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 product has boen desiened and tested according to International Safety Requirements,
To ensure safe operation and (o keep the produet safe, the information, cautions, and
warnings in this manel imust e hoeded. Refor to Seetion | for general safoty considenttions
applicable ta this product.

CERTIFICATION

Hewlett-Packard Company cortifios that this product met iy published specifications at the
tme af shipment from the factory. Howlett-Packard further cortifios that its calthration
measurements are traceable (o the United States National Bureau of Standurds, to the
extent allowed by the Bur au's calibration factlity, and to the calibration facilitios of other
h..vrnational Standards Organization members.

WARRANTY

This Hewlett-Packard praduct s warranted against defects in materiat and workmanship for
a period af one yeor from date of shipment {, except that in the case of certain components
listed In Section 1 of this monual, the warranty shall be for the specified period] 1. During
the wartanty period, Hewleit-Packerd Company will, ot its option, eithe~ repair or replace
products which arove to be defective,

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

HP warrents that its software and firrnware desigrated by HP for use with an instrument will
exveute its programming 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 rusulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification
or misuse, operation outside of the enviroanmental specifications for the product, or
improper site preparation or maintenance,

NO OTHFR WARRANTY IS EXPRESSED QR IMPLIED. HP SPECIFICALLY DIS
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PA]TICULAR FURFOSE.

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 THEQRY.

ASSISTANCE

Product maintenanee agreements and other customer assistance agreements are avaifable for

Hewlett-Packard products,

For any assistance, conteet your nearest Hewlott-Packard  Sales and Serviee Office,
Addresses are provided at the uck of this manual,
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OPERATING ANC SERVICE MANUAL

2804A

QUARTZ THERMOMETER

Serial Prefix: 2620

This manual applies directly to 2804A vstruments with Serial Pretix 2620. For
instruments having serial prefixes higher than 2620, a manual change sheel is
included.

WARRANTY EXCEPTIONS

Probe warranty is void (f probe is subjected lo handling or aperational
shock sufficient to damage the crystal. Also, If the prohe is shipped in any
container other than the probe contalner surrounded by 15,25 ¢cm (6in) of
shock absorbing material, the warranty is vold. Qperatian of the HP 2804A
beyond its published specifications will also void the warranty.

wARNING.

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

©HEWLETT-PACKARD COMPANY 1986
5301 Stevens Creek Blvd., Santa Clara, CA 95051-7299

MANUAL PART NG. 02804-80014

Microfiche part No, 02804-90015 Reprinted; SEPTEMBER 1986
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SAFETY

11 this instenntent 1s 1o e energized vin on sutotranslormer
tar voltege reguction, make sure the comman tarminal i
connected to the vaethed pole of the power source,

OBEFORE SWITCHING ON THIS INSTRUMENT, the
protective warth terminals ol this instrument must e
connecied to the protective canductor ol the {mins)
power cord, The mains plug shall anly be isserted in g
rockat outlel provided with a protective earth contact. The
protective action must nol be negated by use of an
extession cord (power cablel without a patective con
ductor lqrounding).

Maoke sure that only futes with the regquired rated curremt
and of the specified type normal blow, ume delay, ete,)
are used lor replacement, The use of repaired fusey and the
short-circutting of tuse hotders must be avoided,

Whenever it is Jikely thgt the protection ufferesd Iy lusus
hos  been impaired, the  instrument  must be  hade
inoperative  and  be  sccured  against any  umintended
aperation,

GROUNDING

Any interrupuion ol the protective tgrounding) sonductor
lnside or outyide the msteumentt or thsconnecting the
protective  carth  termingl  can make  this  instrument
dangurous. Intenhianal interruption 1s prolibited,

HIGH VOLTAGE

Any adjustment. maintenance, and repar ol the apened
instiument under voltage should be gvoided as much as
vossilie and, when mavaable, shoutd be cartied out anly Ly
i skilted person who is aware of the hasard invalved,

Capacitars imside the wstrument may stitl be charged even
1 the instrament has been disconnecied from its source ol
supply

Adjustments and service desenbed herem gre performed
with power supplied 10 the instiument while protective
covars are removed. Encrgy available ot many paints, +
cantacted, recult in personal injury.

CAUTION

LINE VOLTAGE

BEFQRE SWITCHING ON “HIS INSTKUMENT, make
sure instrument reruirements mateh the voliege of the
pawer source,

GROUNDING

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that all devices connected to this instrument are connecicd
10 the protective {earth) ground.

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that the hine power (mpins) plug s connected to a
three-conductor tine power cutlet thet has a orotective
learth} ground. [Grounding one conductor of a two-
conductor outiet is not sufficient.)

i
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IEC SYMBOLS

The lolfowing 15 & Dit ol bey (EC symbaly usad by Hewdett Packsnd Al symholy
g nonmally apphied sdiacen) (i 1he v eguiniyg the bl They shald mn
I pracst Qi taovelie parly ikely 1o e setachest s lunt

Intlewction Manusl symbal  IF neceimy . 1 retecve the
sty Dam damage 18 naceskery for e uker L ieler 1
Ihe mbuchion mansugl, then ghall the apparaius e mark g
with thay symbal HCC 340, 1040

Fenmnal desices Iid Teom dhe intenn Ly hye sodlages that
may e dangerous when connecting I ar duconnecting lism
those dewices shall be mamkd with the Hleth shown when the
wltppe epcewds ¥ KV The flash vhald e 1esf 00 306 1)
Earth Toomunats 11 1he use of 1 aymdial b the pioteciive
atth Jenningl i nuot el ted By National Standanie, 1 may
b pvad sy, e wpamplte, By Demg (Aacnd aaade » cecle BEL
144 104

AC cucrent HEC ¥17 %, symbal Ny 31

DC cunrem HEC 117, symliol No. 7)

AC 9 DC curtent HEC IV T} sy mlust No R

Fiame o vhasiy connection  The halching may Le com-
Py or pardy vnutied (f dthere 1 o0 smihguily 10 ke
haiching is cmilied, the ling cepresnnng the g o chayo
whall be thickar WEC 111 aymbial A A

Ampae HEC 117 4, wymibol No 1LG)

Voly HEC V174 pymbol No 161

Vollsmpere HEC 1174 wymbol No b8 .

Wats BEC 117 4, symbal No, 160}

Watthour [ILC 1174, syt Na 36V

Voltnmpaishaur TIEC 1174, symind No 362).

n

Hy Hentg HEC V1A yymb) No 36D

Camtac i, ptimadby Unsed In geder 1 ssnet s onlution with
(LI TV I Y e divtance Delwesn thy
huerpnnal las stiann e hines should e at fegsl eusl 10
he tengtt of thows levey HEE 11T D symipd Ny 1B 2

4 wafleCitoe

o it ang Adlnwony descnibes the ynwe ol Waimngy Caulinny and Koles uisl
i HP Agtoitatic Tend Sysiaes Manyaly

Warnings, esyViony and notes. (AN Watnimgy unef cautigng thedl precede the teal
toombich wach apphies Dyt notes mav precede o Celiow sppaeble 1es) deaemiing
un the natenial W be bighloayoed Warming, ceutink, ard nales Uil not conlain
plucetyral e nor shall they Le numbeted Wen @ warnimg, cauton, ot nole
runuits 1 wo o e patariephs, 1he headiong WARNING, CAUTION, NQTE,
thall nuy dn iepeated aluine sach patagieph 10 o et neceiviy 10 receda s
parageaph by Bath & waining amd @ node, 50 a Laglinn anid 8 mgte, st they thalt
At 1 1ha wqueice sy Roled, namety, wainingy ceunges, sutes Such inierm
s the 1eat ghall e ghort gl concise amd e yieil (o sinphatls e anparant ang

cnhical indiucioss

An opernhing procedure, practice, #1g, which, | npt
curreclly ITntlowed, could revult 0 personsl inury o
losk ol lile

| CAUTION |

An dpeinling rocedure, ractice, Mo which,
Mindly observed, couhd resull an damage w, o
desitychion of, euyimenl

NOTE: fa opgialhing g ocedure, condilion, eic whigh
108 #eaannal to haghliphi

Health harands preceution dats (AN When hataidous chemucals ur adsvesis health
tacturs, i the enwitonment w uie H e pguipment cannol be shminsted,
APQIOPr A preceytionary smjuirements thall be inclded
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SECTION |
GENERAL INFORMATION

= "1, INTRODUCTION
._i‘ o 1-2, This menuab provides operating and serviee information for the HP Maodel 2804 A Quartz i
— Thermometer, Ineluded is information on HewlettPackard Interface Bus, (PR, Sigature Annlysks (5A), i
ﬂ instatlativg, opertion, malntenuner and service, Manual seetions are: :
;:‘% e Section 1. General Infurmation. Provides fdentifeation, specifieations, safely considerations, related
= manuals oy documentation, geieral deseription and options information, B
= Section 1. Installiution, Provides unpacking and inspection informatian, power requirements, packaging-for
= shigments and storage Infarmation, !
=
= Section 111, Operation, Provides un explonation of contrals, connectors and indientors, operating -
- considerations, operalors’ eheeks, general lemperature information and reference temperatuns adjustment E
- information, Also inciuded b HP-IB programming information, )
- Seetlon 1V, Perfonmanee Tosts, Pyovides test procedures which may be ueed s part of an incoming .
- inspretion, or Lo verify cleetrical perfosmance following repair, :

Section ¥, Adjustments{Calibrntion, Provides adfustment and enlibrution information,

Seetiun VI, Neplaceable Parts, Lists and identifies instrument assemipies and parts os wel) ps mechanlesl and
chassis parls drawlings, .

Section VI3, Backdating, Provides information to hackdate the manual for any cadier fustruments if

apnlicable, r
= Seelion VIIL Service. Provides HIMIB and Signature Analvsis information, service and trosbieshonting 1
infarmation including signature llsts, dingnostic kit use, component foeators and schematic dlagrams,
B 1-3.  SPECIFICATIONS :
= 1.4, Instrument specifications are listed in Table ! 7
1-6. SAFETY CONSIDERATIONS
— 1.6, Before applying power, verify that the rear panel power input 1andule (LMI), Is set to the same 7
line voltage value to be used, and thet the correct fuse is installed (see paragraph 2-6). Whenever internal
circults are oxposed, caution must be exercised. Observe all wamings and csutions marked on the . -
_ p instrument or listed in the procedures,
B Make sure that ol test equipment chassis/case s connecled to varth ground, =
= 1.7. INSTRUMENTS COVERED BY MAMUAL
i;; 1.8, Attached to e instrument 5 a serisl number plote, The serdal mamber s in the form: |u
. 0000A-00000 and Is in two purts. The first four digits and the letter Is the serinl prefix and the Jast five -
= 0 digits [s the suffix. The prefix is the same for ali identical instraments and changes only when a chonge is
B made to the mstrument, TF  ffix is unigue (o ench instrument. The contents of this manual apply Lo r
instruments with sedal nun - oreflixes listed on t.e Llle page, £
.-: 1.1 "
4
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Garvrnl Information

18P 2HO4A

Table 11, Specifentions

SPECIFICATIONS

Range
-80 to 260°C.

Abnolute Accuracy

{2804A 4ith 1B110A, IB111A Quartz Probe)

£0.040°C from -850 to 160°C.

+3.076*C from -80 to 260°C.

NBS traceable to IPTS.G8 when the following conditions are
mat;

1. Relerence temperature ad)justment is made within 30 days;

2. The 2804A is at the same ombtent temperature during the
measurament as it was when the reference temperature
adjustment was made.

("Accuracy Considerations” following describes requiremaents

far higher accuracy measurements.)

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

Rasolulion
(Three levels can be selected)

Nominal time between
Selection Resalutlon readings {In seconds)
*'C 'F TlorT2 T1.72
Low 0.0} Q.1 0.1 02
Medium 0.001 0.0l 1 2
High 0.3001 0.00! 10 20
Display

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

SUPPLEMENTAL CHARACTERISTICS

Accuracy Conslderaiions

The lollowing guidalines are given to show sources of error and
wdys ol oblainlag the maximum accuracy lrom the HP 2804A
Quartz Thermomeler,

Sources of errce for absolite accuracy measurament
Hsteresis of Quarlz Probe

$0.05°C from -80 to 260°C.

10,02°C hom -560 to 160*C.

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

Long Term Stabillty of Quartz Probe
+H0.004°C per month.

Amblent Tempeiciure Stabllily of Quartz Thermometer (Main.
frame only)

+0.030°C from 0 o 56°C.

+(.005°C from 1B to 23°C.

Powar Required
100, 120, 200, or 240 VAC, +6%-10%, 48 1o 66 Hz, b0 VA
maximum.

Instrument Oparating Temperature
0 o 66°C.

Dimenslona
177mm high, 212mm wide, A57mm deap. (69 in x 8.3 1n x
17.8.n)

Approximats Weight:
Net 6.9 kg (13 ths)
Shipping 6.8 kg (15 Ibs}

Extamal Tima Base

Far hign accuracy measurements an external ime base may be
usad. The 2B04A Quartz Thertnomeler requires an Input
voltoge 1.0 V rms into | kUhm via rear panel BNC from source
of 1 MHz. Input may be sine ar square wave. Switch selecte
either internal or external time base.

Ans'ag CQuiput

Frent panel swilches for 2ero and full scale adjustmant af
recorder, left or center zero on chanl, and variable charl span.
Five selectable full scale rangas from 1000°C 10 0.1°C. Quiput
voltage range O to +10 volts. Minimum luad resistance 10
kOhms. Accuracy £0.2% aof full scale (£0.02 volis).

HP-IB Systom interface
Provides digital output of measurement data (*Talker”) as well
as input for remole program control ("Listener”).
Programmable features: temperature selection (T, T2, T1.
T2), resolution selectlon, system siotus read, wrile to analog
ouipul, configure lor group execule trigger, sample and hold,
configure for interrupt aperatian, seriel number venficalion of
probes, and read aujustment thumbwheel swilch selling.

Long Term Stabllity of Quartz Thermomater (Mainframa only)
$0.003°C per montt .

Refersnce Tempearaturm Adjustiment Error

Fquals the accuracy to which the reference lemperature can be
determined {e.g., $0.0002°C it a Inple point of water celt is
used to provide a reference temparature). Note that adjustment
resolution is 0."91*C,

Thermal History Error From Usage Abave 150°C

When quariz probes are subjecled to temparatures above
160°C, thermal history error starts Lo become significant. Inthe
worst ¢ase when 8 quartz probe is subjecled 1o 260°C and then
is brought down to less than 150°C, the display will read ahout
0.020"C too high, plus hysteresis. After ane day the thermal
history error will decay down 1o 0.010°C, and alter five days the
error will be negligible, immediately alter relurning from a high
leniperature, the decay rate is about 0.002°C/hour.

1:2
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Genemd Information

Tabie 1.1, Specifieations (cont.)

Rolative Tamperature Mosiiremants

Sources of errar lor AT maasurgmunts made by the samu
probe over thne are the same as lor absoluts measurs-
ments except thare 15 no reference adjustiment error, For
mast applications, hysterasis will ba very smali $0,0601°C
over any 10°C span from =20 to 120°C. Over small
ranges, AT measuraments can be very occurate. Under
normal laboratory canditions, arcurocy ol 10.01°C over
¢ 107 span is attsinable, 11 an extornal time base is used,
gecuracy batter than $0,003°C s attainahle.

Tempornture Ditferonce Betwaen Two Polnta

Sources of errar for T1-T2 meossurements are tha same as
for sbsolute mueasureiments except that errors due 1o
long term and temperature stability ol the Quartz
Thermometer cancel and ara therelore negligible,

METRHODS FOR MAXIMIZING ACCURACY

Refarence Temporature Adjustment

A reference  temperature  adjustment  eliminates
hysteresis ond long term stability arror of the probe and
thermameter, [ the reference temperature is made close
ta the messured temperature, [ectory calibratian error
and hysteresls are minimized. This involves praparing a
Lath at a known temperoture and adjusting the display
of he quartz thermomelter to read the same tempuerature
as the both, This adjustment takes about one minnte
afver the bath is ready and the probx is immersed and
stabilized. Any temperature within the ~80 1o +260°C
range will work as a relerence temperature, but the ce
point or triple paint of woter Is gunerally the maost
accurote and aosiest to prepare,

Moanotonle Measurement

Il mensurements pre made ot incruosing {or decreasing)
temperaturgs  from the temperature used for  the
reforence  temparature  odjustment,  hysteresis s

minimized, In ather wards, i1 a measurement s to be
made al aboul 60°C and about 200°C and e relerence
temperdture adjustmint was jus' mada at 0°C, than for
mast accurate resulls, the measurement at B0 C should
be made tirst and the one at 200°C made second, T..s
technique is helpful whan making measurenignts above
6C'C. It shoutd be noted that this technique s unly
impartant when the ditferences ara mare then B0 C. Fui
example, H all measurements of o certain test were 10 he
made hetween 5O and 100°C, there would e little
advantage to moking measurements monatonically,

Extarnal Tima Base
Every quartz thermomuter provides ke option o
oparating on eithar an internal or an external Wime bage.
It a 1 MHz external time base (s used, ambivnt
temperaturg stability is greatly Improved, as is the lony
term stabiity of the 2004A Quartz Thermamater, With
an externsl time base, the contribution from the 2004A
maintrame 1o amblent  temperature  stability s
10,0007°/°C end 'ong term stability error is negligible.
The e ternal time base shquld have a shon term
stability uf better than Bx10~ 'Y far 1 second averaging,
and fong term stability of 1x107 ' fmonth, which carre-
sponds 10 0,003°C per manth,

Thermal Histary Error From Usege Above 160°C
Compensation for thermal history error coan be made in
two ways. One way is to moke a reference tempersture
adjustment after the quartz prabe returns Irom o high
temperature. The quartz prabe will continue to drilt for
live days, but [ the measurement Is made immediately
after the raference temperature adjustment, the drift will
have little efiect, The other way, of course, is to walt
five days after subjecting the quartz probe to temperp-
tures above 160°C,
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1 1.0, An instrupient manufmetured after the printing of tils monual may hove a serial numbes prefix nul E_—
= Histed on the tte page. An unlisted serind pumber prefix indicates difforences betwoen the fstrament and —_—
= twe monunl, Maovals for gewer instroments hinve s yellow, Monosl Changes Supplement ineluded, ‘This ‘ -
i{ supplement contains *change information” that explaing the differences botween Ui manual and the jewer =
B Istrement, =
= =
- 110, The supplement may also contain Information to correct orrors i the manual . To keep the manuul =
:i a5 current and aceurple ns possible, Hewlott-Fackard recommends that you perodically requost the latest S
,_-; Munual Changes Supplement. ‘The supplemeat is bdentified with the masunl print date and part aumber, -

= hath of which apprir on the manual Ue page, —_
- Ll Complimentary eqptes of the supplement are avallable fram Hewlett-Yackard, For information I—
= concerning sedol number prefixes nat Hsted on the Utle page or In the Manual Changr s Supplement, conlact if,
- your nearest Vewlett-Packand offlee, i
= 1-12, DESCRIPTION o
4 » B
il 1-13. Model 2804 A Quarty Thermometer fe o two chunnel, digital quarty thermameter, Lt enablea high
= nccurney, high resulution tempernture mepsurements to be mode frown -80°C to +260°C, Sepnmnte fT‘
- tempernture measurements can be made through either of the {ratrument’s input channels, or Tl
&l temperature difference measuroments ean be made using both chanaels simultancously, —

1:14,  ‘Temperature sensing con be mode from remote sources up to ahout GO meters (188 [, Matched
Quartz Probes/Caolibration Modules nre interchangeable from channeltochannel snd instrumentto-
instrument by making n tempernture reference ndjustment for each channel or mstrament.

1-16.  The Analog Qutput nllows temperatures to be plotted on a strip chart recorder. The Hewlett
- Packard Interfuce Bus System Inerfnee enables the inatrument to be used as part of n system controlled
by a computer or calculator,

= 1.16. OPTIONS 0

1.17.  Optional equipment fs listed in Table 1.2,

1-18, EQUIPMENT AVALABLE

TR (L

1:18,  Eguipment available is listed in Table t.2, Supplemental characteristics for these necesnaries nre
‘l also Hsted in this table,

- 1.20, RECOMMENDED TEST EQUIPMENT

o

1121,  Recommended test equipment is listed in Table 1.3, Fquipment with equivalent chnrocteristics
muy be substitued.

1.22, WARRANTY

121, Instrument and probe warranties nre as specified on the ingide of this manual's front covey. Probe
warranty {8 voud §f the probe is subjected to handling or operationul ghock sufficient to dumnge the
crystal,

1-4
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Genernl Informntien

Table 1-2 Options und Equipment Availoble

ftam Nescription Quertiz Probes
2804A Quertz Thennomeler
1B1O7A External Qsclllator S pecm——
Two Internal oscillators are permanently 1BLL0A
mounted inside the 20B4A Quartz Ther.
mamaeler. The 18107A Externa' Qsclllatar
paerally s used only if the Quartz Prabe s
lo be operated remate'y more then 3.7 e T ———
malres fram the Quartz Thermomeler. 1B111A

K96-69591A  Dtagnoslic Kit

18110A* Lab Probae w/calibration module, 26 mm
long

IBLIIA Lab Probe w/calibratior module, 232 mm
wng

Ont 001 For 1B110A, 18BLl11A add exira celibra-

tion rnodule to new order

*NOT RECOMMENDED FOR LIQUID IMMERSION

——

18107A Evleenel Oscillator

T — o vl L P 50 8 i daniioimmedy vy, PO
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Gonernl Information 2804A

Table 1-2, Qptions nnd Equipment Available (cont.)

SUPPLEMENTAL CHARACTERISTICS

18107A External Qscillator IMMERSION DEPTH

WEIGHT Quartz probes may be immaersed up (o but nu, .. .2luding
110 gm (4 oz.) net, 230 gm (B oz.) shipping. the cable conneclion.
SIZE Immersion deeper than the cable connection may
30,2 x 30.2 x 100 mm (1.19 x 1.19 x 3.94 in.) ddamage the probes, 18) 10A NOT RECOMMENDED F*
CONNECTORS LIQUID IMMERSION.

