52 26480 [ 125L-4707
AN F820- 1\ 08 1 L} IC GAME TIL LS R 1AL ) IWP 0128% BMI4LEYTH
ARU2 bE0-1215 1} 4 IC PUPS/DATEAEEL YTL LS 4-30-V L INC DUAL 01245 ENTALEIG N
A2U] L§20-1218 1] 1C PR/DATA-SEL 1TL LS 4-10-V L ]NE DUAL 01268 EHTALE206IN
AUA 10201276 B 1C MUPR/DAVA-BEL JTL L5 430V LINE DUAL u12Gh ENIRLEJGIN
ARUS 18201239 1] IC muxkR/DASA-BEL VTL LS 4-30-1 -4 INE DUAL Q1268 EHT&LS 28N
g40)-078% | 6 6 | GUIDE-PC 1O Uk KM .078-00-NIENS 3-LG weEe | E-20
ge20-0134 |8 B | ECFEU-PACH 2 %6 te2:LH-LG PAN-1O-POTL 00000 | OFDC GY DLECRIPEIOW
0%60-0106 | @ 8 | HUYOEKPLEIC LAG 2 LB-THD L 143, IN- Tk 00000 | OFOLR Gy DESCELPEICH
7200-0001 1 A | SCREW-PACH 4-40 &F2-3h-LG FAN WO-PO7) 06000 | OFIXF Gy DESCRIPYION
22¢0-0009 | 2 8 | Mok usuR 4ol O 054 TN T 04000 | ORDLR Gy DESCEIPIIOW
20%0-0038 | @ T OWL-HEXDAC-CHAN §8732-52- 110 00000 { ORDER BY OESCRIPIIOW
060-0105 | & 4 | VASHER-FL MILC MO A L 12%-IN-JD 78480 | 30%9-D108
02604-00019 | ) 2 1 BYACRET-SVINCH 20480 | 07d04-00010 .
A 02604-60020 | A ¥ | NICPOPEOCESEOR/TINE BASE ASSEROLY <1480 | 02€04-£00%0
LSLRILS 1920)
See [ntroduction to thix section fer ordering information
*Indicates factory eelected value
6-6 tDackdating information in Secifon VI
A m,- ”x mm‘ —
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HP 1804A Replaw able Parts

Table G-2. HP2004AA Raeplocenbla Poarts

Raferance HP Part |C MIr

Destgnation } Numbnr |D Qly Nascription Cada Mir Parl Numbar
Al PILIES ELY] 1 CAPACTYOR FOD  QVF oD -70% 100D (10 H L1l HI£0- 3480
[ 3144 Q180 pant 1 CAPACTTOR-FaD 0100 «F - 20k 100V CLR LEAEQ QVEQ- 1AgY
[ 3% ] Qrag-gen H § CHPACTYOR-FaD 2701 » B0 3OYDC PICA 7 DHLLF FT) 000Uy ECK
AJCA Qlee a8 | CAPACITOR FDD .1UE o000 JU% 100WDX CLR JHAEQ 60 1481
ANY aley 0374 3 CARACITORFRD HOOF o+ 10X 20W0C 1A L5269 [LSLALL DRG] T
AJCR BYRG-JRE1 Y CAMACLION TaD ,QIUF +80-20% 100V CIN JBAEY GIED: JAM
AJC? (21 {H: 11} L] H CAPACITORFXD 2, JUF» 108 JOVIXC 1A LER0 HADERATL RN Y
AXH 01R0-01D7 [ ] CAPRCRIGR-FRD 2. 2Ure - 10X JOVDC YA L&Y TLOD2IE MO 20AL
ANy G140 JOKg ] ? CAACITOR-FXD IR +- 200 2EVDC O laau QI JOED
AXL0 orEo- JUEY 1 CAPACITON-FRD L VUF #: 0% JBYDC CIN +Edg0 QiIhG- 3080
AN LS G180-2107 [ H CARACRTIOR -T)D ATIF « &% J00YDC RICA JaAR0 016G 2307
AICLY Q60 -2 307 L] CAPRCION FPD ATPF +-£1 TIOVIX NICA H LY o 0iee- 2307
AXCH) Digo- 2704 9 CAPACITOR-FRD 10CTF «-BY J00VIX NICA JEAL0 0150 -3704
AJCHA 0160 34k 1 CABACLTOR-FRD .OVOF <400 ICCVDC CER HITL] 0166 3481
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ATus 1e26-02715 | 4 IC T6LI2# ¥ FGLIR 10002 aany | PCIeLLZace
(Y11 1920-10v8 | 2 1€ DRWR 1L LS LINE OCTL Moy | RIS v
ATuNg 18201492 7 1€ BFR TIL LS BhV 1R 1 -IH0 01299 | SHIALBICERN
AN 1920126} H 1C OKOR TIL LG 2-10-4-LIné DAL 01205 | SHIALS Yan
A2 150102 |7 1C GATE THL LS HANO TRL 3 Ih0 01705 | EHIALSIOH
ATUYY 2201706 ] TC GATE 1IL LK HOR WL g-INP a179% | BAJALEZIN
AUy t7up-guE2 | 4 | ADAPIER DOARD 49PN a9 | 1200-00¢2

YAE0-03I6 | B PIK-GRY .C82-IN-DIA &~ 1 4L R FLTTTS AED-0N1E
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See introduction to this seclion for ordering inlnnmlinn
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Table G-2. HPR004A Rerlacaeable Ports
! @ - PR
o Ralarenca HP Parl |C | Mt
= scriplion Mir Part Mumbar
z Designation | Numbar [ 9" Descrip Code Par
- i
1
o
= Yy 07604-60060 | 4 v monesinaRD ASSTELY (SLEILY 1144 Je4s0 | 07094-600R0
, ABNY RLRELTTI IS F| CoMMLeTOR-PC EDGE LE-CONT/AGE 2-FOUS stamy | 1281 eod
e *E)} vial-egad |1 CONRECHIW-IC EDGE VE-CONTZROU F FOUS i0aeo | 12806944
; PIIN VIB1LMgs b COMY-£O8T IVEE 100 -11TN-EPCG 24~ CONY k60 | 17er-f00e
i ARfit 1280 A0 J 6 CONMLCEOR EGL CChT BIN Q110 -JH-BSC 52 Jaaen | e
L] retng bt COMNEL TG - SGL COMG BRI 0N - JH-BSC-67 Jeehg | 1280 anot
ABTE} vati-anr |6 COHECTOR -56L CORT BTN 631 - 1h-L8C-82 ieagy | 128v-ar07
*
= AGFDY e e | e B | CORLCVOR-BC TDGE 22-GWHIFDG §-FOUS SERGY | 13teev3ES
= ¢ ARRAL wataes |6 CORECTOR PC LOGE 72-CON/MOU 2-RONS Jeag0 | 1a%-vaEs
= ABKAS vierars e COMECTORN FC LKL 22-CONY /KU ) -ROWS a0 | 1rel vaes
B ALRAG gt 15 6 COMMECTOR -PU EDGE §™ COHTFOE 0 POVS JEREQ | 1281 13KE
- s\ 1AL |6 COMTCTON- 116, (IKE 27-COM1 /61 2-ROVS SRAGO | 178 1iER
ﬁ:' ' 0386-0%78 |1 | StRpEFaLy TG 6-12-00 8a00 | 0.80-02;8
sty | & 6 | PCCARIZING KEYCRC TDG CORY 28460 | 128v-tng
_-'! ' NEo-grry |2 7 | sektuveimen 8-37 26-Iw (6 PAH-HOD - RGIL CGuen | ORITR [y DUECRIBTICH
; i
— AD ¢JH04-E0Quo | 8 V] e pweey asstency (RIS 2igR) FERE0 | 07GOA-€000Q
“; AGC) R H R CAFKCIIORFAD LUF+-10% J8MK tA g | rcomesmreeiest
= A2 QLEQ-dogh ] & V| CAPACIYOR:FXD L IUF »-20% FEOVACIFHS) WaND | 9160 doEh
b A1 h10-092 | v | FusE Ba 2Eov 10 b.7ERL2 W s | 1 eag
i' AR 0660-0443 | v | 1kt ROOWE-FILTFRED (0460 | 05009443
- 1 1
= ' AGSI 1oy-vssd |9 vl OEMIICH-PO DPDY ALTNG AA 7€ \AC 26460 | 9101 -06ES
4 AGS2 atod-core |2 V| SUBTCH-SL DT RINTR &A 178VAC/DC ZWED | 3101 -coMm
i
- ALY AIGU 4027 ] L TRANIFORRLR -POVER 100/120729/740Y FBALQ HeNkog?
3 o 20U) 60N | 1 v | 1C ¥ RGLIR-FRO-FOS 4.8/% Zv TO-) PRg 21014 [ 11M323x
= AGUI 07604-80120] 2 1 | tamb #s5Y sean0 | 02004-60100
' AGh oze0a-ett2e | 1 CMAE ASSY Ap0 | 02604-60170
= ALE cre0d-E0v 0| 2 CABLL ASEY sasts | o02eqa-801
X (Y oJB04-ec1c0 | ¢ AR OuT CBy ASSY ea60 | 02E04-LUIRY
A pie04-e5rh0 | ¥ CGL AY-HPIB Zua00 | 0240w £OYRQ
AEIUI 1200-0526 | 4 t | BOCRET-RSTR 3-CONT 10-) SLOR-EYE 26480 | 12000t |
— oako-g12 |7 4 | INSULATOR-0D% POST POLYC 76460 | 0340-9732 )
x e1%0-0832 |8 4 INSuLRIOR Wvion 26460 ) 02400432 '
0je0-0005 | & t | VEFNMIWAL-SLOM LUG LK-RTG FOR-B8-5CR 24460 | 0380:0001
- ¢i0-co8) |7 1| TEFRINAL-SLOR LUC LK-NIG FOR-810-5CR In4E9 | 63600083 .
0I60-0078 | 0 v TEvriNAL-sOR Lug Lk-nIg FOR-AG-KCR 7e460 | oaso-0078
- | !
H G60-0e%) |2 2 | BYANDOEF-MEY. 265 INALG 6-32¢THD iitee | 0360-084)
a sxeo-nie |y 1| STANOOFF-beX ,B15:IN-LG 10-20-IHD 28460 | 03801016
— ¢IE0- 117 | e 1| SIanNDORF-HER 2.5 INAG E-32-T0 s8460 | 0380-1117
- ot;o 0078 |7 A | SCREU-RACH 2-B8 .i6-IH-LG FAN-1D-POST oas00 | oRDEW b wn;pnm
oklor08Cc | 2 Y| OSTUO-ERS-IN & 32 UNC-2A ,J12-IN-LG BST 46164 | F5-632°8
- ]
= 06to-6001 | & 2 | tureMEx-LEL-CHAR 2-860 1) 062+ 1N K 00000 | ORDCR BY DEECRIPTION
- 0810-a000 | 4 2 | MWTHEKPET LkG 2-66-11Q 107+ IN- DA 76480 | o&Y0-co00
-, 0624-0213 |1 v | BCFEW-TPG B-22 .8-IN-LG B} 06G JR4E0 | 6240213
1205-0340 | @ V| HEAT SIRY SPOL-HOLE-FATY JEAE0 | 17050340
1510-0078 | 4 2 | DINOING BUST ASSY 56U 56L-TUR J6x JFAED [ 1610-CO76
. 1610-00e7 | 7 2 | BIMOIYG POST SGL THO SYUO JGx BLK JAAE0 )} 1E\D-CORT
- 2150-0007 | 2 6 | WASHR-LK INEI, T KO, 6 (141N 1D T189 [ 1606-00-00- 2860
o . 21400009 L] 4 UASHER LK THIL T Ng. J (163-1H- 10 16460 £190-0060
21%0-0004 | ¢ 4 | UASHER-LE JHIL T KO, 2 .0B9-TH-ID 169 | 1602-€0-00- 2560
™ 21g0-0017 | 4 A | VASHER-LX MLCL WO. B ,1EB-IR-ID J6eR0 | 210-00t7
= 2160-0034 | & 3 | wvasER-Lk aCL 8O, 10 L 164-IN-10 BAce | 2180-0014
2100-0102 | @ 3 | MASHER-(A INTL T 15732 TN (AT2-IN-10 6460 [ 2090-0102
= 200121 |2 0 | SCREY-MACH 6-32 ,6-1N-LG PAN-HD-PZD co6lo | oKDER BY DLECRIPTION
= 2160-0195 | @ 17 | ECFEW-PACH £-32 .282-IN-LG PAN-HO-PO!L 93000 | OKDCR Oy DYSCRIPTION
2160-0220 |1 2 | SCFEW-HACH 6-32 ,E62-IN-LG PAN-HD-PO21 00000 | OROER (1 DESCRIPTION
= 2420-0002 | 6 2 | MUT-HEX-DEL-CAR 6:32-THD ,100-IN-THK J640 | 2420-0002
= 2a2¢-0015 | B | rUT-MEX-U/LKUR 6-32 THD L004-1N-TIK 00000 | ORCER GY DESCRIFTIN
2510-9109 | & 4 | tCFEU-RACH 8-32 .626-IN-LG PAN-KD-POI] 00000 | ORDER BY [RECRIPTION
- ZLE0-008 |5 ¢ | SCREU-mACH 10-32 L 3T6-IN-LG PAK-HO-FOQ! 00000 | OKDLS BY DESCRIPTION
= ZEE0LCON 18 A | SCEEU-PACH 10-32 1,76 IH-LG PAN-MD-POL 0000 | ORDER vr DESCRIPTION
g See Introduetion to this sectlon for ordering Information

*[ndicaten factary selected value
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Replaceable Parts
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Table G-7. HPRB0AA Replacenble Parts

HP 2804A

4 e

M c vy

Refarance HP Part |C Mtr
recriptio art Number
Dasignation | Numbar [D] Q'Y Dezcription Codao Mtr Part Numb
s7ag-quny | 4 Y| wureaLmCHAR 10207 T 18I T acats | OKDOE Gy OFECRIPYION
agea-go3s |0 ML R DER R 1673230 1) ogget | OEDCE Y DERCEIPYON
08G-0002 | 7 A | UMIER-FL MILC MO, Y0 F0R-N-1D Jedec | j0t0-0602 !
Jos0-0010 |2 2 | vAMUR-F NILC MG, 6 . 847-IN-JD FRACY | 30LO-0010
s0k0-0237 {3 0 | VAUERFL RILC WO, < L B4D-IN-1D sane | ¥to-0227
32004-0000) ] & G IT R pads0 | 0puod-goged
olete-o00e0 | @ V| Fme aneR FHAED | 07M5E-000E0
AGAL 0260460061 | 7 V| FEGRAIDR ASSERE & JEAED § 07EQA-EQUY)
AGAIT) ¢160-2670 5 V| CAMCTION-FMD LGIFTE-LOR TEADE AL tee [ AIDINIGOIELRY =
AGAICY o1B0-0447 [0 2 | CAPRCIVOR-FRD 1006UF+ JE-FOR JRVOC AL 78460 | 0160 9457
AOMICY Gvea-ouatr [ 6 CARRCLTORF D 10000F + 36+ LGR JEVDC AL 78160 | 0160-n487 -
ARICH g0 |3 CAPACIYOR-FM) YUFs- 10K JEVIC TA LEF69 | 1LODIOBIGOILAT
AGAILE ovgo-uItA | ¥ CARACIION-FAD) 10UF-10F JOMIC TA EAZEG | IECOIUERUG SO}
AIAILS C180-0314 |2 CARACIIOR-F3 1OUFs - 198 JOVDC A e&iin | 1eontoerearem?
AGMCY a1eg-03714 |2 CAPACIIOR:-EX TQUFe-10% J0WDC 1A <CJEU | ILEDIOBIGOSEIR
AUMCE ovee-z100 | & 1| capacitom-rap taquFe-tox 1oMDC TA tEy69 | 1LcDIoTrROtOR?
AMCH LTI YTU I CATACITON-F2D VOOGPE +-1G% YRVIX (LR JEAED | QIE0-3448
AGALCIR 0160-2440 |8 CAPACITOR-FBD 1900PF - 0% TEVDC CER 78480 | 0160-3d48
AGAVLR) 19010673 16 4 | DIOOL P KECT 100V tA EUS 03%08 | mea
AGAICE2 1001 0873 | ® DIOOE-Pwe KLY 100V EA EUS oitas | aita
ADAYCRY 1801-C673 | & DIOOE-P BECY 100V EA tUS o1tal | Aita
AGAICRA 1001-0800 | & DIODE-PUR EECT 100V EA £US oIteE | aea
AGAICRS 16a8-rakn | 4 2 | DIoDE-Fu GENG 400V 1A F6400 | 10CE-0069 .
ABAVCHS 19000080 4 DIOOE-FW GRDG AQ0V YA JH4EQ 16086 -09EQ ;
AGAVCR? toor-ape0 | 3 1| DLOOE-SUIRCHMING BOY JOURA JWS DO-3% G N | haien
FOMICKRE teol-0080 | 2 DIOOE-EW) BCHING BOW JOOMA FHS DO 1% gt | ihtieo .
ADAYCRG 1o0t-0080 13 DIOCE -SN1ICHING BOY JOORA M5 36 gt | thoeo B
AGALCRIO tol-goss |2 DIAOL-SULICHING BOY JODMA ZhS L4+ 36 GHITL | thdte
ABALCR) | gr-0080 |3 PIOOE-SU1 ICHING BOY JQCHA JHS DO- 15 TR T WTTIE Y -
AGRICREZ 1por-0080 | 23 DIOOE-EWLICHING KOV JOORA IHS DO-)5 G | Inaite
AVALCRII 1or-aes | 3 \ [ DIODEPUR FLCT ADOY A FOGHS o108 | anap
ABAVEREA 1I901-0080 |3 DIOCF - LWL ICHING HOY JOCRA 7HS D036 ST VIS
AR ao-one (o 1] FUSE 128a 260V TD V.2EX.26 W Ms | N1
AGAIRY o1s2-0it0 [ 6 2 | FESISIOR tx 1% LEUF 1CeQe-100 Juag0 | wisT-oiee
AGALRD 6187-0438 | FEEISIOR &, 01K YK . 1JEU F TCe0v-100 24846 | LIAC1/E-10-BANNF
AGALEY oTE1-043 |3 FESTLION 6,00k 1K L 1JEU F 1Co0e 100 24848 | CHA-VZB-10-BEVY-F
AGAIRA orst-qIt0 |6 FERLSIOR sn IN .EU F TCo00-100 J84e0 | Qms7-0180
AOALUS 1676-0408 |} 1] IC v EGUIR 10-38 4Ny | NCTGEACG r
AGAIL2 1626:0496 | O 1} oJe ¥ EGLYR YO-Te ANy | BCIELIIAG
F9AIL) \e26-0161 |8 V] OIC Y FGLIE-FaD-POS 48751V 10-30 "G gAY | MCTERCECG
AGAI RAB 12603008 | 0 V| comEcion e EDGD 15-CONY/KOW 2-FOUS FRAE0 | 17t1-J038 -
AGAINF) M0-02¢8 |0 2 | FUSEVOLDER-CLIP DYPE, QL0 FURE H U T RN
1500-0173 | & 3| INSULAYOR-XSYIR DAT-GL JEAED [ 1500-011]
1206-001 | 6 V| CAD B3k 10-E210-30-C5 JEde0 | 1708-c01d
QUIRTY THORROMCLER CHASEIS A NIAC FARYS
X BO6G-QRE2 1 0 V| eme OaEnR Ar JetEn | toe0-gas2
0340-0722 ? IYSULAtOR - BOG POSY POLYC JEXEQ Grn-0722
01102606 | & 1| GEZEL-PUSIMMTION 0.136- It t4; nGsS oFs 16460 | QF10-7628
0170-26¢2 |} 11 PUSIANIIOoh 0.230 IN S0; 0,47 IK not JEAEO | DYI0-7ER
0lkg.00te | 4 6 | SVANDOFF-MER .A2E-IK-LG € 30-110 Je400 | Q160-00CW
0180-1121 | & 1§ STANDOFF-MEK 1.5-IN-LG 10 240D coedd | GROLR DY DESTRIPYION -
0407-0784 | 4 2 | ouIDL-PC PO Bk KYL .078-GO-WehS 3.646 | 3tEe | E-50
0403:026% | 6 GUIDE-PC DO LK KWL 076 -GO-tikhs 316 3k | Fe100
08151088 | 0 o | SCREU-PACH M4 X O 7 €M0-LG G0-PEG-FLM- 0 | 28460 | <015 1088
0816-)23) | 6 4 | ECREU-NACH B2,B R 0.6 J6NA-LG PAN-1D 7eAE0 | chie-123
o151 | B 8| SCPEM-METRIC ERECIMLTY MA B 0.7 DO, B 20460 | ob1g-1IN
0s90-0012 | 8 2 | MlehRD-R 15/22:32:1H0 082~ JN-ThK 66000 | CHDEF BY CESCEIPTION
1460-1345 | & ? TILT STANG 857 JEARQ 14C0-1]4%
1500-0076 | 4 BINOING POST ASSY RGL EGL-TUR JGK Jeden | 1et0-co78 N
\810-0081 |7 HIMOING POST EGL THO-STUD lGK IAK FEAED | 1B10-0OG? L
1600-102¢ | ® 2 | STANPING-GE-CU CLIP WINOOW Jadg0 | veoo-t0ze ]
Sue Introduction to this vection for ordering information
*Indicates factory pelected vajue
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HP 2804A Replaceable Pirts
Table 6-2. HP2004A Roplaceable Parls
Ralaranca HP Part |C Mir
Deslgna tion Number |D Qly Dascription Coda Mfr Part Number

27600000 ] WIECIIRUALRGR A-AQ- T} OG- IR D [T DEOLR iy DESCRII JOu
FI0-011% ) 14 ECKEU-PRCH B30 382 -INLG PMi0-E)] L GELK By DESCRIB 0N
2300131 i BEWEM AT 8-37 & QN LG PRH-W-E] 0 ¢ Okt E iy DEECREPITON
pieo-dg9 [ 4 ECRTWHACH 1232 1 Ih-LG DA L L] OEDLR liy DEECRIBTIDN
7IEG-QIGY ¢ BORIY PACH §-32 102 -TH-LG PAN-WO-F) (ALl DEDLF Dy DOECRIBTION
71800106 ) 4 ECRLU-MACH €030 . 3H%-Fh-LG 100 IXG bl DEDER By DUKCHIDT O
IR L3 18 ECKLU-PACH B0 32 .26 1h-LG tQd (NG FLEL L 8001y

JUL0-003% ¥ MUY IR O AR 1623232 - 1O [BiliLili] OELE Jhy DEECRIPTION
Wea-0160 |3 2 | vAsaRrL R 116 3k AT IN-2D aEg | J0L0-0ve0