Female BNC on both ends.
OPERATING FREQUENCY
28-29 MH2,

CABLE HEAT LEAK
From stagnant water;

POWER {3{{?2 -65 x 10-4 sec:'!C -
12 V at 42 mW (supplied by 2B04A).
Quariz Probes THERMAL MASS

PROBE MATERIAL Equivalent mass of waler, in grams al full usable

Prabie Loty is 304 stainless stzel. immersion
APPROMMATE PROBE WEIGHT 18110A 1.3+03
90 gm (3 oz} net, 0.5 kgm (1 [b.) shipping. 18111A 45 06

PROBE LENGTH

3.7 m (12 it.) including integral cable.

SHOCK

Quantz probes will withstand mechanical shock of < 5000g

RESPONSE TIME
For waler tlowing axially to the probe at 30 cm per second
63.2% completeness ~ 2 seconds

per MIL-STD.883A Method 2002.1, Test Conditions A
through D, without catastrophic damage, Shifts in
calibration may be experienced, (Note: 6000g Is approxi-

99.0% completeness < 10 seconds
99.9% compleleness < 16 seconds
IMMERSION ERROR

mately equivalent to an 8 inch drop onto a hard surface).
VIBRATION

In a stirred bath at §°C b

Quartz p:obes will withstand sinusoidal acceleration of Immersion Error Immarsfon Depth ]
20g, > H1to 2 kHz without catastrophic damage. Shifts in 18111A 1
catibration may be experienced. 0.0001°C 16 cm
001 °C 9 cm {
Quartz Probes gl 36.in
[y N ] - I
- e N War Lot Catm (VP e Govenis Ahote: Far most spwlinetions, the 18111A olfars the bast
(D) S AP 7)) & combination of tiermal propertios for high accuracy
oA mossuremaents.

T3 o
L LI ]

(e

7]
Ce

A

IMMERSION CHARACTERISTICS

g
|
{
[4) q
.‘ eigt \
é 18911A Quarts Frobe
intca Bath, at= 26°C .
> »
I
é re s \ ‘
- \\ {
| 1
\
]
B e T — i 1

L] ] [ ] " LF) " "G
Immersson Depth — 0 cm
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General Informntian

Tuble 133, Recnmmended Teat Equipment

. INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENDED MODEL USE*
Tripte Painl of Water ACCURACY: Equilibrium temperature must Jarrett Instrumant Co. P
Coll Le within +0.000,00, and -0.000,15°C of Model Al2 A
(Temp. Standord) the triple-paint of pure water which has
the isotopic composition of ocean waler.
REPRQDUCIBILITY: The equilibrium tem:
peratyre of a cell must repeat to within
+0.000,06°C of the mean equilibrium lem-
rperature,
- STABILITY: After equilibrium s reached,
the temperature of the inner melt of an ice
mantle must remain constanl to within
- £0.000,03°C for as long as the mantle can
be preserved.
Frequency Counter Frequency Range: »30 MHz HP B3A6A PAT
Time Base Stabitity: Belter than 1 part in
10* (or "house standard”)
Vectar Voltmelar Frequency Range; >3 MHz HP B4G5A A
Phase Resolution: 0.1°
Phase Range: 360°
Frequency Synihesizer Resolution: | Hz HP BG60A/BG601A PAT
Frequency Range: O lo >30 MH2
o Output Level: 0 to +0.6 dBm @ 600
DC Digital Yoltmeler Accuracy; +3.01% HP 3480A/B/C/D PAT
HP 3490A
Oscilloscope Bandwidth: >30 MHz HP 180A/1801A/1820A AT
Diagnostic Kil K96-69991A AT
Isotalor Test Fixture See Appendix A for instructlons to b.ild AT
Dewar Flask Min: 505 mm (207} deep A
620 mm (24"} wide
t
*P = Pariormance Test A = Adjustments T = Troubleshoating
*»
1-7

Qperation

HP 2804A

321,  'The International Practical Temperature Scale of 19GB (1PTS-68) was adupled by the International
Committer of Weights and Measures in 1968 according to the power given to it by Resolution 8 of the 13th

sy
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124, SUPPLEMENTAL DOCUMENTS

Ny,

120, Information available to assist in the operntion and use of the P 2804 A nvailable equipment (s @ =

_ contained in the fullowing Opernting Notos: Z

= OPERATING NOTES PART NUMPER .

=__ 18107A External Qocillator 1810700001 §

IR 10A HiBh0-I862 =

) KO6-H0001A Diognostic Kit 1850800002 i

» i

a »

?
=

O |

| 1 |

NI N

1.8

2804 A Operation

3-32. ADDRESS SELECTION
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1 2504A Inatallntion

SECTION I
INSTALLATION

21,  INTRODUCTION

22, This seelion contains information on Initlal inspeetion, preparstion for use, power requirements
ond sturge and shipment, Also contained in this seetlon are instruetions on huw o Install the colibratlon
mudulea wnni quarly, probes,

2-3.  INITIAL INSPECTION

24, fmpeet the shipping contalner for damage, If the container or cushioning materia! |s damaged,
keep i, Cheek the conlenls of e shipment for completeness, then cheek the unit mechenically and
cleetreally, Refer Lo Section 1V for vleetrical checks,

20, If Use unit is mechonically damaged or folls electrical tests, notify the carrder and the nearest IP
offiee (isted ut the rear of this manual), Hewlett-Packard will srrange for repair or replacement of the
instrment without waiting for clalm setiement,

28, PREPARATION FOR USE

CAUTION

Befure conneeting this instrument Lo an AC power souree, be sure thot the rear panel line
module is set Lo Lhe same voltage as the AC souree and that the correet fuse for that AC
voltage Is installed (.6 Amp for 120 Vae, .26 Amp for 220 Vac),

2-7. POWER REQUIREMENTS

.8, This instrument requires n power source of 100, 120, 220, or 240 Vae, +5%10%, 48 to 66 1z
single phase, Pawer consumption is no more than 60 Va,

28, LINE VOLTAGE SELECTION

200, Figure 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 connected Lo an spprop+iate e
power receptacle, the cable grounds the Instrement eahinet,

2.1

¥
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Installation

213, INTERCONNECTIONS

204, The HY 2804A and Ws quorlz probes are integrl parts of o tempermtire measurement system,
Before any mensurements enn be mode the BP 2804 A and at least ane quartz probe must be connecled
together and the celibration module for thal probe must be installed in the appropriate channel, Following
Lhis, a tempemture reference adjustment must be made,

NOTIF

Quartz Probe must be connected directly to front punel T1 or T8, ar to HP? 1B107A
External Qucillntor for proper operation,

HP 2H04A

PROCEDURE

1. Shide caver daor ta left (the line power cord must be
tisconnectod).

2. Rotate FUSE PULL 1o lef1. Remoye the fuse.

3. Remave the PC board by pulling it out. Select oper-
ating voltage by positioning PC hoard to show the
desired voltage on top-lelt side.

4. Reinsert the PC board.

,gﬁ! 6. Rotate FUSE-PULL back into narmal postion and
LL_.__!_}\‘;.{V Opetating voltage s reinsert Tuse. Use caution to select correct luse value.
‘ = f' shown in module window.
N——

2-2

Figure 2-1, Line Vollage Svlection

2.16. QPERATING ENVIRONMENT

CAUTION

Quartz thermometer probes are very frogile and can be permanently damaged by physical
shock or vibration In excess of 5000 g's. For exomple, a cp of approximalely 20,32 em
(8 Inches) onto a hord surface can cause sufficient damege to break the crysial or cause a
permanent change in calibration,

216,  TEMPERATURE, The instrument may be operated in temperatures from 0°C to 656°C.
2,17, HUMIDITY, The instrument may be operaled in environments with humidity from 5% to 967

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

[ =T T
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HP 2H04A Inntallntion

2-18, STORAGE AND SHIPMENT

’ 219, ENVIRONMENT
220, The instrument may be storod and shipped within the following envirenmental fimits:
Temperature: -10°C o VTH"C Da not stare ar ship where tempuerature extromes will
Humldity: 90 1L, @ 667C, enuse condensation within the instrament,

2.21. INSTRUMENT FACKAGING

292, ORIGINAL PACKAGING. Containers and packing materinl used o faclory packaging csn he
obtained through HewletlPackard sales and service offices listed gt the renr of this manunl, If the
fnstrament s retumed Lo P for repale, sttach a tay listiog the type of service or repalr needed, Include
retum sddross, model number, option number 0F applicable) and emmplete serial number. Also, mark the
- container *FRAGILE" to vnsure careful handling. In any letters, refer to the instrument by model number,
oplion number (if applicable) ond comptlete serdal number.

2.2, OTHER PACKAGING, Use these genernl instructions for packaging with commercially available
mnterials;

8. Wrap the Instrument in heavy poper or plastic, If shipping to an U Sales ar Service Office, Include
tog listing type of service needed, return address, model number, option number (I applicable) and
complele serial number.

b, Use o strong shipping container such as o double-wall carton with 276 Ibs, bunt test,

e, Use a layer of shock absorbing mateidnl, 70-100 mm (3-4 in.} thick. This provides a fnn cushion and
prevents movemnent inside the container, Protect the front panel with cardboard.

d,  Seal the corton securely and mark it *FRAGILE" Lo ensure careful handling,

2-24. PROBE PACKAGING

2.6, ‘There is only oke acceptable method of packing a probe, It must be contained in the original factory
packing cose, The case must then be ploced in o strong shipping contoiner Hiled with 15,26 em (4 inches)
thick of sheck nhsorbing maeterial on all sides. Seal the carton and mark I FRRAGILE, Bnsure thot oli
approprinte correspondence §s included with the chipment. Impropedy packnged probes will vokd the

warranly,
L]
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1 2004A

SECTION (I
OPERATION

3.1, INTRODUCTION

B2, This sectlon contning n deseription of frant nnd renr punel controls, eonnectors nnd indieatoys nnd
their operntion. Genernl temperoture informntion, high sccurney enlibrotion procedurcs, lee bath
conatruetiun nnd use, triple pointofswater cell use are alio included, Additionnlly, Gperntur Checkn
tpawer-an and infitind inetrament indications), reference tempernture adjustments using a tripie point cell
or {ce hath, use of the Annlog Output and HP-IB System Interfoce nnd information on BI*14 are also

included,

3.3, OPERATING CONSIDERATIONS

KN Tu ensure Instrument accuracy, & reference temperature adjustiment most he made when recefyed
from the foctory or within the last 30 days preceding the use of the instroment, Tna adjustment mininizes
the errors due La thennal history and quortz probe aging rate,

3.5, Any temperature within the -B0 to +260°C range enn be used m a referonee lemperatune,
Normally, the fee-point or the tdple-point-of-water §s the most accumte and <aslest to prepare. [ o
referepce temperature close to the measured lemperature §s used, the calibration errors and hystereels of Uie
quartz pratw are minimized,

3.6, When using o known temperature other than the icepoint or tiple-point-of-water, Lhe Instrument
thumbwheel switches are adjusted for o display which is the ssme as the known reference Lemperstune,

3.7, For the lee point reference temperature, the instrument thumbwheel switches ore adjusted for
0,000°C. For the triple point of water reference tempersture, the instrument thumbwheel switches are
adjusted for 0.010°C, When a tdple point of water cell (temperature mndnrdl fs used, the refennee
temperature adjustient error is Himited by the accumey of the cell (approx, 0.0002°C).

3.8. When n reference lempersture adjustment Is made in one channel, the thumbwheel switeh seltings
for the probejcalibmtion module used cannol be used in the other channe! or in another instrument. [on't
make the reference temperature adjustment un channel 1 and use the probe/ealibration module in chunnel
T2 with seltings of channel T1.

3.9, In use, for maxiimum accuracy, the Instrument amblent temperature must he the same ns when the
reference lmperature adjustment was made,

3-10. SELF-CHECK

311, Ascll check is automatically performed whenever the LINE switch Is pressed ON, See paragraph
3-16 Operator Checks for power-on and indicalions of self-check.

Operntion

d:1
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Operation FLUET

-
3-12, ERROR MESSAGES .
S, Under certain conditions, the 1P 2504 A will abort or faib to nehieve o normal display, An error b
message Is displayed 3T s oceurs, Messages and condiions causing them are Hsted in tabte 3.4, f
2

NO'TE

Instrument will not operate f INTEXT Switeh is in EX'F and no 1 MHz input is apphied
to CLOCK cunneeluor,

3-14, PANEL FEATUIRES

315, Front and rear panel festures are deseribed in Figure 3-1 and Figure 3.2, .

3.2
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Operstion

2804A
m ‘Table 3-1, 2804A Krror Messoges
An urrar that s “bypasseble” moy ba circumventad by satecting the ather measurement channal,

MESSAG?: DESCRIPTION BYPAGSABLE?
"Ereor 1" System Malfunction {Described more fully in Note i) No
"Error 2 Channel 1 Callbration Module abysent Yes

. “Brigr 3" Channal 2 Calibration Module absent Yes
"Errar 4" Channels 1, 2 Calibration Modulus absent Na

" "Crror %" Calibration Module 1 Checksum errar Yos
"Error 6" Calitwration Module 2 Checksum errar Yus
“Error ¥ Channa! 1 3ignat Dropout Yes
“Ereor 8" Chennel 7 Signal Dronpout Yus
"Probe 1" Channel 1 Qut-olrange {fvot 2) No
"Probe 2" Chennel 2 Qui-of-range {Notw 7, No

. ‘ NOTE 1

{1} Inobitity to properly access MPU registars or RAM during Seli-Check.
{2} Inability to properly access front panel pushhutton switches duning Sell-Check.
(31 Inabitity to progerly access " C/”F switch during Self-Check.
{4) No outpu® lram counter in response to an internal 1 MHz test signai {during Sell-Check and
Errar rautines).
{6) Computational overllows,
NOTE 2: 0
' “Probe 1" and "Probe 2" are "“sell-recoverahle” errars in the sense that normal measurement resurnes

“Errar 1*, denoting system malfunction, occurs for the following situotions,

if the messured temperature 15 hrought back within the permitted range. Excessive temperature aver
range for prolonged periods may change probe temperaturefaccuracy respanse. ! the probe has been
’ exposed to temperstures of lower than ~100°C or higher than 260°C for more than 1 minute, the
probe and colibration module sheuld be retirned to the factory for recalibration ond o new
calibration maodule,

B b b ba oy alie e e b e L it e e e R s e an e
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1,

2,

A i
\ .
. A
- B
XTI \

rees RSO UTION me  wnres ANALDA_ OUTPIT ——]

e |

FRONT PANEL

T1, T2 Inpul connectors, Input BNC's provide sensor prabe conneetion to the instrument, "'} is Jefl
channel, T2 Is Aght chanpel when facing the Instrument,

Quartz Probes/Calibration Modules, Enables high occtracy temperature measurements to be made,
Mohes and colibmtion modules are calibrated pairs and must be used together in e same channol,
Matched paiv enahles the quarlz probe/calibration module to be used in other P 2804 A instruments
if & new reference temperature adjustment Is made prior o o mensurement,

Reference Temperature Adjustments, Three 10-digit thumbwheel switches for each channel enashles
compensation for probe crystal aging to be mode, For highest necuracy o tripie point of water cell
should be used when making this adjustment. Probe is Immersed in on fee bath and thumbwheel
switches are sdjusted for 0.01°C (when using a trple point cell) and 0.000°C (32.00°F) (when using
an fee bath) indieation on the displey. See paragraph 3.25 for ndditionsl information. Also see
paragroph 3.3,

LINE & vitch. In the ON position de voltage Is applied to ali instrunent elreuits, In the STANDRBY
position, only the de vollages to the display assembly and to the A3 processor are tumed off, This
switch does not control pe line voltages, To completely power-down the instrument, the rear panel e
power cord must be disconneeted,

Figure 3:1, Front Panel Controls, Conneclors, indicators
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=

TEMPERATURE Made 'T1, T2, THTR. Pushhutton switches woed t nelect the inpat mode (Chnnnel
T or T or o temperature difference mnde (T1T2),

NOTE

CQuartz Probe must he connected direetly to front panel T ar T, or 1o HI? 1B107A
Externnd Oncillntor far proper operption.

RESOLUTION LOW, MED, 1GH, Three levels of resolution ean he selected;

NOMINAL TIME BETWEEN

RESOLUTION AEADINGS (tN SECONDS)

SELECTION

°C "F Tior 72 THT2

Low 0.01 0.1 01 0.2

Mudium 0.00) om | ?

High 0.0001 0.001 0 20

7

1.

10,

Digiw) Display, Displays ofl temparnture menaarements in <C ar °F, Also diaplnya seven "5 and
*13* when automatie self-check posses . initlo]l poweran. Quartz probe/ealthrntion todule fullures
or outobrunge temperaturs conditions nre nleo displayed ns onenfuen error codes, The HPIB
nddresa (fuctory preset nt nddrens 13 s dinplayed precedimg nutomatie nelfreheck. T change the
HPAB addrens, see prrageaph B-G3,

113 Saytem Interfoce Btntuy Indientors:

REMOTE, TALK, LISTEN, BERVICE, DATA HOLD annuncistors provide nn indfeation of the
inatrument status,

ANALOG guTPUT
CAL switch, 0V, bY, 10V, Provides ealibrated output velusge ot reor panel ANALOG cannectors of
0V, BY, 10V for n stripchart recorder use,

QP Switch, NORMAL, OFFSET. In NORMAL the nnaleyg output voltage nt the mar panel is ) to
+10V and directly corresponds to three displny digits, Inn OFFSET the analog nutput voltage ot the
rear panel iy offsel by +HY which movea the GV to the centsr of the stripchart recorder papar, Thin
provides n BV o +10V and OV o +6V excursion.

Digit nelection Switeh, Three digits of the disployed temperature are aclectod for conversion by fain
swih, The value of the anlecied digita ranges from Q0 to 089, The analog sutput volinge is n de
le* el ranging from 0,00 volts ta 1.00 volts nnd directly corresponds to the value of the selected digits,
The OFFSET mode providea n more readable recording when the three selected digits are nenr 000
and Y

<C/°F Bwiteh tnternal to Instrument)

Thin switch is loci:led inside and near the front of the inatrument (87 on A2 Anaembly). Tup cover
must he removed to change the setting which ennblea the digital display to indicate tempernture in
*C or °F.
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Operatinng 2004 A
Examples of annloy output valtges for RORMAL and OFIFSIST Modes: ‘
} T
DISPLAYED ANALQG Vde QUT ANALQG Ve QUT
TEMPERATURE NORM MODE OFFSET
= SELECTED DIGITS
1239443 C Jm 3.0
12709443 C 443 843
123|044 (T4 044 A.44 *
123 (g |uC B89 4.00
r-— -
*l?-ilf]l]l) 0cC 000 6 0Q
240100 C 0.10 G.10
0faoy|oc 0.0m (]
+0,J aoo|o' C 0.00 6 Q0
glomj]oc J 0.0g 4.99 J
Fart of Figupe 3-1 @
i
by
i i
(R
] . |
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HIP 2804A . Uperitiun

REAR PANIEL

1. Line Medule provides ae powsr connectlon, fuse holder, nnd operting input voltage selection,
' f F
@ 2. Power Transformer, Input ac power transformer.
3. +b Vde tivgulntnr. P‘uppliof. +6Vde wo displays and pmciﬂsor assembly.

1. CLOCK INT-EX:' Switich. INT selects tnteraal 10 MUz aseillator, or EXT in conjunction with a 1
Mz input to CLOCK connector, seleels an extental 1 Mz signal source,

| NOTE

Instrument will not operate It ANT-EXT Switch 1s in EXT and no | Milzinput is applied
to QL()CI( connector,

5. CLOCK Connector. Ex ernal 1 Mtz signal input. Used in conjunetion with CLOCK INT-EXT switch
* and ¢nubles higher acctiracy measurements to be made (dependent on aecuraey of external 1 MHz
inputl.}
' . TL, T2 Input Connectos, Input BNC% pruvide inputs from sensor probes when used with HP
18107 A External Oscillators, T'1 corresponds Lo beft inpul channel and T2 cornesponds Lo dght inpt
channel.

CAUTION |

Onlv an HP EBLOTA Oscillator or an HP 18108A Amplifier should be counected Lo these
BNC's. Damage to the instrument may resulvf any other device Is cunnected,

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

B.  HPIB connector. Provides signal connections and contro! to the HIMH bus necurding to the
Hewlett:Packard implementation of IEEE-488, 1876 for controlling the HP 284A with n enleulntor
or computer.

H
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Operation 28040

CONTROLS, CONNECTORS, AND INDICATORS
GROUND COMMOMN
DKk G o ol ; (SHIELDY

. &
NOTE: ‘ h l\ € / N\

.
MP.1 3
LABELED
ACCORD'NG
TO |EEE-483 (O)
1676
T

.
S
{ "

_E
b |
= HatHHHH ]
For further informatian, Ty o depupgieemo v o =
- refer to [EEE-488-1976 - L A A | : L e e
_ DI MO DIOY s B DAY BID NDAC IIC S ATN grouli COMMO
- SHIFLN
= HP 'B Addross
— HP-1B Address Is tactary set 10 13. Address may e changed to onother vslue. See paragraph B-GY for Address
- Salectren infurmation,
LOGIC LEVELS
- HP-1B logic lovels are low true ond TTL compatible (LO = 0.0 to +0.4 Vde, HI = +2.6 to +5.0 Vdc).
= Exumple:  SRQ s LO active,
r NAFD Is Hi active,
= Input Signals:
2 Each input line Is terminated with 3000 uhns to 46V and $200 ohms to ground (ane TTL load).
Qutput Signols:
A Each output can drive 16 HP-10 loads, The output is ¢n open-collector driver copahle of sinking 48 mA at 0.4V
= autput,
SIGNALS
— NRFD
—_ Ready For Data. Indicates HP 2B04A will accept dota when NRFD is HIGH,
= NDAC
_ Dato Accepted. Indicates HP 2804A hos sccepted dote, Returns to LOW when HP 2004 A is {inished processing
o dato.
- DAV
- Data Valid, Indicates valid output da:o Is available from HP 2B0AA if nddreased to talk. Input data is available if
— 2804A s oddressed to Hsten and ATN js HIGH, Address is valid o ATN [s LOW,
- ATN
— Attention. A LOW stote indicates commands are present an the DO lines. A HIGH state indicates data is present
- on the DIO lines.
_ DI01 thru DIOB
Dota Input-Output lines, Message bytes are carried on the DIO signal lises In e bitparallel byte-serial form,
- asynchronously and generally in a bidirectional manner,
- REN
= Remote Enable, Used by the controller to cause the HP 2804A to be placed In the remote mode,
’ 5RQ
— Service Request. Indicates the HP 2804 A wants the attention of the controller,
— IFC
- Interface Clear, Used by the comraller to terminate all activity on the bus.
) EQI
) End or Identify. For further informetion, refer to |ELE-488-1976
= Part of Figure 3-2,
_ 1.8
-
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HP Z804A

Operntion

3-16, OPERATOR CHECKS

These cheeks enable the operatar to make quick evatuation of the Instrument’s functions prior o

Q 3"70
use and requires that o quarz probe and its companlon Calibration Module bs installed in one of the input
channels {T1 or T2). To opemte Uhe instrament uee the following procedare:

N n.

e,

3-18.

CAUTION

Do not install wr remove calibration modules without pressing LINE switeh o
STANDRY,

Detesmine the voltage of the ne power source Lo be used, Ensure that the rear panel Line Module is
sob Lo the correet line vollage, Alse, ensure that the correct Tuse .6 Amp for 120 Vae, .26 Amp for
220 Vac) is Installed, (Line Madulde is set at the factory for 120 Vave operation). Connect the
instrument Lo the ac line voltoge nvailable.

install the ealibration module into 'I'1 channel and connect the quartz probe to front penel chanael
BNC,

Ensure that rear panel INT-EXT Switeh is set to INT, Press instrument fronl panel LINE switeh to 0N
position, This switch does nol cantrol ac gower, L cantrols the +BVde to the Al display cireuits and
Lo the A MPUMIme Base Assembly,

NOTE

Instrument will net operate if renr panel INT-EXT Switeh is in EXT and no § Mz input
Iz applied to CLOCK conneclor,

At poweron, the HP-IB addresa location shipped from factory, set ta nddress Jocation 1) s
displayed (Addr 13). The eight alpha-numerie indicntors will then display BBHHBEBE and all
other sndicntors will he on for shout 1.2 seconds. This menns that nutematic seit-cheek hos

passed,

Followling “all indicators on™ the instrument automat!ically makes a measurement fram T1 channel at
LOW RESOLUTION,

To meet the aceuracy specifications, the thumbwheel switches must be set Lo the value obtaled from
a reference temperature adjustment, This adjustiment must be jpade within the lost 30 days preceding
the use of the instrument, {(See paragraphs 3.1 and 3.26). The reference lemperature adjustment
correets for sources of error due to:

g,  Quariz probe crystal sging.

b.  Individun! escillator clreuits choracteristics,
c.  Varintions in ombient temperature,

d.  Reference osclllater nging.

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

Whenever 2 TEMPERATURLE or RESOLUTIGN control is selected (manunl or automatie) the

LED, in the pushbuttcn cap, lights,
319, GENERAL TEMPERATURE INFORMATION

®

The hasic temperature scale is the thermadynamie temperature seale (T) measured In kelvin (K)

end b5 defined as 1,273.16 of the thermodynamic temperature of the triple point of water. The Celsius
thermaodynomic temperature (U} Is defined as t=T-T,, where I,=273.16 K.
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321, T International Practicsl Tomperature Seale of 1968 (JPTE.5H) was adopted by the Interational
Committor of Weights nndd Measures in 1968 secarding to the power given to 1t by Resolution B of the Lith
General Conference of Weights and Measures, An atwended text of this 1968 seale was sdopted in 1870,
The 1068 scale replaces the Internationsd Practical Temperature Seale of 1848 (auended cdition of 1860},
The International Practical Temperature Seale of 1968 (1PT5-68) hns heen chosen in such o way that tw
temperature measured on this seale closely spproximates the thermodynanie lemperatur, Note, however
that the IP1S-68 defines only practical seales of tempermture and not thepmodynamie lemperatures,

322, The IPTS-G signifivs practical Kelvin wmpernture with Tgg and praetical Celsius Tempeiatures
with tgg. The relationship between Tgy and Lgy & tgy="Tgy -273.16K.

329, The IPTS-68 is based on Uhe assigned values of the temperatures of 8 number of reproducible
cquilibrivm states (defining Nxed points) and on standard instruments ealibrated at those wmperatures,
Interpolation between the fixed point tempermiures is provided by formulae used Lo establish the relation
hetween indlcations of the stondord instruments and volues of Internationsl Proctiesl Fempernture,
Additional detalled informetion is wvallable i the 1S, Depariment of Commerce, National Buray of
Standards, NBS Monagraph 126.*

B2, In the United States, the JPTS-68 s maintained by the Natlonal Buresu of Standards, The
pecuracy of the HP Maodel 28044 Quartz ‘Mermometer §s traceable Lo [IPTS-08 through NIS. In countrivs
other tian the Unfted Stotes, the HP 2804A s Lraceable to 1PTS.GB through the National Standards
organization of the respective countries,

3-26. REFERENCE TEMPERATURE ADJUSTMENT

326,  Reference Temperoture Adjustments are simple, requiring inexpensive equipment and eliminating
tie neeessity of o second fixed-point tempersture neference, For highest accuraey, a temperaturs referenee
sdjustment using a triple point of water cell should be made, See paragraphs 3-3 through 3.9 for Qperating
Cansidevations, Immerse the probes in en lee bath (see Checking Caifbration, paragraph 3-27) and adjust the
thumbwheel switches an the front ponel for display of 0.000°C/32.00°F indication or 0.01°C indieation
when using a Liiple point cell. The reference temperature adjustment takes Just a few minutes and s the
only adjustment for maximum accuraey. A reference temperature adjustiment must be made within the last
30 days preceding the use of the instrument, Factory reealibration is recommended no more than opee a
year,

3-27. HP-IBINSTALLATION
328, Table 12 lists the standard interface enbles used for hookup between the HP 2804A und the
contraller. Cables are available in different lengths to suit user requirements, The connectors nt either end

of the cable are {dentival. The pluga will mate with the rear panel connector an the B 2804A, The receptiscle
on the back of the enble cunnertor will receive nnather cable plug,

328, A Bus Interface Kil is needed to use a Hewlott-Packard caleolator as the HPB contraller,
Information aboul this kit may be oblained from the nearest Hewlett-Packard Sales and Serviee Offlee,

3-30, MAXIMUM CABLE LENGTH

3-31.  As many as 16 Instrumeats can be connected in parallel, (e sure to count the caleulater when
counting the number of devier s In the system ). However, observe the following rules:

a,  The tolal cable leagth for the system must be less than or equal to 20 meters (Gb L.},

b.  The total cable length for the system must be fess than or equal te 2 meters (6 (L) Umes the total
number of devices connneted Lo the bus,

For instance, a system with ane caleulstor and one HP 2804 A would allow 4 meters (12 [L.) of cable,

*NBS Monograph 126, Platinum Itesistance Thermometry by: Johin L. Riddle, George T. Furukawa, and
Harmon H, Mumb,

310




Wl ”h.\.

04 A

== % ' (°} —aa

Operation

3-:32. ADDRESS SELECTION

338 The HIME address setector vwiteh s loeated on the B PC boaed assembly AT, 'The switeh Ja
preset ot Lhe factory for:

ABCI Hinary
Talk Address, oo o0 o 0nen s Mo 1ODLLOL

Listen Address. oo oo oo s = ce i .fﬂﬂllllﬂl\
M) LI5S0

The Jast five bits in the binary code pre switeh selectable. The first two digits (most signiNeant) ane *hord
wired" sto the WM elreultry,

334, Tochange e address of the 11 2804 A, fallow this procedure:

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

b, Release the top cover by unserewing one serew tocated ot the rear and centeredge of the top cover.
¢, Hemove the top cover,

d.  The oddress selector switeh is seven SPST switeles contained in o dualtn-ine (DIP) package, Figune
3.3 shows the switeh with the factory presel values,

e, The switeh settings may now be changed with a pointed instroment (ke a penci) ur pen).

NOTE
Do not sel all address siwiiches "o the ' 1" position. This code Is reserved for special use,

ABCI ASCIH
M5B LED LISTEN TALK
ADDRESS ADDRES"

0 0 g 0 0 5P Q@

Q 0 9 0 ' 1 A

0 0o o 0 " B

0 0 0 \ " c

0 0 1 0 0 s D

0 0 1 0 ! % E

0 3 i ! g & F

(] 0 1 1 ’ G § -y

0 1 0 0 o0 { H k¥ uN

0 1 e 0 1 ] ! '.:30 A

0 10 1 0 ' J KOT USED %’{o

0 ' 0 1 1 ' K L) 1| A PUEH THIS
° 1 1o o . L N
Se.ss- T

0 1 ! 1 0 . N

v ] 1 1 1 ! 0 w58 | Of av

' 6 0 0 a 0 P

1 0 0 o0 1 1 Q FACTONY PREEET VALUES

L . M

O 2 n LoTEn -+ - oootiay
| 0 1 1] 0 4 T

1 Q 1 0 | b u

1 0 1 1 0 6 v

i 0 1 1 i 7 L

1 1 0 0 0 [¢] X

t 1 o 0 ! 1] Y

i 1 0 1 0 t Z

1 10 1 : |

1 1 1+ 0o o0 < \

! 1 | 4] I - ]

1 ! 1 1 0 > N

Flgure 3.3, HP-IB Address Selection
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Operatlon 2804 A

3-36. CHECKING CALIBRATION

I
330, Checking the calibmiion of the quartz probe/eolibration module may be done by performing a °
reference tempemture adiustinent, Two methods can be used which yield nominal accuracies of £0.6m™C
and hm"C. These are?

g I'ple polnt ol water using a Trple.-Point.of-Water Cell which provides n probefinstrument setting
aceuraey of £0,6m°C.

h,  High quality fee bath prvfnrml with de-onized water and fee which provides a probefinstrument
seting neeuracy of 16.0m C.

307, Large differences (>200) in thumbwheel switeh settings from previous settings may be indleative .
of o or mare of the following:

- 8, Qumtz probe/calibrtion module installed In the wrong channel for e switeh settings used,
b, Probe damage has oceurred,
e, Instrument degradation has oceursd,

B d.  Probe Thermu! History eror resulting from high temperature use,

e, Ambient tempemture during measurement s substantially different from the ambient temperstune
when a reference temperature adjustment was made,

) 338, Following the preparation of the lee bath or the triple-point-cell and the Insertion of the quarts
probe the thumbwheel swilches ean be adjusted, Waleh the display and nllow a minimum of 10 minutes for
the qusriz probe temperature to stabilize,

3-39, USING A TRIPLE POINT CELL

340, The temperature of the triple-point-of-water is the temperature of pure water, fee and water vapor
in thermal equilibdum. IL is one of the fundamental defining Oxed polnts of the International Practical
Temperature Scale (IPT5-68), and the one defining fixed point of the Kelvin thermodynamie temperature
scale, This tempersture has been assigned a volue of +0.01°C on the Intemational Practical Temperature
Seale, cnd a value of 273.16 K on the Kelvin thermadynamie seale, Triple-point-of water cells are used in
the callbration of thermoneters, Although most commonly used for the determination of the R, of

- standard-grade platinem resistonce  thennometers, they are also used for calibration of quartz
thermometers, thennistors, liguid In glass thermometers. They are also used to establish e zero, and
evaluate the stability of other lemperature sensing devices,

d-41,  Checking callbration using the Triple Point of Water (Following text extracted [n poart or whole
from U.5, Depariment of Commerce, NBS Monograph 126),

3-42.  The triple point of water (0,01°C) Is the most useful and important of the defining fixed points

for calibrating. The triple point is realized in a sealed gass cell (such as Jarrelt Instrument Co., Model No.

A13,) conlaining ice, water, and waler vapar, When the cell Isin use it inay be placed In an ordinary bath of R
chipped or crushed lce, and water, Figure 3-4 shows the cell and fee-bath system,

343, The cell Is Nirst jmmersed in the jce bath with the mouth of the re-entrant thermameler-weil above
the surrounding ice-water level, The well is thoroughly dred, then filled with crushed dry fce and
maintained full for about 20 minutes by replacing the sublinied dry ice, The Initial freezing of water within
the tdple-point cell occurs severn! degrees below the triple-point temperature because waler casily
superegols,

344,  When the water does start Lo [reeze, fine needles of fce crystals (dendrites) initially form and
protnide from the wall of the wrll into the liquid, The fine needles quickly cover the well hut soon
disappear to form a clear coating of lee on the well that will grow Lo & 4 to 8 mm thick mantle in about 20

3-12
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1. Hueovy black leit shield against ambient

M

3
1
b
6
7

8.

radiation,

Polyaethylene tubue Yur guiding the quart? =
probe into the thermometer well, =yt
. Water vopar,

Borosilicate glass cell.

Water lrom ce bath,
Thermameter well {precision barel,
. lce mantle,

Air-free water.

8. Polyurethane sponge,

10. Finely divided ice ond water.

1.

Dewar Flask
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Figure 3-4, Triple-point-of-water Cell
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3-14

minutes, [UIs important to keop the well completely full of dry ee durng this pedad. (31 the dry lee lovel [n
the well is allowed to drop several inches and then the woll §s reNlled e fee mantle may emek. The destred
tHplespabit temperature may pot be achieved If a criek in the iee mantle oxtends from the well surface into
the surrovnding liguid water,

J4b. In the process of introducing dry oo into the well sume of e dry ice may be deposited around
the top aof the cell, enusbig the water within the edll to freeze solidly across the top, The fee at tie top of
the coll should be melted Immediately Lo avoid the possibie breaking of Lhe cetl glass, Whenever ice bs frozen
solldly acmss the top surface of Lhe eell water and a strong bund is farmed between the thermometer well
and the outer cell wall, any subsequent freezing of vater below the surface fee ean result in sufficlent
pressure do ruptere the cell, The surface jee con be relted by raising the cel) slightly and wanning the tap
of the coll with the hands lriely while gently shaking the top of the cell sideways to **wash” the region
with the cell water which facilitates the mebthig of the tayer of feo,

J-46.  Aler 21 minutes no additional dry fee should be added and the pemaining dry fee in the well
should he allowed to sublime complotely, Finally, when the dry fce in the well Is completely gone, the eoll
Is lowered deeper Into the jee bath and the well allowed o Il with water.

34T An immersion Lype cooler may be used lnstead of dry lee for freezing tie iee mantle, Howover,
care must be taken Lo avoid admitting the auxiiary hest-transfer liquid, e.g., sleahol, into the surrounding
jee bath,

348, A second jce-water interfoce is formed by melting the jee immediately adjacent to the well surface.
This s referred to as the “inner mell” The fnner mell s made by inserting o glass W e at ambient
temperature into e well for 8 few seeeads, A test for the existence of the ice-wabir Inlerface aver the
eptire intedor serfpee of the mantle is to give the cell o small rotational impulse and determine whether or
nol the ice mantle rotates freely aroand the axis of the thermometer well,

349, Some evidence exists that the temperature of the tripte-point cell is sometimes stightly low (sbout
2x10-%°C) immediately after freezing, therefore, the coll should be prepared at least one day prior Lo its
use, The reason lor this low [nitial temperature and the subseouent gradusl inerease during one or two days
to a steady value {s nol clearly established but is belfeved to be conpected with structural strains that are
produced when the fce is first frozen; presumably the strains are relieved with time as the fee anneals, The
mognitude of the lower initial temperature and the rate of increase to a steady temperature volue |s
dependent upan the specific technique that is employed in freezing the cell,

3:50.  To climinate the ambient room radintion (from celling lights in particular) n heavy black feit cloth
(1) covers the top of the coll exzept for a hole thruough which the thermometer may be inserted. The
thermometer Is precooted in the fce bath that surrounds the cell before it s inseried into the coll. A

polyethylene plastie tube (2) from the hole in the felt cloth to the re-entrant well provides a guide for
inserting the sensor probe,

3.61. CHECKING CALIBRATION USING AN ICE BATH

3-62. A high quaolity fce bath prepared with great core and using delonized water and fer will yield an
securncy of £6m°C.  Accuraey is dependent upon water and fee purily and on the technique used in
preparation.

3-63.  Delonized or distilled water and fee, Defonized water and ice, or ice made from distilled water in
conjunction with distilled water is used to prepare nn [ce hath,

3.54, A practical 0°C reference can be constructed using the following procedure,
Figure 3-6 illustrates the tee-bath:
p.  lce-Bath Preparation,
1.  Wash your hands thoroughly Lo remove any salts, then wash the Dewar Nask if it is dirty,

2,  Rinse the Dewar flask in delonized or distilled water,
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Probes not loss then 1/2" from
wall of flask, Immarion ot lenst
41/2" fram top of vush to tips of
probas,

Sfushof shaved or finely cracked ice
to bhottom of flask when bath s
made, Keep 8 minimum of 1" of ice

}w.prnbol.

b
(

Cork or othar suitable stopper.

N

Upper surfoce of stuih,

\ Wide-mouthed Dewar flask, 1 qt.

copacity,

Figure 3-6. Practical Ice Bath for Calibrating Quartz Thermometers
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4. Crush as much delonlzed - distiled. waler bee s 15 needed Lo pock the Dewnr Nask full,

4, In a separate contolner that has been rinsed in delonized or distilled woter, mix defonized or
distilled water pnd leo unth the mixture is precouled close to the freezing puknt,

0.  Pour this water Into the Dewsr flask, Olled in step 3, until the water level Is just below the top
of the Dewar Nask, ‘This water NIs the voids o Wie fee pack,

b, lee Bath Uso,

1. Wash the sensor probe to be used in deionized or distiled waler. ‘This is very important to
minimize contamination of the ice hath,

2, Ifthe sensor probe temperature is greater than $25°C, precool the sensor probe in o weparate jee
bath tusing procedures listed in ltem a.) before placky It in the maln lee bath,

3. Insert the sensor probe in the jee pack by fimt using a prerinsed ghass rod to form a pilot hole in
e fee pack, then insert the sensor probe [nto the pllot hole,

c. Iee Bath Refroshing.
1. Siphon the woter out of the bottom of the Dewar Nlask when a significant melt has occurred,
2. Nepack the Dewar Nosk with more defonized - or distilled-waler lee,
3. I needed, add more woler {as prepared in ilem n, step 4.)

3-66.  Tap water and lee, The most practical of all lcr baths is ice made from tap water, Reproducibitily
and accuracy witl depend on many varjables {geographiead Jocation, water impuritics eic), To detenmine
the sccuracy meels your minimum requirements, lee baths prepared according to paragraph 3-33 or 3-41
nust he used as 0 comparison

3.66.  Procedures for preparing o lap woler fce bath sre the same as procedures listed in paragraph 3-43
excepl that tap waler (s used,

3-57. OPERATION USING HP-IB SYSTEM INTERFACE

3568, HPIB is Hewlett-Pockard’'s implementation of I[EEE-488-1875, "Digital Interface For
Programmable Inatrumentation'”. It ennbles the HP 2804A to be controlled, in o system environment, by
an independent controller, To fully utilize the HP-IB capabilitics of the HP 2804A, you should be familinr
with the contents of IEEE-STD-188-1876. Information is nlsc available from Hewlett-Packard by ordering
“Condensed Description of the Hewlett-Packard Interfuce Bus”, HP Part Number 68401-000:30. The HPIR
document is nlso included ns Appendix B nt the rear of this manual,

3-68.  The HP Interface Bus transfers data and commands, on 16 signal lines, between components of an
instrumentation system. Interface functions for cach system companent are performed within each
companent so only passive cabling Is needed to conneel the system. The cobles conneet all instruments,
controllers, and uther components of the system in parallel to the signal lines,

3-60. The dota tines (DIO1-DIO8) are reserved for the transfer of data and other messoges in a byte:
serial, bit-parsllel manner. Data and message transfer Is asynchronous, coordinated by the three control lines
{DAV, NRFD, NDAC). The other five lines are for control of bus aclivity. The cantrol lines are ATN, 1FC,
REN, 51tQ, EOL Figure 3.2, item 8 provides an explanation of these signals. Figure 3-6 shews the lines,

361,  Devices connected to the bus may be talkers, listeners, or controllers. The contruller dictates the
role of vach of the otar devices by setting the ATN line true and sending talk or listen addresses on the
data lines (DIO1-DIOB). Addresses are sel into cach device at the time of system configuration either by
switches built into the deviee or by jumpers on a PC hoard. While the ATN line is true, slb devices must
listen Lo the date lines. When the ATN line is false, only devices that have been addressed will actively send
or receive dota. All others ienore the data lines.
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3482, Information s transmitted on tha dats lnes ander soguentipd vontrol af the three vontml lhies, Nn
step b the sequener can e nitisted wntil the provious step s campleted, Infonaation tramsler e proceed
Ay fasloas deviees ean resproned, bt no Taster than the stowest desier prosetly addressed as metive, This
prrmiia sesernl des,ees to reeeive U saime mesasgie by te copeorrnlly

363 The aperstion of te interfaee v generally contrulted by one desies equipped Lo ael as contaller,
Houses a group of eommatds b direet the other instioments o te bus iy eaerying out thelr functions of
talking andd Tistening. The vontmller han Lwo ways of sending interfaee messages, Muttiline smessages, which
canunt exist eoneurrently with other moltitine messages, nre sest oser e eighd data lines and the theee
transfer-hus Lines, Uniline messapes ans trsfernad over e Give indisvidual hoes of e management hus,

B84, The conumantds serve several different purposes:

. Addresses, or dalk and Usten commands, seleet Use strapseats thal will transmnt mied aceept data,
They are all multiline messages,

b, Universal commands cause every instrument equipped o do so 1o perform o specifie interfoce
aperatien, They include multiline messages and thyee uniline commands, interface clear (1FC), romuote
ennble (ILENY, and attention (ATN).

e, Addressed caommnnds are similar to universal commands, excepl that they affeet only those devices
that are addressed ond are all multiline commands. Ao thstrument responds 1o an nddrossed
cammand, however, unly alter an address hos already Lold iU Lo be a talker or listener.

d.  Sccondary commands are multiline nwssages that ane alwoys used b series with an address, universal
command, or addressed commond (olso referred to as primary commands) to farm o longer vorion of
each, Thus they extend the code space when necessary,

3.66,  The operational facility throvgh which a deviee can reevive, process, and send infonation over the
bus Is & set of Interfoce Functions, 1EELE-188-1976 defines each Interface Function in terms of state
dingrams that exactly express all possible interactions, The HP 2804 A implements the following 1EEE-AB8
interface funclions:

AH1 — Accept handshake

SH1 - Source hondshoke

Tt = Talker

L1 — Listener

S5R1 - Service Request (Status byle=constant)
RLI — Remote/Locnl

PP1 — Paralle] Poll

OC1 — Device Clear

DT1 — Desiee Trigger

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

T1, 72,73, Temperture seleet

R1, R2, 3, Resolution seleet

g, D1 DAC ignare Nag

Gg, G Configure for group Execule Trgger

He, I Sample/Hold mode

J9, J1 Interrupt mode

X Detimiter for Controllers which are nol sell-delimiting

P At g s (4 ey St A AL (L R I ORI S Ao
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BT Ve HPDIOAA uses seeamdary addressing to inplement additbima) fentures, Beeadary addressing

appears ta the contrallor, ns wosel of registers iv. sl to tie HP 2E00A Dint powbile U folluwing:
. SECONDARY ADDRENS FUNCTION
0 1temd stintun slring
02 Head chaptwel 1 Proset
03 Rewd chaniel 2 Proset
i Wend channel 1 ealibration module sdentifeation
pamhber {Note)
oh Woead channed 2 eallhration sundute identifeation
number (Notw)
* ]t} Write to DAL
NOTPE

The calibratten module identifeation mnmber is te Tast six digits of s serial nnmber,
JOR The devicw-dependent charaeteristios of the 1P 2004 A message sel are:

DO DAL Ignore Nag.