10L0:0277 1 VASIMB-FL RWLC WO, 6 1449+ JH- 1D H L3 org 0727

1080 0p0 § L] VADILE-TL RILE /L8 W L 4Q% - IRID JaAGo 30L0-aha

LU 3] ] [ | CARE ASSY VEAUG 3/CHOCT k- drT TRAEG 0179 0668

§tpo-1374d ' ' CANF 2R5Y TRAG 2-CHOCT 0K I JEAG0 | 170-1378

I IFURITEL i ' CMRL ABSY VAUG 3-CHOCT UK JuT H il Be0-184%

(110 Fa b ' ' FFD SINIR SE0 #.°37-IN-MD .CCO-JH I b L13] #Ie0-0211

Louy L4yl § J TR BT FRY FLET 501 -0430

(S HERITY] 1 | EG-DLTENY FEAED | BOFO- JAAQ

Lo -ty [ ! FEASL-HRont FEAED MRS 11

[T F1R-13F .} 1 \ FEAN -FLRK FAED W -LHIG

LU -LRIE t L} SIRUT-COW 1% LG FEAED 21 -tede

EQAQ-8G2T } | DIVIER SRR HLL CO4Q-EY2 Y

LURTER D] [§ A [{r)] FHREQ [LLEN

t0d0- 1703 1] § TEIn-Ton 12 H L1 L04d- 1303

EORO- 1Y) H L] ETAE CFO LFP - PR, H.L1L] Ltoag- 1%

EQR0- 1162 ] ? tU-ELICE Ay TEARD [SLIERIL T

EQ6Y G4 J0 ! | 1o COVIR ;8480 LOBY- 9430

EOBY - G447 ! | BOVION COVER sEAR0 LOGY - G442

(LR A] \ H COVE R FLEF BIDE HLLLL EOSY- 0510
GJECA-QOCOG]| 0 ] P¢ GO Dt 48450 076¢4-DO0OL
0Z804-00000 | 9 ! M) ERxT GEFY H-LL] 07404-00007
02634-g0008 | 0 I M} OFFT KIGMT HL fra04- cogoe

07604 00000 ¢ | CAkD CAE LEFT FLELL] 07E0A-COOUE

0INgA 00010 4 § CARD TAGL KYGW) JR4ED 0J604-000%0
O0VEQ4-0N0LE] @ ' Ui FAL H LLL] orE04-DL0YE

eG4 -poole] 2 \ QAY-510 anpeln FLLT] 02604 oot
076NA-QQ0y | & ' FOC-EWlTEH 8160 02ECA-QUO;0

0FHOA- 70001 | & 1 LEWS FR4E0 Qs EQ4 - ;oo
OIR0A-EQUIO | ? Ef CARL ASYY FEAEQ 0304 et 10
O7E04-£OIJ01 & 1 FLY EBN (X ALY TBAED QJEQA R0t 10

02604 colAg] 7 2 LAY €30 FAiLLTL GIECA futdd
0ZG04-EQLCO| G ? AL DT Ot ARSY EdE0 0;EQ4A Lotrg
07EQ4-E0VER | ) ? FEO ASSY VEAEQ (FECA Lotey

See Introduction to this secifon {or ardering Informalion
*Indicates faciory selecied value
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Replaceable Parts HI* 2804A

Table 6-3. Code List of Manufbcturaers

Mir Manutacturer Namo Address Zip Code
Coda

[LLTLY ML ELECTRONICE LT NN vIEV CA US 04043

¢oaud MY SATFUFACTORY SURTAL LR

(IR ] ALLER-BRADLEY £1) THC EL PASD ™ us 104316

41} TErAS PHSTRUBCHTS NG DALLAS ™ us H-H 3

[0 | G0 €0 EEMICONDUCTRR FRoa DEPT AUGUEN Wy U§ LR H )

[3111] KD 1 PYROF LR CONP WP ARNY Hl 0708

£471) PTOROLA TG BEMY . CORD PROG MLHTE s us G990

[TH3] FAJRCHILD CORD NOMTALH YIEW A US PELEF

LLH] COWNHING CLECEROH)CS RALE BG4 HC WS 27604

Y00 HIPCOAILECYRA THC HINEKRAL WL xS mon?

Hy 42 FOHN CORP IRYIME [ W+ ans .

HCELL MALGG DEYICES The hORWOOD BA US LH

RALAS CORHING ELECIRONICS SANTA CLARA [ W+ LU

11014 RATIONAL ELNICONDUCTOR CukP BANTA CLARA CA US oLo62

FLLI IEMET-PACKARD L0 CORBORATE 1 PALO ALTO CA Q4304

JigEp BIvAR I SANTA AKA A 22108

AS T PEWN EMGINEERIHG A MG COKP DANGOROQ PA S 16Q18 v

E&JED EFELE [LECTRIC €0 HOETH ADANS 413 L1 Y

1FARL] ELECTRG MITIVE COkp FLORENCE BC LLEFL

mum BLCKNAH JHOUSTETAL CORP FULLERTON U 2612

nngy YF O ELECTROWICS CORP GFOOKL YH Hy [RELY ]

16018 LIMTELFUSE INC DES MLATHIS ILUS €991¢

14189 ILLTHOLS TOOL WORKS IHE SHAKEPROGF LEGIN 1L [ 3

i WNLTFODE COkn LERIHGTON HA WS o

UILFH DALE ELECTROHICS IhC EL PAZQ o 166




HY 2804A

Thble 6-4, HI* 2804A Mechonieal Parts, Exploded View

. INDEX HP PART UNITS
NUMBER NUMBER DESCRIPVION PER ASSY
1 6021-681b Frame-Front (Metric) 1
2 5040-7203 Top Trim 1
3 2360-0194 Scraw G-32 x 6716 4
4 6001.0435 Side Trim 2
b 0615-10656 Screw-MACH M4 x 0.7, 6mm long B
6 0516-1331 Scrow-MACH M4 x 0.7 B
7 60619442 Bottom Cover (Metric) 1
8 5Q40.72¢1 Fool 4
9 1460-1346 Tilt Stand 2
10 6021.6836 Corner Struts (Metric) A
1l 6061-3511 Side Panel (Metric) 2
12 - Purt of Item 11 2
13 05161233 Scraw-MACH M4 x 0.7 A
14 6040.7213 Faol, Reor Panel 4
16 6021.6B16 Rear Frame {Metric) 1
16 — Part ol lem 17 2
17 6061-9430 | Top Cover (Matric) 1
L CEF T P LB L I ‘I'If"n""""i L i rt “T-Pﬁﬂu"- ---'-T-- -""i'---rﬁ'ﬁ----a n..r-mmm—;mmiwl" ik e '\‘“ :
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Figure 6-1. HP 2804A Mechanical Parts, Exploded View
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JHO4A Reploceabln Porta
Table 646, HP 2804A Chassis Parts, Exploded View (Sheet 1 of 2)
INDEX HP PART UNITS
. NUMBER NUMBER DESCRIPTION PER A8SY
i 0690.0012 Knurled Nyt 2
2 3050-0160 Flat Washer 2
3 2950-0035 Hex Nut 16/32 2
4 02804.60020 A2 Oscillatar/Presel Assy 1
) 0590.0167 Locknut, 6.32 K|
6 02804.00006 Printed circult board brackel 1
7 2260-0012 Nut, 440 4
8 23300115 Screw 6-32 x 312 14
' 9 02:04.00007 Motherboard bracket, right side \
02804-00008 Motherboard bracket, left side 1
10 02804-60130 Cable Assy, W2 (Al, A2, AB interconnecl) l
. 11 0380.0328 Spacer 6-32 x 260 2
12 2360-¢113 Scraw 6-32 x 260 2
13 02804-60050 AB Counter Assy l
14 02801-60110 Cable Assy W3 (Chan, T1, Front) 1l
16 02804-60110 Cable Assy W4 (Chan. T2, Front) 1
16 0280460080 AB Motherboard Assy 1
17 02604-60030 A3 MPU/Time Base Assy l
18 02804.60120 Cable Assy Wb (Ext Clock) 1
19 02804.60010 Card Cage, Rear l
20, 21 0280460120 Cable Assy, W6 and W7 {Chan. T]1 and T2, Rear) 1
22 02804.60090 A9AL Power Supply Board 1
23 02804-60150 Cable Assy WB (Analog Quiput) 1
‘ 24 0380-1116 Standolf, 10-32 x .B76 In. !
2680-0051 Secured with 10-32 x .375"
Screw and Lock Washer
26 Reference only Transformer |
26 02804-00003 Rear Panel 1
27 2950.003% BNC Nut 3
2190.0102 8NC Lock Washer, Used with item 27
28 0960-0443 Line Module AC Power Input l
29 1205-0340 Heatsink 1
30 0340.0832 Standoll. Used with item 29 4
al 0380-1117 Standaolf, 2.25 in. 3
Secured with 3, 6:32 x .260
Screws (2360:0113)
32 0380-1123 Coupler, 10-24 x 1.5" 1
33 Reference only Spring, used with A9Al1S] l
. 34 0520-0128 Screw, 2-66 x 260 2
35 Reference only Switch Mounting Plate l
36 0610:0001 Nut, 2:66 2
X 37 01607-2320} Extender Rod 1
38 02804-60140 Cable Assy W9 (A7, HP-IB Interconnect) 1
39 02804-60040 A4 Memory Assy 1
40 02804-60060 A6 D/A Converter Assy 1
41 02804-60070 A7 HF-IB Assy 1
42 (2804-00009 Card Cage Front 1l
43 2360-0115 Screw, 6-32 x .312" 6
44 02804.-60010 AlA2 Part of Al 1
' 4 A1AL Display Assy
617




Replacenble Purty ZHMA
Table 65, NP 2604A Chonsis Ports, Fxploded View (Sheet 2 of 2)

INDEX HP PART UNITS
NUMBER NUMBER DESCRIPTION PER ASSY
A6 2804.00004 Frant Sub-Panel 1
47 1460.1028 Rataining Clip 2
48 81E0-0277 RFl Screen 1
49 021304.20001 Displny Lons ]
50 0370:2626 Baerel (Line Switch) 1
51 0370.2862 Button (Line Swilch, |
h2 02804.00002 Framt Panel Qverlay (Stondard ingtrument) 1

320804.00001 frant Panel Qveray (Anaiag) 1

E3 (2804.60160 Quartz Frobe Calibration Module Blanks far 2

Relerence Only

54, 62 0340-0732 Bindihg Paost Insulator 4
54 1610-0087 Binding Past [negative siad) 1
56 1510-0076 Binding Post {positive side) 1
57 (0380-0643 Spacer 2
58 1261-3283 Connectar, 24.pn KP-18 !
59, 60 2420-0016 Nut 6.32 4
6) 3050-0227 Flat Washer 145 ID 2

618
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INTRODUCTION

SECTION Vi
MANUAL CHANGES

nerinl profix numbuers Iower then the Haling on the ttde page.

73,
T4

h,

MANUAL CHANGES

T adapt this muenund o obdey instrsments, miske chonges Hnted in Table 7.

inchuded fn o yellow, MARUAL CHANGESR mupplement,

Table 7:1. Mununl Changes

Manunl Chihyes

I'hin weetion cotaing manun) changes informntion backdnting thiv manual for instruments with

For instrament serind prelses greoter than e number Hated on the titde page, changes nre

It your Instrumant
has Sardal Prefiv

Make Changa
Number

2616
2432
2428
2332
2308
2244
2236
2120
1438
1918
1901
1843
1834
1807
1744

Pl e gt g e P e P s e e R P e g
Moo MMMMMIDMD DD
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oo oo oo
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10

10, 11

10, 11, 12

10, 11, 12, 13

10, 11, 12, 13, 14
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10, 11, 12, 13, 14,

16
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Monunl Changes T 2HIHA

CHANGE 1 (Serinl 2810)

Toble t3, A7 1LY Asaombly Repbiemne nt B
MAbl Lo OR44 Retnining CHp - LEL
Chonge ATLS o FAALGOY,
Delote ATSLLL

CHANGE 2 (Sarlal 2432)

Tible G2
Chunge Hem 1w AEOKRRLG, Frant Frame.
Chopge Hem b o 2610000, Serew 832 % 1417, ULy 16,
Chnnge e 86 to 81600018, Serew 8202 x B 16", Quy a4,
Change ltem 7 1o BUGOEREY, Dattom Cover,
Chaunge [t 10 to HO08RN0, Corner Btrots, 1067
Change Mem 11 o BOGDARKL, Side DPanel,
Chapge Ttem 1) w BW0G00121, Serow 8402 x 1",
Change Ttem 15 o BIRGHEL, Renr Frome.
Chnnge Ttem 17 o BOA0-D83, 'Top Caver,

CHANGE 3 (5orlal 2420)

Toble 32
Chinge A2 o (2BO450A),
Change ASCL/CH W 016030401, Capacitor 5, D1 o +BOD <200, 100 VDC CRIR, K480, BHGOSH61,
Change ARCH, CR, CLO, LY, CIH, CUR, L00Y, S0, C28, C27 1o OHGOSMBH, Copaeitor-Fxd, 1REpl 2,
20 VIO CER, 28480, 01600408,
Chnnge ARCT w QLA-2007, CopoeitorFxd, OO plt cLoms, 200 VIIC CER, 28480, 01501086,
Chnnge AZCTZ, C2F o 01280, Copueite-Fxd, 0 plt e6 pls, 1K VDC CER, SHARD, 10020800,
Chaoge AZST thraugh 56 o DR,

Thable 62, Miscellnpeous Ports;
Change Front Danel Overloy to 0280000000, Front Panel Overloy wised with Asnlog option only,
Change Hubpane] tn Q2H04-0004,
Acld O2R0L00001, Anndog Overlay tSel, Instrument only),
Add 0280400012, PR Overluy oS, Instroment only),

Figure 8-T:
Change A2CH, 21 vadues 1o G.R gl
Chupge A2 part number to Q2ZEH-60020,
Chunge ARCYH2, C21 o 0 pl

CHANGE 4 (Borial 2332A)
Thlde 4.2
Chisnge A20CH, C21 w gloe-0pd, Copocitor-FPxd, 4.8 pl° ¢ .25 plF, 600 VIXC CEX, 28480, O160-0006,
Figure 87
Chonge AZCH, CH o 6.8 pl-,
CHANGE 5 (Serial 2308)

Tohle 6.2
Chunge Cg, CH, CIt), C13, C1D, CIR, C0, C4, CLG, C27 0 0160-2087, Copacltor-Fxd, 1000 pl* # 10%, 200
VDC CER, 28480, 01150-2087.
Change ATPDRITIY o 12604200,

IFigaee B-10:
Add AGCI7, CE0, C1T connects from <12V to ground at 110, C20 conneets from -HV w ground at P14,




i
HI? QROA Musaunl Clinnges "

CHANGE 6 fSarinl 2244)

13
. Tble -2 :::l!
Al 1o A Miscellaneons Parts: e

==

LIOBRIET Laochwashor, Split
OLRU4-403 40 Cable Awsy TIP-HY.

T

CHANGE 7 (Sarlal 2236)

On the Mllowing pages, adivate it A6 and A7 were optionnl ansemblies:
12 L, 10, 01T, G0, 10, B2y, B2, 62h,

RN R R

CHANGE B (5arlal 2120)

Tahle 4o
Change ALALXISE) to DX3R e 12000674,

CHANGE 9 {Sarinl 1038)
This serfa] prefix change dues not affect the contents of the munual,
CHANGE 10 (Sorial 1918)
Al Ausembly:
Chuange C8, CHY W GUGOH6], CapacitorFxd 01l

Change B2 to QUDR-410524,
Change XJUL w PADO450,

CHANGE 11 (Sorial 1901) B
‘ AT Assemily; :;
Chinge ATL to LAAG-GHOL =
CHANGE 12 (Sorlal 1843} i
Ad Anpemly: -
Change AU7T W (RIROIREL —
Delete AAXLIT, PR00:0610. o

CHANGE 13 (Serlal 1834)

AT Ausemhly:
Chnnge ATUL, U2, US UG w 1R0-10TL =
Add ATXSL 120000474, Socket IC, 14 contact 0IP, P,
Delete A7CH, OIGUB448. T
Delete ATCH, 100D pI° Teom UG -

CHANGE 14 (Serial 1807) g

At Assembly: .
. Change component loeator and schematic series to 1807,

CHANGE 15 (Serial 1744}

A2 Asremhly:
Change AZTPITEY to Q6G0-0124,

r‘u -
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SECTION VIli
SERVICE

B-1. INTRODUCTION

8.2, This section contains a bock diagram, Individual assembly schematic diayams snd component
loentors. Alse included is o functional deseription of operstion st a Wock level, ingyvidua) sssembly theory
of operatiun, service and troubleshooting information including signatuse dists. Expanded deseription of
assemblies end funetioning clreuibgroups s also included with the schemntie dingrams of the Individunl
assemblies, Table 8.1 lists terminology (mnemanics) used in the 1P 2804 A,

8-3, GENERAL DESCRIPTION
LR HP Model 2804 A Quartz Thermometer §s 8 microprocessor hnsed precision epperature measuring
instrutent, A quartz crystal sensor probe designed Lo have o constant relationship to temperatune end used

with the 11 2804 A, enables precision messurements e be made,

8.5, The nstrument uses a stable 10 Mz TCXO clock, (or an external 1 MUz elock), which provides an
accurate time interval for operation. The accurale tme interval allows direct counting for the probe input
frequency change as a result of measured temperatur,

B.6. The HI 2B04A aperates from a stored program locsted In rend-only-memary (ROM) within the
instrument. e progrmm is sulomatieally eptered at o "lestart Address” when instrumenl power s
applled, The main progrom inftistes 5 measurement and the NM! (Non-Maskable Interrupt) service routine
in conjunction with the time-base generator netuelly control the instrument clreuits. This progmm also
automaticn’'y refreshes the display through an “Interrupt Service Routine”, initiated by the Instrument's |
klz time bnse signal, The front panel switches are scanned at o 1 kllz rate to update gny switch
Information chanyges,

8-7. BLOCK DIAGRAM OPERATION

B.4, The 2 2804A Quartz Thermomeler Is o lempernture mvasuring instrument capable of measuring
temperatures from -H0°C to +260° 0, It uses quartz sensor prohes to gencrate frequency changes with
‘vmperature changes, processes these changes and disploys the temperature in °Car°F,

B Nine printed sireuft hourds comprive the ingtrument, These are:

Al Front Panel Assembly teonsists of ALAL [Msplay/Switch Assembly and ALA2
Display Driver Assembly,

A2 Qscillntor/Preset Assembly.
Ad MPU/Timu Bage Assembly.
Ad Memory Assembly.

Ab Councer Avseinbly

At Digitol-to-Anslog Assembly,
AT HP-II Assembly,

AH Motherhoord Asnembly.

A Power Bupply/Renr Panel Asgembly.,
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Table B:1, 2804 A Terminalogy

2H04A

MNEMONIC LOCATION (ORIGIN) MNEMONIC LOCATION (ORIGIN)
DACO DAC o sdtch dota — Low TRUE VIRWA Valid Read/Write Address - Low
thru AI1ALSH TRUE A3UGC
DACH

VROA Valid Read Only Address - Low
Dso Digit Seloct lines — Low TRUE - TRUE A3UGD
g‘é‘; A1A2U8, 10 VRN Valid RAM Disable — Low TRUE
IRA Invalld RAM Address
osL Digit Select latch 1 — Low TRUE
AVAZULL w LAB Lower Addrassed Black
DsL2 Diglt Select datch — Low TAUE WEN Write Enoble - High TRUE
ATA2UN BwWE Bus ' rite Enable ~ Low TRUE
Adl W
DACR DAC Switch Read — Low TRUE
ATAZUIY BRE Bus Read Enable — l.ow TRUE
AdUC
DLA Di Raset - C
Alnxzbn;;'l; wset = Low TRU ENM Enable Memary — High TRUE
AAUI0A
VIO Valid 1/Q — Low TRUE AAUBA PBW Processor lus Wrlte
RW Read/Write — AJUBF NMI Nan Maskable Interrupt — Low TRUE
RES RESET (System} — A3UAD — Low ASU3A
TRUE NMIR Non Maskable Interrupt Ruguest
S0L Segment Driver Latch — Low TRUE High TRUE
AVA2ULL RRQ Reset Requaest — Low TRUE A3UTA
PEBTR Pushbutton Read — Low TRUE IRQ Interrupt Request — Low TRUE AU
ALA2UTI EXCK External Clock ~ Low TRUE A3US
PBTI T1 Pushbutton — Low TRUE NMID Non Maskable Interrupt Disable
ATAIS) Low TRUE A3U3A
PBT2 T2 Pushhutton — Low TRUE ARM Arm ABUBB
A1AIS2 DARM Dis Arm ASUSB
PEDT T1.72 Pusbhbutton — Low TRUE SEL Select AGLUOB
ATA18]
CLR Cleor ABUYB
PBLO LQ Pushbuytton - Low - TRUE
A1AI1S4 RCT Read Count ABUSA
PBMD MED Pushbution — Low — TRUE FNS Function Sefect ABUBA
f A1A4156 ISEL Input Select ABLUBEB
I 2BHI Hi Py hbutton — Low ~ TRUE TiF T1 Frant ABU1B
AVAY 3G T2F T2 Front AGUIC
SA Segments a thiu p and DP - High TIR T1 Rear ABUTA
thru TRUE A1A2UB, 6
Sup T2R T2 Rear ABUID
ANSL Annunciatar Select — Low TRUE NINP Na Input AGU12A
AVA2U7 LHW Low Hatl Write AGUB
DBuUG Factary Test Only HHW High Hatl Write AGUB
VMA Valid Memoary Address ~ High
TRUE -~ A3U8D
8.2
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2804 A

B-10.  Figure B-1 is n shiaplifed biock dingram of the instrament snd Figure 8.2 15 o simplified program
Buwchart for the instriment, The 1P 2804 A §s a bus onganized instrument where assemblics which plug
into e £8 Muotherbonrd are positien-independent, Fach of the assemblies in the Instrument can be
consiuered an ndependent block with which tse A3 MPUSTIme Base Assembly communientes individunlly,

B1l,  The basle mensurement made iy the HP 2804A < frequency, The frequencey to be measured s
determined by o quartz crystal In the probe ond sensor vscllintors Jocated externally or in the A2
Oscillotor/Presut Assembly, Two channels are avallable for separate tempersture measurements or
temperature o fference mensurements. Frequepey of the A2 osclllslor(s) ts determined by the tesmperatur
Lo which tie quartz probe is subjected and s ahout 30 MHz (ty pleally 28,3 MHz),

812, The frequency to be mepsured by the Instrument can come from fouy possible sources. Two
sources are Lhe fioptl panel TV and T2 quartz probe inputs, Two other sources of frequency are rear panel
Inputs Lo the instrument, However, the rear panel Inputs must be fram external sensor oseillotors sitce the
inputs go dircetly Lo a signal multiplexer in the Ab Cotnter assembly,

8-13. e instrument program selects on o prorty basls, the franl panel inputs before the rear pancl
inputs for either channel, As un example: With the input at the rear panel T1 connertor, if T1 pushhutton
switeh |s pressed, the Instrument automatically selects front panel T1 input. With the front panel 11 probe
input missing, the Instrument sutemotically seleets rear panel T1 input, I bath front and rear panel T1
inpuls are missing, an errar message §s disployed, (See Toble B.2 for o list of error messages), Instrument
operation is identieal when channel T2 s selected,

8-14 QUARTZ PROBES AND CALIBRATION MODULES

816, A quortz probe must be used with a matehed calibration module in order Lo make ony temperstur
measuremenls, The calibrution module memodes contain the chiarecteristics of the erystal frequency, at all
temperatures from -80°C Lo +260°C, os well as other caltbration data specific to the assoclated quartz
temperature sensor, The caitbration modules also contaln address decoding elreufts which cause them Lo
answer Lo a parteulsr nddress space, when installed in T1 channel, nnd to another address space when
Installed in T2 channel. Quartz probes must plways be used with their associated calibration modules,
Exchange of probes from ope channel Lo another, or to another 1P 2804 A must always be accompanied hy
the exchange of calibration modules,

8-16. At 0°C, the oschlation frequency of the probe crystal s typleally 28,208 Mz and Is slightly
different with cach probe, Sinee the frequencyvedemperature ehorseterdstios are stored in the callbrotion
module, the A3 Processar subtmets this information as a “major offset” from the frequency actually beint
measured,

817, The erystal charcterlsties (frequecey.versus-temperature) are stored in the calibration moduiv as o
group of coelGelents used by the convension algoritim to ensure e speeified aceuraey over the aperating
temperature range (-B0°C to +260°C). hese coelficients are uniquely determined for each Indiv' ual
probe by means of on extensive calibration process. The calibration modutes for cach input chonne, ore
inserted just below the A2 assembly and plug into connectars on meatherboard AB,

B-18,  Three camponents epable the matched probe fealibration module to be used in anv HI* 2604 A,
These are;

a, Quarlz Prohe,

h.  Calibration Module,

e, Referenee Tempernture Adjustment

The quartz probe snd calibration module were previously mentioned. The neference temperature
adjustment, on the instrument front punel, campensates for sny change in frequency of the probe crysial,
due to aging, IMis setting must be transferred to the proper chonnel when probes are exchenged, For

maximum accuroey when exchanging probes or instruments, n new reference temperature adjustment
should be made as deseribed In the operation seetion,

Service
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HP 2804A

Table 8.2, Error Messsges

Service

An orror that s "hypassable” maoy be circumvented by seleching the other measuiement channal.

MESIAGE DESCRIPTION BYPASSABLE?
"Error 1" System Malfunction (Described more fully in Note 1) No
“Error 2" Chiannel 1 Caibiration Module absent Yus
“Errar 3" Channel 2 Calibration Module absent Yes
“Error 4" Channels 1, 2 Calibration Modules absent No
“Error 5" Calibration Module ] Checksum error Yes
"Error 6" Calibration Module 2 Checksum error Yes
*Error 7" Channal 1 Signal Dropout or Blown Fuse A9F] Yos
"Error 8" Channel 2 Signal Dropout or Blown Fuse ASF1 Yes
"Probe 1" Channel 1 Qut-of-range {Note 2) No
"Prabe 2" Channal 2 Qut-of-range (Nate 2) No
NOTE 1: 1

"Error 1", depoting system malfunction, ocuuie 1ot the faliowing situations.

{

—

}  Inatility 1o properly access MPU registers or RAM during Sell-Check.
{2} Inabainy 10 properly acesss front panel pushbution switches duning Sell Check,
(3} Inabihty to properly access " C/'F wwitch duting Seli-Check.

{4} No output from counter i response 1o an internal 1 MH2 test signal [duning Setf-Check and
Error routines).

{6) Computational avurflows,

NOTE 2:

“Probe 1" and "Probe 2 are "sell-recoverahle” errors in the sense that normal measurement resume ¢
il the measured temperature 18 hrought back within the permatted ranga. Excessive temperature over
range for proloanged periads may change prohe temperature/accuracy respanse, The probe and cahibra
tian module should bhe returned to the factory Tor recahbiration and a new calibratian module,
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B-19. A1 DISPLAY ASSEMBLY

B20,  The Al Display Assembly consists of two printed eircuit boards:

a.  ALAL Dispiny/switel Assembly,

b, ALA2 Dhsplay Driver Assembly.

B-21,  ALAL serves two purpisses:

a W a repdout of information wrtten to it by progreams and contralling vireults,

b, Provides annunciatars which indicate whore the inatrament s fn o particolar measurement eyele,
8:22,  Data, rintbng to the status of front panel pushBiution switehes, (s ead from ATAT into ATAL Al
processor senns these switches during o messurement evele, Any swileh activity s then deteeled and seted
upon by the Ad clrenlts,

B-23. A2PRESET/CSCILLATOR ASSEMBLY

B2 A2 Assembly vonsists of presel switches and associated logie, sensor oselllatons for each input
channel, and the "C/7F switeh. The proset switehes and the Jogle cireuitry provide feepoint ealibretion
adjustments for the sensor probes,

B26,  The "Cf°I switeh position determines whether temperature will be displayed in °C or °F,

B-26,  When sensor prohes are conneeted to the Input of the seisor osellintors, the hasic measurement
frequency (appruximately 28,208 Milz ot 0°C) Is generated, Osclltator outputs are then routed tu Jie Ab
Counter Assembly vin conxial cables,

8-27. A3 MPU/TIME BASE ASSEMBLY

B:28,  The Ad Assembly, with {ts microprocessor, is the heart of Lhe fnstrament, This assembly provide
all the Yming and control for the Instrument, and conunuaicotes individually with vaeh of the other
assemblies over several buses,

B:2%.  Three buses are common Lo all msemblies {except the power suppHes) in the instrument, These
are:

a. Cantrol Bus.
b,  Address Bus.
. Data Bus.

330, The Control source af these huses is U A3 MPUSTme Base Assembly (the processor), The Ald
processor has Lwo functions:

0,  Tocontrol instrument timing for high secumey measyrements,
b,  'To perform any needed computations dirceted by programs stored on the Memory Assombly Al

The A3 nssembly conlains a stable 10 MUz dock and vardous dividers to provide on nccurate 1 kHz thne
base shynal for Lthe A3 microprocessar and the remsining instrument eircuits,

B-31,  This 1 kilz signal is applied, through the control hus, to Ab Counter Assembly to generste
accurnte gate-limes, A3 Processor communicates with the Ab logie control circuils and gates Ab on amd -ff
in synchronism with the 1 kHz signal,
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The ) k2 alghal originates from one of Lwo posaible sources:
", From e lternsd 10 810 quprtz oselllniay,

b, From an externsd | Mz guarte vaciliator appied to the instroment rear paiel input, {(See Talte 1.1
speviticitions for suggested minbnwm regquirements of the esternal tine base,)

Koo There are two fnferrupts (o the A3 Processar
9. NMI{uon-Maskable fnterrupty Flds interrupt hos highest prfonty and eannat e manked out,
bo o TRE thsterrupt Wequest], This Lderrupt s g reguest For serviee and can e masked o,

BB, One odge of the A3 timebaae geberstor signnl s usod Lo generate the NM shinal so that tse maln
progrvm fows as shown in the *Exeeutive Modube portion of Figure H-2,

B8-34. AAMEMORY ASSEMOLY

Bah,  Programs needed (o make messurements are contained oa ROM located on the AL Memory
Assombly. This assembly I controled by the A processor, through the A4 memary vontrol logle,
Caommands from the A processor, ty seleet address Joeatlons for processing of dats, ane implemented by
the Memory Assembily,

B-3G. AB COUNTER ASSEMBLY

837, As mentloned in the paragraph B35, measurement §s o fregueney measirement, ‘The Al Connter
Assembly performs this mensurement, under control of the Al processor, Ab Counter Assembly operates s
a frequency counter and consists of o seven-deende connter, control logie eirenits and an input multiplexer,
The avollable gote-times are nominally 0.5, 1, or 10 seconds and will vary slightly with different prohes,
Voriatlons nre due to prolw charetodstios, Speelfle gate Umes are speciBed in thvir compunion calibration
modules, The crystal ebharactedstics of frequency-vemsus-temperature, as charsctedzed in the ealibration
module, provide an effective charactedstie slope of 1000 1z{°C, through the temperaturne rnge,

B8, Measurement seeuracy bs avpendent on two things:
o, The internal or external clock securmey,

b, The characterzation of each probe erystal and the storing of this information in its companian
calibration module Lo provide o characterstie slope of 1000 Hz/'C. The ealihration module stons
parsmelers necessary for Lhe frequencey-to-temperature conversion algorithm which are spoeific to the
individunl probe,

B-19.  Messurement resatution bs achieved through the instrament's capahility of measuring frequency in
the 1z and tenths-of-lz ronges, As an example, assume that the basic frequency is 28, 208000 Miiz:

a,  With a selected gate-time of 0,1 second (LOW RESOLUTTON), the contents of the seven-decade
counter In AD would be 2820800, 'This Is o 10 Iz resolution which provides 10 mith-degrees
temperature resolution,

b, With a sejeeted gote-time of 1 second (MED RESOLUTION), the comtents of the seven-deende
caitnter in Ab would be 8208000, This is 1 Hz resolution which pravides 1 milli-degree tepmperature
resolution,

e, With n selecled galetime of 10 seconds (HIGIH RESOLUTYON]), the contents of the seven-decade
counter in AB would be 208000,0 Hz. This is 1/10 iz resolulion which provides 100 micro-degrees
temperature resolution,
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HA0,  Pempemture messurements from Awo chinpbeds cannot e made simultsneously, Ooly one
frequeney-temperature measurement s made . one time, When two channels ore wsed, or when
temperature difference measurements s e, o timeskew of up (o 20 seconds oceurs in the [HGY
RESOLUTION Made, In Medium Resolution s time skew of nominally 2 secands Is experienced, and In
Low Resoluthon the time skew is spproximately 0.2 seeonds,

B41. AGOIGITAL-TO-ANALOG CONVERTER

HdAd, A Assembly converts digital temperature infarmatinn on ope Instriment bus (o an analog output
ab the Instramens rear pasel, The anslog output vuitage can be sed b a calibrsied value by the CAL swilch
an the instrament fromt panel, ‘e CAL positions sre OV, 5Y and 10V,

B-43,  In the OV position tie analog ontput is zero volts de whleh ensbles o strip-chart recorder pen Lo be
adjusted for s procise Jef margin position, In the 10V podition, the analog cutput Is +10 volts de, whieh
enahles u atrip-chart recorder pen Lo e adjusted for a precise dght margin position,

B-44. In the BY position, the snalog output Is +6 volts, which vnables & stip-chart recorder pen to be '
cenlered or adjusted for s OV Lo BY deflrction range or a 5Y to 10V dellection range.

B-45.  There are two imodes of operation for the analug output:

8. NORM Mode,

b, OFFSET Mowe,

In the NORM Mode, the anslog cutput voltage has a 0,00V to +0,99V range for digitsl data ranging
between 000 and 989, In the OFFSET Mode, the anslog output voltage is offsel by +6V and has n 0.00V Lo
+0,00V range for digital date ranging between 6500 end (1)}489,

846,  In both the NORM and OFFSET Modes, a five-position front panel switeh allows the selection of
groups of three digits of displayed temperature, from 1 degree resolution to 0001 degree resolution,

B-47, A7 HP.IB ASSEMBLY

B.48.  The AT HPID Assembly provides remole programming and dats output capability o the 1P
2RO4A. A controller such na n computer or caleulator feeds program conteal information, through the A7
Assembly, to the 111 2B04A and performas caleulutions on temperature duta from the Quartz Thermometer,
Program mable features are;

Temperture Selection

Resolulion Selcetion

System Status Head

Write To Analog Output

Configure for Group Execule Trigger
Sample and Hold

Canfigure for Interrupt Qperation
Quartz Prolie Serial Number Verification
Read of Thumbwheel Switch Sellings

B48.  The HP.IB command implements the following inlerfuce functions, s definad In the P11 User'’s
Gulde:

Unialk
Unlisten

Remote/Local
Service Request

B12
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Paraliel Poll
. Devien Clear

Devlee Trigger

Tulk Quly

Serjal Poll

B-60. ABMOTHERBOARD ASSEMBLY
B51. AR Motherboard Interconneets the various assemblies in the instrument and has no active cirenits,
8-52 ABPOWER SUPPLY/REAR PANEL ASSEMBLY

8:63.  Assembly Al consists of 8 power supply boord and the rear panel meehsnies) parts assembly which
together form one pssembly, The reay panel portion of this assembly contains the power transforwer, n b
volt regulator, and connectors for the HPIB snd DAC vplions, externad T1, T2 channel inputs and external
clock Input,

B.64,  The AD Power Supply Board generstes all de vollages needed by the instrument elreults.
Voltages are!

+b Vde regulated at 2,3 Amp maximum,
+b Vde standby ot 17 mA maximum,

=6 Vde at 40 m A maximum,

=12 Ve ot 22 mA maximum,

+17 Vde unreguinted at 62 mA maximum.

. 8.66. In the STANDBY position of front psnel power swilch, all supplies except the main 6 Vde
remin on, Operating ac power Is not tumed olf,

B-56. HP-IB INSTALLATION

B67.  Cubles are nvailnble in different lengths W suit user requirements. The coun eetorn at sither end of
the enble are identical. The plugs will mate with the rear panet cannector on the J P Y804A. The receptacle
on the buck of the cuble connectar will receive nnother eable plug.

B-68. A Bus Interface Kii is needed to use o Hewlott-Packard caleulatar us the D controller,
Information about this kit may be obtained from the nearest Hewlett-Packnrd Sales ans Service Office.
869 MAXIMUM CABLE LENGTH

. B-60.  As many as 16 instruments can be copnected in parallel, (e sure to count the caleulator when
counting the pumber of devices in the system), However, observe the following rules:

p.  ‘The total enble longth for the system must be less than cr equal Lo 20 meters (65 1,),

b,  The total cable length for the system must be less then o equal Lo 2 meters (6 L) times the total
number of devices cannected ta the hus,

For instance, a system with one caleulntor and one HP 2604 A would allow - meters (12 L) of cahble,
B8-61. ADDRESS SELECTION

o B-62.  The HIIB oddress selector swilch Is located on the HPIB PC board assembly A7, The switeh ls
preset at the laclory for:

Servien
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ASCH Hinary
Talk Addrens. ... . .. Vs Mo a0y o
Listen Address. .. .. e e noo
SR TS5

The last ve bits in the Dinary code are awileh selectalle, The fimt two digh: onost sigmieant) are "lard
wired" into the TP elreaitry.,

BG3. Tochange the address of the P 2HO4A, follaw Lhis procedue:

& Turn off the power switel and unplug the power cord,

b, Release the top cover by unserewing one serew loeated ot the rear and centersdye of the top cover,
v Remove the top cover,

A The addross selector switeh Is seven SPST ewitehes contained In o dual-indine (DIP) package, Figure
4.4 shows the switch with the factory proset salues,

v, The switch settings may now be changed with a poitstens instrument (Hke a peaeil or pen),
NOT:
1o not set all address suniches to the "1 position, This code (s reserved [or special nse,

8.64. SIGNATURE ANALYSIS

B-66.  Signature Analysls s an easy method of testing complex microprocessor-based circults, It is
comprired of “data compression” and “circuit generated stimulus” refined to provide greater ease in '
locating faults.

866,  The Shgaalure Analyzer displays o unique four digit “fingerpnnt” of the data stream present at
cach node in the ¢ reuit under test. By comparing these ineasured signalures to the eorrect ones, a serviee
teehniclan can back-lrice to n foulty node, Additionsl detailed Infonnotion on Signature Annlysls |s
available from Hewlett-Packard, Order Application Note 222 “A Designer's Guide to Signature Anslysis”,
HP Part Number 02-5962-74656.

8-67. MECHANICAL ACCESS AND DISASSEMBLY

CAUTION

Power i present [n instrument regurdless of “"LINE™ switch position.

116 Vac is expased at the rear panel, bottom side of the instrument when bottom cover is
removed and ace power Is applied.

B-68, In crder to perform any sdjustments, troubleshooting or removal of Front Janel/Display or Rear
Panel/Power Supply Assemblies, instrument covers must be removed, Both top and hollom cuvers ap
seeured by one screw each, loeated ol the rear of the Instrument and in the centsr of the cover rear-edge

(see Figure 6-1),
wors &

AC POWER DOES NOT HAVE TO BE REMOVED FOR COVE", *EMOVAL.
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8-63. FRONT PANEL ASSEMBLY REMQVAL

870. Toremove the ALAL and ALA2 assembles, do the follosving:

a, Discanneet ae power and remove the calibration modules,

h. HRemove the wop cover,

o D meet the flat nbbon connectors from ALAZ and A2 Assemblies,

d. Remove the rght and lefl side.trims ond then four side-serews seeuring ine Front Panel{Display
Assembly Lo the instrument frame,

e Pull the Yront Panel Assembly forward until it is free of the instrument frame, ‘1he LINE Switch

h.

pushbution cap will come free,

RRemove Lhree retnining elips securing Lhe plastic lens Lo the sub-panel, The RIL shivld will he released
with the lens,

The ALAL Display Assembly and the ALA2 Driver Assembly are interconnested through J1 and )3
pins. The Interconnected assemblies are seeured to the front panel by siy serews, Remove these serews
Lo remove Al assembly,

To reassemble and relnstall the Front Panel Assembly wyerse the procedun  of steps a through g,
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B-71, REAR PANEL ASSEMBLY REMOVAL

872,  To remove the Rear Penvtf A Power Supply Assembly, do the following:

n,  Disconnecet the ae power cord,

b, Remove the top and hottom eovens and the four rear feot,

c.  Disconnect the 1M1 Nat ribbon canncetar fram AT,

d.  Disconnect the coaxinl cables from A3, Ab nnd AG,

e, Carefully ense the Rear Panel/AD Power Supply Assnmbly outl of the instrument frme,

f.  To remove the ABAL printed circuil board, unsolder all wires except the wires connected to the
ADAL “SW" circult pads,

i Remove four serews securing ADAL to the rear ponel standoffs,

h.  To reassemble and reinstall ABAL, and the Rear Panel Assembly, reverse the procedures of steps o
through g.

8-73. MAINTENANCE

B-74.  Malntenance conslsts of Periodic-type and Feflure-type maintenance,

8-76. PERIODIC MAINTENANCE

8:76.  Periodic maeintenance shouldd be done ot icast once-per-year, It consists of preventive maintenanee
and Adjustment, Preventive malntenance ecnsists of incorporating any modificatians to the instrument and
eleaning of oll assemblies to minimize leakayge paths ete,

B77.  Following any preventive mnintenance, do the tests of Section IV,

8-78.  As part of the Perladic Maintenance cyele, do the Adjustment procedures of Seetion V,

B-79. FAILURE-TYPE MAINTENANCE

8-80,  This type of maintenence identifies the fallure and troubleshoots the Instrument to lacate the
defeciive part. See the troubleshooting procedures starting with paragraph 8-86.

8-81. COMPONENT REPLACEMENT
5-82,  Falled companents can be replaced by ony of three methods:

s.  CLIT-OUT. Failed component s clipped from the circult board and the lead remains are then
desoldered nnd removed,

b, VACUUM DEVICE. A vacuum device, such as the “Soldnpulll@"’ Model DS-017, s used tn
conjunction with a soldv.ng lion to remove melled solder from the terminals,

e.  DESOLDERING BIIAID, A copper bmided-wire, such as “'Solder Wick®'" #2 size, is used in
conjunction with the soldering iron, to absorb the melted solder.

®' Edsyn Co.
® Solder Removal Co,

2804A




2WMA

B-83. SOLDERING

B-B4.  Integrated circuita or the printed-circuit honrds can be dnmaged by excesa heat. 1C's can nlao he
domoged by ntatic charges (from hondling or from the soldering fron) when installing them. The
recommended aoldering iron to use is the "Ungar, -wire' type with a 36-watt maximum heat element nnd
the "Ungar, Micro-Spnde” tip. The recommended solder is *Keater Roain-Core 60/40" with n diameter of
032 inchaa. Thir dinmeter worka very well with IC pins and leaves minimum residue.

886, CLEANING. Clenning the bonrd and companent after soldering is important. Use n clenning
solution auch ns Relinsolv No. 663* 3, Apply the solution with n small, stiff-bristle brugh and serub the
aren previously aoldered. No residue remaina after the aolution dries,

8.86 TROUBLESHOOTING
B-87.  To «roubleshont the HP 2804A, use the procedures of paragraph 8-80. When ane of the tests (011}

fnil, go to the appropriate suhnsaembly indicated in the test. Signatures found on each nasembly ore liated
in a tnble located adjncent to the respective schematic diagram of that assemhly.

With the bottom cover remaved, 15 Vac is expased at the rear of the instrument.

8-88. USING THE X96-59991A DIAGNOSTIC KIT
B-89. PRELIMINARY SETUP
NOTE

Throughout the remainder of the manunl the K96-69881A will be referred to as the
“D'agnostie Kit",

B-80. To acgin teating or troubleshooting the HP 2804A with the Dingnostic Kit and HP 5004A
Signaturc Analyzer, perform the following:

& Dinconnect ac line cord.

CAUTION

Damaoge to the {nstrument may result if connecting cables or PC assemblics are inserted
or removed with the line cord connected to nn energized outlet, EVEN IF THE LINE
SWITCRH [8 IN THE STANDBY POSITION. Only +5 Vde is disabled by the LINE
switch, and haznrdous voltages may be present within the instrument in STANDBY.

b.  Remove the Al Micropsocersor Assembly. Discannect RF cable to A und Joce cable end clenar of pll
inatrument agsemblics,

¢.  Remove the A7 HP-'B Assembly ¢f instrument s equipped with Option 010}, Remove fiot ribbon
cable from A7,

d. Place Diagnostic Kit in right-moat slot of the 2804A,
e. Plece A3 Microprocesaor Assembly on top of Disgnostic Kit in connector provided,

f. Connect a GND test psint on the Diagnoatic Ilit to TP2 on AJ Agsembly, ueing jumper provided.
This inhibits the time base generator interrupt to the microprocessor.

g. Connect control lines from the 5004A Signnture Analyzer to the lobeled test points on the
Dingnoatic Kit. Turn power on to the 5004A, then set front panel controls ns followe:

®3 Alpha Metals Inc.
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START () HOLD (Out)
STOP In SELFTEST (Quty
CLOCK I

ho  Verify 2BMA LINE switeh is in STANDRY position. Re onnvet line cord o nn energized outlet of
the correct voltage for the instrement under toat.

HO1.  The Dingnostic/Functional Test should proceed fraom Test ¢ through Test 8 in soquence. This is
impartant becnuse Inter testa nssume functionnlity of other assemblies, and o given test result may he
incanclupive if prior tent results ure not all positive,

BEL  The instruetions given here nasume that the instrament under toat/repair works. [f any testo fail,
refer to the troubleshooting procedure opposite the schematic dingeam of the nssembly that fafls These

troubleshooting procedurea include nll necessnry information for signature annlysis troubleshonting with
the HOMA.

B-18
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TEST NUMBER: 0

o Assembly Under Test:

Al Microprocessor Assembly

Explonntion of Test:

This wat consints of three parts:

] Diagnostic Board RAM Tust.