Wien 1§, the DAC will be updated fram the display W aceordanee with the front panel switeh
settings, When DY, the DAC will freeae with the dast update, and will be refroshed anly by
revenston to 14, or by n secondnry nddress (08) write to the TP 2ZHOEA, The lndter requires o BCEH
string Lo he sent by the controfler Lo sevandary address O, The 1P 28044 will take the [ast thew
digits of Uw stdng 1o wpdate the analog outpul, Naw-numerde information tneluding decimal
paintt will he ignared, The 110 2804 A provides leadingzere insertion for BCD strings bess than
Hirew digits,

o Gyal GET ConNgure,

When Gf, tie 1P 203 A will ignore the GET command from the bus, When G, the 111 2B A
will wait for o GET command, displaving HOLD on the 1P 2804 A display, Afler pecelving OFT,
the B 2804 A will commence reading, 1T the S/ mode Is trse (1), the H1 2804 A will take ope
reading, display tie resolt apd Bght the DATA HOLD annunclator. The istrament will wall furn
new GET before king another reading, 1 570 bs not asserted (119), the 1P 2804 A will read
continuously, and will pot walt for g pew GUT untll ancther conligure moessage is reeejved,

o 541 Mode,

(0110, the HP 2HCAA will rond continuously,

IC 0, the 1P 2804A will moke one reading, display the psult and light the DATA HTOLD
annuticiator, (See UQ/GL,).

JO SIQ Made,
. 10, the HP 2804 A wlll not generate a service reguest,

I J1, the HP 2804A will generate o senviee neguest (SR asserted) and light the SERVICE
annunciator when pew data s avallable for transfer. When the data has been aceepted, the
. SERVICE annunciator will be extinguished,

X An ASCIE X serves as o dellimiter for those controllerns which do not delimit dato transfers
automatically, The HP 2804A will respond to Uie Tollowing delimiters; X, CRILE, EOT bit-tag on
final hyte,

3-19
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Reeondary Address D) stalusstrg
When o secomdary addross O3 read In performsd the 1P 2600 A piaces w message string on the s
i fulerwnt , |

Fosy Tx Hx Uy s 1is Dy CReLK

i
Where s is the numerde infarmation msacated with each aiphs vhamete:,

The ‘K" charseter gives error status of the TP 2ROVA. 'The strdng o Axed formyt §chaneten
(0 CIGLE torminstor) lony.

Becondnry Address O3}, € ) = rear panel) inpal
A read of secandary address 03] retupn o dadigit 81 sbeing from the chanael § 02 thumb.
whesl presets,

Seeandnry Addres 04(10)
A rend of secondary addross Q4000) returma n Gt RED string from te chanwel 12 Calibration
Moddule fdentifieation number febd by tie Cakieation Medale,

Heeondary Addnes 0
With the DAC Iygnore Flag asserted (D1), the NP 2804 A updates the anaslog autput based on
infarmation sent Lo secondory address 06, The NP 20804 A uses the Iast three digits of » string,
ignornyg non-numede data, For less than three digits of datn, the 11P 2004 A inserts leading zerus,
Examplet

Lo A transfer of “HUD" will rosull 1o sn analiog output of 5,00 Vide,
2. Atrnnsferof *HY', whi result in nn snalog vutpul of 0,81 Vde,

Data Tmnsfer
A dota read from the primary adaress, returis o fixed formab string of 11 bytes (including sign,
deelmal any terminotor), The TH? 2804 A provides lending and tmiling blanks as 8 funclion of
selected resolution snd DISPLAY B} TEMPERATURE, Message string Is as follows:

8Dy 1y Dy dp Dy Dy Dy Dy CRILF
For Example: With T1 and 12 seleeted, for o temperature of ~0.01°C the datn string s
~BS0.0185 CIYLE,

Error Conditions
When an 11 2004 A errar conditiun oceurs, the instrument will transmit a reading of 989, CRILE
which far most controliens s necepted as 803, e hurden is therefore on the user Lo detect this
aut-of-mnge reading and perfonn a status read (SEC address 01} to determine the error condition
sl Lake correetive setlon,

300, Toe P 2804 A, NP option has two muodes of operation:

0, Controlled device,

h.  Talk Always device,

370, The Talk Always (TA) mode is selected by the HP LD Address Switeh {A751-1). In iLs **1" position,
tie P 2804 A assumes thal no controtler 35 on the bus and tries Lo transfor dats after each measurement
The TA mode is designed for outputting to o digitel printer. Duta formpt {s the same as deseribed in

paragraph 3.60, The HIPF 2804 A remains in loeal cantrol so that mode and resolution are controlled from its
front panel.
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HI* 2804A

471,

Operation

Qperntion of the HIP 2804A. HIMY s o function of the controller and the devicedependent

mesangesel to which the HIP 2804A respunds. The sequence of messages on the HIMIY defines the
aperation of the HP 2804A, For exnmple, the instrument operntor may do n Stntus Buring Hemd from
secont'nry nddresn 01, and reprogram the HP 2804 A for the next highest resnjution, Messnge soquence on
the P13 should then be;

UNL!STEN

TALK ADDRESS
GROUP

SECONDARY
ADDRESS
GROUP

STATUS STRING
MESSAGE

Exx Tx Rx Gx Jx Hx Dx CR/LF

UNLISTEN

LISTEN ADDRESS

GROUP

MESSAGE ""R2E"

Clear all listenury

Clear thn 2004A

Belact 2004A a3 Talkar,

Selsct 2004A GSecandary
add;eaa (et two digts —
must b two)

Rosd ststup memage and
printit,

Cloar the 2004A

Salact the 2004A & lis-
tener,

Zalect MEDium resclutlon

Example for GOZBA controlier

clr 113 uremd 2,

emd /7, "TUM"”

wrt 71301 {(Noter 3hyia
Instruction)

rad 11301, A
pet A

clr 1130t emd 7, ¥

and 7, "YU~

wrt 713, "R2E"

cmd 7, "Nili". "TIRY" o Suluct T1 and Low resatution

Tatker addrem lcontraller)

Listan address (2004 A)
For Talk addrass, use 'MLUM"

Note: Aif shove axamples refer to the hP Model B9825A usad as the controlisr, Refer to "Candensed Decription of
the Hewlatt-Packard interfsce Bus”, HP Part No, 58401.80030, for mare genetal Informstion.
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11 YB04A Perfarmance Tests

SECTION IV
PERFORMANCE TESTS
4-1, INTRODUCTION
. A+, Tosts ‘i this soction verify the instrument's eleetrenl performance, Table 1.1 Hsts the astrument

specifivations, These lests miay be used as part of incoming inspection, and can he done without sccessing
the instrument's Internab elreuits, 17 the instrument fails to perform as indieated in this seetion, refer to the
troubleshaoting procedure in Seetion VI
4.3, EQUIPMENT REQUIRED

Tesl equipmaont required for the 11ts is listed in Table 1.3,
44, TESY RECORD
4-h. Resulls of tests inoy be recorded on the Test Recard loenied at the end of this seetion, Results of
these tesls recorded during (nconing Inspection can be used for comparisen in maintenance, trouble.
shooting ov following repsirs and,'ar adjustiments,
46. CALIBRATION CYCLE
0 41, Factory callbration of the guartz probe/calibration madule combination is recammended no more

than once cach year. A reference temperature adjusiment must be made when the instrument s first
received from the factory and then, within the last 30 days preceding the use of the instrument.

4.8, PERFORMANCE TESTS

4.0, The complexity snd expense of performance testing 1007 Lo the instrument's specifications os
listed in Table 1.1 sre such that "Qpemtion Verificetion™ tesls are ~ecommended, These tests are ensily
done ond cheek at least 907 of the instrument copablilities. Also these tests can be used as incoming
inspection tesls or tests to be made lollowing repair.

4.10. OPERATION VERIFICATION

4:11.  Operatton Verfication conslsts of:

n.  Qperntors Checks.

h.  Error Message Tests.

3 Reference Tempernture Adjustments.
d.  Internnl-Fxternal Clock Test.

", Digital-to-Analog Tent.

£ HP-IB Teat.

41
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4.12,  'To verify instrument oprmtion withaut testing all of the specifientions listed in Table 1.1, do the
following:

NOTE

Instrument will not operate (€ INT-EXT Switch §s in EXT and no 1 MHz input is applied
to CLOCK connectors,

8, Do the Operator's Cheek In Section I, paragraph 3-16,

b. Do the following Errar Message 'Tests, To do these tests, the fnstrument must e powered down
hefore remaving the calibration madules and powered up to test for the error message, Power up or
down is done by pressing the LINE switeh to ON or to STANDBY, respeetively.

NGTE

"ERROR 1, &, and 6" cannot be simulated. "PROBE 1 and 2" are quartz probe
aut-of-range conditlons (Lempermture specifications execeded) and should ot he
simuluted,

—

. Power-dawn the instrament and pull out channel T1 Calibration Module, then powerup the
instrument. Display should be EIRROMWR 2,

2, Power.down the instrument, reinstall the T1 Calibration Module and power-up the Instrement.
Disconneet tie T1 quartz prohe, Display should be CRROR 7,

3. Repeat steps 1 and 2 for T2 channel, Disploy should be ERROR 3 and ERROR B respuctively,

4, TPawer.down the instrument and remove the Calibration Modules from T and T2 channels,
then power.up the instrument. Display should be ERROR 4.

: 6. Power-down the instrument, reinstall the Caliaralion Module(s) and recanneet Uie qunrtz
probe(s} then powerup the instrumenl (f only nne channel §s used, use channel T1).
Tempersture indicstion on the display will be e T1 chonnel quartz probe embient
temperatuiv, Press MED RASOLUTION,; display temperature resolution shauld jnerease to
X.XXX°C and readings shoulc change nt a 1second rate, Press HIGH RESOLUTION; display
- temperature should incrense Lo 3. XXX X C nad readings skould change every 10 seconds,

6,  Press T2 and repeat procedures of step &

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

e, Do the Reference ‘Temperature Adjustment using information in seetion N1, paragraph 3.2b and 3-27.
Accuracy desired will delermine the method of cliecking calibration Lo use,

d, To do the INT-EXT CLOCIH. Test, an externnl 1 Mz, ot 1 VRMS/1KOhm must be conneeted to the
instrument rear panel CLOCK connector, Ensure quartz probe and Calibration Module are installed in
T1 channel,

Sct INT-EXT Switch to EXT, Nisplay should be amblent temperature of T1 channel quartz probe.

¢. Do the Digital-7--Analog Test ns follows:

1. With the [nstrument powered-up and operating normally, conneet a voltmeter (set Lo its 10 volt
range) to the HP 2804 A rear panel ANALOG cutput {observe polarily).

42
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2604 A Performance Tests
' 2, Conneet an vseilloseope to the ANALQG autput (observe polarity), ‘
9, Set the instrument front panel CAL-OP switeh Lo the positions listed In the following table. -
Voltmeter eading should be as listed, =
CAL-OP Bwitch Voluneter Reading S
av 0 Valls £ .004 Vde. —
Y + b Valts £,012 Vde, =
10V +10 Valts £ ,008 Vde, -
. No oscillations should be evident In each switeh position,
4. Sel CAL-OP Lo OP-NORMAL and set the digits selected switeh to XXX, (uppermost position). =
6.  For the displayed tompersture, the voltmeter reading will range from 0 to 10 valts (depending __
on temperature), Example temperstures and voltoges are listed below: =
Examples of shalog output voltages for NCRMAL and OFFSET Modes! -
-
vr -
DISPLAYED ANALOG Vde OUT ANALOG Vdc OUT =
TEMPLRATURE NORM MODE OFFSET =
= SELECTED DIGITS _
+12r3.94 43°C 3.0 8.04 —
‘ i
o +123.9|443 [°C 4,43 0.43 —_
+123,[ 844 |3°C 9.44 4.44 =
+123.| 899 |0°C 0.08 4.98 -
+124,| 0oo l0°C 0.00 6.00 =
+124.0[ 100 |°C 0.10 6.10 —
+ o001 |o°c 0.001 5,01 -
0.| ooo |0°C 0.00 5.00 e
-0/ o0t ]o°c 0.9 4.99 =
I=—
{No ascllintions evident on oscilloscopal ,:_
i
6.  Itepeat Step 6 with the CAL-QPswitch set lo OP-QFFSET. Valtmeter reading should be offset g
by +5 volts. Step b lists ex. nple temperatures and voltages, i?
i
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f, Do the BN Ter ¢ ns follows:

1. Powerup the Instrument, . -

9, Obscrye the BN st nddress (factory set st ¥ Addr 13%) following automatie self-check,
3 Chserve that the instrument posses selfcheek,

4, Read the stotos-string from Secondary Address 01, 'This performs both read and write
operations, The controller should now have the status-string as defined in paragraph .68 which
will verify HPIB operation,

B, Asample progeam usiog an 1P O826A eolewlator Is provided by the following Flgures and Tahles,

0t spc 40t prt "TLIRL",Z

l; pl’t XN E RN NS NN SRS NN B 41: [xd 3

2t prt "2004A HP-IB TEST" 42t wrt "2804" ,"TLIR2E" »
It pft Wk b Aol el e e it 43: wait 2000 =
41 8pc 44: red "2804",2 =
5t prt "THIS PROGRAM" 45t wait 1006

6t prt "TESTS THE 2804A" 46: prt "TLR2",2 —
7t prt "WITH PROBE AND" 47t £xd 4 _
8: prt "CALIB., MODULE IN" 48: wrt "2804","TIRIE" .

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

12: spc 52t prt "TiR3",Z =
13: prt "HAKE SURE THAT" 53: spc —
14t prt "PROBE AND MODULE" 54t prt "SET 2804A TO" m —
15t prt "ARE IN THE TL1" 55: prt "STAND-BY. PLACE" —
16: prt "POSITION," 56: prt "PROBE AND MODULE" =
17: prt "SET THE 2804A TO ON" 57: prt "IN T2 POSITION," =
18: prt "AND NOTE THE" 568: prt "WHEN DONE, SET" =
19: prt "HP-IB ADDRESS." 59: prt "THE 2804A TO ON" )

20: spc 60: prt "AND WAIT FOR" —
21t prt "WAIT UNTIL TEM-=" 6lt prt "ERROR 2, THEN" :

22: prt "PERATURE IS DIS-" 62t prt "PRESS "CONTINUE "

23: prt "PLAYED, THEN" 63t BpcC —
24: prt "PRESS “CCONTINUE'" 64: Btp )

25t stp 65: prt "ARE YOU SURE THE" -

26t spc 66: prt "2804A IS ON?" *

27: prt "BP-IB ADDRESS?"rent A 67: prt "PRESS "CONTINUE " =
28: spc 68: spc =
29t 700+A+A 69: stp S
30: dev “"2804" A 70t wrt "2804","DOGOHLIIE"

31: fxd 2 71: walit 1000 =
32: wrt "2804","DOGOHJL1E" 72t wrt "2804","T2R1E" , -

33: walit 1000 73t wait 500 =
34: wrt "2804","T1R1E" T4: £xd 2 _

35: walt 500 75t red "2804",2 =
36t red "2804",7 76t wait 1000 =
37: wait 1000 77: Lf Z>=999;gto 53 -

36: if 2>=999;gto 12 78: gto B0 -

39: gto 40 79: spc . s

Figure 4.1, 2804A, HP.IB Sample Program
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2HOSA Performuancee Testy

80¢ prt "T2R1l",%Z 91: wait 1000
. Blr £xd 2 92t prt "T2RI",2
B2: wet "2804","T2R2E" 93: wrt "2004","DOGOHQJIORE"
03: wait 2000 941 wait 10020
B4s red "2804",2 95: lcl "2804"
85t wait 1000 96: wait 1000
86t prt "T2R2",Z 97: spc
B7: fxd 4 96: prt "END QF TEST"
68: wrt "2804","T2RIE" 99: spc
89: wait 12000 100t end
90¢ red "2804",12

Lines O thru 26 Print instructions to user, Printed on the B25A printer,
Line 27 Allaws usoer 10 enter the HP-IB address displayed ot turn-on of the 2804 A,
Lines 20 and 30 Converts the HPIB address to o number understood by the 2B0AA,
Assigns the lgbel 2804 to the variable A",
Line 31 Fixes the displayed number ot two decimal places, Used only to make the
printout "pretyy”,
Line 32 Sets up the 2004 lor the desired measurement mades, See the description
of the 2B04A measurement commanads,
Line 33 Allows o walt or delay of one second to allow the instrument to settle,
This time delay can be changed 10 a shorter time, and should be tested 10
. find the minimum time required.
Line 34 Selects the T1 input and LOW resolution,
Line 36 Provides a time delay to allow the meosurement to be mode. LOW
resalution measurements are 0,1 second.
Line 36 The controller makes o reading from device "2B04", and assigns it 10
varlable "'2",
Line 37 Provides g deloy of 1 second to permit the user to see the TALK
onnunciatar,
Lines 38 and 38 Tests for an errar condition, One such condition would be no probe
vonnected to the T1 input channel,
Line 40 Prints the measurament result on tha 9826A printer,
Lines 42 thru 46 Selacts the T1 input and MEDjum resglution, Waits for two secands lor
. measurement to be made, Medium resolution requires ane second to make
the measurement, Prints the resuit on the 8826A printer,
Lines 48 thru 52 Saelects the T1 input and HIGH resolution, Waits 12 seconds for measure-
. meant (o be made, High resalution mode requires 10 secands to make the
measurement, Prints the result on the 8826A printer,
Lines 63 thru 69 Instructions 1o user Lo permit changing the probe and calibration module
ta the T2 channel,
Lines 70 thru 82 Do the same things as for the T1 channel. The measurements are still
L.OW, MEDIum, and HIGH,
Lines B3 thru 896 Places the 2B04A in o different function (turns off some annunciators),
and places the instrument in the Jocal mode,

Figure 4-2, Explanation of 2804 A Sample HP.1B Program
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Performance Tests

RUN

"y 0-26

PRINT SETUP REQUIRE-
MENTS TO START TEST.

\ 27

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

y 28, 30

CONVERT ADDRESS TO
VALUE UNDERSTOOD
BY 2804A,

\ 32, 33

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

\ 34, 36

SELECT T1INPUT
AND LOW RESOLUTION
WAIT 0.6 SECOND

36

READ DATA FROM
2804A, WALT 1 SECOND

3
ERROR?

y NO

B,39

40

PRINT RESULT

©

Figure 4.3
2804A HP-1B Sample Program Flow Chart
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2804 A Performance Tesls

. @ 42,43
SELECT T1INPUT,

MEDIUM NESOLUTION,
WAIT 2 5ECONDS,

\ A4, 45

READ DATA FROM
2004A, WAIT 1 SECOND

] 46

PRINT RESULTY

’ a8, 49

SELECT TVINPUT,
HIGH RESOLUTION,
WAIT 12 SECONDS

| 60, 61

READ DATA FROM
28044, WAIT 1 SECOND

62

. PRINT RESULT

- 63, 60

INSTRUCTION TO CHANGE
PROBE AND CAL MODULE
TOT2 l

70, 7

WRITE COMMANDS TO
2B04A TO GET 1T READY.
WAIT 1 SECOND

y 72,73

SELECT T2 INPUT,
LOW RESOLUTION
WAIT 0.b SECOND

. READ DATA FROM
2804A, WAIT 1 5ECOND

Figure 4.3, 2804 A HP-IB Scmple Program Flow Chart (Cont.)
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Perfurmance Tests QO A

O ®

PRINT RESULT

| 02,83

SELECT T2 INPUT
MEDIUM RESOLUTION,
WAIT 2 SECONDS,

L 04, 65

READ DATA FROM
2604A, WAIT 1 SECOND.