9)  Lingnostic Board ROM Checksum Test.

3 Microprocessor circuitry exercise,

. Following the Pass/Fsil indication an displayed on the test snnuncintars on the Dingnestie Kit, the software
causes the micropracessor to exerclse the circuit under teat. This oecurs regardloss of the teat results, allowing
the service technicion to uae the HP B004A Lo Jocnte fnulty signatures.

The test may he repentad by pressing the RESET pushbutton an the Dingnostic kit

Procedury:

4,

b.

Solueet Test 0" on the thumbwheel selector switeh of the Disgnostic Kit.
I'ress the RESET pushbuttan on the Dingnostie Kit

The three test annuncintors tRed, Yellow, Green) abould light momentarily, then extinguish for
approsimately two seconde,

One test nnnunciotor should then light for approximately two secords indienting test results:

RED = *IFail" funactional self-test.
GREEN = "Pass" functionnl self-teat,

Al three test nnnuncintors ahould now light nnd remnin lighted his enters the signature nnnlysis
joop.

I this test fnils refer to the suggested troubleshooting sequence opposite the schematie dingram of
the A Microprucessor Assembly.
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TEST NUMBEIR: 1-3

Asaembly Under Test:

A1 Memaory Assembly

Explanation of Teat:

The three tests are ny follows:

1

2

B]]

RAM Memory PMuttern Test.
Program ROM Checksum Teat,

Addreas Decoding Teat,

Fallowing the Pass/Fadl indicotion an displayed on the test annuncintors an the Disgnostic Kit, the software
cnuses the microprocessar Lo exercise the eirenit under test, This oceurs regardless of the Leat reaults, allowing
the service technician to wse the HP 6004A to locate faulty aignatures.

The test may be repented by pressing the RESET pushbutton on the Diagnostie Kit,

Procedure:
1.

2

43

B0

Select Test '1” on the thumbwheel selectar switch of the Dingnostic Kit,

PPress the RIESET pushbutton on the Dingnoatic Kit. The IN PROCESS annunciator (YELLOW) should
light for approximately 3 neconds.

Observe the three teat annunciators ns follows:

GREEN lamp only = "Pass", go on to atep 1.

RED nnd YELLOW lnmpa bath = "Fail", suspect RAM A4U4 or posaible address decoding fault,
Refer to the suggested troubleshooting sequence cpposite the schematic dingram of the Ad
Memary Assembly,

RED lamp only = "Fail”, suspect RAM A4US. Refer to the suggested troubleshooting sequence
apponite the schematic dingram of the A4 Memary Asaembly,

Select Test "2 on the thumbwheel selectar awitch of the Dingnostic Kit,

Press the RESET puahbutton on the IHagnostic Kit, The IN PROCESS annuncintor (YELLOW) should
light for approximately 1 second.

Observe the three teat unnuncintors ne follows:
GREEN lamp only = “Pass”, go on to step 7.
RED lnmp anly = “Fuil”, suspect ROM A4U7. Refer to the suggeated troublesheoting sequence
opposite the schematic dingrnm of the A4 Memory Assembly.
Select Test "1" on the thumbwheel selector switch of the Dingnostic Kit.

Press the RESET pushbutton on the Dingnostie Kit. The IN PROCESS annunciator (YELLOW) should
light for approximately 2 seconds.

Qhserve the three test nnnunciators as follows;
GREEN Iamp only = "Pass", teat is complete,

RED lnmp enly = “Fnil", yuapect nddress decoding circuitry. Refer to the suggested troubleshooting
sequence opposite the schematie disgrom of the A4 Memory Assembly,
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it TEST NUMBER:
= @
—_ Assembly Under Test:
ﬁ Al Dispray/Switch Aesembly
= Explaration of Tust:
Thie procedure .v o eombined functionnl /dingnastic test. It requires manipulntion of front ponel switches to
- inerenrent ench portion of the test, The sequence i ns follows:
— 1 ANl LEIYs illurminated.
T 2} Individunl T-aegment displaya [Huminated.
3 Individun)l LED anpuncistors luminoted.
: 4y Pushbutton svitches tested.
—]
| 6)  Anclog Outputs lide switchen wated,
bl The Leat may he repeated Yy pressing the RESET pushbytton on the Disgnaostie Kit.
. Procedure;
= 1. Belect Tent 4" an the thurabwheel selector switch of the Dingnostic Kit.
2 2. Press the RESET pushbutton on the Diagnoetic Kit
&« 3. Observe the 7-scgment displnys and annunciator L ED's. All decimal points tto the ight of ench digit) and
_ nll segments of ench display should Hluminate. The right-most digit should nppear 08 anp *E” without
- right-hund decimal point. All annuncintor LED' chould illuminate. 1t is normal for the left-most digit to
be slightly brighter than the rest,
4. If all digite luminate o expected, presw any front pinel pushbutton to advance test. If test does not
advance, refer to the suggested troubleshoeting requenc npposite the schematic dingrom for the A1A2
- Driver Assembly.
t h.  The right-mast digit (hefore the *C/°F digit) should flluminy ‘e "8, All other digits should be blanked,
) 6.  Press nny front panel pushbutton switch to increment teat., “uch time the digit w the left ahould
= iluminnte instead. Do this six times untfl all digits have been vhecked.
_ 7. The 6 pushbutton LED's and the b nnnuncintor LED's should illun.inate in sequence — top-to-bottom,
right-to-left, with only a single LED illuminated at a time,
== i 8. Press any puahbutton switch to advance to the next test. The right-most pushbutton should have its LEL
{lluminated — all others will he blanked.

: . 8.  Press the pushbutton switch with the lighted LED momentarily, with a pause between each button.
= Continue untfl all six pushbuttons are pressed.

10.  The sixth pushbutton advances to the optioncl part of the test.

= Display will read 5-7. An snnuncietor will illuminate, reflecting the position of the left-maost
- ANALQOG QUTPUT awitch. Moving the switch to each of its b positions will check switeh contact
i integrity, Preasing any pushbutton switch will advance the test.
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11, Sate as step 10, except the nght-mont ANALOG OUTPUT swilch s tested.

Display will read 5-8. An snnuneintor will iluminate, reflecting the position of the right-mast ANALOG

QUTIUT switch. Moving the awitch to each of ite b positions witl eheek switeh contaet integyity. Pressing nny
pualibutton switch will rentart the test,
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TEST NUMBEIU B
Assembly Under Test
AD Counter Assembly
Explanation of Test;
This test consists of three ports:
I Bignal dropout detector test.
PA] Counter performance test,
o Lennor oscilintor interfoce cireuft test,
Following the Pass/Fail indication na diaplayed on the test annuncintors on the [iagnastic Kit, the anftware
cnunes the mlcraproceasor o exercire the circult under test. Thie occurs regnrdless of the test results, nllowing
the service technicinn to use the HP 50G4A to loeate fulty signntures,
The test may be ropented by pressing the RESET pushbutton an the Dingnostie Kit
Procedure:
I, Select Test "h" on the thumbwheel selectar switeh of the Dingnostic Kit.

2. Press the RESET pushbutton on the Dingnostic Kit. The IN PROCESS annunciator (YELLOW) should
light for approximately 2 seconds,

3 Obuerve the three test nnnuncintors ns follows:

GREEN lamp only = “Pass”, go on to next test,

RED and YELLOW lnmps hoth = *Fail”, suspeet signal dropout detectar. Refer to the suggested
troubleshuoting sequence opposite the schematic diagram of the Ab Counter Assembly.

RED LAMP ONLY = "Fail", suspect counter clrcaitry, Refor tn the suggested troubleshooting
sequence opposile the schematie dingrnm of the Ab Counter Ansembly.

4, Press nny pushbutton switch to advance to the next portion, A digit will nppear on the display indicnting
the channel or channels upon which frequencies (greater than 1 Miz) are prosent. The chonnels are
relnted to the eounter bourd us follows:

1 — T1 front pnnel input
2 = T2 front panel input
3 — T1 rear panel input
4 — T2 rear panel input

h.  Any combination of these may be present, Typicolly if T1 and 1% quartz tempernture probes nre atinched
to the sensor oscillntors, nnd they are correctly cabled to the Ab Counter Assembly, the display will rend
1R,
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TEST NU¥BER: ¢

Asembly Under Tont:

A2 Preset/Oucillator Assembly

Explunation of Teat

This is 8 combined functionnl/dingnaatic test of the Preset partion of AL This test consists ef two parts:

1}

pil

Functionn) check of <C/°1° switch.

IMaplay of preset volues.

FFollowing the Paas/Fail indieation ns displayed on the test annuncintors on the Disgnoate Kit, the software
counes the micraproceasor o exercise the vircoft under teat. This occurs regardlesn of the test results, allowing
the service technicinon to use the HI* AN4A to Juocate foully signntures,

The test may be repented hy pressiag the RESET pushbutton on the Dingnoatic Kit.

Pracedure:

b,

824

Seleet Test 6" on the thumbwheel selector awiteh of the Diagnontic Kit,
Presn the RESET pushbutton an the Diagnostic Kit,
Obacrve the three test ennuncintors ns followve:
GREEN Inmp only = "Puss”, go an te step 4,
RED Inmp only = “Fuil", suspect bnd preset circultry. Refer to the suggested troubleahooting

gequence apporite Lthe schematie disgram of the A2 Preset/Oucillotor Assembly,

Ohserve the instrument disglny nnd compare the numerical values to the thumbwheel settings of the front
panel, These muat be in ngreement.

Record the settings of the front ponel thumbwheel switches for use nfier this test. Rotate ench thumbwheel
awitch through ity range nnd compnre the digits to the displayed value.

Fur signoture analysis testing, set T1 switches to D66, nnd T2 awitches to )78,
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TEST NUMBER: 7

Awnembly Under Test

A6 Annlog Qutput Assembly

Explanation of Teat:

Thin is n combined ealibration/ functional /dingnoatic test of the A8 Annlog Guiput Assembly. This test consista
of three parta:

b
2)

8]

0V calibration,
OV — full senle enlihration,

Rump gencration for linearity, noine or "glitch” eviuntion,

The Leat results must be interpreted uning external equipment.

Additionn]l Test Equipment Required:

9
2)

Procedure:

8,

1C Digital Voltmeter

Uddiiioscope

Connect DC DVM and ascilloscape tn parallel} to ANALOG QUT jncks on 2H04A rear ponel. Set DC
DVM to 10V range. Set 2804A front pnnel ANALOG QUTPUT slide switeh *o 0V CAL position.

Select Teat 7" on the thumbwheel selector switch of the Dingnestic Kit

Prean the RESET pushhutton on the Dingnostic Kit. The YELLOW annunciator will light and remain lit.
Ohserve DC DVM. Adjust AGRB ZERQ ADJUST patentiometer for DC DVM reading of 0.000 .00 Ve,
Set 2B04A front panel ANALOG QUTPUT slide switch te 10V CAL position.

Observe DC DVM. Adjust AGRE FULL-SCALE ADJUST potentiometer for DC DVM reading of +10.000
+,001 Ve

Set 2B04A front punel ANALOG OQUTPUT alide switch to OPernte NORMAL position. Qbserve
oseilluscope waveform;

| | = 20 48
| ja— = 33 mS

Failure of any test can be further dingnosed by selecting OPerate NORMAL to exerciue the digital portion
of the AG Arsembly. Refer tu the suggested troubleshooting sequence oppasite the schematic dingram of
the AG Anui » Qutput Assembly.

i et Fe s W g VY s e AR E Badt P S SRR R e et e w2 S e
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TEST NUMBER: 8

Assembly Under Toest: .
AT U Interfoce Ansembly

Frplanation of Test:

Thin is 0 eompined functional/dingnostic test of the A7 P Interface Assembly. Teat results nre displuyed an
n serfes of Hecodes on the ZEOMA displny combined with the test nnnuncistors an the Dingnostic (it

Following the Pnss/Fail indieation ns displayed on the test annunciators nmd the instrument display, the
softwire cnuses the microprocessor o exercise the circuit under test. This occurs regardless of the test rosults,
ntlowing the gervice technicinn to wse the HE HOMA to loeate faulty signatures.

The test may he repentod by pressing the RESE'T pushbutton on the Disgnostic Kit.

Procedure:

1. Seleet Test "B on the thumhwheel welector switch of the Diegnustic Kit.

fan

Pross the RESET pushbuttan on the Dingnostie Kit.

Ohserve the three test annuncintors os follows:

GHEEN lamp only = “DPoas”, go on 1o next test.
RED lamp only = “Foil”, error codes a8 follows:

-1 = Option not inswnlled or cireaitry fajled gross fanctional teat,
H-2 = FI'G teat foils on slave procensor,

i3 = Group-ExeeuteTyigger tGET) fojla to clear Gip-flop. .

H = GET fails to sot Nip-flop.

Refer to the suggested troubleshooting sequence opposite the sehomatic dingram of the A7 HPIB
Interfnce Assembly.

4. Preas sny pushbutton switeh to ndvance 19 the next portion,

h, The settings of the rocker switches on the AT Assembly nre shown  » the "ont panel display. NOTE:
There is one "don't eare” switeh, whose position is hlanked in the Jdisply. .

6. The test may be restarted at nny point by pressing the RESET pushbutton on the Diognostic Kit,

B-26
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TEST NUMBELL 0
Ansembly Under Teat:
A Microprocessur Assemhly
Explanntion of Test:
This teats the interrupt processing enpnbility of the A Microprocessor Ansembly. No signature nnndyabs
enprbilities nre utilized. The PosasIail indleation s displayed only with the test pnbunciators an the
Diagnaatic Kit.
Procedure:
1. Seleet Teat """ on the thumhwheel selector switeh of the Disgnostic Kit.
2. Press the RESET pushbutton on the Dingnuostic Kit.
4. Olwerve the throe test nnnuncintors us follows:
IREEN fnmp unly = "Pass’.
RED lnmp only < “Fail", Check the 1R(} line to the microprocessar wtuck nt logie “1". Ensure

program ROM (s installed. Poasible defective microprocessor,

4. Upon completion of Test ), the instrument display should rend "HE 2804A".
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Figure B-4, Replaceable Assembly Locator
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Table 8.3, Geaeral Schematie Notes

1. Companent vilues o f s ab loHows ynoess oihienwise noaleg:

Hositance in alwns,
Lapaciance in nicrlgrmty,
Srfuctance i millibeprys,

2. PO - pare ol
1 Uanates wite cotor: Color cele ame as reanntor color code, Fint numbier
.
CD idenii ey bare cotor, wcomd aumbicr Ijgondies wide strip, thind numbhe

uienl ex navdw M fag., 974 denates white bote, redwiide ding,
veliow narrow stiph,

. A e Screwadriver adjustinen)

b, e —ni—ucacm— Ty} prosnt. (Tl peinty shown in this way are gold ploted male pios |
s Tt point. {Test puians shown i thiy way are acoepible a1 the PC Baand
tungue connecior yking a service exiemder haard |
0, mme— - — PC basrd auembly sulhine.
—_—— — Circuit slage uwrline
- Other ssvembly outling. Alww used to indicate mechanical intercannection
fyangingl.
T Clreuit ciunmun,
1] [:I Denates frant ponel marking o
o Wavelorn ond ac voltage measuramants wete maode with tagiect fu citcull —_
common ysing an oscilipicope, The vollage levely shown on the wavelonmy E‘_
| I | | are oclunl voltage lewds ard are not to he confused with osclliownpe =
1etting. The vailage tevels shown are pomingl and may vary lrom one -
instrument to another, A variation ol 110% should ba ullowed. -
10, +203v DC woltoge levels ware measured witly tesgect 1o cucwit eommoan uing @ -
VTVM with 10 megohm ot impedance. The voltoge tevels shown are -
nominal anmd may vary bram one instruiment o anoiber. A vy lution of —
10% shauld be ollowed,
1 AIBNY Relerence devgnations  Partial teleience designations are shown. Melia —
with ossembily desgnation for complete reterence Sex fallowing rawing =
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HP 2HO4A

AL IISPLAY ASHEMBLY

The Al Ansemibly conslsts of twa sub-assemblies = the ATAT Displne  5wite Board and the ATA2 Display
Driver Board, The seven-segment displays and front panuel switehes sre loeated on ATAT; U logie eireoitry
needed o decode the Information to be displayed is located on ATAZ.

The A1 Display Assembly performs two basle funetions:
a.  Updates the displayed information
b,  Recoven switeh statua data from front panel swilehes

Wihen the A3 MPU/Mme Base Assembly geaerates o nononosskable interrapt (NMI} signal, an interrupt
service routine operating at 1 kHz updates the displays apd seans the front panel switches, One digit sl o
time s refreshed. As long as data Is sent at aboul o 1 kH2 rate, retriggerable one shot UG allows digit-select
dota in registers UG and U7 ta ronain stored. I the display (s not refreshed at 1 k2, U will time out,
which reeets UG amd U7, and blanks the display.

Seven-segment infornmtion s stored in registers US and U, There are eight, seven-segment displays; seven
are used for numeriem temperature dota, and the eighth ts used for "C or “F indieation, A ninth line
contrals seven of the ten wnnunciators; the emaining sonunelators are controlled ny unused segments of
the °Ci°F digit. The talle below Nustiates how this Is accamplished:

SIGNAL D51-D87 1358 and Annuncialors Annunciators
SA-H Segment A DSH  Segment A D11 LISTEN
sB-1 Segment B D512 TURVICE DS10 TALK
5C-H Segment C D512 DATA HOLD Ds14 T1
S-H Segment D D58 Segment D D515 T2
Sk-H Segmoent I DS Segment E DSI6G TIT2
SK-H Segiment F D58 Segment I 1517 LOW
5G:H Segment G D58 Segment G nsig MED
snp-n Decimal Point D58 REMOTE D519 HIGH

UL1 and UL2 buffer front panel switeh information into te instrument data bus, The instrument address
hus sends control stgnols through nddress decoder U0 which enable the segment and digit reglsters to
update the display.

TROUBLESHOOTING/REPAIR

To use the table of signatures which folloviw, the information and instructions of paragraphs 8-80 through
802 and subsequent tests must have directeu you to this negembly. Since the tests of paragraph 892
proceed from Teat 0 through Test 9 in sequonce, do nat proceed to a particular asgembly unless directed by

instructions of Teat 9 through Test 9.

If the Dingnustic Kit Test Curd is suspect, refer to (ts Operating Note, HP Part Number 18109-80002 for
Leat information,

Following repair, repent the tests of parograph B.52.
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HI 2804A

NOTE 1: Recommended arder of perfarming each test 15 as folinws: {1) Set LINE switch 1o STANDBY, (2) select
Test number an Dtagnostic Kit, (3) set LINE switch to ON, and {4) push RESET switch on Diagnoshic Kit.

NOTE 2: A clocking pulse with the same signature as the *4¥ relerence means a ler.ding edge triggered clack.
A clocking pulse with a 0000 signature means a traiing edge tnggered cleck. It 1s narmal ¢ the G004A
Signature Analyrer wlerchanges these two signatures.

* = Vgllage Level
+6V Relerence Signature: PB36

A1A2UD  Pin ' PBIG” B CFP3 ALA2UB Pint PBIG* 9 J50A
2 UNST 9 UNST 2 4640 10 2766

J 7663 10 77CA 3 APFG 11 FUC3

4 00ug* 11 PB3G* 4 HFA3 12 AP

6 JUuC 12 H1A4 6 AG2] 13 PPO7

6 UNST 13 UNST G 194C 14 IPC?

1 UNST 14 Qgoo* 7 UITH 16 HGA1

B 0000° 16 PRIG*

A1A2U2 P 1 PBIG' 8 0000’

CH73 16 QCHC
0000°* 16 PBIG"

2 UNST 8 UNST A1A2U9  Pin) PB3G* 9 J60A
3 HIA2 10 PBBF 2 9704 10 76H8
4 0000° 11 PB3G* 3 a2 11 gHPP
b 002F 12 3A4b 4 188G 12 3077
G UNST 13 UNST B QUA?2 13 CGe2
7 PB3G* 14 0000° G bb4b 14 PIPH

7

B

ATA2U3 - Segment Driver

A1A2U4 — Segmant Driver AVLAULD Pin

1 H3&s? g PR3G’

A1A2UG6  Pin 1 0000° 8 0000" 2 gBAF 10 PB3G’
2 360A 10 PBIG 3 874¢C 11 PB3G’
3 PBIG® 11 26A3 4 HOUC 12 PRIG’

4 P36 12 FPGH 5 OUYA 13 CA43

b 26A3 13 0000 6 671F 14 APAG

G 0000° 14 0000° 1 26A3 16 350A
7 00oo* 16 0000° B 00Q0* 16 PB3G"

8 0000° 16 PB3G" AV1A2U1T Pin1 P83G* 9 €682
AVTA2UG  Pin1 26A3 8 CA43 2 PB3G* 10 0000°
2 aUuc 10 H1A4 3 4P2y 11 3077
3 €682 11 1886 4 0000* 12 0000°

4 3077 12 77C4 B PPO?7 13 1886

6 CFP3 13 PPO7 G PgIG* 14 0000*

6 QUA2 14 0000* 7 QUAZ 16 PB36’

7 7663 16 0000° 8 0000" 16 PB3G*

8 Quoo™ 16 Page’ A1A2U12 Pin1 26A3 0 1886

A1A2UT  Pin1 26A3 9 4AP46 2 PB3G* 10 P836*
2 992F 10 PBBF 3 QUAZ 11 AG23

3 711A 11 00CA 4 PB36* 12 P836G’