PRINT RESULT

\ 88, 09

SELECT T2 INPUT
HIGH RESOLUTION.
WAIT 12 SECONDS.

] 0, 91

READ DATA FROM
2804A, WAIT 1 SECOND,

PRIMT RESULT

) 83, 64

WRITE COMMANDS TO
2804A TO PUT ITINTO
CONTINUOUS MODE. WAIT
1 SECOND,

b, 8G

PLACE 2804A N
LOCAL MODE, WAIT
1 SECOND

END

Figure 4-3. 2B04A HP-IB Sample Program Flow Chart (Cont.)
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2H04 A

Table 4-1. Sample BB Operations with the 9826A Calealator

Performance Tusts

1

Mayiage Name Description Bamjile Qperatians

Data Dulput Lext and variabies to vngle tevices

Quiput wegle characiery wib 70%,H

red 711 ,A8, 08
rdbC?211 A

toput data frar a device
lnput wengle characie

Specy denge aduresy and seid data i s format | emd 7,
ASCII rharaciers emd "dum', “Li0"

Output data W mullgle lntenern
cmd "TUK"™, "L10"

Tranafer data tram device 10 device, cmd 7K™
Trigger Send a Group Execute Trgger 1o olf ingtrumenty trg 7

Send o GET 10 selvcted devicey trg 711
Clear Clear all dfevices clr 7

Clear welected device. clr 711

Enable remote mode on all devices Switching the rem 7
caleulator on alwo sends o Remote menage.

‘ Set 1emote mode on wlecied device rem 741

Local Return selecied device 1o local mode. le} 722

Remote

Local Lackout Pravent alf devices from returning to local mode. llo 7

Set foca) mode and disabile locat lockout onalide- | lel 7
vices, . i afso wends thiy messaye.

Clear Luckout,Set Local

Pass Contral Transter bus control to o welected dewice. pct 723

Require Sotvice
Status Byte

Aenuest Syrvice from the controller and send an rqs 7,105
B-tut status byte for raponse to a Serial Poll.

Status Bt Bit and logic tevel tor responies to a Parallel Poll. rqs 7,64
Abart Clear all bus operativns and return control 1o the el 7
ariginal system controller. ¢+ 2ais0 sends an abort
. message.

wrl 701, "total=",A
wrl "Printer” A ,B,C

II,U-ID. ilL‘O"

wrl “dum,printer”,

"L' oll

Yin each tase, & device Apme can by suigned and subslituied 1or the saiect code paismater. Sie “The Drvics Statement”

- . Y A
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2804 A Adjustiments

- SECTION V
ADJUSTMENTS =
5-1. INTRODUCTION
) 5.2, This section contains complete feld ndjustment information for the Madel 2804A Quortz ::—_
= Thermometer, The ndjustments are presented in the recommended order for o complete [nstrument -
) calibration, o
B 5-3. SAFETY CONSIDERATIONS =
-] —
| b4, This section contains wamings and cautions that must be followed for your protection and to =
avold damage to the equipment, Whenever Internal Instrument circuits are exposed, caution must he —
exercised, 116 Vac Is present at the rear panel, bottom side of the instrument, When using ac-operaled tost =
- equipment, make sure that the test equipment chossis/case |s connected to earth ground, With the i
— instrument LINE switch in STAND-BY ac power is still applied to the instrument and some de voltages are =
— stl) present, To completely power-down the instrument, disconnect the ac powrr from the Instrument. =
] -
" WARNING! =
®
LINE SWITCH DOES NOT TURN OFF AC o
POWER AND SOME DC POWER CIRCUITS E‘
b-6. EQUIPMENT REQUIRED ﬁ
b.6. Test equipment needed for ndjustments Js Usted in Table 1.3, Test equipment that satisfies the ;
critical spectfications gven in Table 1.3 may be substituted, =
=
57. INSTRUMENT ACCESS (SEE WARNING OF PARAGRAPH 6-4) E"

6.8, The Instrument’s intemal circuits and nssemblies are accessed by removing the top and bottam
covers, Top and boliom covers are seeured by one screw each ot the rear edge of each cover.

- CAUTION &

Whea LINE switch is in STANDRY, ne power Is still spplied to the instrument snd same !'n'..;
de voltsges are still present, Disconnect ae power from the Instrument before remaoving :

any assemblles,
6-9. ADJUSTMENT LOCATIONS
5-10,  Adjustment locations are shown In Figure 6-4,

5-11. CALIBRATION CYCLE

O T R T N R A O [T I AT R

¥,
i@ |

. 5.12.  An annual calibration is suggested for the quartz prok-/calibration 1. .dule combination, ‘the HY’
2804 A can be calibrated annually, Test equipment required is listed in Table 1 3,

b-1

., e ——— . |



Adjustments HOAA -
513, POWER SUPPLY CHECKS —
h-14.  Mor to making any intermal adjustents, the power supply voltages should he cheched ns follows: o —
o, WIth the instroment in normal aperation, use n de volimeter to measure the valtage al ABXAT pins; _
=
.
ABXAT MAXIMUM -—
PIN D¢ VOLTS RIPPLE: =
NUMBER ACVOLTS
——
1 16 4.25 Gmv W
1" +6 1,26 6 mv =
27 217 (+16 10 +20) A50 IV -
10 -12 4.6 G mv -
0 ~5 1,26 6mv _
b,  Use nn oscilloscope ond cheek the ripple voltage at ABXAT pins listed in step a. Values should be as -
listed i step a,
516, ADJUSTMENT PROCEDURES o L
i 5.16.  The sdjustment procedures are listed in the recommended order of performance, The A, TCX0 -
and A2 Bensor Oscillator ndjustnients normally should not require sdjustiments. The AG DAC Qutput
) adjustment riay aecasionally need Lo be ndjusted, pl
: =
i i
i _
é * £;
% .
?‘ [ L1 |
3
: @
7
E e
? 6.2
il
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HE 2804A Adjustmenta

A CTEMPERATURE.COMPENSATEDCRYSTALOSCILLATOR (TCXQ0) ADJUSTMEN'T
NOTE

Thin ndjustment need not be sade sa a perindic calibration sep, The
microprocessor on the A Assembly tahes into necount amall differences in tine
bage frequency from inatrument to inatrument, and compensation in made vin the
front puned thumbwheo! switches, ‘The TCXQ whould naver need adjustinent
throughout the life of the instrument, Unlesa there i ranaon to beliove the TCX0
han heen tampered with, it in not necenanry to make thin ndjustment.

2804A FREQUENCY COUNTER

Q

—

Figure B-1. Al TCXQ Adjustment

Teat Equipment RRequired:
Irequency Counter.
PC Bonrd Affected:
Al

Betup Condditione:

JHO04A
TEMPERATURE (v f e e e e s e e e T
RESOLUTION oo srss et it s s ninerivinss. e LOW
Irequency Counter
RESOLUTLION ittt errnrsorrrerrer s eiessrsarssarssosntersrarss beaaarrrsssrrosassns 1 Ha
Procedure:

1. Cannect frequency counter to ASTP4 (D and cuassis (LO)
2, Adjuat trimmer un top of TCXO can for the trequency marked on the front of the can,
NOTE
The TCXO hos a long-term stability of | part in 107 per inonth. The frequency
counter used to sdjunt the TCXO must have a time base st least pn order of

magnitude better (or n "house standard"),

3. Disconnect frequency counter. After this adjustment, it will be necensary Lo perfurm a reference Lempera:
ture calibrotion os shown in Sectjon 111 of thia manual.

i S}




MAdjustments R LT TIEYS

NOTE @

This adjustment yeed pot Be made ns o perfimlie enlibrmtion atep, The sensor
anelibntors should never have tw be sdjusted thrughout the life of the instrument.
I nedjustment is roquired, the symptam wiil he that the vensor nscillntor will not
nscillnta nernos the entive range of -B0° tn H2R0°C (=1 1291 to 1442008, but will he
peedrnte acrosy the portion that does work,

B HENBOR OBCIHLLATOR ADJUSTMENT

H® 3408A
A D
9 o
28004 A ] FREQUENCY CUUNTER
10K
{BOLATOR 50 T2
TESY ) o 0
FIXTURE _
{Bee page A-1) CHER
(SEE NOTE 2) @

HP BBBOA/86B01A
NOTES
o 1. All connections axcepl counter probe tip and HP

e snee. BAQBA pre BNC.

2. Molched cable is 11.97 Ft (3.60M) of RG-1B7 A/B
75-0hm coax (HP BY20-0777).

Flgure 2. A2 Sennor Oscillntor Adjustment

Teat Equipment Required (with BNC connector at each endl:

HI BOGOA/BGOIA Synthedizer, HP KGOA Veclor Voltmeter, frequency counter, extender bonnd Inc  dor Toat
Fixture, 129 ohn resistor won BNC connector), | M-ohm scape probe, mastched enhle.

PC Bonid Affected;

A2,




HEP 2R04A Adjuntments

Hetup Conditiona:

2HO4A
TEMIERATURE ...... Ceriaees v LI
REBOLUTION ......cocovhis e e Firareresiiiesree . ¥ o)

B HGI0A/ZBOBOIA Synthesizer

FREQUENCY .. .......... G Vere e be e e brrrees beeraes oo 28,485 MH2
OUTPUT LEVEL ... bhens e bh s Cerbreees Ve berraes Verreraees 100 mVemn

HIF B406A Vector Vollmetey

MIASE RANGE ... e Ceeraee e e O N
CHANNEL ... G Cererneens R Cerieaes e beveaas Cereei R vorenns A
AMPLITUDE RANGE .........00, e NN T 100 mV

Frequency eountor — cannect to ABU1 pin 6 with scope probe.
Proceduye:

. Bet BGGOA/HGG0IA Synthesizer frequency o 8,480 Mz Adjust B4G6A Vector Voltmeter fur 0° phase
reference,

2, Pemove 120 ohm resigtor from matched eable. Connect matched cable ta T1 connector on 2804A front
punal.

1. Short AZTPL wnd AZTP2 together. Adjust A2C4 for 0° phaese.

4. Remove A2TPI and AZTP2 short. Disconnect matched cable from T1 connectar. Connect 120 ohm resistor
to T1 connector. Adjust A2CH1 for frequency of 28,486 + 006 MHaz.

B Connecl frequency counter to AGUL pin 8, Disconnect 120 wiun resistor from T1 connector. Connect
matched cable to T2 connector, Presa T2 pushbulton,

6. Short AZTPY and A2ZTP4 ‘opether. Adjust A2C 16 for 0° phase,

7 Remove AZVPD and AZPD4 short, Disconnect mutched eable from T2 connector, Connect 120 ohm resintor
to T2 connector. Adjust A2C22 for frequency of 28.4856 t .0056 MHz.

31
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Adjustments 2HOHA .
- s
C.  DIGITALTO-ANALOG CONVERTER OUTPUT ADJUSTMENT '
Tha.
. OSCILLOSCOPE _
2000A ¥ DC DVM B
= 0 ==
A\ |
¥
;; —
= Figure 5.3, AG DAC Quiput Adjustiment.
= Test Equipment Required:
- DC DVM, oscllloscope -
- I'C Board Affected: —
- -
- AL,
; Setup Conditions: . -
B 2804 A _:
i B0 1 T N T =
- RESOLUTION &t i it e et bt e b s e e s sa e, LOW -
e nC DVM -
= RANGE oot e i e e e e e 10 Vde P
— =
Conneet DC DVM to rear panel ANALOG QUT jacks, -
- Procedure: -
= 1.  Set 2804A ANALOG OUTPUT switeh to CAL 0V, _
2, Adjust AGRB for DC DVM reading of 0.000 £,001 Vde,
- 3. Sel 2804 A ANALQG OQUTPUT swileh to CAL 10V, -
- 4. Adjust AGRS for DC DVM reading of +10,000 £.001 Vde, o
- 6. These two adjustments interact sumewhal, Repeat steps 1 through 4. .

6.  Scl 2804A ANALOG OUTPUT switch to CAL bV,
= 7. Verfy DC DVM reading of +5,000 £,006 Vde.
= 8.  Disconnect DC DVM and connecl oscilloscaope in its ploce, .

- 9, Verify that the de voltage Is clean and not osclllating,

b6

e 1)

L _ o ._._vﬂ_."-. ORI T S e A RPN 7 G e S P e
P i i ] -
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Adjustments

REAR PANEL

ADA1
A3 Ad AG AG A7
NOTE:
Y1 ns ASSEMBLIES SHOWN
0 @ INSTALLED IN RECOM-
o MENDED POSITIONS
ne FOR QPTIMUM HEAT
DISSIPATION
AB
A2
O cen cz2 O
Qs cie O
A1A2
ATA1
FRONT PANEL
Figure b-4, Adjustments Location
b-7/6-8
, \H =! : = Lo \|! !IWI—M \UI I 1 I | 1 I

4]

—— p—



2E04 A Repinceable Paris

SECTION VI
REPLACEABLE PARTS
G-1. INTRODUCTION
\ 6.2, This sectian contains infarmation for ordering replacement ports, Table G-1 lisks abbrevintions used

pnd Table 6.2 is a list of replaceahle parts fn the 2804A, Tables 63 ond 6.4, are lists of cepineenble chassis
parts, These parts ore also listed In Talle 6.2 as miscellancous parts, Figuses 6-1 and 6-2 ave exploded views
of the Instrument, Table 8:6 Is a manufaclurers’ code [st,

6-3, ABBREVIATIONS
G4, ‘I'nble 61 Wsts shbrevistions used throughout the manual,
66, REPLACEABLE PARTS LIST

4.6, Tubde 67 s the Hst of repinceahle parts, Parts are listed in alphonumerieal order, Included s the
deseription, quontity (total used in the instrument), HP Part Number snd manufoecturers’ part number,
Chnssis snd mechonical parts nre also listed in Table 6-3, 6-4 ond Figures 6-1 and 6-2,

6-7. ORDERING INFORMATION
. 4.8, To arder o listed parl, quote the HI Part Number indicate the quantily needed and address the
order Lo the nearest Hewlelt-Packard Office, When ordering s non-listed part include the instrament model

number, serind numbcr and 8 deseription and function of the part, Address the order to the nesrest
Hewlett.Packard Office.

6-1




Repaceabie Parls 2804 A

Table 6-1, Reference Designotions and Abbreviations (1 of 2)

REFERENCE DESIGNATIONS .
A - assemiily Ju C u mierated circwt,
B aialoe, synchen, fan K relay non erpgoahle gwembly
ne Doteding st L mduc i v vacuum e,
[th) Latimy M ne phatacell, vy
c G 418 el g vit vl lage eegulphor
cl ©orrent prrgkes I U cannecio W PHNRe ware, cable aaminlly 1
(oL © dhale 4] lransaine x wchet
0]} © delay hine n ey Y cryutal {
DS dicalan, dinglay ni theranistrie 7 e cavily, alwirk
5 < WG elechicat pani 5 waich
F © lye T Ll met
FL Hle ™ e mingl hoand ’
J e iecle connector jack m P8t pRpa
ABBREVIATIONS i
A v Ampeny DIA dupnetar K ko ||01;, hilohim
AC = alternaling cyreenl oI sl o e package
ADD achiioyy T doutie gaby, doulie theaw LED Lghy v g thade
A ddjun, suptmernl st daube pote, voupe theaow LFY helt
AL SN DA triye 1.G lepn
AR B TR UT I v v LH it haned
ASM ©algund e stale ingchine nsi thyplay L KW 1ockwithne
ASSY T by DL thode 1 ansiiue g Lr Uy sy
L5 loww powe Schinitky
B © e {: imitie L5 niy b saggrulicany 1
aco ©obiviy oded e fCL it cogtlenl loge
BeCu Doyl any copyan ELECT wireb ity bic M A H}'al. mule,
BN Dmary ENCAP meapsulatml (TR IH)BI, mpeiahm
BLK < hlack EXT gl METFIM « meral him [
oLu  btue EXTH NN METOX gl O Rre
Bp © and pass MHZ © megaherty i
DAN < hrawn F temale, banndy MR munulactunm 1
HRS - lirns FF thpy 1tap MINTR - mumatme
BTU Bt theomal unn FLM halin MISC micelignegy
RN Tt MOM Comoinenimy !
[ Cocglivgig XD finwdd MOS metal e sricanductin
CATH = cithoe M5B most saprhicant by
ccw wounirclnchvase %} MOTR u()u: MTZHD nutched S
coPL Camfrragen plaie GE TIUILS NV MY Mmounning
CER CoEmame ot nlaw MTLC mMalhe
CERMET cergrc et thn GND noundied)
CKTS BRI TLL oGP General Furpow N ©onang liﬂ'ui
CFLM corhon lum GitA Hray NC naHnGly closd, g
CLK cloch ORN ey EONArG L
cen cingr NE neoe
CMOS complmmentary moelal H HTTITIY NO ngmber
aruie smmconductor g HOW harevairne NO = natmally ppen .
COM CEnnmingn HEL X bewagan, hexygongl, NP Na Polunry
COML commercinl HP high paw NPN Hegalive JOsitive negative
ComMp Lamprantiun Hit hourty} NPG oegalive posihive feig lren
COMPL comgiein HZ Hytie temperature coel hoent b .
COND canduciorn NRFR not recammesded Ton
CONN conmcior IC ntegrpted circund Lield replacemasng
CONTY contuc 10 - omnde diamater NS ~ pamally shornng,
CPRSN CoMmpresyion IF imermediate hraguency nangsecond
CcTL - coenplEmentary- N < nch, inches NSR © ol separgiely cepliacealie
tranwintor logu: INCAND incandescer| NYL nylon
CW © clochwise INCL wctudels}
INSUL msutanon, insulated ano arder by dewcopion
D © dimater INT s nal aD © oulude diameter
nc duect curiuni INTL ntesrad ORN ¢ range ‘
NEPC « depowied carhan
6.2




Replaceable Parls

2804 A
Table 6-1, Neference Designations and Abbrevintions (2 of 2)
ABBREVIATIONS

P meo 11074 ) T02; v THN i
PC phnied ciegun nwy rryrrse working vl lage L Transistan franuslat logic
PCA ponted-cacun asermbly Typ tyncal
PF meatarad 5 e
oy Pegh Inveiese Vullage 5B siow blow (VR e 11D nl
PK frak 5CIR whicon contitivg gl ur g rolarind
PNL pranel 5t vt us nncrowecnd
PNP POMIIVE -NIFQAtIVE PN live sSOL single
p.p neak 141eak 51 phenn A vulilsl
PPM patis per mulhon SHK whank Valt vt
PQLYC pulyearhongle 5iP sl o e prack e veQ yoltae conpigiivg
POLYE polyeihylene EKT sched e sl
POLYSTY - palystyrrne sL00 wolstyr VRCW ieRCt Curiehl W kanng vatsy
PORC porcrian 5PCG I vIQ vl
POSN poutionist sPDY wngle pole daubite Hhrow VNP no polanly yaliage
o pordiwe sP5T wingle-pole, unglehrow
PRV peak reveese vollage 55T yiamlegy sloel w walls
PWV peak war king yvoltage 5N stewl wr wegh
PIQ g ot 57 DY ww witrwound

WHT winip
R nng T up wir wijled
RAM pandnim gccesy memoey Th tanl glum Wiy widt kg snyerae village
ROM tegd only memory TEL 1{ephane WEHI witsle
RECT wchies TC Tempr Compunsated,
RF radin) Trequency wemp coelhcien) X ine, mullgys
RH righit hand THKNS thicknogy
AMS JOOL-NRAN- MU N ¢ Tl nigngm YEL yeliow
RND round TGL toggte
nT nght hany THD thiead ZNH FI
RTL rrgislor-1ransstor logic THK thick
ATNY " raramer 0L toletgnee o ptn, phase
RTRY rotary TAMR = tvmmer

e it f

ST
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FROAA

5 Replaceable Parts HIY 2B04A -
R -
Tablo 6-2. HP2B0AA Replacenble Parts
. Rol HP Parl |C Mty :
- alarance ar -
scriplion Mir Part Numbar
] Designation | Number [0] @YY Descrip Code )
3 _
- " p2a04-6c0t0 | 0 1| DISPLAY EMITCA ASSKMOLY [SURIES 1TA4) 79480 | 97604 -6at10 -
= MCL 0166-0314 | 3 12 | CARACIIORFID V6L £+~ 10K JOYDC TA E£700 | 150010EPG020R2 _
T+ o180-3481 | 19 | CAPACITOR-FXD ,OLF +83-20% 104Y0C CER HYPT I ECITYRE TN =
AMCY o163-0174 |2 CAPACLIOR-FXD 10UF ¢+ 10K JOVDC 1A eazag | 1toDoermoson?
- Al oi6o-3480 | CASACTION FXD DM +€0-J0% 1OAVIX CR 7EAE0 | 0VEQ-J4bt -
MCE o160 3461 | 8 CAEACLYOR-FAD .OWF 1E0-20% 100YD" CLF P60 | Q1ED- 248t
. Alce 01602704 |0 CAPACIYOR-FXD VGOFF + BN 3CGVOC RICA 20480 | 0160-2704 —
: MGt 0160-0876 | b 1T | CAFACITOR-FID . LUF o203 BOVIX CER 76480 | 0160-0576
ALCO OVEG-J46) | A CAPACTTOR - FAD) L OLUF «B0-70% 100VIC (ER 2o | 0160 4k} .
A oteo-08Is [ & CAPMCTIOR-1DD | 1UF »-20% SQvDC CER 70400 | ot60-us78
AMEIG o160-3a81 |1 CAPACIIOR:FAD .Q1UF +EQ-70% 100VDC CER 2000 | 0160 3int
MDst 16000862 £ 4 DISPLAY-HUR-SEG 1 CHAR  A):M 28480 LULFERLLF] . il
Mps2 touc-080s | & DISPLAY-HUR-5EG 1-CHAR A3+H 76400 | s082-785) _
AIDS) tog0-0882 | & DISPUAY-WUR-BEG 1-ClAR L A3-H 78460 | coez-7e63 =
MD5A 1000-0582 | & DIEPLAY -JUN-EEG 1 -CHAR L 4D H 76480 | sam2-7en3 =
2 AIDSS 1900-0862 | & DISPLAY-HUN-BEG 1 W . 43-H 78450 | som2-788d &
[T 10300602 & DISPLAY-NUM-EEG 1-CHAR . 43-H was0 BeR2-768) é
AVDS? 16%-0592 | b DISPLAY-RUR-EEG 1 -CHAR L&T:M Jeegp | wonz- 1end £
AtDSE teoa-0682 | & DISMAY-MI-5EG 1:CHAR _43-H 29460 | 6082- M6} i
- ALDSG 1690-CE42 | 1| LED-LAN LUR-THT o6, ACO TE s JOMA-RAX 7460 | EOEZ-ARBASIL IV i
ALDSHO 1990-0647 | 0 LED-LAN® LUN-INT+6. ANCO IF» JOMA-HAR PEAED | EOUD AEHASIL DV =
ApSN 1990-6547 [0 LED-LARD LUN-IHTo8, AMCIY L1F 0 JONA: RAK 76460 | EOB2 ALEA,SIL IV !I’
AMDS1E 1650-0547 |0 LED-LANP LUM-INT S, ACO JF 2 3O0NARAK 76480 | 6202 AKD4EIL IV [
_ MDS1) 1900-0547 | 0 LED-LARD Lu-INIs8, 41CD TF o JUMA-PAK 76460 | EQR2 ALHABEL IV ‘ =
= AMDSYY 1990-0647 {0 LED-LAW LUNCTHT+E, AHCD 1F» JOMA - FSAX TEA60 | BOEJ- 48R4, BEL IV ' x
- AYDSIE 1900 0547 |0 LED-LANY LAY THT 6, 4420 1F) JORA-AX 76480 | ROB2-46J4BEL IV
\ MDSIe we-csht | o LED-LARP LUM-INT+6, ANCD TF» JONA-AX $°W60 | BOEZASEA GEL IV
- ADSYT §0%0 - ok4Y 0 LED L AP LUR-INT» &, KD LF 2 JORA-NAR 19460 €002- ALNA BEL LY
MDSIE te0-ce4? |0 LED-LARD LUR-THTsS, ANCO [Fr JONA-NER 2a450 | aonp aced, Sty I
= AIDSIO 1990-0547 |0 LED-LAMD LUN-INT8, 00 JFs JONA-NEE 20460 | toR?-4EB4,BEL TV
an 1261-1026 | 8 3 | comi-post IYPE 100 -BIN-SPCG 34 COHT AR [ V261300 -
-_ MR IR T 2 | METWORK-FES 6+51P 10,0k Qub X 8 mapd | 100-onb =
= AR2 Islg-o1e1 |2 & | MEILORK-KEG 1-5IP 10.0K Q¥ K 6 UIR3T | CEPOTCOT-10M] =
= ALRD 0167-0442 | © B | FEEJSTOR tOk VX ,C U F 1C0+-100 24548 | cre-rg6-T0-1002-F =
= ALR4 ceoe-n62 | o 1| FESIStOR &8.4€ 1% L1260 F Nhoe-109 FAEAS | CTA-170010-4542F -
bl ALRS peGe-coed | 0 6 | FESISEECR 2.0EK 1% 1250 F 1Cs00 100 2840 | Cla-178-10-2061-F ‘ =
E ALES obuk-poEd | 9 FESISTUR 2,55k 1K . (780 F 1Ce0+-100 a8 | ctaime 10 2881F =
= AVRY GEUE-C084 | B FEEIETOR 2,18K 1% 1J6W F 1EeQe-100 24548 | CTa-1/6-10-218)F -
= AlRB cegu-0064 | 0 FESISIOR 2.8EK I% 1254 F 1C000-100 24646 | £re-b0-70-M151-F -
’ AlR9 cEGe-Co6a | ¢ FEEISTOR 2.)1EK 1% 1760 F ICsQe-100 24846 | ClR&-1/0-T0-7188 F T
- ARG 06G8-00E4 | ¢ FESISTOR 2,EBK 'Y V260 F TCe0=-100 28566 | ClA-170-10+ 2158 -F =
F— ARYY cEoe-0ca4 | 9 FESISTOR 2,06k 1% V264 F 1C:9e-100 2845 | cra-iza-10-n800 H
- ARI2 Greg-0%84 |9 FESISTOR 2,18 1% 0200 F TCeQ¢- 100 24846 | cla-0-t0-180F |
= AR AT6t-0180 | 2 8 | KESISTOR 35.6 1% V260 F 1C+0s- 100 B4a0 | o¥1-0100 E
_ AIRIA aier-piEe | 2 VESISTOR 31.6 1% V2€U F TCoQe-100 sodge | 01870150
5 ARIE uIs1-0160 | 2 FESISTOR 31,6 1% V28U F 1Cs0r-100 28460 | nmer-0M00 ¥
) AMRIA 0787-0160 | 2 FLSISTOR 31,8 1% L1ZEQ F TCiOe-100 76450 | 0T6T-0i60 -
e ARI? 0757-0160 | 2 FESISTOR 11,6 V% .17EQ F 1CeGe-100 J64cr | 0757-0160 =
= AlRIE oer-0160 |2 FESISTOR 1.6 X .1i%U F'1Cs0+-100 28400 | aveT-0120 \ .
- AlRIG 0151-0160 | 2 RESISTOR 31.6 1% 0250 F 1Ce00 100 480 | 03ET-U160 =
= AIRZ0 RIS I I MESISTOR 31,6 1% 0260 F 1C+Qr-100 g0 ) 0757-0l60 =
bl 114} 60E0-GA8 | 7 6 | PuSHBUTTON SWITCH B.C. NOUNT JE4E0 | 50GO-DAI =
= wdl-0128 |0 5 | KEY.-HALF LIED 76480 | b041-0124 &E
- AIS2 SOEC: Q436 | 7 PUSHEUTTON JUIICH P.C. hoWT 14485 | EOGO-9456 .
- Ld41-01 28 e KEY-HALF LITED FEAEQ EQdY Q120 -
= AIS) £060-0426 | 7 PUSIGUTTON TULTCH P.C. MOUNT 26460 | s0€0-84l6
— spdr-p128 | 6 KEY-HALF L1TED 76460 | eoar-m128 5
L 1 .l
-, M54 t60-Q416 | 7 PUSICUTTON SUEICH P.C, NOUN! soag0 | eko-udds !
2 t41-0138 |8 *EY-HALF LIVED Jeteo | sodr-o02m —
= A158 £960-9438 | 7 PUSHGYTTON SULICH P L. POut 78460 | t060-5418 b §
Lgay-0128 | 8 ¥EY-HALF LITED 1e460 | toar.0128 >
(1.1 50L0+ 9430 7 PUDPUTTON SULTCH P.C, hounY JEAED A0£0- G436 E
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Table 6-2. HP2004AA Replnccable Parts

Replaceable Parts

Reference HP Parl |C Mtr
Dosignation Number |D Qly Dascription Code Mir Part Numbar
AME tiby-4707 ] CORMELTOR:-SOL CObY PN O - JH-GEC-E7 JEAED 12804707
ALt IHAREEY ] CORNLOTOR SGL ConY DN Q)1 -JN-GEC-87 FEAGY LFLAREY
AVIE) tab1-ato? [ CORNECTOR BLL CONT PN Q)0 -IH-liSC-§2 FEAED 1 414007
AL [FLIRES D [ COMMLCTOR (SGL CONT N .03) - IH-04C-82 FEAEL Viei-4707
AEPS VI -AT0T ] CONNECTOR - SGL Cont PIH .01 - IN-B3C-B2 7460  J 1781-4300
Ayl 1820-1610 b} ? JC DRyR TIL DS LLD WA 21014 G5 Te44'h
LUK, BI0-18M 3} IC DEve 170 DSP LD 1EN 014 [ FLLE M
AlYY 1ES 0014 [ 2 IRANSTRTOR ARKAY VA:RIN PLBTC DIP JEAED 1485 0014
Alyd 1GEB-0O14 [ PRANSIETCN ARFAY tA-PIN PLSEE DY FHAED 16EG-CQ14
AlUS VEJO-1423 4 ? FC oy TIL LS POWOSTIL FETRIG DUAL Hres BNTALLEDIN
AlUE 162011568 [} L IC FF TIL A5 O-TYPE POS-TOGE-TRIG CON [Fi1 SHTALS! TAN
Aluy VELQ-11GY 7 L] JC FF TIL LS O-1YFl POS-EDGE-YKLG CON 0129 KA LLIEH
AlUG VEF0- 1165 ! IC FF YIL LS D-TYFE POS-CDGE-1KDG COn 1768 ENT4LE) Tt
Alug 1€20-110% 7 IC FF 100 LS D-TYFE POSLDGE-1RIG COR 01765 LHIALE TEN
AtUIO 120006 |1 2| 1C pepe T LS 3et0eeLINg 30 01295 | SHIALSIIEN
AUt 16820 1640 L F) 1C DFVR TTL LS BUS 1Ex L -1hP [P ] EMIRL L IEEAN
[YIVIF 16201640 H IC ORYR THL LE BUS HEX V-LRD 01258 LHTALS JEEAN
[1R1i] 120008378 1 ] BOCKEY-JC 14-Cot DIP DIR-ELDN FLET 17000634
LIEIn3 V700 0638 ¥ SOCKET-JC 14-CORT DIP DIP-ELDR FULED 1709-06]8
AIpDSY 1400-0818 1 SOCKLT-IC VA -Cobl OIP DIP-SLOR HLI 1200-0634
ADS4 12000618 ? SOCREY-JC 1A-CONT DIP DIP-SLOR FEAEO 17000618
ALDSH 1700: 0618 ! SOCKEY-IC LA -COnt DIP D]P-SLDR HLId] 17900618
AVDDEE 1 20G-08 18 ] SOCRET-1C 14-CONT OIP DIP-SLDR JBARD 1700-08178
AVDS? 1300-0818 ¥ SOCKET-]C L&-CONT DIP DIP-ELDR JHAEQ 15900618
AY2DES L0008 3B 7 SOCKET-1C bA-Conl OIP DIF-SLDR <B4ED 1500-0618
0N -D02E 8 :] RIVET-SERLTUG OVH 0B DIA 31216 Coago GROER Y (ESCRIPTION
0360-087) ] 6 EPACER-KVI-ON \EB-JH-LG ,V62-]IN-]D JO4ED 060+ 009
1600+ 116G L} 1o SEARPTHG-DE -CU COURCCTOR STRIF JR4E0 1600-VIEQ
A040-16G9% 4 -] EVANDGEF-LED 197 IH-uD 107 Ih-LG JE84EQ AQRY - 1GGLE
QlEQA-J0N0 | & 4 GUIDE H L] e04- 70100
a2 QIEQA-EQO | 3 1 DSCILLATOR/PRESEY ASSINOLY (SENIES 24271 (EAEQ 47604-E00 0
A 016040374 1 CAFACYEOR-FDD 100F e~ 10X Z0VDC TA EEZEG SO0 062 G0Z0N2
M2 O1E0-3870 1 2 CAPACITOR:FXD ,0VUF o-20% 160VDC CER {6480 e N
Lri%] 0EQ-3R 70 ? CAPACITORFXD ,O3LF o~ 20N 100vDC CER HLil Q1€r "nYQ
ASCA 0121-0402 L} 4 CAPACYIINR.Y TRWI-CER 3-10PF 3IBQY PC-RTG 1859 Oy14 yvog
AICH 0160+ 3187 L} 2 CAPACYITOR XD | 21F oo BY EOQYDC CER FLL 0189~ a6}
AKSB 0160 4040 ] 12 CAPACLTOR-FXD 100CPF »-B% 100VIX CER JEAB0 G1E£Q - 404D
L) 01602040 ] CAFACITORFMD 10Q0PF »-EX 100YDC CER JB4ED BIED 4040
ACH 0160 4049 ) CARACITOR-F2D 1000PF o-BR 100VDC CER 8460 16D - 040
AZCYD 01604040 ¢ CAPACYIEOR-FXD 1000PF »-EX 100VDK CLR J6AG0 B1EQ - 4040
(3141 0121-0402 4 CAPACITOR-V TRMR-CER J-10PF L0V PC-NIG nNed) DyhikLiec
ACN2 Q160+-4342 o 2 CARRCITOR-FXO 3, 3PF - JEFF 2COVIX CER FBAED DIED A JE2
AZCHY 0160- 4040 ] CAPACIIOR FXD 10Q0PF o-EY LOOYDC CER TE4A50 01604040
AJCHA 0i1En- 2497 4 2 CAPACIIOR-FXD B, 7FF - EPF 1KVDC CER KBAED 016D ;497
AZCID Q1604040 ] CAPACLIOR M) WO0OFF o-6% LOOVDC CER FEAED 01E) 4040
Lria]] 0121-0402 4 CAFACLION-Y YRNR-CER J-10PF JEQV FC-NIG 118359 pyrIpsIoC
rECEY QLED- 4157 & CARACLVORFRD Y2PF »-6% GOOVDC CER F04EQ OLEQ-2NBT
(Y] ] OLEY- 4040 ] CAPACYIOR-F)D V0CORF «-£% 100¥DC CER JUAED OVEJ- 4040
AZCIE CLED-AL4D ] CAFACITOR-FRD 1000PF »-5% 100VC CER ¢HAEQ DIEQ 4040
ALl DLELD - £04Q [ CAFACITOR-FAD 1000PF «-EX% 100YDC CER JEAEQ 0LED- 4040
[¥id il BIEQ- 2461 T 1 CAPACITORFrD §.CPF o+ J8PF BOOVDC CER BAEQ QLED 2451
e 012)-0402 4 CAPACLTOR-¥ TRMR-CER 1-10PF j%0v PC-n1G 11659 oyvieEsec
AL 7Y OtEQ-A3E2 8 CAPACITOR-FMD 3, JPF 4+, 2EPF 200VDC CLR FEAEL Q1EQ- 4587
AZLZA 1604040 ] CAFACTTOR-FXD V10COFF «-BX 100VDC (ER YEAED 01E0: 4040
AJCit 01602997 ] CAPACITOR-F)D B, IFF o - EEF IRVDC (ER FEAEQ 0LE0-2097
A Zh , BIEQ-404C 6 CAZACITOR-FxD 10GOPF +-EX 100VDC CER sBAEQ QLEQ-4G40
AT D1€0- 4040 L] CA-ACITOR-FAD 10GOPF «-EX% 100vDC CEF UL QLED- 4940
AL 1250-0761 1 B COMMECTOR-BF SnB M PC £0-0ln JEAE0 1200-0287
A213 1260-0,61 1 CORKECIOR-RF 513 0 PC 8000 76460 12600257
a2 Vb -J0EB Fl COhN-FOET IYPE 100 -PIR-S5CG J4-CONY VEAED VI61 - 304G
LF3L] VIRO-OB 5 2 COMMECTOR-BF BHC FER SOGL-HOLE-FF EQ-Qrt cEAED 1780 0824
AZ)E tataruE2g -] CORECTOR ‘KF BNC FEN SGL-HOLE-ER &0 Onit E4ED FoE0-gtad
4
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Table G6-2. HP2804A Replnacepblo Parts

HI' 2B04A

Ralerance HPR Part [C Mir
Par
Daslgnation Number |0 Qly Dascripilon Coda Mir | Number
ALY 9100- 2289 | & A | IHOUCIOR FF-Cib D ), B4 NOL 7eAGO | wBlog-7ieg
AL gla-01ey | & 2| IhDUCIOR BF-CHOMLD 250M B JEABD | 9140-0VE)
AND ag0-2260 | @ INDUCTON KF-CH-MD Y, kU 10N JEABG | 9io0-27ee
AL IR T T THOJCIOR KF-CH D 20 kY ZHAED | wlag-g1m
(¥ 1854-001 |9 & | TRANSISTOR HE B1 TQ-12 FOs J0CH T T TT R ]
A202 \654-0073 | TRANSISTOR WEN B) 1077 PO JOCM 0400 | 16ea.00n
AQ) 1654-0073 ¢ TRANSISIOR NPH BY 10- 12 PO 200 H LLD] [LLY ST RR]
A0 14954-007 | 8 PRANSEEYOR NP BT 30- 12 1D JOOM sE480 | tEt4-000)
AgEY 1a-oe |2 WO IUOKE - KES T 610 0.0k O b § BB | cspojcot-toy)
AZR2 imo-otel |2 KLIUGRR K15 7-63D 10.0k O & & 916837 | CEPOICOT-1EY)
AR 18100088 | 2 NETWORY FES 7-51P 10,0k Oy & § BI63T | CEPOICOT-10})
AZRA 1no-oey |2 KETUORK -EES 7-51P 10.0K OWY 2 & WI63) | "un o103}
ARS ant-okay |o FESISION 10K 8% 126U F 1Ce0+-100 24548 | cracvse-10-1082r
AZES orey-1088 | & 3| EESISION 1R X 20 CF 100800 01121 | Clivors
AIRT gegs-1136 | 0 2 | FESIBIOR 17.Bk VR L BFEUF 1Ce0e100 74648 | Cra-1ze-1000 760
(¥ arer-odka |1 A | RESISTOR 170K I% L IZRUF TCHGe-100 et | Cve 10002
AR o1)-0394 |0 2 | SESTGIOR BY.) AN VPEU F 1CaQe-100 JAEAD | €A 12010 -BIKLF
ANNO o0 |0 > | OFEEIEIOR 300Kk 1Y 178U F TCHQe-100 24546 | crac1z8-10- 181K
AR o17-0443 |0 2| FESIETOR 1K A% MU F 100100 46A8 | cvacim-toeniopF
AR gege-oconl | o 3 | FEGISTOR 1.GEK IR 1780 F TC:0e-160 24548 | CVR 176-10-108)-F
AR 0787-0444 |} FLSISIOR 120K Ik L 1ZEU F TC+0e-100 JAEA8 | cva-vzgt0a 120
AN orsr-0189 |2 3 | EESISTON 21,0k AR L1230 F TCedee 100 J4RA8 L CYA-120-10- 2182 F
AR TR TS REBISTOR YR EX ,J64 CF 1010-€00 onan | covgeh
AJRLR oeok- M |8 RESISTOR 10.8% 1k . 17LU F TC00r-100 JAERE | C1A-1/8-10- 1762 F
AifLY o167 0444 |1 FESISTON 12,0k IR L1260 F 1C00e-100 JABRE | CYA-L/0-00- 1 FI0F
A o104 | O FESISTOR §1.% 1% V28U F 10e0e-100 24548 | cra-g-10-616t
AIRID 01610270 | 0 FESIGTOR 3.16K X 1260 F TCe0+-100 FASAE [ C14-178-10-318) F
FH ) 0151 0443 |0 FESISTOR 11k VX 128U F 1C+Qe+ 10D 24846 | cha-pz@-to-v102-F
AR 0E0p 0003 | B FESISTOR Y, 06K 1% ,57EU F 10 00100 JASAE [ CYA-17B-10-1081+F
A1922 omy-044a |t FESISTOR 12,0k X 128U F 100+ 100 2546 | cra-imto-s2-F
AIR2) nr01s0 |3 FESIATOR 21.Ek IX (N2EW F 1Cs0s-100 24548 | cra-peto-e0F
AZ51 1"OO160 | 4 & | EUITCH IIUNGUEEL 10 POS BINARY CODED a0 | noo-16m
A252 nagatm |4 EUTCH: PHUMGRKEEL 10 POS [IINRRY CODED 080 | 00-160)
A25) N0o-togt | 4 RULTCH- UMD EL D FOS BIHARY CODED 26480 | 0016w
A25A 00 eyt | 4 SUNTCH- THURDBEEL 10 POS BINASY CODED 4480 | noo-18m
A258 Nco-teRs | 4 EUTTCH- THURDWEEL 10 POS BINARY (ODLD 26460 | 3100-168)
A2SE Nnoe-1ewy |4 SUTTCH- DIUNGMIEL 10 POS kjhker CODED 24480 | N100-168)
(YY) NoL-21§9 | U | SUIYCH-BL EPUT RINIR BA NitvAL B¢ Mdge | not-noe
[¥14] non-22¢9 |8 INOUCTIOR FF-CH-MLD L LN 10 7eda0 | @r00-2760
A2 D100-4232 |9 2 | YRMREFORMLR Z8 Mg QACILLATOR 28450 | 9100-4032
A3 ploo-22e6 |8 IMOUCIOR FF-CH-ILD V. B 10% 78450 | 9100-2269
A2t4 91004032 | 9 VRRNSFOSPER ;6 MY OSCILLATOR 0450 | 9100-4032
A21P1 12604707 1 6 CORMCCTOR S50 CONY PIN 030 JH-FSC-52 7ed8g | 1zs1-4m7
A21P2 12614707 |6 CONVECTOR-EGL CONY PN ,03)-IR-BSK-52 Hago | o1miear07
AP 1261-4707 | & COMNECTOR EGL CONT PIN 001 EN-DSC-5 20460 | 1251-4707
AZTPA 12604707 | & CONGECEOR EGL CONT BIN 02V - IN:DSC- 5 20480 | 1ant-at0r
A2U) 120-1208 |0 4 | IC GATE TIL LS W TRL 3-1NP 01208 | SHILEITH
ApU2 1620-1228 [ 8 | IC POERATLEEL ITL LS 4-30-0-LINE DUML | 01265 | ERTALEZGIN
A2UY 1820-1220 | 9 IC PUOE/DATACEEL 1TL LS 4-10-1-L0RE DUAL | 01205 | SHIALEGIM
AU 1920-12]6 '] 1C MUPR/DAVA-BEL JTL LS 4-%0-V-LINE DUML U168 ENTAL B BIN
AU 1§20-1258 | @ 1C MaR/DAYA-EEL VTL LS 4-30-1-LIME DUAL | 01265 | EMI&LSZEIN
040)-026% | 5 6 | GUIDE-PC 0O LK KWL .OTR-B0-TIDNS 3-LG weky | E-J0
os20-0134 |6 B | ECFEU-PACH 2 %6 te2 IN-LG PAN-MD-POI] 00060 | OFD{ GY PLECKIPYJOW
0%50-0106 [ B B ] WU HEKCFLEIC LPG 2 tB-1D 143 IN- Th 00000 | OFOLR GY DESCEIPTICN
2000-006) 1 A ] SCREY-PACH 4-40 &£ 2-IN-LG FAN-WO-POZL Q6000 | OFIXF GY DEXCRIPIION
2:¢0-0000 | 2 B | WG UAIUR 4401 054 IN- T 04000 | ORDLR Gy DESCKIRIIOW
2500038 | @ T b OWUT-HEX-DOC-CHAN §8732- 32110 00000 | ORDER BY OESCRIPTION
2080-0105 | & 4 | VASWER.FL NILC O A L 128-IN-ID 78480 | 30%9-D108
07604-00019 ] ) 2 | UBYACRET-SWINCH 20480 | 07d04-00010 .
A 02604-60020 | 4 v | NICROPROCESSOR/TINE DASE ASSERLY <1480 | 02€04-£00%0
LSLRIES 1629)
See introduction to this section fer ordering information
*Indicales Tactory celected value
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Table 6-2. HP2G04AA Raplocanble Poarts

o Rafaranca HP Part (C Mfr M
umbar
Dasignation | Numbar |D]| <Y Qascription Cada fr Part Nun