4 1886 12 3077 b PPO7 13 HFA3

5 QUA2 13 CG82 G P83G" 14 P8IG"

6 H273 14 3184 7 AP2U 16 26A3

8 0000" 16 PB3G*

7 JAdB 16 H7A2
8 0000° 16 PB36*

Service

B-31

[ A LT ol

e e EiE i

LN Wi




) Jut 20
0068000000000 0000000 0
Iuspl .N gHi0d B0
] ATHE 1Y
»
D51 bs2 053 D54 D55 D, os? D5y b5 o
[
ISPLAY BWETCH
ost] W
52 51 5 &6
3T 0s16 D5ta o517 D5t4 DS1Y 57 st
09000080000
) 2 10 |

ey



Bervice

7111838
LETE 7Y . ——_— —_— — e o
AL LISPUAY/EWITOM ASSENMPLY (D/C GEHOA-6GQLIQ, st LS 1idh) — _—— —_— _—— =
UEI;” { 1} l;
JR _®_.-.- =
i : e e ae
f Bl (69 )
; R VY % Wi i N Ay S
!
. 089 v riiigs "
b % [Ftws L]
: ' SOOI UV Y ) S put __,.i
PO A1A7 L
OJErLAY FHIVIK f ns1e [
LL L_LI | e rmaw@—(/
R o ; - JRSS U Y SR S S — —_——— T I
Ty, ArAlauy POl } . . F ' i _!__}DEI'}:" T/ |
bl 0 e | ! | b MEGN
] - 1
. :"0 o O_t!': ; 8G-1 1 . ’ 3 ) " L ;
1 1 | gf . bt r — -1
o 1 ot Tty ' I I - _'-’;T -
g 1 17 VELn v r r,
N BLeY B T 0?1 r T . R et 'r,.w b e
iy ! g ! sbon ’ P 1 ! 1 !
1 0 1 AL 1 . | i e
H L
'y ! rolEcen | :
1 © LA R ¢ ' I N 5 - SIS N 4h'\_.la i
| ! t, ; P ;g}-q 1 T 1 I T 1 H !
1 B ) 7 7 o i & +—+ Y
i ¥
| . ‘
I : ﬂo ; . 0!1 '51 " . . [ CER | i E ) . : —_ [[1] 5;
‘ ' ' 051 ns? Ll ve Pl Pt L
, I . o o f i e Pyt e by AL | '
' ' e l At . nie . 0y _* e L l e ‘ i
. 1 ] 13 [ I (] . Sk J 0 { l 10 ) i 3 i
! [ 0 t |01 l o0 . ! N S ! ¥ B
' ' X e i l ate | e'r| ln s '| ¥ . e FlgiF i e | ¢ 18 '
| 1 | { L r'Il! _Hi'l’ ¢ | ¥ 11 [ R C 7 Y, \ 'y (¢ i |
1 ' i 14 L : e - It t TF e [ 7 1 I i | .
| ' ‘ Al it 7 t i c et I ¢ e ! D | ! y 5! a i
! ‘ ! ale ol aly e . Ny " ol "qp ) "'é A TR it ! b# oF » t
1 1 1 v ' era L ' ne e L e ree ® 1 CP Rt e Catr | l (B CAtH ;
e H b CalH g ¥ Y17 LA - - i
‘ ! I Chln N !4 4 l 14 i
U ! of Uk " [" | ' |
a . . ! ! |
L] 1 I . J i
LN R PR S l | ‘ | !
[ LN ! oln:(m?'l I i ‘ |
1 . 19 sk |
fyy ! 18 sy i 3 i
1o T Lol S | | | |
' LN ! o'F L e ! ! : |
L 7N T LA L ! ;
'
t o, |r Ion_n :_DEE 1 ! ;
: ) i
! ! ERNIETS ! | .
-Y"‘DO ' 0.‘" o l ! J CitFLAY CRIvER
! “’o[ ! PRI ] w
r ) v B o e e = % At et e e+~ T e
C
SN ' o' F it CTTY 30 G L. BeR s
” : ! : ! ! DaCSs-L 6. | ataiouz 9
10 ) ) — L o
ol B oty 2 [tm ov] oelea Gelsd  r el | rO.L.O a- s 1 5 !
(18] | DACA-L
| ! i lEpta \} b b . i a o o e N B T b
vlof - ot TR A R [es by) o o 4 o o o o N . | o
1 t 7 rutz-t W ['7] [rihftk;"ﬂ-'::ﬂ i l ! o paCR-L o r— -0t
-1 %o 1o -]t T S L o [ea 10v] v o t ¢ o o o ! OACE-L ? ! r
I |3 1 IR e e ala b T l o o o S %o T o—
e o B o] [k ] b0 O a : -~ i . ‘ .
t IXTSET L S T I e [ce "{ L X b —a t 2ty t o7
e Nt T fun) - (SO SE RN A B A v U R S I
! ' LR e e { KisoLutyon | ' \/ > - TR TR LYY
? : MOk e 56 ! / T
—r-to ——r—-[z-~-r— - 2 [ i 0f) - DFie
i ! : - . . - Ut - w2
— ’ol 1 G T4 SN ao . | I L ;I -
| | V. L [ _
‘ J

igure 8-5, A1AL Display Switch Assembly
8-33/8-34

pr— e "
. by 4a Sy i b e N e o S .




ahD

07804 G0d )
AVTAA 38

'H’I I'PJ-Q-.Q

1P) 1P4

.Q.

yin

i

...0................

Fi

U > Uy yy

19],] ul HH ? (¥}
e >
]

AN

NN

ur?

[}

ng

]

1] I 1]

0000000400

ny—

Yiosw




| || I Hihh.“i‘h””uHl“n I||\|j“\|”\ ol L oSl b bl il v it sl Ui D b 1w ok Gl ks Rl b bl ol oot CRIthl, 0 1 ol b e 0 b b ke BRI 50 o, Al 0 i eidud | IR T 1 [ [T { | I [N T i [ ' N LS Rl
1.t
I L —
Serviee o
ALAZ DTEFCAY [ hiwr e ALEIRELY (0 /C Q7NGA GGG vy A, rolaan
1164p — — — ! e - —— -t f— pmmama i — re— E— e — ————— — ——
1z ] - gt et
CIGIVAL - T - AR UG Ry, - 1 —
[ BRI AT 1 é) ! : . SNV T rEv 1
] Y K ko
"Ry "th * [ [ 4 [ 4 + I,lc‘l ) _*“‘_\"“ - . ;(q ¥
; Ry TR I A . . .
' } ) én. LM Gin oy, X L - ) ‘
Libt DIEEUAY/RYETEN o 5 .3 H o b W] Il‘ A we Y . P ‘(:e. Aihr DIEF)AY/ERITCH
T Y L oo e B v oy -
] 4 L4 B & ' 1 i
] by L [3 UEf o 4 Aohryy ]
LY1¢ 0 ““r“"s ] ! ¢ ' + i i | LLAL A Y <) » v"' i L "" ] g o - LA {>n} . - L3 SN, SN - r' Q-
\ o . ) :
' ! ' ' b . ¥ e iy \ ©
- L N ot oo i e NN , ¢ ‘ [1321 I Wk i b0 | . R e .. e s [ S N - o
| | E LN - ' ' s i i 7 ! I ¢
L ‘o r ot o s U v a v i v} t';' i -t;n: . - + {>n|f - I pol oy Q-
! ' oot . C g ‘ o t s ¢ SAg it : N
SR %y T . [o" - o a4 M s ha p ! i Y Iy I g P " -9 P .- e s e o BFLE - o'
' ! } v o ) I
' r . . ! L 8 L \ o
LRp b 133 T 0§ » ' LRUd . ' a N - 14 M (" + ! e 0 - 7 . {;’:,0‘ > . . . . . e e e me e e R )2 VI ' o
! ] N : t . [ '
WA Yo M |O" . s RN [N | » [ L ] e hi e f)() i h{ '
| [ o 1! ' Ny N ' Ve - | ' I I
v tr ¢ v & v . ' L * e } ' 0
A SRS S s '\:/H e P ) T . '\') ‘ - [___90 v o 1
Y > . . 3 i
, l T 24 b il te o \VJ \/ ~ I Vs |
| . 1
L NP B " ! _‘ g s\ o @ 't .
B o . “,"T‘“',‘ o R T T T S *ro ' i ‘1/‘:) o ! b y 9 ¢ "y, I
. | . a " : . LB R 1 W )
vz f o . of , P N R , e N Il < T~y i & (¥ A g <t ! :
t ! Vo - Y ag [
' ' : & P : .o . ' ‘
s Yol . ol s e My P! a > " LR S - . b ’ PTLSTR '
. . et | | IP DA B N e + - T x} - - RS TG oy e O
K + o rkisug N 1 i . . (R TN , s a ‘\‘_) i ! Le ! ; | . ) \ i
= ' I v ! } LN S L L ¢ o, D,) 4 pEt 1wy , o't
. ' . * [ T ) ' ) ) ’ —
& ‘o 1 o’ o ey ‘ a > R ! T v " pét o ! Fo I
. ' [ , v IR N er ! } L DY 4 3 v {>-) . - - o-{-- PR Qi
O y o’ . Lo toda o v 1 e ! i n . angL oyt ‘
S — P [ : - : . - * Qg e e -
B _h Fab Vo LK W0, : St e ! [>‘° v 2
I r- :! P ‘ ; \:}I‘ . LN {>) r ni '
LB 4 t1 Wi MIRGF - Ll I .
Ibr-l_ﬂ( '; : l'l : :r ; , ?_}‘El A | i " ; . .é ¥ . by, L ) I .\/, o I P L . .*“ D , | l —
BTN G Y oo 1 1 2y Lt TG i Do ! T Lmat L ' ro — SLGMLRT LRIVERS - ' -
t R SREDE ; b vy AT N TR L : e : ! ! [ 1 .
Psow oy '1\)‘>r v row e o L : ' ; i \ A v, ‘
[r\'!l(r l'r)!“)[ 1 t < 0 r‘: N i ?ﬁ }.gf : ) ;{ —_
TGy 1;3"‘)1 1 A ; 1 *y : T ' —
Ir<!!(r IR EI A ! S T I G f ’ | v ‘ 10 —
,i;u.- . - 1?3‘\’ roo t (;4(],& s K | i { : %k“ "y, g . ? . -
1 1 ' 1 i v 1 L : ‘ Wk e ' R 1 i H ' =
v h\]"r t ot 2 > LR I S | ’ shiprtineaay i Y ! s v ! i oo o . By - BF 0 g L ol -
Beearl bignsn 0o g ? 1 AR S A I : S | —
v ¢ 1 g 1 L Y o< rdp 4 : i K \/ 6 ! [P [ )
I LN G B O ,;e}, 1 ¢ < B € g 4 i ‘ . : ' 1;;5[ . s oy y - , , —
1 4 d gy SED I 1 y <A I ! oo ; : o ' - N ‘ e - W Ny + o't
T s PEC gy ;%:a 1 1 1 iR : Do ‘ : P B¢ - < ety . . —
I Q-1 I ) -t -] ] 1 1 ey b : e oy . Iy } 1o R —
$h g tore ) 1 1 < wd ‘ ¢ ' f i ‘ 1'-1‘( o Y o \ —
A . Nt ~ [ &F - —_—
o | l ! ' ' ; K _{ r SELI B 0 . Jrka L e~ R ' o ‘
t 1 [ 1 ' ; i },: 3 ! ‘ TS [N ‘
FiG RS FRCL ' ' ' ' : ; o e : . ’l‘( " - s Jﬁf ' : e : —
pr— "l ] | . | ' | | - | . . - { , \
. I ' ' 1 . ; I ; i i JFE . e . . . B . st g 4 lo'E ’
¥ ;‘! > B LIS T 1 € EK ':ips e - - i | +5 4l A ) -: ! \[; - F ko . ) :‘:‘: <@ . |° I o
R IRT IS ' )'Egr ' o<y ; ! . ; | o . ! 1€ .
tg"-‘;'r"' r‘)"“)’t' 1 1 2'?3:"1',_ ; ‘ i i ‘ | . . [ Y
Ty e oy vy 1 t ' L } i CTUI @ v 32 !
Syt T L it L L LT S Y ﬁ AULBES S i ] ' t i 1 L 4 \ =
DRI Sr DRI 1 v LAt GHOCLE b ] B i ; ‘ L roac ) e
LR ; SRR o A ol S B R A LN T J "y Ny : ! ; ' ] e [ ! LiE I _—
r Yo S, vy 7o g . v < d gy . Y ! . g ] e . . . ' ' -
I BRI 1 1] T T LR B s ) At " ' i : F"; o b + "fo ! L4 . e e e ¥
P g‘ri TN LS BRI wlton ' ! i S ) i o ' s 5 it ‘
I R R wlo a o] RV B .
I 1 I o 1 1 ' <k Y . trty vyt sy r ) S . T i i 13 ) o ’:‘:' T- r\k l '
P A 1 R i ¥ ' i Y R - 4 T R A SR ) o t X ¢ ) L oL S LY 5:;(3 ! by e - e - B st O EF e TR
R R AT R e SO B LI o ceectps Lty et s het b obsit ' o t ; Ly kg T e - ’ ! - Hen X
‘ R TS LI N 17210 > t T <y e b r - . T ‘ . ! - ¥ 2t i e :
| | \ 1 ( [ [ . 3 o L1 4 LY cr L v =N - T \ ) |
i ' | ' : ' : i el 100¢+ ‘CK o ana Kot . o e I RU DR ot
1 i 1 ' ' I 1 1 : ‘' el : e [ 1 {‘B ety 3 E it If A _ 710 ! 119 Fi% t I I
( t ! ! ‘ ! ! ; o ' ! 1 SEGNENT 5 1 g1 ' e l =
I ' | . ' ¢ LS X b AL S ’ ' n 2one _ N IS . S - L« [:‘f-lgi‘!i titc A A . "'r“‘( | ' X
—_Lby g bk by bl b g EIE BOCnS [ | L EWS [ Rig , L gEa-v R N B _
N (e e ‘e L0 e PR 2150 \ e A e e e e == e —_—
- L - AV VA ! \/ ! Lol K70 C
. AL T TR 1% - _—
_— — —_ —_— ! —— —_ —_—— N —
-
Figure B-6. A1A2 Display Driver Assembly
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A2 OSCILLATORPIESEE ARSEMBLY

The A2 Assembly provides two sensor oscilistors (one for each channel) for the guartz temperature probes,
the “CF wwitel, and aix 10-dight Dumbwhes) switehes (Liree foreacls channel} to eompensate for quarts,
probe aging. The thumbwheel switehes are useradjusted during a temperature reference adjustinent,

Switches 8183 are cannected 1o multiplexers U2 and U4 il swilehes 54.86 are connected Lo multiplexers
U3 and Ub, The "7 switeh is conpeeted Lo U, The mubtiplexers have threestate outputls connected
direelly o the tnstrument data s, Address lines A2, A3 and Valid Input/Output (VICG-L} through address
decader U1 generate the low enable strobe signal for each multiplexer, Address Hines A1 and Al seteed dats
ypuis from the thumbwheel switehes and the "Cr*F seloct switeh as follows:

ADDRESS LINES U2.ub TN N—
Al AD INPUT PORTS SWITCI OUTPUTS
0 0 ] 51/54 ouiputs
0 1 | S52/50 outpuls
1 0 ] 53/56 oulpuls
] 1 3 011 swlich

LC sensor osclllators Q3 and Q4 are frequency-contrmlled by the quartz temperature probe (when
connected), The oscillstor outpuls ore routed through broad-tuned RIY ampldifier/buffers Q1 and (32 to
output copnectors J1 and J2, Conxinl cables corry thie 28 Mz RI to the Ab Counter Assembly,

The AD Assembly provides the operating voltage for the sensor osciliators vin the same coaxinl cables
carrying the 28 Mz RE. Awssuming the quorty temperatine probes are conneeted, Lhe sensor oseillators will
coblinue Lo oseillate even 1 the front panel LINE switeh is In STANDBY position,

TROUBLESHOOTING/REPAIR
T une the tnble of signaturea which follows, the information ond instructions of paragraphs 850 through
R84 and subsequent teats muast have directed you to this assembly. Since the tests of paragraph B892

proceed from Test 0 through Tent 3 in wequence, do not proceed to n particulnr assembly unless directed hy
instructions of Test O through Test 8.

If the Dingnostic Kit Test Cord is suspect, refer W its Opernting Note, HP Part Number [8108:80002 for
teat information.

Following repair, repent the tests of parngraph B0
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Service [T 2H04A

NOTE 1: Recommaended grder of performing each test is as follows: (1) Sel LINE swilch to STANDBY, (2) select
Test number on Diagnostic Kit, (3) sel LINE switch 1o ON, and (4) push RESET switch on Diagnostic Xl

NOTE 2: A clocking puise with the same signature as the +BY reference means a leading eoge triggered cinck
A clocking pulse with a 0000 signature means a tralling edge triggered ciock. 1t is normal if the 5004A
Signature Anaiyzer interchanges these lwo signatures.

NOTE 3: 2804A tront panel thumhbwheel seltings: T1.966, T2-178.
* a Vollage Level
+BY Relerence Signalure: 96F6

ress Diagnostic Kit RESET switch and HP 5004A data probe's RESET switch; then press any pushbutlon an
2B0AA frant panel.

Ut Pin 1 0900" 8 Gbbo U4 Pin 1 UIAG 8 70F)
2 0n0g* 8 UJAG 2 AB78 10 0000°
3 0000° 10 6FB4 3 gooo® 17 J8FG*
4 G660 1 uugc 4 0000* 12 96FG*
6 0000° 12 9GFG' 6 Q000" 13 0000°
G U3AG 13 0000° G 96FG" 14 7366
7 0000° 14 9GFG* 7 20A2 16 U3AG
8 0000° 16 BGF5°
U2  Pin | U3AG 8 CACA
2 AB78 10 BGFG® Us  Pin 1 UJAG 9 490A
3 ooao* 11 0009° 2 AB7B 10 9GFG*
4 0GFG* 12 Q000" 3 0000* 11 0000°
6 B6FG° 13 oooo* 4 O6GF6° 12 9GFG*
¢ 0000° 14 1366 6 gcoo* 13 0000*
1 2326 16 U3AB G 0000* 14 7366
8 0000° 16 86F6* 7 BHAP 16 U3AG
8 0000° 16 96FG*
U3l  Pin 1 U3AG 9 FAUF
2 AB7B 10 96F6°
3 0000° 11 96FG*
4 9GF6* 12 0000°
5 0000° 13 0000°
G 96FG" 14 7366
7 Heig 16 U3AG
¥ 0000* 16 9GF6*
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A2 OSCILLATOR/PRE-SET ASSEMBLY (02804.60021, SERIES 2428)
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Figure 8-7. A2 Oscillator/Preset Assembly
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HI® 2804A tervice

AJ MICROPROCESSORTIME BASE ASSEMBLY
The A Assemhly consists of five Tunctional hlocks:

0. Time hase generator

h,  Iestart cireuitry

e, Microprocessor snd surraunding elrenftry
d.  Clock genemator

0. Data-hus-enable clreuitry

The microprocessor requires a twa-phoae | Mz cloek for operation, Depending on the position of rear
panel INT/EXT switeh, multiplexer Y10 ehaoses from cither an internal TCXO, or an external frequency
standord,

The Internal Gre base beging with 10 MHz temperaturecompensated crystal oseillator {TCXQ) Y1, The
TCXO Is powered lrom independent +5Y and -5V sources, which keep power appiied even when the frant
panel LINE switeh [s in the STANDRY position. The 10 Mliz TCXO stghal Is divided by tn in counter
UBA, then applied Lo one input of multiplexer U10,

If an external 1 MHz Ume base is desired, it s connected Lo the rear punel EXT CLOCK jack J . The
extemal 1 M)z Is shaped and level-shifted through Qi and §4 and applied to muktiplexer U10,

The 1 M1z output of multiplexer U10 is appiled to o divide-by-100Q chain ta produce the frant panel
swilch-scan and display.refresh signals and system Uming for counter control elreuits, The divide-by-1000
chain is composed of counters USB and UBA/B and synchronizing Nip-Nops UGA/B. This 1 kHz signal
becomes the non-maskable interrupt {NMI) signal for the microprocessor,

Restart cireoit UBA is 0 200 mS one-shot multivibratar. The restart pulse b5 applied to the divide-by.1000
chain to provide o Ume delny hetween restart and the fimt NMI signal to nllow the progrsm to start over
pgain., Any measurements (b progress are restarted automatienlly to prevent any errors. The restarl pulse |5
triggered in one of lwo ways:

8.  When the front panel LINE swilch is sl to ON, the R6-CG delay as the +5V power supply
comes up Lo voltage gencrates o restart pulse,

b.  When the rear panel INT/EXT switch position is changed, it momentarily disconnccls the
graund from the Restart Request (RRQ-L) line, then grounds it again, which triggers U3A and
generates a restart pulse,

Three state buffersa UB and U13 allow bi-directionnl data transfer between microprocessor U7 and the
inctrument datn bua, The direction of data flow {s determined by the inverted Read/Write (R/W) pulae
from U7. To nllow signoture analysis troubleshooting with the Diagnostic Kit, shunt JU1 can be removed
to disconnect the data bus (for freerun test), Address huffers U11 and U2 allow microprocessor U7 to
control other instrument circuitry (vin oddress bus AG-A1G),

The clock genemlor Is compased of ULIAJE(F, U2, Q1 and Q2, This circuit |s basically a toggie Nip-flop
which changes the 1 MHz input signal into two, out-of-phase, non-overispping 1 MHBz clocks #1 and B2. The
propogation delsys of Ul and U2 ensure that ¢1 and §2 signals do not overisp. Q1 and Q2 sre level boosters
which ensure +6Y levels to microprocessar UT. The combinations of CR1/C11 and CR2/C12 ensure o fast
level change. The $2 clock at TTL levels Is lso applied to other circuitry through Inverter U4E,

Data-bus-enable oneshot U3B is a high stability 160 nS multivibrator, The trailing edge of clock @1 triggers

Uldn, which keeps data output from microprocessor U7 an the data bus for a minimum of 40 nS after the
trailing edge of clock §#2 goes low.
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Service H1' 2R04A

TROUBLESHOOTING/REPAIR

Tu uae the table of signatures which followa, the information and instructions of paragraphes 8-00 through w
802 nnd subrequent teats must have directed you Lo this nssembly, Since the tests of parngraph 8:42

proceed from Test 0 through Teal 1} in sequence, do not proceed o s particulnr nesembly unless directed Ly

inntructions of Test 0 through Test 0,

If the Disgnostic Kit Test Card is suspect, rofer to ity Operating Note, 1HE Unrt Number 18108-80002 (or
test information,

Following repuir, repent the tests of purngraph B892

NQTE 1: Recommended arder of performing each lest is as follows: (1) Sel LINE switch lo STANDBY, (2) select
Test number on Diagnastic Kit, (3) set LINE switch to ON, and (4) push RESET switch on Diagnostic Kit.

NOTE 2: A clocking pulse with the same signature ps the +5Y reference means a leading edge triggered cloc)
A clacking pulse with a 0000 signature means o lrailing edge triggered clock. It is narmal if the 5004A
Signature Analyzer interchanges these two signatures,

* = Voltage Level
+bY Relerence Signature: PB74

Ul Pin 1 PB74 B P874"* U4  Pin 1 0000° 0 Pe74
2 0000 8 0000" 2 0000 10 0000
3 Pa74" 10 P874 3 PE74* 11 0000
4 Qoo0° 11 0000 A Pg74 12 PB4
6 PB7A® 12 0000 6 0000 13 9201
6 Q000" 13 PB74 6 9291 14 7APB
7 0000° 14 PB74° 7 1APB 16 0000*
8 0000° iG P874"
U2  Pin 1 P874 8 PB74
2 0000 9 PB74 US Pin 1 UNST 9 UNST
3 Pe74 10 P874 2 0000 10 UNST
4 0000 11 0000 3 UNST 11 UNST
6 PE74° 12 PB74 4 UNST 12 UNST
6 PB74 13 PB74° 6 UNST 13 UNST
7 0000° 14 P74° 6 UNST 14 0000*
7 UNST 16 UNST :
U3 Pin ! 00C0" 9 P874 8 0000* 16 P874"
2 PB74° 10 P874°
3 rg74* 11 P874° U6  Pin 1 0000° 8 UNST
4 Pa74* 12 PB74 2 UNST B UNST
5 0000 13 0000° 3 PB74 10 P874°
G PB74 14 Pg74° 4 PgI4° 11 P87
7 0000° 16 0Q00° 6 0000° 12 UNST
8 0000" 16 Pg74° 6 P874° 13 PB74°
7 0000° 14 P74"
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YHO4 A Serview

U?r Pt 0O00° 21 0000° uio  Rin Y PO7A" 0 0000°
2 Pam’ 22 PB7A 2 Po74t 10 0000°
3 00u0 23 P31’ 3 PO74 11 goog’
4 Py7at 24 Pg1at 4 PB74 12 PG4
b PB4 26 ParA* 6 QoQo* 13 P
G PE74° 26 1A0C G Qooo°* 14 PB74°
7 00oo* 27 19ar 7 Qooo* 16 0000°
8 ror4’ 20 92HA4 8 QoQo° 1G PRA’
g8 AP 20 UUGY
10 G2IF 30 6UC) U1t Pin 1 Q000" 11 0860
11 767H 3 ALAA 2 GPAB 12 BGUA
12 0068 32 0802 3 APA 13 767H
13 GPAB 331 2033 4 TUFP 14 3060
14 FUFP 34 924 b BAIF 16 B2IF
16 30G0 36 0QQ0 G 3060 16 JUFP
16 BGUA 3G PB4 1 767H 17 A1PA
17 PABG 37 0000 8 asuAa 18 GPAD
10 €072 38 ra7a’ g 0868 19 Pg7a’
19 1H20 a8 oooo* 10 0000° 20 PR74"
20 92H1 A0 PB74"

U1z  Pin 1 0000° 11 PA74°

UB  Pin 1 7APH 112033 2 PASG 12 92H)
2 GUCH 12 2033 3 PB74 13 Pg74°
3 GUCH 13 9802 4 CO72 14 1H29
A4 ATAA 14 0802 6 PB74"* 16 PR74°
b AlA4 16 A1A4 6 1H29 1G CQ72
G 0802 16 A1Ad 7 PB74A" 17 P74
7 0802 17 GUCI 8 92H1 18 PASG
8 2U33 18 GUCY o P74° 19 PB74"
0 2033 19 7APG 10 0oga’ 20 PRI4A”
10 0000" 20 Pa74°

U13 Pin t 7APE 11 UUGY

Us  Pin 1 0000 B8 UNST 2 1A9C 12 UuUgy
2 Q000° 10 UNST 3 tA8C 13 92H4
1 PB4 It UNST 4 193p 14 92H4
4 PR74 12 PB4 6 193P 16 193P
& 0000 13 UNST G 97H4 16 193P
6 0000 14 0000* 7 92H4 17 1A8C
7 0000 16 UNST 8 Uusu 18 1A0C
B 0oo0* 16 PB74° g Uusuy 19 7APB

10 0000° 20 Pg14°
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A LEMORY ANSEMRBLY
The A4 Assembly consists of three functionnl Blocks:

" Midpess deeading
h,  Program ROM
e. "Seratehopad” RAMS

The address decoding cireuitry detects three dislinel bloeks of addresses aad provides control and enable
sipnals to other instrument clreuitery, The blacks eie as follows:

ac Adidreases 000 g Lo O00F g for Input/Output clreulitry
o Addrosses 0010 g to QOFF | for RAM U apd UR
o Addresser 700044 to TFFEy g Tor ROM U7

To see how Ui ahove eireaitey N into te overall istroment saftware structure, refer to Figoure Ad-1:

K8G-59681A Diagnastic Kl
Addrasses FOO0 16 to FFFF 5

UNUSED SPACE
Addrasses B000qg ta EFFF g

ROM U7
Addrossos 70009 10 7FFFqg

Calibration Modula #2
Addrasias 680045 to 6FFF 45

Calibration Madule #1
Addrasses 600015 10 67FF

Analog Gutput Optian
Addrossas 600015 to BFFF 5

HP-1B Optjon
Addressar 400045 10 4AFFF 46

UNUSED SPACE
Addrosses 010045 to IFFF4g

RAM UB
Addrasses 00004 to 0OFF ¢

BRAM U4
Addrosses 001045 to 007F

1/0 Clreultry
Addrusses 000045 to 000F g

Figure Ad.1, 2804A Saftware Map
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Gates ULTIC and U0 deteet the upper six address lines {A10-A156), When ALO-ALD are simultaneausly
fow, n Lower Addross Block (LAIH) signal Is generated, LAB-IE Is a partind chip select for 1LAMs U4 and
U, Gates UBASDR «nd UZA deteet address lines A4-AD, When A4-AD are simultaneously low, sn Invalid
TLAM Address (TRAMY signal bs generted, H address bits Ad-A1D are all simultanvously low, the NANDed
sighnl Valid RAM Disable ¢ viRI)-L) keeps dota from being Inputied to or outputted from IRAMs U4 and UH,
since they are not belng addressed, H the RAMs are being addressed, RAM page houndary is detected ab pin
11 of U4 and U, U4 responds to nddresses 00104 through 0071 6. UB responds to sddresses 00804 g
through 0011 .

Gates U10A and UBA detect address lines Ad through ALD heing simuitaneausty low, and the presence of
Valid Memory Address (VMACL and O2TTL-H clock signols. If these conditions are sallsfied, ULA
generates a Valid Dnput/Quiput (VIO.L) instruetion to other instrument elreuitry,

Gntes UL0B/H and UBB deteet address lines A12A14 When ALZAL4 are simultancously high, n Valid
ROM Addresas t(VROA-L) signal is generated, indicating that ROM U7 is being nddressed. Since nddresa
line ALB s not decoded, ROM U7 responds to nddresses 7XX X6 or FXXX1e tissuming DBUG-L line is
held high). DBUG.L {a used for troubleshoonting with the Disgnostic Kit, and nllows the Diagnastic Kit o
take over ng main memory, while allowing access 1o the programs stored in ROM U7,

U12 and UL ore bi-directionnl three-atate buffers which inolnte RAMs U4 nnd UK and ROM U7 from the
fnstrument datn bus, Data direetion is controlled by Bus Write Enable (BWE-L) and Bus Read Enable
tBRE-L) signals from UIC/D. WRITE means data fows from the micropr.cessor on the A3 Assembly to
RRAMa U4 or UR; READ menns datn Nows from RAMa U4 or US or ROM U7 o the microprocessor on Al

TROUBLESHOOTING/REPAIR

To use the table of signatures which follows, the informotien and Instructions of paragrapha 880 through
B2 und subsequent tests must have directed you to this nesembly. Since the testa ot parngraph 8-02
proceed from Test O through Test 9in sequence, do nut proceed to o particulnr sesembly unless directed by

inatroctions of Teat 0 through Test 8.

If the Diagnostie Kit Teat Card Is sunpect, refer to its Operating Note, HFP Part Number 18109:00002 {or
teat informution,

Following rep.mir, repent the léats of poragroph B-62,




HEP 2804A

NOTE 1! Reccn.mended arder af perfarming each tast 15 as fallows: (1) Set LINE switch 1o STANDBY, (2) select
Test number on Diagnostic Kit, (3) set LINE swilch 1o O, and (4) push RESET switch an Diagnostic Kit.

NOTE 2: A clocking pulse with the samae signature ns the +6Y reference means a lrading edge tnggered clack.
A clocuing pulse with a 0000 signature mensns a iraiing adge triggered clock. it 1s narmal il the BO04A

Signature Analyzer interchanges these two signalures.

* = Voltage Level

+BY Reference Signature LUCRE

V] Pin 1 1UCR*
7 PGQU
3 ua9ce?
4 U7
G PAGP
J 8¢9
7 nNooo*
U2 Pin 1 70UH
2 PAL2
3 BFHU
4 1ycp’
6 PABA
6 UbP2
1 0000°

]

10
"
12
13
14

8

9
10
LA
12
13
14

AFO1
449
ocey
H118
Heth]
65CB1
ucs’

HB1P
A367
AGPD
1367
6FHU
Ve
ucn’

U3 - NORMALLY EMPTY SFACE

Pin 1 PGOU
2 A324
3 PG29
4 bAUF
b 9060
G A3A7
1 FABG
8 AQAF
9 HGBH
10 "65H
11 HUFC
12 0000"°
U4  Pin 1 Q0OO°
2 HEBH
3 BGBH
4 HUFC
6 GP84
G AU26
71 BPPB
B HOBA
0 3628
10 HB1P
11 PGOU
12 UeP?

13
14
16
16
17
18
k]
20
21
22
23
24

13
14
16
1G
17
18
19
20
21
22
23
24

GPB4
AUZ6
BPRPB
HBBA
Jg28
UFB4
B26A
PAGP
[¥]ol: s
PPBU
P126
Jcae*

ABPY
PPEU
P726
14pPg
A324
PG29
B4UF
8060
B3A7
F406
AQAF
[V

UG

U6

u?

us

Pin

Pin

Pin

=T
=1

~ 8 O & L) A -

N o= DD~ LR — ~ Y 0T D W —

O ~NOO SR -

1§
12

ADPY
PABA
PABA
ABPB
4367

HB1P
0000°

PG20
Ad24
PGOU
P726
PPGU
PAY2
r000°*

PyOL
AJ24
PG29
bAUF
9060
BIA7
FA9G
AGAF
H68H
BGGH
HUFC
0000°*

goao*
HBBH
8GEH
HUFC
GPB4
ALU26
BPPB
HBGA
3G28
HB1P
uacy
UBP2

10
1
12
13
14

i0
1
12
13
14

13
14
16
16
17
18
19
20
Y3
22
23
pL

13
14
1
16
17
18
18
20
2
22
23
24

PAGP
AAOH
F746
PABA
7107
BFHU
ues*

0000°*
uca*
wucs*
tucs*
7O0UH
SAUF
es’

GPo4
AU26
BPP8
HOBA
3628
PIPF
B826A
PAGP
uca*®
PPBU
P726
uce*

ABPQ
PPBU
P726
44P9
A3
PG20
BAUF
8060
83A7
FAQG
AQAF
ycs’

Bervice
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ug

Ul

un

Pin

Pin

Pin

GFHU
4367

0oaqo*
QPEN
0%00°
OPEN
0000°*

1uca
P73P
PABA
uan
U652
F16
goag’

0000*
0000’
UAT?
9G0H

23HB

g8uUH
0goo*

10
11
12
13
L]

10
11
12
13
11

10
N
12
13
14

5330 w2 Pin
AFB ?
UF B4 3
P3IPF y
6CHI b
A4P9 G
ucs* 7
1
AOH 0
JFG- 10
yutl
AQPg U3 Pin
caa
aguUH
1ucg*

Uae?

P3PF

826A

il 1
ucg*

1uce*

1
2
3
4
G
CBAl ]
7
g
9
0

Hna
vigt
P2FY

4 ACBA

ACEY
BIAG
BIAG
A28
A120
Qooo’

H718
sraP
nPgp
rcs
PIC8
BEU3
Bou3
0AU2
0AU2
0000°*

1
12
13
11
¢]
16
17
]
18
20

R
12
13
14
1]
16
17
18
(R4
20

GPEA
G A
HUFC
HUFC
BGOHA
B6EH
HBBH
HBEH
6330
wcg*

36208
36z
HBGA
HOLA
oreg
BrPra
AU2G
AUZH
6339
uce*

ZHOIA
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AD COUNTLER ASSEMBLY
The AL Assembly consists of four functional IHocks:
n. RFinput cireuitry
b,  Control circuitry
e,  Counter chein
d.  Sensar signal dropaul detection

The RF Input section consists of four fdentienl efrcults which provide level-shifting, hmpedanee matehing
and de opernting voltage to the sensor oscillotors. A T1 input signal fram the sensor oseillator an the A2
Assembly enters via conxial cable at J1, Schmitt-trgger UL chonges the 28 MHz signnl into a TTL-level
square wave nnd spplies it to multiplexer U4, Filter network CL/LL/CE provides [solation between
oscillators cannecled to o common power supply voltege. T2 operation Is identlesl through ULC, The rear
panel T1 and T2 inpuls also operate the same, but they MUST be provided with a Model 18107 A External
Sensor Oscillator for each chonnel used,

Regulator U2 provides aperating voltage for all sensor oscillstors, For maximum stability, the sensor
oscillators will continue to oscillate (nssuming the quartz sensor probe is canhected) even § the front panel
LINE switch s In STANDBY position,

The cantrol clrcuitry consists of decoders UBA/B and synchronizing Nip-Nops UBA{B, The lower four
address bits (AQ through Ad) and the Valid Input/Qutput {VI10-L) contro) multiplexer U4 and counters Ub
end UG to moke a tempersture measurement, Assuming nddress Hnes A4 through Alb are simultaneously
low and A3 s high (A2 has no effect), Uie sequence I as follows:

a.  Address lines Al and AO change to @ 009 configuration. A "WRITE" instructior from the Al
Assembly geneates o Clear (CLR-L) signel from UBB, which resets counters Ub o & U6 to zero,

b. Address lines At and AQ change Lo a 11y configuration, generating a Select (SE' L} signal from
U8B, This nllows data bits DO, D1 and D2 to determine which sensor osciliator  select,

c, Address lines Al and AQ change to a 019 configumtion, generting a Coun « Arm (ARRM-L}
signal. The next 1 kilz TBG-N signal sends the ARM-L to multiplexer U4, wiauch ailows data Lo
pass through U4 and wlows counters Ub and UG Lo accumulate counts, The ARM.L signal to
multiplexer U4 becomes the " [requency gate”,

d,  After the specified mensurement period (.1 see, 1 sec or 10 see, determined % softwore Umer),
address lines Al and AO change to a 109 configurntion. This generates v Counter Disarm
(DARM-L) signal, The next 1 kHz TRG-H signal disables multiplexer U4, wereby cloing the
"frequency gate”. Counters Ub and UG stop accumulating and retain their information.

e, Presesler US contains the feast significant digit of the counter dats, UG is a six-decade counter
which occumulates the upper six significant digits. A “IEAD" instruction from the A3
Assembly, and the manipulation of sddress lines AQ, Al and A2, in conp netian with A3 high
and A4-Alb low, multiplexes data out of Ub and UG.

[, The “READ" instruction also ensbles three-state buflfers Uil A/ to send counter data to the
microprocessor on A3 vin the instrument data hus,

o R TR WS % v S s
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I a quartz sepsor probw Is coppeeted Lo the selected front panel input and that channel Is selected, one-shat
multivibrator UTA s continually retrggered. However, if no RF s Nowing through U4 tad UG (hecnuse the
quartz sensor probe s discannected), UTA will time out, generating o Nodnput (NINP-L} signal, The
Instrument software senses NINPWL and automatically chechs for a slgnal at the pear panel input. If no
quartz sensor probe andfor externnl sensor osclllstor s connected to the rear panel input either, U7A
cantinttes Lo generate an NINP-L stgnal, This will cause an error message on the disploy.

TROUBLESHOOTING/REPAIR

T une the table of signatures which follows, the informatian and instructions of paragraphs B-40 through
B2 and sulbwequent tests must have directed you to this nesembly. Since the tests of paragraph 8.92
praceed from Test O through Test 8 in sequence, do not proceed to n particulnr nsaembly unless direeted by
instructions of Teat 0 through Test 9.

If the Dingnoatic Kit Teat Card is sunpect, refer to its Opernting Note, HEP Part Number 18109-80002 for
teat information.

Fuollowing repnir, repent the tests of paragraph -84

NOTE L: Recommended order ol perfarming each lest1s as follows: (1) Sel LINE swilch to STANDBY, (2) select
Test number on Diagnostic Kit, (3} set LINE switch to ON, and (4) push RESET switch on Diagnostic Ku.

NOTE 2: A clocking pulse with the same signature as the +5V reference means a leading edge Inggered clock.
A clocking pulse with a 0000 signature means a trating edge triggered clock. 1115 narmal if the 5004A
Signature Analyzer interchanges these lwo signatures.

NOTE 3: All measurements taken with Caltbratton Madules removed and Quart? Probes disconnected.
* = Vollage Level
+BY Relerence Signature: 2754

U1 Pin 1 OPEN 8 0000* U4  Pin 1 0000° 9 APBU
2 2764' 9 OPEN 2 0000° 10 OH3P
3 0000° 10 2764° 3 0000° 11 C84C
4 2764° 11 0000" 4 0000 12 0000°
6 QPEN 12 2764° 6 P203 13 2764°
6 0000° 13 OPEN G F667 14 QPEN
7 0000° 14 2764° 7 U836 16 2764

U2 - Voltage Regulator § 0000 16 2784

U En127est 9 2FC) T A 9 reee
3 921U 11 BIHC 4 0000" 1 0000"
4 8U79 12 9014 6 GAUP 12 24H1
6 Hu12 13 0000 6 G4UP 13 0A22
G 2A8A 14 2764° 7 0000° 14 2764°
7 OH3P 16 0000°
8 0000* 16 2764




2H04A

UG

u?

us

Uo

Pin

Pin

Pin

Pin

~ O O & ) R = O~ D0 > LA — 3~ 00 &= LN —

0O~ LA —

POOG

0HGC
ooao’
0000*
0000*
2764°
OPEN
1H36

0ooo*
0385
2764°
gu93
2764 °
6o00*
QPEN
goog*

uoio
oooo*
0ogo*
HBHF
2F3C
ocGuU
00ao*

UG7A
Q180
G852
2764°
2HO4
2754
UF2A
0000°*

]
10
"
12
13
14
16
16

10
1
12
13
14
16
16

10
1
12
13
14

10
"
12
13
14
16
16

crup
UA4g
H76
0aoo’
27647
0316
8097
FUM

2764°
2764°
2754°
gooo’
CBF?

0000°
0000"
2764°

ugas
HPG1

2754°
HPH3
2F3C
2764°
2764°

2FC7
uaIn
HBHF
0A22
BCAA
HHIH
2H04
2764°

u1Q

urt

ui2

Pin

Pin

Pin

~ D S L N —

OO Em~NO D S N —

-~ O LR —

BCAA
cFup
JAGY

1130

UF2A
HCTI?
0000*

UF7A
2441
CHI"
CaFA
901H
1F2C
HU12
GAUP
BU79
0000”

CFup
aua3
OPEN
HC?P
1H36
BO97
ocoo*

10
1
12
13
14

1
12
11
14
16
16
17
18
19
20

10
1
12
13
14

UAAQ
HH1H
H76
aA22
Q306
24H)
2764°

Hoa?
AABA
FU3A
PRC?
P99G
21AR
OHGC
1388
HCIP
2764°

0oog*
2764°
2764°
OPEN
2164°
2764°
2764°

surviee

B-bb
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e I 2H04A Nervice
s AG DIGITALTO-ANALOG CONVERTER ASSEMBLY
. The A6 Assembly converls digital information on the instrument data bus to sn anadog voltage avallable at

rear panel jacks J2 and L3 Any three consecutive digits of the seven ane front panel seleetabte. Analoy
output voltage |s from 0.J0 Ydce to +8.08 Vde,
na
Binary data Is [npulted to AG from the Instrsment dela bus in two consecutlve dota words, Address decader
UB clocks law-arder bits (D0-Db) into data Inteh UG by n Low Half Wrte (LHW.L) pulse, The high-order
bits (DG6-D8) are clocked Into data lateyy, UB at the same instant that the Jow.order bits [y UG are transferred
to U4, The high-order bits are transferred by o High Half Write (HHW.L) pulse. All ten binary bits appear
- smultancously sl the Input to DJA Converter U3, If data lateh U4 were not present, hits DO-DG would
ot appesr at the lnput to Ud severs! miermoseconds hefore hits 6. D9 would arrive, This would eause o “glitel”

. at the DA Converter outpul as the dals was updeted,

The DJA Converter output voltage is detennined by o reststor internal to U3 in conjunction with It3 and
b6, Full Bcale Adjust potentiometer R allows output voltage to be set 1o +10.00 Vde with frant ponel

. ANALOG QUTPUT switch in the CAL 10V pasition, Zero Adjust potentiometer RB allows autput vollage
y to be sot to exactly zero volts in the CAL GV position,
Fil
' Voltage regulator U2 provides o reguloted +13.6 Vde for D/A Converter UL, The +13.6 Vde ensures that
current amplifier Ul can reach +10V with lueds as jow as 10K ohms, Connector J1 is for future use. it
a extends the bus structure from the AB Motherbonrd to nllow fulure options to be ndded.

TROUBLESHOOTING/REPAIR

To uae the table of signatures which follows, the information and inatructions of paragraphs 840 through

— 802 und subsequent tests must have directed you to this nssembly, Since the tests of parngraph B-42

— proceed from Test O through Test ¥ in sequence, do not proceed to a particular nssembly enlesa directed by
- ‘ fnatructiona of Teat O through Teat B,

= If the Dingnastic Kit 'Test Cord is auspect, refer to its Operating Note, HIP® Part Number 18109-80002 for
y | test information,

Following repair, repeat the tests of paragraph 3.92,

8.59



Horvice

HI* 2504A

NOTE 1: Recammended grder of pertorming each test s as follows: (1) Set LINE switch to STANDBY, (2) select
Test number on Diagnustic Kit, (3} sel LINE switch le ON, and (1) push RESET switch an Diagnostic Kit,

HOTE 2: A clocking pulse with the samue signature as the +5Y reference means a leading edge tnggered clock.
A clocking puise with a 0000 signature means a trailing edge triggered closk. It 15 normal 1f the 5004A
Signature Analyzer interchanges these two signatures.

* = Vollage Leve

+BY Reference Signature- C20F
When ANALOG QUTPUT OP swilch 15 in NORMAL position.

U1 —~ Linem IC

U2 - Valtage Regulator

Ul

U4

us

U6

B-60

Pin

Pin

Pin

Pin

1
2
3
4
b
G
7
B8

o ~NDHC DA - o~ OO D LA —

M~ OO & LA —-

0000"
C20F*
0o00*
2UH2
8HAB
G67U

HG72

HHGG

C20F*
2UH2
FA40
A30C
OHAB
uuo?
G67U
0000*

BUAB
7P6B
60OPP
ur42
7P5B
C20F
C20F*
0000*

C20F*
FA40
LLVIV]Y;
62FH
AJ0C
8ACF
uua?
0000°*

e e ikt b 8 T A GvoN M VE

e

0
10
1
12
13
4
1t
1€

10
1
12
i3
14
16
16

10
1
12
13
14
16
16

10
n
12
13
14
16
16

s gt d Ey e o

AHAU
4466
coco
OPGB
JHPP
C20F*
0000°*
UNST

14GP
HG72
FaC2
HHGG
BOH3
CUUH
AHAU
C20F*

C20F°
3AHB
14GP
C20F*
C20F°
C20F*
Uuee
C20F*

3AHS
FaC2
84H7
99H3
3843
UGF1
CUUH
C20F*

A RS S i e e S RN LR ek

U7

us

L = T YT PP

Pin

Pin

! C20F
2 C20F
3 Cc20F
1 6OPP
& BOPP
G 6OPP
7 aogo*

| C20F°
2 4466

3 U376
4 238A
6 COCo
G 1UUY
7 0r68

8 0000°*

o C20F*
0 C20F"
10 C20F*
11 C20F*
12 C20F*
13 C20F*
14 C20F*

B 146P
10 JHPP
11 62FH
12 C20F°
13 C20F*
14 C20F*
16 C20F"
16 C20F*

e A L L
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Figure 8-11. A6 Digital-to-Analog Converter Assembly
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HP 2HHA Service

AT U ABSEMBLY
. The AT Assembiy consists of six functional hlocks:
8. Address Decoding mid Address Buffen
b, Data Bulfors
e.  Mleroprcessor
d.  Group Exeeute Trigger Uipop and RESET elreuits,
. o, HITR Jostate Buffen
[, +12 Vde Regulntor
’ Address decoding elreuit UBLA and U1 in conjunction with U13C and U12A cantrols Dats Bulfers U7
and UD, Address Buffer U4 and, through UT2C ad U218, controls Group Execute ‘Prigger ip-Nop ULIA,
B. The decading of address lacatjons §s dependent an address lines ALO-ATD snd the VMA Jines from Al
microprocessur, Four address locations can be addressed:
L. 4000y g4 3FFy g Chip Seleet LOW to ATUIC2E) {output from UL HT)
2. 4400 g ATFF g D Address Buffer Enable to ATUSGL, 16) Joutput from UL1(6)].