AXCY 0180 148\ 1 CAPACTTON-FRD  QVUF QD -20% 10OV €0 H L1 G150 348
AN QVEQ- 1A%t 1 CAPACITOR -FRD 0105 oF - 20X 100VIX CIR vEAKO QIED - A
AICY Quag-gn 4 ¥ CARACLYOR-FaD JTOIF + 60 IOVDC NICA LEAR 1Y DHYEF 31 )0 S00uyICR
AJCA QILEL 3% | CAPMLTOR-FYD w1 o0 208 100%0X CLR FHA80 nise g
AXCH oty 0174 ] CARMCLTOR-FRD 1OUF o900 20%(C 1A L5260 VEODYOG PN TG0
Alcn QVEG- A% . ¢ CAMACYIGR ThD QI «80-20% 100VC CIN JBAEY Q1KY 34l
AJC? 0Vvg0-0%e7 [ ] H CAPACITORFXD J, 30F e+ 108 JOVIC 1A tEXRG LGN LI B0 S0A2
AXH 01290107 [} CATARCRTGR-FpD J. 0ure - 100 JOVDC TA L&Y TLOD SN R0AL
ANy 01693080 ] 7 CAACITER - TXD L IUF o= 200 JEVDC CEN laau QI JOED

' AX10 Q160 - JEQ ] CADACBTOR-TAD . IUF o 30K 2OVDC CIR TE480 QiIbG - J080
AXCHS 0160-2307 L} H CAPACLIOR-FXD AHY o &% 100vDC RICA J8AR0 0160 2307
AICL2 Q160-3307 4 CARACIIORFID ATPF o -£1 HIOVIX NICA H LY 0iee- 2307
AXCH) DIBO- 304 1] CAPAITOR-FRD 10CFF o BY XO0¥X BICA JEAND Qs -JJ04

. AICHA 0LBO- JALS ] CAMACLTOR-FpD .0VUF «80-JUT 1CCYDC CER HITL] 0100 34N
[ 3411 G160+ JARY 1 CATALJTOR-FDD QWU o0 FO% V0OVDC CEh H LD 0i5a- 3401
(%41 ] 0160 3094 [} 4 CAPRCITOR-F2D . IUF o-10% 100vDC CIR 8480 QI10G - J0G4
ALY arved- 1094 L} CARPACIIQR-TXD IWF o100 100VIX CER HIT:L] Q180 J0ud
AN Q180 Jogs | CAPRCIYOR -FXD . WUF o108k 10OVIX CIR H LTi] QL0 081
Mg QI1EQ- U ] CAPACETOR D MO FUF o- 40K 1OONDC CLK HCL T QIRD - 1064
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AU V8201208 H 16 IXDR TIL LS 2-10-4-LInE DAL 01265 | ENTALSIIgaH
A2 16201202 | ? 1C GATE THL L5 hahD 1AL 3-Jh 017205 | BHIALSION
Al texa-vge6 |y IC GATE V1L LS HOR IR J-1NP 01795 [ SAMLEZIN
A1) 170-0482 | 4 V | ADAPIER BGARD 4§-PINM 26400 | 1200-09¢2

YAE0-0¥I6 | B PIK-GRY ,062-IN-DIA 2. 1 40 T 2848¢ AED-0118

€640 £00) | 4 2 | EXTRRCIOR-IC ' 26480 | Loeo-rgo)

See intraduction to this secljen for ordering infnrmalinn
*Tndicates faciory selected value
6-10 tHackdsting iaformation In Section V11
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HP 1804A Replacenble Parts
Table G-2. HP2BGAA Rerlaceable Parts
,_’ 0 N, *
- Relarence HP Parl |C i D Mfr
= escription Mir Partl Mumbar
z Daesignation | Number [D{ 9 rip Coda r
- i
1
o
= Y] UJEOA-BODEO | 4 vl HONMSERCRED ASSTRILY (BLEILS | 144 70460 | 07604 GOURY
_ AEDY CLREL TY I IS ;| comMECTOR-PC EBGE VB -CONTIA 7 -FOUE 24459 1761 - CGRA
3 *E)7 IR 1 COMMECIW - PC THGE e -CONTZROY 7 ROWS 8460 1381 EHA
_;! 3R] YIRS | 6 COMM-EOST VAR V00 -MIN-EPCG 24-COM! FTLLT] PIRr- 1048
ﬂ Aglit 17604000 ] ¢ CORALCIOR BGo CCHWYT PIN 031 -1H-B5C 57 70459 13814107
. MIn2 etan! | s COMLTON SGL COnT BN OX - [H-DBSC -8 Ja4k9 1764 AT07
ABIF) YaL1-AT {6 EOCCTOR 56U CORT FIN 031+ Th-15C-57 Hc 1784707
L[] .
= AEFPY 150 g o b | CONNLCTOR-BE TDGE 22-CublsFriy §-FOuS JEAEY [FETREE]:)
- ' ARRAAL (FLIR R COMRECTOR ¢ LDGL 72-CONT /Mt 2 FONS JEAGO V%) PIES
= AERAY [FIISIFIA S COHECYOR-FC CDGE 22-CONT /RO 2 -FOWS #0440 (HAWE1A)
B R ALIAG IFIYIR L CORMECTOR -FU FIE [ COWYFOW J POUS J8R€Q 1364 IRL
- AR A? PACLIE |6 COMTCTOR e, (OGE 22-COE /60N 7- KOS TRAKO 176t LI6R
g:' wIte-03E |1 | OSTADOETCE 36 THALG B-32- 10 JRAG0 | 0a60-0278
i oty | & & | POLAITZING kEY-FC [DG COWN JHAEQ 12611010
_g 1 FIEQ-G10} 2 H AEREL-IACH B-37 26-1h (G PRH-HO FGTL ¢guen DRCER Y DLRCRIRTICH
:'i i
_ A0 ¢JEQA-E0080 | 6 ] P ULy ASSTEELY (MRS PR} FEAG0 | OJE04-€00%Q
."; A PYEO D7yt 3 CARRCITOR-FAD LUFs-10% 36M0C 1A LE71G 1LODEOGR00 1B, "
= ARC2 oreg-doeh | b V| CAPACITOR-¥MD . 1UF «-20% FLOVACIRNS) 00 | 0V€0-Ades
ri [+3 209-0592 | 1| FUSE RA 2tOV 10 VL2ERLDT WL T NI 600
i' AWM o560 -0443 | 1 V| LInk ROOWE-FILTIFED 040 | 05La-044)
= i 1
- {11 3103034t | u V| OSWIICH-PE DPOY ALTAG A& ZEO vaAC 76459 1101 06ES
i AGS2 moh-aone |2 V| SWITCW-SL DROT NINIRE LEA 158VAC/DC 7EQ 51016070
I
= Aghy meg a0z |z t TRAHIFORNLR - POVER 100/120/2707240¥ 76480 | orcnaos?
3 O O YA 501 \ t | IC ¥ RGLIR-FXD-FOS 4.8/8 §v 103 Py M4 | N
l_’ AN 07604- 0120 2 3 1 SamE esSY 78400 ] 02P04-£01J0
! AL 02604-60020( 3 CMAE ASSY AR | 0260460170
= aALS 07804- 6010 [ 2 CAGLL ALY FEREY | 0r6dA-sov e .
= [y 07604-6¢160 | @ AL OUT CPL ASSY ZEAGE | O7EOA-LDIRY
AW 02E0A- 85140 ¥ CGL AY-WPIR ZH180 | 0260n EOIRQ
AERUL 1200-0516 | 4 t | SOCKET-METR 3-CONT T0-) SLOR-EYE 20460 V290- L8
- og-draz |7 8 | INSULATOR-GDY POST POLYC 76460 | 0140-0732 .
£ QIR0-0RI2 ] 4 THSUATOR HYLOH ZHAED 0340-¢H 2 !
0760-009% [ & 1| YEFNIWAL-SLOR LUG LK-RTG FOR-86-5CR 2e48¢ | 0360-0001
- ¢i0-008) | 7 ' TERRINAL - SLOR LUC LK BTG FOR-8V0 -5CR sBaEg | 0350-C0BY ,
- Q0031 | 0 ' TOPHINAL - 5 08 LU‘.‘.’ LK:N1G FOR-RE-SCR JEAR) | 03s0-0278
- | '
2 0JE0-0EA) |9 2 | EVANDOFE-MEY. . gt%: IN-LG 6+320THD 660 | 03600643
a drg0-1nve [y 1| $TANOOFE -1tk PI5-IN-LG 10-20-THD Z€460 | 0360-1N16
= 0JE0-1N7? | B 3| SIANDORE-HER 2.75-INLG E-32-TI0 JEAED | 0250-1117
- ot;0-0178 | ? A | SCREU-PMACH 2-88 L 76-TH-LG FAN-WD-POZ] 00000 | CKDER Y ocmrlpnoo.
osIg-082¢ |2 Y| STUD-ERS-IN 6 32 UNC-2A . J12-IK-LG BST RE164 [ Fi5-632-8
- L]
- 0610-0001 | & 2 | MUT-HOX-LERL-CHAR 2-660 Y 862 1K I 00000 | ORDER BY DESCHIRTION
- 0619-0009 4 ? RUT-HER-FET LkG 2-56-1)Q 101N FEARO 0&10-0000
- ., 0624-0213 | y | SCREW-TPG B-32 ,B-IN-LG B2 DEG 6460 | cera-021)
- 1206-0340 | @ ¥ | MEAT SInY SPCL-HOLE-FAIT ZB4EQ 12050340
1610-00T8 | 4 2 | DINOING PUST ASSY 5GL EGL-TUK JGx ZPAED 1610-6078
1&t0-goer | 7 2 | BINOING POSY 56U THD 5TW0 JG LK 74460 16100087
= 2t90-0007 | 2 6 | WASIER-LK INT. T HO. & 141K 1D w149 | 16060000 28E0
ot 2t50-0009 |4 4 | UASHER-LK JHIL T NG. d LV63-14:]0 20460 | z1e0-0000
2150-0014 |t 4 [ UASHER-LK IWTL T KO, 2 .089:-IN-1D 18169 | 160200002460
™ 2160-0017 | 4 A | UASHER-LX MLCL NO. § ,1€6-IK-10 Jg4g0 | 110-00t7
= 2160-0034 | 6 7| WASHER-LK WL CL WO, 10 L164-TH-10 ZEAGG | 2180.0014
2190-0102 | @ 3 | UASHER-LA IWTL T NG/32 [N L AT2-1N-ID ag0 | noo-0102
= 2360.012) |2 B | SCREW-MACK 6-32 .5-1N-LG FAN-HO-P{ZY ceoLo | okper @y pobeription
= 2160-01%5 | ¢ 12 | ECFEW-MACH &:32 .332-1K-LG FrN-HO-POJI 93000 | OFDLR BY CFECKIPTION
2360-0220 |1 2 | SCREW-HACH 6-32 ,E62-IN-LG PRN-HD-PO21 06000 | CRDFR O DEXCRIPTION
= 2420-0002 | & 2 | Wr-HEX-DBL-CHAM 6-32-THD , 100~ LH-THK 26480 | 2820-0002
= FEF 2 [11- 9 ] B | WUT-HEX-WLNUR 6-32 THD .094-IN-Thx 00000 | OKCER BY DETCRIFIIGN
2610-0109 |5 & | SCRIU-BACH B-32 .825-IN-LG FAN-HD-POZI 00000 | OFDER BY DESCRIPTION
_ ZEED-008Y | % | | SCFEW-MACH 10-)2 .376-1H-LG FAN-HO-FOII 00000 | OFDuS BY DESCRIPTEON
= IEEO:COTE | 9 4§ SCREU-MACH 10-22 1,79 JH-LG PAN-HD-PO2L 0000 | ORDER ¢ r DESCRIPTION
B See introduction to this section for ordering informatfon
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*[ndicaten actory pelected value
tBachdating information in Section VII
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Replaceable Parts

Table G-7. HP2G0AA Replacapble Ports

HI' 2804A

Ge e veim g —

Refaranco HP Parlt |G Mir
eacription ar{ Number
Designation | Numbar {D] QY Deacrip Code Mir Part Numb

11400007 | 4 3| T ELOU-CHAN 10-22 0 A6 -TH- Tk Ceat, | OKDOK Oy OFECRIPT IO
ansa-003s | n AT s L LU YZFRR FR AT rgoet | oepeE Hy Dracsn ok
0L0-0007 | 7 A | UAYER-FL BILC WO, Y0 F031-1K- 1D JedED [ jOv0-0G9y
J080-0010 {2 7 | vAMER-F NILC WG, & . 847-1N-ID JEAEG | JOLQ-0010
050-0227 {3 6 | VAMERGFL NILC MO & L EAD-IN-TD Jdeg | j0t0-007
32804-00002 | & V| KFAR FAEL 7R460 | 0JE04 guoey
016'6-00080 | @ V| aFme cviw JEABD | 07MIB-000RQ

AGM 0260460051 | 7 V| FEGRAIDR ASEENR ¢ JEABD { 076046009

AGAIC) G160-2070 [ & V| CAPACTION-FAD .GYF 1510k 1EVDX AL tere | aoIs0IcUn

1EAIC2 oveg-o7 |0 2 | CAPACIVOR-FID 100GUFs TE+ 10N 25VOC AL 78460 | 0160 0457

ABMICY ¢1e0-0007 [ 6 CARACYTOR-FXD 1000UF + 75- 1GR JLVDC AL 7850 | 0180-ndyT

AUAICA o1E0-090 | CAPATLYOR-FXD YUFs - 10X 3EVIC TA s6709 | 1L0DLOBIGOITAT

ABAILS 0G00I |3 CAPACIION-TAD 10UF Y- 10% JOVDC TA ER2E0 | IRCOIQERUGF A2

AGAICS CI80-0374 | CAPACIION-FO0 1GUF s+ 10T JOMX A tesie | 1eonroerearem?

AGMCY G1EQ-0374 [ CAPACYION:-FPD tqUFe-10% ZOMXC 1A <eH80 | 1LEDIORIGOENT

AUMICE oveg-2108 | % 1| CAPACIIOR-FXD tOQUFe - bOR 10MDC 1A teyE9 | 1ecDoDRatoR?

AAICE 0bE0-3440 | & CAPACTION-F2D LOOCPF +-10% YKYDC CLR TEAEG | G160-7448

AGALCYD 01£0-2440 | B CAPACIYOR-FBD 1000PF o 80% EFVOC CEW JE4E0 | 0160- 3448

AGAVER) 1001-067 |6 4 | DIODE-PWW RECT 100V &A EUS 03508 | mta

AGAICED 100t 08713 |8 DIODE-PUR KECT 190V EA LUS 03aR | Mita

AR CR) 1901-CB13 | & DINDE-N FECY 100y BA &US oMol | Aea

AGAICRA 1001-081 | & DIOOE- PP BECT 100Y EA EUS 01t0E | Mes

AGANCRS 15080080 | 4 7 | DIOOE-TU GEDG 400¥ VA je480 | 19¢E-00E9

ADANCRS Voo a0 | 4 DI0OE-FW GEDG AQOV YA Ju4e0 | 1006-¢aeg

AGAYCRY toar-0os0 |9 T | DLOOL-SUINCHING BOY JOGNA NS DO-3% e n | Insien

FIAICKE 1901:0080 | 3 DIOOE-EWIREHING BOV JOCHA FHS DO-318 TR T T

ABAKCRE yoot-0080 |2 DIOOE -SW1ICHING BOY ZOCNA NS A 38 CUT I T

AJALCRID EOGL Qo) ] DIOOH X TCHING BOY JOCHA FhS Lur3B LR HITL

AGALCHY | 1941-0080 ] PIOOE -XUITCHING EOV JCHA ZHS DG 15 i T4 60

AGATRI2 1010080 | 9 DIODE-EWIICHING BOY J0GMA INS DO-)5 i1l | VHAIED

AVALCRI) 16010886 | 3 1 | DIODE-PUR FLCT 400¥ ;A Z0GKS o508 | AnkD

ABAICRIA 1910080 |3 DIOCF-EUITCHIMG BOY 200MA 2M5 0038 R I ETTITY

PRI ] 210-008 |0 1| FUSE L1265 250¥ 10 ), 26X.26 WA wpe | n1age

AGA I om0l |6 2 | FESISIOR kK tX BU F TCeGe-100 sago | oisr-0iew

AGALR2 07870438 |1 FEEISTOR 8,00k 1K V26U F 1Cs00-100 24846 | LI4UE-HD-BANNF

AGALIY OTeT-0430 b FESILTOR 6, 00K IR L 1JeU F ECH0e- 300 Jar48 CUA- L/ 8-10-8E00F

AGAIRA oIst-0180 | & FEAISIOR om IR .EU F 1Cs0s- 100 Je%60 | QI87-01%9

AGALYS 18280406 | ) 1] OJCVRGLIR 10-30 ANy | nCrmGEACG

AGAIL2 I828-0495 | 0 1} 1€ Y EGLIR 1030 GANY | BCINIIAG

[T 1826-0367 | & V| OIC Y BGLIR-FAD-POS 4,875 7% 10-3 Prg gAY | PCTEMGECE

AGAI RAD 1260-203 | @ || COMMECIOR-PC (DGL 16-COMIZEOM 2-40uS JBARD { 1It1-2038

AGAVXF) 2110-02¢8 {0 ? | FUSEPOLDER-CLIP TYPE, 200 FUsE JEAED { 7116-0769
17200-017% |5 3| INSULAIORASER DAT-GL JudE0 [ 1700-00 1
1206-0033 |6 ¥ | VAT Elh 10-8/10-30-C5 J6400 | 170L-003)

QUIRIY THORONETER CHASSIS B MILC PANIS

31} BOGG-GaE2 {0 V| HOIB DXNOER AY JetE | r0eo-g4n2
0340-07102 {7 IYSULALOR-30G POST POLYC JEAEQ | Cl0-0702
0370-2636 | & 1| GEZEL-PUSINTTON ¢.230- 1% t&; POsS GF - 6460 | GHI0-jeE
0170-2662 |} 1| Pudutioh 9,230 IH SOp O.a7b fK T JEAE0 | d¥0-78K2
03e0-00t8 | 4 6 | STANDOFF-MER L AZ8-IN-LG €30 119 JedE0 | 0160-00CE
0180-1123 | & 1| STANDOFF HEK 1, 8- INCLG 102400 00tag | CROLR OY DESTRIPYION
0403-0784 | A 2 | cUIDC-PC DO P kML 076 BO-VenS 3.606 | 3tee | E-2%0
0AQ) 0266 6 SUIDE-PC B0 LK KvL 076G Yekhs 206 2 r-ico
08181088 | 0 ¢ | SCREU-BACH MA X O 7 6MN-1G #0-DEG-FLM- O | 26460 ] 4u)%- 1088
05156-1233 | & 4 | ECKEU-NACH B),5 R 0.6 JEN-LG FAN-ID JEAED | ChIL.1233
(IIT TR F T Y 0| BCFEMCMEIRIC EPECIALYY NA X 0.7 THD; & 20460 | oBIS-1IN
05800012 [ ] HUT- KR D-R 18732:32- 110 .GB2-IK-ThK 6C000 CGEDXR Oy CESCRIPTION
14801345 .S F4 VILY STAND 51 H LYY 14091 14%
1610-0076 [ 4 DINOING POSY ASSY KGL BGL-TUR JGK yeden | 1eto-co7s
18100087 | ? HIMOING POST SCL TIK-5TUD LGk Pk TEARD | VBLO-COKT
1600-002¢ | @ 2 | STAPIMG-BE-CY CLIP WINOOW Jedg0 | 1600-t0zE

See Introduction to this nection For ordering infornation
*Indicates fuctory selected value
6-12 tDackdating Informuticn in Section VI
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HP 1804A Replaceable Purts
: Tabla 6-2. HP20QAA Roplacoable Parls
Raelarance HP? Part |C MIlr
a to Mir Pari Number
Designation | Number |D| Q%Y Dascription Cada