3. ABOQyg 4 BEF gCABER); Group Execute Trigger Nip-Nops dota-nead to ATUL0(1G) [ostput
from U1L(6)].

4. 4600y g4 FFFy g Group Exeeute Trigger Nip-Nop reset Yo ATULITLE Joutput from ULTT7}.

. Datn huffers UT, UD are set to their llend or Write stetes by the /W line from A3 mleroprocessor in
conjunction with the decoded nddress signals Uirgugh UL, With the Read state ennbled, deta (s read (rom
ATUS to the A microprocessor; with Ui Write state enabled, data is written e ATUD from the Al
micruprocessar,

Address buffer Ud is ensbled through ULLA by a decoded address loeation detenmined from addross Hines
A10 ond ALL The ATS1 switch position Information Is outputied onto the instrument dats bus through
U4, U7 and UD,

Group Execute Trgger Dip-Nop VITIA, B s triggered by o pulse from U3EIT) In response Lo an LB
command, The Nip-Nop status s read into U327) by the decoded address outpul from U11HE), The
flp-Nop bs reset by the decaded address output from UT1ET) apphled through varous gates o UL}

HPB buffering is implemented by 3.stale buffers UG, UL, U, U2 and interfoces all HIMH bus
inputfoutputs to the ATUS microprocessor,

Lucal regulation for AT')4 Is provided by linear regulator US,

. TROUBLESHOOTING/REPAIR
To use the table of signatures which follows, the infurmation and instructions of paragraphs B-0¢ through
8:02 and subsequent teats munt have directed you to thin nssembly. Since the teata of pnragraph 802
proceed from Teat O through Test B in vequence, do not proceed Lo a particular nesembly unless directed by
[nstructions of Test 0 through ‘Test B,

IT the Dingnustie Kit ‘Tent Card {s suspect, refer to its Gperating Note, HP? Part Number 1810380002 for

. test informalion,

Following repair, repent the tests of poragraph 8-82

LA N]




Bervice 11 JHO4A

ROTE 1: Recommanded arder of parfarming each test (s a5 follows: (1) Set LINE swilch 1o S5TANDOY, (2) selact
Test numbar an Diagnostic K, (3) sl LINE swilch (o ON, and (A} push RESET swilch on Diagnastic it

NOTE 2t A clocking pulse with the same signatura as the +6Y ralerenca means o leading adge tnggered cloch.
A cloching pulse with a Q0QQ signature means o trading edge tnggered clock. I is normal W ihe G004A
Signature Anclyrer interchanges those two signatures.

NOTE % Al measutements should b tnhen with M0 addrass swilches on the A7 HPHQ boarg sel 1o
0001101 (decimal 13).

* = Voltage Lavol
18Y Relorence Signature: PHHH

Ul Pin 1 0000* 0 oaco’ us  Pin 1 000D° g 000gQ*
2 PHHNH® 10 PHHH® 2 PHHH' 10 PHHH'®
3 PHUK' e PHHN® 3 PHHN® 11 PHHN®
A4 H204 12 H204 4 H204 12 0o0o*
b PHHH® 13 PHHH® G PHIHH® 13 PHUHH'®
5 PHHH® 14 PHMHIH* G PHHH' 14 PHHH®
7 0oan’ 16 0Q00° 7 Q000" 16 0000*
1 0000* 16 PHHN® 8 0odo’ 16 PHHH®
U2  Pin 1 PHHH' 0 PHHH® U?  Pin } 7A02 11 HOCO
2 PHHH® 10 PHIHH® 2 0423 12 HECQ
3 PHHH" 11 PHHH® 3 6423 13 2000
4 0000° 12 0000° A FGIP 14 20900
6 PHHH" 13 PHHH® 6 FBIP 16 006
6 PHHH® 14 PHHH'® G OFAH 16 0186
7 PHHH® 15 0000" 1 OFAH 17 3P
8 0000° 16 PHHH® 02100 18 283p
0 2100 19 C1aC
U3 - Phi Chip 10 00Q0" 20 PHIHH®
U4 Pin 1 PHHH 8 HBCo UB - Valtage Regulator
2 Doog’ 10 0000°
J 263P 11 DABC ug  Pin Y 7A02 1 P64
4 PHHH® 12 PHHK?® 2 Uia? 12 PG4
6 0186 13 P204 J U332 13 U480
G 0000°* 14 PHHH'® 4 9ChP 14 UABD
7 2809 16 PHHH 6 0CBP 16 BOB7
8 0000* 16 PHHK® G Ca60 16 8ag?
7 €60 17 QABC
us  Pin 1 0000° 0 0000* B P2G4 10 QABC
2 PHHK® 10 PHHH® 0 P2G4 10 C1AC
3 PHHH® 11 PHHH" 10 0000° 20 PHHH®
4 H2D4 12 H204
6 PHHH® 13 PHHH"®
G PHHH" 14 PHHH"
7 00oo* 16 0000°
& 0000° 16 PHHH'®

864
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Nin

it
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1
?
3
1
b
6
!

3]

oy’
bi-&
(LIS
oogu*
PHIH®
PHEH
00gy
aoo’

FCAD
Lrog
ciacC
oooo’
PHHK®
PHHH
00a0
booo*

]
10
1
17
13
14
h
16

10
1
17
11
14
15
16

ALIG
ABAC
tnn*
mume’
1264
aane
u o
I

P
AJAC
onong’
PHIIN®
04
gap
I
PHIA"

ur

Ul

M

AHAC
AMIACG
PHIHN
CUAd
FIPA
CA0
aoan’

LAz
bd e
0y
urrEd
rrl
anp
goon’

1}

0
1V
N
17
K}
4

I

1
10
il
2
[}
&}

AMIAC
MELEIN
AL
At 16
676
MY
PHIN®

LN
o33P
631
A6 11
COAd
ha 71
PHIHIN®

hINaYINL
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Burviey YU A
Tuhle A1 ATARS Inprat-Oulput Signals o
PIN s5YmMialL NAME DESCRIPTION H
! RCTRL Bystn Cantigtie When aasented, thes input provides the chigy with
System Centeaol capatnlitiy s dehned hy the E
TG stanchard fa, 0t con dove the HP 1B !
IFC and BEN tes). Qaly ane dewice in any :
systern shauld Nave Hus pay asserted, z
7 DAV Data Valul Thus brdireetonal i bes 1o the HP-D DAY , :
hie vig a 3 state huller, <
3 He] Fad ar ledenuily This hachiectional un ties 1o the HP 1B 0L hnn =
via a J-atabe huller, A
a1 DIOW Dﬂ?ﬂ]f(ﬂflﬁl Thise bidirectional pivs e to the HPID DIQ -
Thirough B Liwes wia gt Jatate bulioes, F
12 Voo Pawur Supply Pin Supplioy 12V 10 tre Lo, E
13 RS Dutay Stabihizang This pun should be tied 1o around thraugh o 5
Resisig 26K L1 tosistar, 5
14 DMARG IMA Request Tlus gutput can he used 1o request DMA cycles .
tu transler data to the guthound FIFO ur lrorm. _
the inbound FIFQ within vhe chip. -
16 PON Pawer On This input when not asserted will couse all .
circuits within the chip to be imtiali red,

16 W Write This it when  asserted  specthes that g -

WRIGTE rather than NEAD operation s by
=
performed by the processor, s

17 INT intertupt This output provides o level which should be
used to interrupt the host processot.

1] [OEND {/O END This gutput is used o sandshake all chip reads
and writes within g' ynchronous systems, [t can
be ignared within synchronaus systems.

19 10G0O i/0 GO This input s used 1o cause g read from or o
write to o spect hed register within the clip. s
ignored if the Chip Seler input 15 not asserted.

20-22 ALG-13 Address Bitg These Inpuls are used 19 specify the number of
16 thru 13 a ragister being read toom ar writien to, A13 s
the high order bit,

23 CHSEL Chip Select Wiien this input is asserted, it allows the chip to
respond 1o read or write cycles initiated by the
processor via the 10GQ line,
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2804 A

Sopvice

Talde AT ATUL Input-OQuiput Signals {Conl,)

P{N

SYMBOL

NAME

DESCRIPTION

vL

26

36

36

®

41
42
13

44

1B

38

40

Voe

0016

RTL

GND

TRIG

RFD

CIC

Power Supply Pin

Processor Data
Bits 0, 1, B-16

Return to Local

Grount

Trigger

Attentian

Service Request

fAvady For Data

Duta Accepted

Remote Enable

Interface Clear

Contraller In

Chargs

This pin shauld he tied to ¢ 12V powaer supply
it the chip is tntertacing 10 a 12V CMOS
campatlle 1/Q system, or a BV power supply il
the chip is interfacing to a LS TTL compatible
1/Q system, This pin aftuels anly the processor
side of the chip since the HP-IB side always
operates with LS TTH eampatible levels,

These bidirectional pins carry dota during reads
lrom or writes to the chip by the hnst
processor, DQ and D are used only for teglsters
0, 1 and 2 and remain at high impedance during
reads of registers 3,4, 6, Gor 7.

This input carries the “rtl** message for the
REMOTE/LOCAL interface tunction as defined
in |EEE 4BB-1976. It should e tied to a
pushbutton within devices utilizing his fune.
tign. All ather devices can tie 1t high ar low,

Graund used far all three power supiply pins.

This output is asserted with o pulse sny time
the device is triggered wvia the HP-13's Group-
Execute-Trigger interface commaad.

This bidirectional pin ties to the HP-IG ATN
Hne via a 2state butler,

This bidirectional pin ties to the BP-IB SRQ
tine via p 3-state butler.

This bidirectional pin ties ta the HP-1B NRFD
line via a J-state bulfer.

This bidirestional pin ties wo the HP- 1B NOAC
line via a 3-state buller.

This bidirectional pin tier to the H?|B REN
line via a 3-state bulfer.

This bidirectional pin ties to the HP-IB IFC 1" w
vio a 3-state bulrer,

This output Is asserted when the host Cevice is
the current Controller In Charge of the HP-(B,
It is used as an enable for the ATN Jine driver.
If CIC is false the SRQ driver will be enabled
instead,

i

g

T
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Hervice UL A
Table AT-3. ATUS InpueQuiput Signels (Cong,)

PN S5YMBOL NAME DESCRIPTION

Ab HSE High State Enable This line s asseried whenevar the D10, DAV, ar
EOI lines are required to have active pullupe il
they are griving a high levee 1t shauld b tied 10
the high state enable inputs al the cotre
spanding 3-state bhutlars,

A6 DEE DAV/EQ] Enabile Whon asserted, this output enables the DAV
and EQI line drivers, Whoen o is unasserted, 1t
unaliles the RFD and DAC line drivers,

A7 DIQE D10 Enable This outpul, when asserted, enobles 1the eight
DIO J-state buflers

40 Ve Power Supply Pin Supplies BV tu e chig,

B-G8
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Figure B-12. AT HP-IB Assembly
8-69/8-70




AT R I I

HP 2804A

Al MOTHERNOARD ASSEMBLY

The A8 Assambly interconnecta nll the other instrument printed-cireuit unsemblies. [than five connectors
(XAS-XAT) far nuseinblies All, A4, AD, AB, und A7, These nnsemblies nre arrnnged an shown in Figure B4
for apimum heat dispipation, but each nasembly s position independent.

J1 and J2 allow the cannection of the Calibration Modules to the instrument, 34 plugs inta the AY Puwer

Supply Assembily Lo provide operating voltoge to the instrument, 34-pin Qat-ribbon connector J3 is used Lo
fterfaee signals from the rest of Lhe instramoend to the AL Display and A2 Preset{Oseitlalor Assemblies,

TROUBLESHOOTING REPAIR

Since there s o components on A8 Assembly and it is an interconnection board only, no troubleshooting
or repalr procedune are provided,

- e AR A P4 B By LA R L e, By e e A T R4 LT o ET T B TR et Ay e R AT R

R TR Bt A B T T I

Service
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Figure B-13, AB Motherboard Assembly
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AR PCWEI BUMPLY ARSEMIWLY
The At Assemhly eonsiata of the e owdadefNer LMY, poser tmnsformer T, INTIEXT CLOCK switeh
B and e ADATL Regulator Board, ‘e istroment operstes T 10U, 1320, 2500 or 300 Ve b line
fregquencies Trom A5 1o B8 12, Outpat voltages provided an i Gillows:

i Regulated O Vele (00 e ot L8 A masimum,

I Roegulnted sHVde (00 4) alanadby 2l 17 mA e xlimm,

v, Hegulated =BVe (IG5 ot 400 mA max i,

o Regudated =12V de (0] al 2 mA masiomim.

v, Unregulated + 17 Ve nominal (o8B ta o208 ot 82 mA masimum,

Al power supplies exeept Ui i BV supply thmagh U1) romain petive when frond pamed LINE swited)
in it the BTANDIY pusition,

Faeh of the serles mogulntors has fuld-back comrentlimit protection, A short elreut on any of (e astputa
can he mnbntained without damage (o the ADAL Roard, Fach negulator bas twe Ly pes of diode protection.
The dimfea aeross vach regulator CCRT, B, 31 and 13 vnsune that o short cireald easdition dues nal caise
the Alter copreitor charge to prss back thrmugh e regdator, The diodes o ground ol e autpit of each
regulntor (CIRB, 10, 12 and 14) provents dnmage 3 o voltage of uppeedte polniity is inadvertenay conpected
to the regulator outpult,

TROUBLESHOOTINGIREPAIR

o, With t lnstriment in normal aperstion, use a de voltmeter Lo measure te voltage sl ARXAT pinst

AOXAT MAXIMUM
"IN DC VOLTS AUPPLE:
NUMBER AC VOLTS
1 16 .20 4 mv
n 151,20 Gmv
21 2174161 +20) A60 my
10 121 .8 6 mv
B -G1.25 6mv

b, Use an uscilloseape and check Wie rpple voltaye at ABXAT pins listed in step o, Values should be as
listed in step n,

¢,  Canventiannl Lroubleshooting proceduses may be used (o isolate and locue defective @ amponents,

Bervies
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AD POWER SUPPLY ASSEMOLY

(G2001-60090)

LINE
GHD

NEUT

ZHIMA

[riock] A9A! REGULATOR ASSEMBLY (02804-60091, SERIES 17444) e T
EXTY IHT | I
[exr]  [opr] 7 : F_:tcx-[_ I_ “,84\' 6 ¢ P.' {2¢
—0Q C)52 CLK Clo | |
L I000RF 1 !
? 0 ? Iv———- +5v REGULATOR—W % | l
€D o fiRQ-L | 5. 7 ¢
0 *RES" __I_ < : <« 7€
CR(3 ] '
¢ 1000PF t [
ut T 1 |
{CASE) 2 === riaiaiaiaiate 1 [ |
LMI 5l [ty [ [ [ |
o—@D—0"o— 6D o@D >-—@z8 ; it anibae
F--- : Yo |_____ R4 | + i LCASE) I 'LCB "_]"““<|3<"‘T' AL
:Nnﬁ: ': r..‘.'F_l_.] 2 $ 1000 1000 : T'o [ : C““%mo ﬂ—‘(:%:
¢ - {r\c-_J e e [—+5V 5Ty REGULATORj | (‘O I >_L_'< 3 —Llo— sny
) - - | ar nr R J L~ 4 HoispLay
AN I c2 ]l_.‘ »_L_< r ((:b
p I v yy—l ——, 0l 0
¢ L - < u3 by !
.- 1 |
/_I_’ a0 I 2 =< 14 & 22
+J_ 3 -l-l_ + ( |5€ s 2 (
cn‘o sg CR9 tT<R M
- +17v UNREG . 1< 85 &
' | 4 [
LINE VOLTAGE - »—{-( | —pp— GND
SELECTOR_(NOIE 2) - (& )—t—o0—— cns . OO- 1< 2 <TH0ISPLAY
| 220v 100y 1 a 5 "_L w {250 58 P H(—r.
N\ { )} - — b
L 2a0v [ 2oy [l:)' 2 1 &0, ? - T'f?)m 38110 5 -—:—-( B !
' [ ' B ? T , (5) o : -12v REGULATOR-——] wy sty VI | :
t l -_:_: E:r-; /)—{;——‘——.—QBW — \V e = x <—-r]l e
D
b » -5V REGULATOR ——— It ' <l I I l
,|:' l:? 5 4 @03) Fo - - - [ T +1TV UNREG ) (21 ¢
| | i F = — u2 LIt (’J‘T <21 €
| - &2 | S [ e ' - 2 -l L:_< o .
e o e 3 J l I |
! L | J_ CRi ) -2y ! :
— c3 5 R3 - 4. - c6 < 8 ¢ ——
vor J[ioeo jete 7 T o ISP
, O - HEAT ul TR
SINK . I
(57) \Y% N2 L ¥ 4 ¢ 7 <9 ¢
, l Ll yed
CR10 c7 CR12
+ 10
NOTES %

1. See parogroph 2-6 lor luse volyes

2. See parogroph 2-9 for changes (n saltings

R

REF DES USED A9
ci - <Clo

CRI - CRI4

RI - R4

Ul - ul

XAB

Figure B-14. A9 Power Supply Assembly
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2004A Appendix

‘ APPENDIX A

This appendix provides Information for the ealibration madules and the text Oxture needed to operale or
service the Model 2804 A, The calibration modules and test Nxture uses ape explnined, where sppropriste, in
this manual,

[solator Test Fixture for A2 Sensor Osclllator Adjustment,

TO HP B405A
o
[—————|—————7r——"
| l
l I
| 10KQ) |
‘ [ Wy + | 10K<L: FXD MET. FLM 1%, 1/3W
f |
} 5051 | BO'l: FXD MET. FLM 1%, 1/BW
| |
o = |
S N S
TO SYNTH. -8 TQ MATCHED CABLE
BNC CONNECTORS

Figure A-l, Isulotor Test Fixture

m—wmwmﬂ‘r"i‘rwv,;r':"-;“"‘"-“"r*'*i‘,'*l*--: T Ly YR S D e iz 4 s ca e et me e r p e

Al




a kil Ok

Y]

TR Lol M H In i|||“ I A I“ T I A T T L TR L T (P et Y R " 1 11 P e S 1) |5
!F_

BRI A Appendix ol
P/0 A8 P/O AB P/C AB ll

MOTHERBOARD CALIBRATION MODULE {(NOT REPAIRABLE) MOTHERBGARD MOTHERBQARD -
] I z
. P 26 /P| R/YW | —
DV VMA 2 =

gg PAECTINEEE BN __

33 T Al4 B ) —
A v’ T =

| | . o
Ne o & TESTzVMAREAD«02eA 14 [ 6 [ vee |16 .

36 ¢rhiS % E =

v y 3T Al2 4 u2 8 =
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| l Ll r Q7 -
| | R3 E,

: : 820 10 =
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TP 2 £ + s¢ ,  6000-G67FF Pl uLL —
5 oAl 2] < o5 bl2__PCSi-L 6y , Tl SIOE 4 T2 SIDE =

3 LI AI3 3] on 07 bl—_Pcs2-L X s The 8 ; NC _
| A : ‘ 6800-6FFF|g : 4 | '
denfendesieniianiianl i FEsTL ™ 7 1 :
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Figure A-2. Calibmthon Madute (NOT REPAIRABLE for informational use unly )
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Figure 5-1. Inter yee Connections and Bus Struet, e

managament (CONTROLI Lines,

The active contruller manages all Bus comnammeations. The state uf the ATN (attention}
line, determined by the controller, defines how data on the eight data (DIO) hnes will be
interpreted by the other devices on the Bus. When ATN is low (true), the HPIB 15 an
Command Mude, In Command Mode the controller is active and all other dewices are
waiting for instructions. Command Mode mstructians which can be assued by the
Controfler in Commsnd Mude™ include:

a.

~

Talker Address

A seven bt code transmitced on the HP-H which enables a specific
device 1o tatk. Only one Buy device ai o time may act ay the tatker
When the coatrofler addre.ses a unit te talk the previous falker is
atitomatically unaddressed amd eeases to be a talker. Confusion would
residt if more than one device were alfowed 1o talk of a e,

Listenes Address -

A sevenbit code tronsmitted on the HPAR warch enables a specific
device o listen, Several Bus devices ar 4 time (up to 14) may he fisieners,

Universal Commands -

Rus devices capable of respunding to these commands from the
cutitreller will do so ar ary time regandless of whether they ore
addressed, These commarnds will be covered in mare detaif later.

Addressed Commands -

These commands are similar to wtiversal commands except that they
are recugnized only by devices that are addressed as lisieners,

JHO4A
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¢, Unoddeess Commuomls
I “Unhisten” Addeess Compind

Thiy s oomamaned wnaddressey all isieners that have been prevenndy
addresyed o inten,

Yo Untalk” Addhress Command

Fhis comumiand inaddresses any talker that Tuad heot previomdy
addressenf 1o talk,

Bus Commands.

In "Caommand Mude™ ane or more specal codes known ay by commands™ may be
placed an the HP-IB. These commands hove the same meamng i all Bus systems Lach
device s designed to sespund w thase contmamds that have o wselul meaniige 1 the device
and will gonare afl others. The aperating manosl for each device wall state wlich Bus
cammands it will uhey.

Bus commands fall imta three categones,

1. Umiverssl commands atfect all respumbing dewices on the B, whethe
addressed ar not,

2. Addressed commands affect only responding devices winch are addiessed to
listen, Addressed commands allow the contaoller to nutiate 3 smultaneous
action from a selected goup of devices on the Pas,

3. Unaddress comnunds are obeyed by oll addressable  devicus. These
commands unaddress devices thal are currently addressed.

The Bus commanids are summarized in Table B,

Service Request and Serial Polling,

Some devices that vperate an the interface buy have the oty o request service [nnm
the system controller. A device may request service when it has cumpleted
measurement, when it has detected a entical condthon, ur Tor any ather reason. Service
request 1y imtated when a device sets the HP-IB hine labeled SRQ low. The controller has
the option of deterpuming when ot ¥ o sesvice request will be seeviced. The Toltuwing
sequence 15 used to respand [0 g service request:

a.  The cantraller checks fur the presence of a service request.

b. I a service request is present, the contraller sets the senal poll mude, The sertal
poll mode s inttited by the controlier transmeening the Universal Corrmand “SPE™
{ASCH character "CAN" [ Octal 039] ) in the “Command Mode”.

¢, The controller polls one of the devices that may have requested service. It then
pulls the next device, and so un, Onee the serial poll mode has been enabled, responding
devices on the Bus are prepared to accept a serial poll. This 15 dune by setting ATN,
addressing the device as a talker, and then removing ATN. If the device has requested
service, it will respond by setting DIU line 7 low. Other DIO lines may alse he set fow
indicating the nature of the service requesi,

d.  For each device that hos requested service, the controller takes appropnate
actjon.

Appenedi:
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Table 1§10

Sutimars ul Bus Comnnds

AGBCH acray
COMMARND Chatactet cOILk PURPOYE
m e pe
i ] W
UNADDNESE UNL UNLIBTEN ' a7 Clrwre Nuy 6l alt 1atenen
LCHIMANDY
UNT UNTALK 131 Untidresis the sunignt walbe
by hal my Jalker rpmgaisy 9N
the fJuy *
LLO Local Luckout nch un i salitay Frant pandl lcal fewed
Lulion g repane g davicay
OCL Device Clear oca G eturng all devices capable of
tupombing to pre delermined
woles, regardless ol whathn
they ate afidressed or Dol
UN':L:EHSAL PPy Parallnl Ponl NAK Q26 Sats all duvices on the HP B
COMMANDS Uncondugure with Pargliad Pett capataibty o
a pradel.ag comilion
SPE Butial Pan CAN 030 Enabiey Senal Poll Mode an
Enahile the Jus
SP0 Senal Poll EM 031 Givabiny Gerial Poll Maoife un
Disabla tha fjus.
S50C Selective EQT 004 Nuwlurng  adidresed  Javicm,
Device Clear capshly ol 1eonding 10
pre-deiermined stgles
GTL Gotolacal 50H (]} Raturng responding devices 10
ADDRESSED lucel contral
COMMANDS QET Gioup Enecule Bs 010 Iniftates 4  timyitanegus
Trigger preproprogramimey achion by
rLponging Uevices
PPC Paraliel Poll ENQ 006 This corwmand perputy  the
Conligura 010 lines 1o be awsigned o
wnstryments on 1he Qus for the
purpote of responding 1o @
paralinl palil,
TCT Take Conirol HT on This command 15 given when
tha acuve conlialter an tha
Bus Vranslers control 1o
snother ingtrymant.
*NOTE

Talkers can also be unaddressed by transmitting an unused talk address on the Buy,

e.  When all devices have been polled, the controller ternunates the senal poll mude

by issuing the Universal Command SPD (ASC!I Character “EM", [Octal 031}).

The full sequence of operations is not necessary in all cases. For example, a system may
have anly one device that requests service and then only for a single purpose. Wiien the
cantroller detects a service request, the source of the request and the appropriate action is
known immediately. Thus the use of the service request and the serial poll depends

entirely on the make-up of each system and the devices invalved.

2H A




g

Table 142, Code Assignments for *Command Mode'' of Operstion
BENT AND RECEIVEDO WITH ATN TRUE)
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Parallal Poll,

Parallel polhing pernnts the status of up o aght devices o the HIM G e checke!
supultaneously  The aperatar aysipns each device a data hne (IO 1 i DIOa e the
device sets Jow dunog the paradlel poll rautme b oorequires service: More devic s can e
landled  f desired, by shasing the use ot each DIG hne

The parallel pdbimg funchon requires the controller - penmdically poll the imstinments
connected Lo the Bus, The contraller mtenogares tpalls} the mstraments by seihng an
EOE with ATN achivated. When ether EOL or ATN i removed, tae contioller stogs
palhng.

Cade Summary,

A code assipnaent summary b shown in Table B-20 These assignments apply only when
operating In "Command Mode”,

In “Dats Made” there are no ospeatic code wssytmmnents  Hawever, the devices
communieating e ths mode must agree on the meansag ol Hhe cudes they use.

The set of codes babeled “Promary Command Group™ are the codes commuonly Gawed 1o
conununicate an the BP0 The “Secondary Conmmamd Group™ s used when addressiog
extended hsteners and talhers, ur enabhng the Pavallel Pall Mode

Othor Bus Lines.
The three repuimng HIM bnes and then tunctions are:

REN  (Remote Enable]  The system contradlor sets REN low and then addresses
the devices to Listen belure they wilf uperate under remuote control.

IFC Unterface Clear)  Ouly the system controller can scnvate thos hine. When
IFC yy set (rue) all valkers, Bateners and achve controllers go b their tiachive
Slates.

EO! (End o fdentily ) Tlos line s used woandicate the »nd ol womslople by te
tramsler sequence ur, meconpunctiion with ATN, 1 execute o paialiel puliing
sequtice

NOTE

Individual mstnaments, ar power-on, can momensardy ser the TFC e to o e state,

Address Codas.

Deviees with be funetonal capubility of talker nonmally necognize o stngie by te address®,
A certain group of ASCI seven-bit bytes Is remorved for taltk addresses (refer to Table
B-3) The seate of the vighth bit Is ignored in the *Command Mode! when eddresses ane
belsiyg tronsmitted, Eoch device has o upigue talk address which can nonnally be modified,
The Talk Address, bits oie through five, are individually selected fn each device Lo be
cither high or tow, The selection of these bits allows chapging the device tatk andfor
Listen address,

Devices with the functional capability of Listener nonuolly recognize a single charmeler
address**. The seven-bit codes reserved for Listen addresses are listed in Table 3.3, Each
device has n unique Jisten address which can normelly be modified,
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NOTE

e Mis o and 7 deternmie whether the Yadidress™ 1a Vlaren™ or Vlald ebdress fue
Talde £1.31)

SAN Tertendimd talkat’ v capabie of recogmizing a two by te tolk adidrms

STAN Ueniundsd listener’ iy copatile of recogmizing @ two byte Hstan oAdr rss.

Dewvices with bath talk and haten addresses have these addresses assigned o gas - g,

- the fourth address i the colummn of FHsten sddresses PE s selected, the s gat.eas g
"CYthe fourth address i the talker addiess column, The talk address is avounonvally
changed whenever the haten addiesy s changed and wvice versa. Addresses a @ pooanal] -
alterable by the use of switches or junpers witlhon the s rament.

{
Table B33, Talk and Listen Addrosy
— \ o
]

Listen Addressts Talk Addrasses ,

Bits ASCIH Bty ASCIt
by be by by by by by by Characier by ! by b Ly b4 by by Uy Charsete
X Q 1 0 1] 0 0 Q 5P X 1 0 0 0 Q ] 0 @
b 4 0 | Q 0 0 4} 1 1 X 1 0 Q 0 [¢] 0 1 A

‘ x 0 1 0 V] 0 ! 0 " X 1 0 'e g ] 1 dJ 1
X 0 ] n 4] Q y 1 ¢ X 1 4] Q 1 [4] t 1 [
X 0 1 4] 0 | ] 4] 5 X 1 4] 4] J ¥ 0 [ j¢]
x 1] 1 4] 4] 1 a § % X 1 0 a L] 1 Q 1 c
X 4] ] [} Q 1 1 L] & X 1 n 4] ¢ ! ] Q F
x | o 1 0 0 1 1 1 ! x ! 0 0 0 ) 1 t G
bd 0 ] Q 1 1) 0 L] { X 1 Q 0 I 4] 4] 4] H
x 0 1 Q h Q 1 ! X 1 Q 0 1 0 ¢ 1 |
X 0 1 Q 1 [4] 1 0 * X 1 )] 0 L Q ¥ Q J
X 4] ] ] 1 [3) 1 1 ] X 1 L Q 1 0 I ' K
X 4] 1 0 1 | 0 0 ' X 1 [+] 0 1 | Q 0 L
X 1] 1 0 1 1 0 ] - X 1 0 L] 1 1 0 1 M
X 4] 1 0 1 | 1 4] X 1 Q 0 ] | 1 [3] N
X Q 1 0 | 1 1 1 1 X 1 0 0 1 1 1 | 0
Y 4] 1 1 1} 4] Q Q [4] X 1 J L} 4] 0 Q [4] P
X 0 1 1 0 0 0 ] 1 X } Q 1 0 0 Q I a
X 0 1 1 n 0] 1 Q 2 X 1 4] 1 4] Q 1 Q R
X 0 1 1 Q 0 § 1 3 X 1 [+] i 0 Q ' 1 5
X 0 1 1 1] 1 0 ] 4 X 1 1] 1 0 1 4] 0 T
X 0 | 1 4] 1 4] | 6 X ] 0 ] 4] 1 Q 1 U
X 1) 1 1 [4] ' 1 0 ) X | 0 ] Q 1 1 0 v

! X 0 1 | a ] 1 1 1 X 1 0 ] 0 1 ] 1 w
X 0 1 1 L 3] 0 0 B X ] 0 ! 1 0 Q [4] X
X 0 ] 1 ! [4] Q0 ] 14 X 1 Q 1 1 ¢ 4] 1 Y
X 0 ] 1 ) Q 1 0 X 3 0 1 L ¢ 1 0 z
X 0 1 1 1 4] 1 ] . X 1 1] 1 1 0 1 ] |
X 0 3 ) | 1 0 4 < X | 4] | 1 1 0 0 \
X 0 1 1 1 1 4] 1 " X ) Q 1 H I 4] 1 1
X Q 1 1 1 1 ] Q > X ) 4] ] 1 1 ¥ 0 -

. X = don"trare
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Hsndshake Linas,

Each character byte transferred on the %10 data lines employs the tireeswire handshake
seguence, This sequence has the fallowing charpeteristies:

P Data transfer s mynchionous - Data can be transferred at any rate sustalile
fur the devices uperating on the Bus. (Data rates up 1o 500 kilohytes pa
second are typical; with a maximum ol | megabvte per second).

2. Devices with different snputfoutput speeds can be interconnected, Daty
transfer sale automatically adjusts 1o slowest oetive device,

3. Mon: than one devies can aecepl date at the snme thne,

The following definitions are used throughout the remaining texy,

Source A device transmitting infonnation on the Bus i either the Command or
Dara Made.

Tatker -~ An “addressed " source i the Data Mode only,

Aceeptor - A device receiving information cn the Bus in erther the Command or
Data Modv,

Listener - An “addressed” acceprar in the Data Mode only,

The Data Transfer or "HANDSIVAKE" lines are shown in #igure 131, The mnemonies of

etch Hne have the following meanings: o

DAV - Data Valid
NRFD - Not Ready for Data
NDAC ~ Not Data Accepted

The handshake timing sequence Is Hlustrated in Figur 13-2,
Each dota byte transferred by the interface system uses the handshake -process when

exchanging data between source and acceptor. The handshake timing seqaence Is

ilustroted In Figure B2, In Dots Mode, the source Is o Talker snd the neceplor s
a Listener,

B-8
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The ey diagrem dlustiates the handshake process by idicating the aciual wavehm
un the DAV, NRED, wid NDAC Qines. Tae NRED wid NDAC signals each repesent
compustte wavelurms reselting lam two or muore Listeners aecepting the same data byte
at shightly dufterent tmes. Tois s usually due to varistons i the transmisston peth lengeh
and individual instument tespuanse rites {deloys ).

The Nuw chart represents the same sequence of events o different fuem.

The subscripted letters vn the Duw chart and the tnung digram tefer (o the same event
an the list of evenls,

HANDSHAKE tine uming diageam for une talker ond multiple hsteners using the
handshake process. Two cycles ol the handshake saiuence gre shown. Alsg refer to the
Huaw diagrom and hst ol eveats an this ligure.

v Ty tale s Ty Ta g Yo Tu Tie Tl e Tt Tl

J\{w‘. |
010 LINES

SHLY O LI 1E" -
et AL AN LYANPLT |

why - - —

WRFD — R s+ -3 L. . o e [. SN } 1 . - . -
AT - pradashud e
[ ] 7]

NDAC — e e — v [ U S .

—— DI--»-um- -.—P, —t— -‘---'P‘ — - w—— P, -
T Period in w4ich daa K s Peried  in which  all
e guorotieod to be valid. £ listenens bacome ready tor
data,

YT
70707 0 Perlow  in which it
’ P

L7010 ] e listunwry aceept data,

List ol Events for Handshake Pracess

Source nntiahizes DAV to high (False - data not valid),

P,
Acceptors initialize NRFD ta low (True - none are ready Tot data), and sel
NDAC to luw (True - none have accepted the data).

T, Saurce checks for error cundition (both NRFD and NDAC high), then
places data byte un DIO lines.

P, Source detayys w allow dala o settle on DIG Lines,

Figure B-2, Handshake Timing Svquence
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B Ty Acceptors have all andicated rendiness fo accept fiest data byte; NRFD
goes high,
Ty When the data s setthed and valid, and the souree has sensed NRFD Ligh,
DAV 1y set Juw,
Ta First acceptar sets NRFD Jow to indicate that it 15 ne longer ready, then
aceepts the data. Other acceptors follow al their own ster,
Ts First acceptor sets NDAC hagh to indicate that o has accepted the data |
(NDAC remains low due 1o ather geceptors dnving NDAC Jow?.
T Last scceptor sets NDAC high 1o indicate that 11 has accepred the data; all -
have naw sceepted and NDAC goues high.
T, Source, having sensed that NDAC is high, sets DAV high, This indicales o
the ncceprors that data on the DIQ Jines must now be considered not valid. )
Upan completion of this step, one byte of data has been transferred. ,
28 Source changes dato on the DIQ lines.
(T, -Tya)
Ty © Acceptors, upon sensing DAV high set NDAC low in preparation lor next
cycle. NDAC gues luw as the Nirst acdeplor sets it luw.
Ty First aceeptor indicates that it 1s ready far the next Jaty br by setting
NRFD high. (NRFD remains low due to other acceptors diving NRFD
low).
LI Source checks for error condition (both NRFD and NDAC high), then
places data byte on DIO lines (as at Ty ). .
P, Source delays to allow data to settle on DIO lines.
(Tho-Tis)
Ty, Last acceptor indicates that it is ready for the next data byte by setting
NRFD high; NRFD stgnal line goes high.
Ty Source, upon sensing NRFD high, sets DAV low ta indtcate that data on
DIO lines is settled and valid.
T First acceptor sets NRFD low to indicate that jt is no longer ready, then
accepts the data.
Tha First acceptor sets NDAC high to indicate that it has accepted the data,
Tys Last acceptor sets NDAC high to indicate that it has accepted the dala (as
atT,).
T)a Source, having sensed that NDAC is high, sets DAY high (as at T,). -
Ty Source removes data byte from DIC signal lines after setting DAV high.
Tia" Acceplors, upon sensing DAV high, set NDAC low in preparation for next
cycle.
e Note that all three handshake lines return to their initinlized states, as at
Ty and T,.

Figure B-2, Handshake Timing Sequenee (Cont.)
B-10
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Laogical Nuw of events fue Suurce and Acceptir when transterring Jata
using the hanc shake process, See hsl of events on next page.
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Figure B-2. Handshake Timing Sequence (Cont.)
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Data Lines,

A et ol epht mtertace hoes s oavalable to canry all seven b mterdace imessages and
devce dependent messapes These wre DA TA INPUT QUTPUT fines, DIOT theough DIOA.
Ondy severr ey e eeyuped Tor tnster ob data The eghith hoe s osually used for a
panity ek The dan on e DIO Ynes s tonatereed s b pacallel, byte senal foim,
asy nchironousty aod hdirectionslly

g Dara Made

Whet A FN fartentten ) paeys ugh ¢ fabse )}, e HP-HE oone the “ata Mede ™ Tn iy
ende ot vy he transferred hetween deviees that were addresed when the
HPHE way an “Commated Mode™ Messages that can be ranferred i "Dara
Mode” mic fuede

Lo Programmuap Instrsctuns

Coades dre seven bt bvies pluced on the BP0 date (DI ies. The
meantng of vach beie i deviee dependent and 15 selected by the equupment
dosigner Pheve teprey of mewsager are wsially hetween the cenmnoller aeting
ay thoo patker aind aangle device that has been addressed as a listener,

S Data Codes
Daa eodey are vevew-ir bytes placed on the date Imes The meamng of vach
hyre o device dependent. Foe meanmgful communicarion o vceeur, both the
father and fstoser st agree on the meaning of the codvy they e
Data Byte,

fhvidual data bytes transminied on the HPE can be descobed nan aetal code . The
bimary iy age separated nlo groups of three starting frem the nghd-hand « de Gec Table
A ) Within the groups each by it s assgied o weght U and
respectively. The octal numbers corresponding ta cach group of bits s the summation of
the weights of the binary vnes in each group.

NOTE
In Table B-+ the hundreds group hos fieg biis ather than theee sinee
there are cight daty lives hen seven-bit chevacter ASCH cude 15 wsed

the hundreds gronp conlging onty one bit whick can tohe on the oetal
talue of "0 or 1Y

Table B-4, Qetal Code Conversion

Bin g by by by try by bs b, Octal
L T T T an g o Code
Weights {Hundreds) {Tens} [Qnem)
1 Q ¢ 1 1 0 i g f3 2
1 1 1 1 i Qg 0 Q 3 7 0
0 3 a 0 1 Q 1 1 LI B |
0 4] 1] 1 a 1 1 1 ¢c 2 *
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INTERFAGE,

A Nt of the avallable Tunetions o given o Table 3.6, Evens TR compalible deviee s
able to porlform ot least one Tupetion op the B Devices fpnre alf commands reliting
to funetivas they do nat have,

Example:

An HP-HE connpatible programmable voltage sanree ieliudes the "listen
Sunctton so that it can he programmed o accept data. Hinwver, i
cors Hod eafpud fnformation so it does nog include o talk funetion”
Therefore,  the programmable  voltage  source wonld  ygnore  alf
information on the HP-H perraining o the “ratk fiunction”

Table B-G. JINIB Instrament Interface Functions

Interface Funchans that
may he included 1n an
HP-1Q devico,

Source Handshake

Cammanty

This functionat copability must be includad in any
tavice that can be a "talker’ on the bus.

Acceptor Handshoke This Tunctional cn!mblluy must be included 10 ail

davices that can be “listennrs”,

Talker of FExtended Tatker®
Listenar or E xtended Listyne:®

Service Aemjuost

RematefLoca)

Paratlel Poll

Device Clear

Davice Trigger

Controller

Copabifivy recuired lor o devica 10 be o "talker”,
Copaobitlity required lar a ddvice to be o tistensr”,

This copability parmits a dev.ce to osynchranously
request service from the controller.

Provides cupohility to seleqt between two sources of
input information, Local ¢orrespands to lront panel
controls and remote 1a the input information from
the bus,

Provides coapability lor a device 10 uniquely idantily
itself if it requires service and the controller s
recuesting o response,

This capability differs from service request 1n that it
requires o commitment of the cantroller 1o
periodicatly conduct s parallel poll,

This function allows a device 1o be initistized 1o a
pre-delined state, A device with this copability will
have the affect of this command described in its
operating manual,

This function permits a device to have (15 basic
{measuremaent) aperation initiated by the talker on
the Bus,

This funclion panmnits o device to send addresses,
universal cornmands and addressed cammands 1o
other devices an the HP-IB. v may alsg include the
shitity to conduct parsliel poliing to determine
devices rquiring servica,

*E xtended Tatker and E xtended Listener provide increased address capability. Devices with this
functional capability recogniza addresses that are two bytes In length rather than just ane byte,



Aptendis

Bus Upaerating Considerations.

g, When o device capadle of scnvating JFC s powered un duting system operation,
i may cause the active conttoller on the Bus ta relinguish control, resulting ain enars. The
Controller el transmit [FC 1o egam acnive Contrul

b, Poor 1o addressing new hsteners it s secanmended that all previous listeners he
snaddressed using the Unlisten Command ).

¢ Only une witer can he addressed at 3 nme. When a new talker 1y addressed the
furmer talker iy sutomatical'y unaddiessed

Jd. The maximwm aceumulanve lengty of the BB cable noany system must nog
exceed mere than 2 meters ol cable per device ar Mhmeters, whichever s less.

¢, For addinnad programmig mformation consult the HP-AD User Guude fur the
gppragiale caleudstor

HP-18 Connector,

Figure B-3 shrows the pin configuration of the HIME Conneetor,
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Figure B3, 1EP18 Connector
System Configurations,
HPAB Systems cin be categonzed anto three 1y pes
Voo Systems with no contruller
The mode of data transfer 15 limited 1o a direel transfer berween e
device manually set o “telk onfe” and one or more devices manuatly
set to histen only 1o furn a very basic fixed network sysiem
2. Systems with g single contraller
The mudes of data transfer fur these sysiems are:
u. Direct transfer between talkers and listeners (Datg Mude).
b. Transfer from adevice ro ¢ controller (Data Mode),

¢. Transfer from a comtroller to a device {Command Mode),
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3. Systems wath mulnple conteallens

The meodey af data tramfer for these sestenn are the wame i thow
fisted i 2 Inadddiiiont o method of passeg conimld frone cne controfler
o aniotler s requared. One controfler mrost e devgigied oy the sesbein
controller The sexpemy coneroller s the onte device that can contnil
the WM dhees designated BEC thnreetace Clear) and REN tRenie
Enabler. When the vestem contrallfor sety HFC fow, gl 1O oprraniom
cease amd all tatkers, nteirers amd controllers are ciaddnessed Control
15 passed 1o differenr conteoller by adidrosang o gy @ talther and
commigiding i fo take controf U {Qctal conte 01 1.

Apps s
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Appendix

B-18

SRG Mncimme reternng i the comaf hive “Sepvice Reaquest™ on the U This fnge
et low Ctrue ) by any imtramenn equeshng service

SYSTEM CONTROLLER  Thes v wawstomment o the TP T whuch bas ol the Teatuges
ol aabandard contalier wath she added alndiy e conteal the 10 and REN hines 1A

sev Coptialler

TALKER A device that Bas heen addiessed to et data on the TP (A see
Fatended Valher )

UNADDRESS COMMANDS  Hiese commands e oheyed by all addressabie devices
Thes catepory consity o the Eibnen Conumand € oad the Untabk Commuand £ 1 When
the Unlisten Commnrand 1) v teamsmnnred ane the THNTH, all desices vnthie Bus wadl be
wtddressed as hsteners When the Panalk Command ¢ s ttaonsptied, all desices will he
unaddiessed ay Lalhers

UNIVERSAL COMMANDS  These commumls atfedt every deviee capable alb respanding
un the HPABL repardless ol whetlwr they have heen wldiessed ot nat, ¢p L Senal Pall
Enable (SPE pand Senal P Dhsahle (501

UNLIGTEN COMMAND  See "UNADDRLESS COMMANDS”
UNTALK COMMAND  See "UNADDIESS COMMANDS".
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