27600009 b WUT-HENWALRLE A-Ag-DHt) OG- Fh D (RLI] EOLR [y DERCRTI Joy
FI0:Q11% 4 14 ECRLU-BRCH B30 312 IN-LG PR -d)- 1200 ) o goo LR By DERCRD o
23600121 H BCREUABACH 6532 6 QW LG PAN-)-P07 0 voo Dkt R By DERCRENION
204130 1] 4 KCREUMACH B33 1-ThLG DRH-0- 13023 [HILI ] DEDLR Hy DEECRIPTION
736G -QI0Y ] BEKFY PACH §-92 M7 -1H LG FAh-HO-I3) ] 00 DEDLE DY DOECKIDBTIOH
23604106 1 4 KCRLU-DACH 6030 . 3it+TH-LG 100 G £0q00 DEDER By DEKCRIDT N
8100142 8 1§ BOKTG-MACH B 32 26 IH-LG tad DG JEAED Jh1g-0ly?
JU0-003% [ ] WL DU CAN 1825212 -119) [V ] OFDALK My DERCRIPEROH
e -olng ] H YA R TL RILC P06 b AT fH-RD H.LLL Jokd-08ed

" Lo-022? ] VASME-FL MWL WO, & N &%-TH-1D FLLTE] 0L8:0727
B0 CHO T [} A VATICR-TL RILE 1708 IH L AGG-DN-ID JaAgo 0L Q607
A0 LEne [ 1 CAIRE ASSY VEAWG 3-CHOCT 13k- )l H LI LI LT
gr50-1314 ] 1 CARE ZB8Y VEAWG 1-CHOCT JGK-Jed FHAGO 6701378

N K0 1628 § t CARL ALY 1HAUG 3-CHOCT XK NI H il /01848
LR FA b ¥ ' KT SICIP BEE B 030 IN-WO 000 )W NI *RAd0 $1£0-0217
Lo0 0430 § ) NN 5ED0 FRY FLLY L 001 -04100
EOy 0 144 1 F e Ry AT H i) b0+ 1440
Lo -EY 3 \ FEARL - F okt TEAED EQ2) -t L
(L. FIRE1 3} ] ? \ FEANL -FLAR JEAED O3 -tE1S
LOg1-ERIE 1 A SIRYT-COR 1% LG TEAE) £ -t416
EQRQ 8527 } | nyvioE# §1Ep HL{] €040 €YY
QA0 1700 [ ] A Fe H.I11y EOAQ - 17108
£040-170) 1] § 1EIR-1080 129 Q460 1044 130
Eh - 12V ) H 4 FLAE CFD WEP - T840 L4 128
EoRg- NEY 0 2 SU-ELICE AY H1ll] LK - NE2
LakY g0 1 L} 10 COVIF 480 LO8Y - 8430
EN&Y - BA4DQ ! \ FOYION COVER yidi0 OG- G442
LOE1-GhEL 1 H COVER FLEF S1DE H L1 EOBY -9511
O7E0A-0CCOK| 0 ) PC [0 DExt JE4A50 07GCA- 0000
oZecA-pco0l| @ | ) GRxT CEFT JE480 DZE0A-00007

. oF604-00CeR] 0 | N Ry T RIGMT JEALD 0160400004
41604-00¢00 ] ¢ ] CaRty CaLL LEF? Je480 0FER4-CO00G
HIR04-00010] 4 t CARD [AGL KIGW) JRAED 0)604-00Q'0
tseqk-Qn0iIG| @ ¥ Ul FAML JBABD ¢804 06048
prend-ooole | 2 \ DLAY-510 AHAIE3 0 JR409 OrEQA GOOtH
gr7En4-QQody | & ¢ POR-EWI TEH 16400 0IRCA-QUO0
07F04-70001 | & 1 LEWS FE&C0 Qs Ed4 - Jo00)
QFR04-EQ110 | ¢ H K CARE ASSY FEAEO [P R R
GPE0A - ROII0L Y \ FLE EUN (IR AESY YEARO GJEQA ROt 0
02604 -EOLAQ] 7 2 LAY JOLG F6A0 CJECA fulad
0FG0A-EOLLR | & ? A DUt (I, ASRY JE4EQ ¢rB0A COVLG
Q7EQA-EQIER] | ? FEOH ASSY VEAE0 CPECA LOYEQ

See [niroduction to this section for ordering informalion
*Indicaten Nactory selecied value

thackdatiz3 information in Sectjon VII
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Replaceable Varts 1P 2804A

Table 6-3. Code List of Manufacturors

Chggo Manutacturer Namo Addroess Zip Code

EObAY MC BECIRONICE LT NN vIEV AUy UAGA)

£ooup MiY EATJRFACTORY SURTAL IR

o MLEWC-EFALLY £1) THC EL PASD U 0016

{1 MRS IMSTRUBCHTS JNC DALLAS ™ ud TR EG

0.Las oL €O SEMJCONQUCTIOR FROD DERPT AUGUEN NY UY (3111

0JEER K D] PYROEILH COMNP W ARY M) 0706y

04N BOTOROLA THC EERY - COND FROUG MLHTE s us &ea0n

6lie) FAIRCHILD CORR NOMTALH ¥YIEW (A US gaq4

LT CORKING ELECYROMICS RALEIGH L1} 1604

‘grel MPCO/LLECRA TG NINERAL WOLLE  IX U5 IOl

Hy 33 ROHT CORP IRV IHE [ W1 wns .
FL 111 MALOG DEVICES THC hORY00D L WTH Bjok2

TALAL CORNIG CLECIRFONICS SANTA CLARA [« T+ GHLy

1614 HATJONAL BINICONDUCTOR CUkP BANTA CLARA CA US [

HLL1d] HEWETE-PACKARD L0 CORFORATE hg PALO ALTO CA Q4304

FH1T) [HATUIR] SANTA AKA cr [F4111)

ASTid PEKH EWGINEERIHG A MG COKP DANGOROQ PA WS tERIS v
(2307 EFRAE TLECTRIC €O NOETH ADANS 1.} oLk

T2 18 ELKCTRO MOTIVE COkP FLOWENCE 14 08225

mn FLCHDAN THOUSTETAL CORP FULLERTOH [4 W TH] [FLY

bFLLS JF O ELECTROWICS CORD [FOOKL YN hr biae

Te01t LIVTELFUSE IhC BES ILATHEE v Q0|8

Taeg ILLIMOIS TOOL WOkRS Ihe EHAKEPSOF LLGIN I 1]

NI UNLTROOE Cokp LEXIhGTON HA 3 025 1

v}y DaLE ELECYRDNICS IhC kL PARQ now G168




HI* 2504A

Thble o4, HI* 2804A Mechanienl Parts, Bxploded View

Replareable Terts

. INDEX HP PART
NUMBER NUMBER
) 6021-6815
2 6040.7203
3 2360-0194
4 6001-0439
6 0615-1056
6 0516:1331
7 6061.9442
| 5040.7201
3 1460-1345
10 5021.6836
11 6061-3511
12 -
13 05151233
14 5040.7213
16 6021.6B16
16 —
17 5061-9430

Top Trim

Side Trim

Foat

Tilt Stand

Purt of Item 11
Faaol, Rear Panal

Part af lam 17

UNITS —
DESCRIPYTION PER ASSY
Frame-Front (Matric) ! i
1 e—
Screw 6:32 x 5/16 4 H—
2 —
Screw-MACH M4 x 0.7, 6mm long B -
Scrow-MACH M4 x 0.7 B S
Bottom Cover (Motric) 1 "“r
A i
2 -
Corner Struts (Me'ric) 4 P—
Side Panel (Metric) 2 B
2 _
Scraw-MACH M4 x Q.7 4 [’ ey
4 =
Rear Frame (Metric) 1 &
2
Top Cover (Malric) 1
=
.
[
i
e
L
—
[ L
g
—
—_
[
|
—
e
Figure 6-1. HP 2804A Mechanical Parte, Exploded View ’E;F—
616/618
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2R04A

Tahle 648, BP 2804A Chuseis Parts, Exploded View (8heet 1 of D)

Repliacenbiln Parts

INDEX HP PART UMNITS
. NUMBER NUMBER DESCRIPTION PER ASSY
i 0690.0012 Knuried Nyt 2
2 3050-0160 Flat Washer 2
3 2950-0035 Hex Nut 16732 2
4 02804.60020 A2 Oscillatar/Preset Assy 1
) 0590.0167 Locknut, 6.32 K|
6 02804.00006 Printed circult board brackel 1
7 22600012 Nut, 4.40 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 inlerconnect) l
' 11 0380.0328 Spacer 6:32 x .2b0 2
12 2360.C113 Screw 6-32 x ,260 2
13 02804-60050 Ab Countar Assy l
14 02804-60110 Cable Assy W3 (Chan. T1, Front) 1
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 WE (Ext Clock) l
19 02804-60010 Cnrd Cage, Rear l
20, 21 02804-60120 Cable Assy, W6 and W7 (Chan. T1 and T2, Rear)} 1
22 02804-60090 ADA1 Pawer Supply Board l
23 02804.60150 Cable Assy WB (Analog Qutput) 1
. 24 0380-1116 Standoff, 10-32 x .876 In. |
2680-0051 Secured with 10-32 x .375"
Screw and Lock Washer
26 Reference only Transformer 1
26 02804-00003 Rear Panel 1
27 2950.003% BNC Nut 3
2190-0102 BNC Lock Washer, Used with item 27
28 0960:0443 Line Module AC Paower Input l
29 1205.0340 Heatsink 1
30 0340.0832 Standoff. Used with tem 29 4
al 0380-1117 Standoff, 2.26 in. 3
Secured with 3, 6:32 x .260
Screws (2360:0113)
32 0380-1123 Coupler, 10-24 x 1.5" 1
33 Relerence only Spring, used with ASA1S1 l
. 34 0520.0128 Screw, 2:66 x 260 2
K13 Reference only Switch Mounting Plate l
36 0610-0001 Nut, 2-56 2
X 37 01607-23201 Extender Rod 1
38 02804.60140 Cable Assy W3 (A7, HP-IB Interconnect) l
39 02804-60040 A4 Memory Assy 1
40 02804-60060 A6 D/A Converter Assy 1
4l 02804-60070 A7 HF.IB Assy 1
42 (2804-00009 Card Cage Front 1
43 23600115 Screw, 6-32 x 312" 6
44 02804-60010 AlA2 Part of Al 1
0 46 AlAl Display Assy
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Replncenhle Parts

Talle 65, 1P 2604A Chaoasis Pnrts, Exploded View tSheet 2 or 2)

ZHMA

INDEX HP PART UNITS
NUMBER NUMDER DESCRIPTION PER ASSY
A6 G2804.00004 Front Sub-Panel ]
A7 1460-1028 Rataining Clip 2
48 a8le0:0277 fiF] Screan 1
49 02{304-20001 Display Lons l
60 0370-2626 Bazel (Ling Switch) 1
bl 0370-2862 Button {Line Swilch, |
h2 0280400002 Frant Panel Ovarlay (Standard (ngtramaent) 1

0280400001 ffrant Panct Qverlay (Annlog) 1

£3 02804-60) 60 Quartz Frobe Calibration Module Dlanks ror 2

fteference Qnly

54, 62 0340.0732 Binding Post insulator 4
96 1610-0087 Binding Pasl (negative siod) 1
56 16510-0076 Binding Post {positive side) 1
57 0380.0643 Spacer 7
]2} 1261-3283 Connectar, 24.pin KP-18 i
59, 60 24200016 Nut 6-32 4
6] 3050-0227 Flat Washer 145 1D b
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7-1. INTRODUCTION

SECTION Vil
MANUAL CHANGES

Maununl Chiungen

T Phis nection containg mannn) changes information baekdnting this manual for instraments with
aerind profix numbers Jower then the Hating on the tte page.

7:3. MANUAL CHANGES

T4, T adnpt this muenund o older instruments, make changes listed in Table 7.

26, Far instrument serind profixes greater than e number Jinted on the tile page, changes nre
inchadest fn o yellow, MANUAL CHANGES supplement,

Tuble 1. Manunl Changes

If your Instrumant
has Sosdal Prefiv

Make Changa

2616
2432
2428
2332
2308
2244
2236
2120
1938
1918
1901
1843
1834
1807
1744

Number
1
1, 2
1,2 3
1,2, 3, 4
1,2, 3, 4,6
1,23, 4,66
1,2 3, 4,667
1,2, 3,4,6,6, 7.8
1,2,3,4,6,06, 7,89
1,2 3,4, 5,6, 78,9,
1,2,3,45 6, 7.8, 9,
1,2 3, 4,6,6, 7,809,
1,2, 3, 4,6,6,7,8,9
1,2,3,4,56,6, 7, 8,9,
1,23, 46,6 78,9,

10

10, 11
10, 11,
10, 11,
10, 11,
10, 11,

12

12, 13

12, 13, 14
12,13, 14,16
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Maonunl Chnnges T 2HHA

CHANGE L (Serinl 28106)

Table i, AT TN Asnembly Replaeens nt Paria;
Abb BIOOORES Retaining Clip (b LB
Chunge ATU o L AABU,
Delote ATNLIL

CHANGE 2 (5orlal 2432)

Talde -5
Change Hem 1t BIDHRIG, Froot Friune.
Chapge Hem & 1w 2600008, Serow 32 % 147, Qiy-1i,
Chnnge P 6 to SG0-0116, Soew B2 x B 157, Gy,
Change tem 7w SOLOHREYL, Hottom Covey,
Change Hom 1t o BORO-BRIG, Corper Struts, 1057
Chonge lem TE w Siko-il L, Bide Panel,
Change Tt DY w RSO0, Serew 432 x 17,
Chapge Ttem 16 10 HOZERRG, Hear Frame
Change Item 17 to BOSOHRAL, Tap Cover,

CHANGE 3 (Sarlal 2420)

Talde Wk
Change A2 1o D2H4GIER
Change ARCE/CY b 0003460, CopocitarFxd, 000 pf 180 200, Jog VDO CIR, 28460, 916161,
Change A2CH, CR, CLU, CH, C1H, U, O, S, O, C27 to OG0-3106, Copreitor i, 1R plo 1,
20 VIIC CIL, 26480, 01604058,
Change AYCT to 160087, CapicitorFxd, 1O ple £ 100, 200 VDO CER, 26480, 3160204,
Change A2C12, R o OUEERIN, Capacitor-Exd, 3 plt .6 ple, 1K VDC CER, 2H480, HE0-2000.
Chayge AZST through 856w 02RO,

Table -2, Miscollnpeaun Ports;
Change Front Panct Overloy o 0280400001, Feont Panel Overlay tised with Asalog aption only).
Change Hubpnnel i Q2804:4004,
Adid 02804000011, Anndog Overloy (86l Instrument only),
Add 02804500082, P11 Overloy (Sl Inntrament only),
Figure 8.7
Change AZCH, €21 values 1o 5.8 pl,
Chunge A2 part number to O2804-00020,
Chunge ARCYZ, O to 0 plt

CHANGE 4 (Borlal 2332A)
Table 842
Change ARCD, C21 w thstoRgd, Copneltor-lxd, 6.8 pl* £ 256 pl¥, 600 VDC CER, 2480, G150-0006,
Figure B-T:
Change AZCH, CH o w 6. pl.
CHANGE 5 (Sarial 2308)

Table 6.2
Chunge C4, CH, CLY, C13, C13, CLR, C20, C34, CAG, C27 to 0160-2007, Copocltor-Fxd, 10 pl* 1 108, 200
VDC CER, 28480, DLED2087.
Change ATTPITI o 12614264,

Figure 8-10:
Add AGCLT, CU0. CI1T conneets from <12V to ground at 171-10, C2Q conneets from -6V to ground at 114,




HIP URO4A

CHANGE G 7Saeriat 2244)

. Table 12
Adid to A Miscelluneons Poris:

LT Laochowasher, Bplit,
QUREM-BU1 0 Cahle Ausy P

CItANGE 7 (Sarlal 2236)

On the fllowing puges, (ndieate that At and A7 were aptionnl ansembles:
12, 1ol L, 07, 60, 110, Ry, B2, Wedh,

CHANGE B (Sorlal 2120)

Tahle 4o
Chonge ATAILXDSE) 1 113K e LR0-0074,

CIHANGE O {Sarial 1938)
Phin sertn] profis change does not offect the contents of the manual.
CHANGE 10 (Sarial 1818)
A Aunembly:
Change C8, C1O ty 0160101, Capaeltorxd 01 pf.
Change B2 to QUDR-4126,
Change XJUT o AWD-O41),

CHANGE 11 (5arial 1301)

. A7 Assernbly;
Chonge ATUL W LAAGGOOLL

CHANGE 12 (Sertal 1843)

Ad Assemhly:
Change ASUT o (HIRDIL
LYelote AAXLIZ, V200-0616.

CHANGE 13 (Serlal 1834)
A7 Aaremhly:
Chorge ATUL, U2, UL, UG o TR DT
Add ATXS1 1200-0874, Socket 1C, 14 contuct 01,
Delete ATCH, 016043548,
Delete ATCH, 1000 pl7 from UG
CHANGE 14 (Serial 1807)

Al Assembly:
g Change component locntor and schematie series to 1807,

CHANGE 15 (Saerial 1744)

A2 Asnembly:
Chonge AZTILISTE o 0360-0124,
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SECTION VIli
SERVICE

B-1. INTRODUCTION

§-2, This section contains n block digram, Individual assembly schematic disy.ams and component
Jaentors, Also included is o functional deseription uf operation st a ock fevel, inZividual sssembly theory
of operatiun, serviee and troubleshooting information including signatne iists. Expanded deseription of
assemblivs and functioning clreuitgroups Is also fneluded with the schemntic dingrams of the individunl
assemblies, Table B.1 lists terminology (mnemonies) used in the 1P 2804 A,

8-3. GENERAL DESCRIPTION

B, 1P Model 2804 A Quartz Thermometer s 8 mieroprocessor based precision temperature measuring
instrument. A quartz crystal sensor probe designed to have a constant relationship to temsperature snd used
with the 1P 2004 A, enables precision measurements Lo be made,

8.5, The instrument uses a stable 10 M2 TCX0 clock, (or an externol 1 MHz elock), which provides an
acenrate time interval for operation. ‘The aceurate time Interval allows direct counting for the probe input
frequency clange ns a result of measured temperaturn,

B.6. The HI 2B04A operates from a stored program localed in read-anly-memory (ROM) within the
instrument. ‘e progrmm s sutomatically entered at o “Restart Address” when instrument power fs
applled, The main progrom Inftiates o measurement and the NMI (Non-Moskable Interrupt) service routine
in conjunction with the time.base generator netuelly control the instrument elreuits. This program also
automatien’y refreshes the display through an “Interrupt Service Routine”, initiated by the instrument’s |
kllz time base signal. The fropt panel switches are scanned at s 1 kliz rate to update any switeh
information changes,

87. BLOCK DIAGRAM OPERATICN

B.4, The 12 2804A Quartz Thermometer is o temperoture measuring instrument capable of measuring
temperatures from -80°C to +2607C, It uses quertz sensor probes to generate frequency changes with
‘emperature changes, processes these changes snd displays the temperoture in *Car°F,

Bf.  Nine printed circuit henrds comprise the instrument, These are:

Al Front Panel Assembly tconsists of AAL Display/Switch Assembly and ALA2Z
IHsplay Driver Assembly.

A2 Oseillntor/Preset Assembly,
A MPU/Tim Baee Assembly.
Ad Memuory Assembly.

AD Couner Asmembly

Al Digitul-to-Anslog Assembly,
A7 RIMTIH Assembly.,

AH Motherhonrd Asnembly.

A9 Power Supply/Renr Punel Assembly.

UL TN ST ) T TEITTNGT R
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Table B:1, 2804 A Terminology

2801 A

MNEMONIC LOCATION (ORIGIN} MNEMONIC LOCATION (ORIGIN)
OACO DAC L ~lieh data — Low TRUE VIRWA Valid Road/MWriwe Address - Low
thirw ATALSE TRUE AJULGC
DACE VROA Valid Read Only Addross — Low
D50 Digit Salect lines — Low TRUE - TRUE AJUGD
l[l)‘g; ATA2U0, 10 VRD Valid RAM Disable — Low TRUE

InA Invalld RAM Address
DSsLY Digit Select lateh 1 — Low TRUE
L AIUAQJIEIC ateh ow LAB Lower Addraessed Block
DSL2 Digit Select latch — Low TRUE WEN Weite Enable — High TRUE
ATAZ2UN 8WE Bus ' rite Enable ~ Low TRUE
Adl 0
DACR DAC Switch Read — Low TRUE
ALAZUIY BRE Bus Read Ennble — Low TRUE
AdUC
A " - c
oL 22“2231‘;':‘3 Reset - Law TRU ENM Enoble Memary — High TRUE
AJUI0A
VIO Valid 1/Q - Low TRUE AdUBA POW Processor lus Write
RW Read/Write — AJUSF NMI Nan Maskable Interrupt — Low TRUE
RES RESET (System} — A3UAD — Low AJUIA
TRUE NMIR Non Maskable Interrupt Reguest
SDL Segment Oriver Latch — Low TRUE High TRUE
ALA2U1Y RRQ Reset Request — Low TAUE AJU7A
PBTR Puhbutton Read — Low TRUE IRQ Interrupt Request — Low TRUE A3UTN
ALAZUI EXCK External Clock ~ Low TRUE A3UG
PBTI T Pushbutton — Low TRUE NMID Non Maskable Interrupt Disable
ATAIS) Low TRUE AJU3A
PRT2 T2 Pushhutton - Low TRUE ARM Arm ABUAB
AIAIS2 DARM Dis Arm ABUGEB
PRDT T1-T2 Pushbutton — Law TRUE SEL Select AGUOB
ATAIS]
CLR Clear ARUYB
PBLO LO Pushbuytion - Low — TRUE
ATAISs T e RCT Read Count AGUDA
PBMD MED Pushbutton — Low - TRUE FNS Function Sefect ABUBA
| Al14156 ISEL Input Select ABLUBEB
I 2pHi Hi Puhbutton — Lew — TRUE TIF T1 Frant ABUIB
AVAY G T2F T2 Front ABUIC
SA Segments a thru g and DP - High TIR T1 Rear ABUTA
thru TRUE AVA2UB, 6
SUP T2R T2 Rear ABUI1D
ANSL Annunciator Salect — Low TRUE NINP No Input ABU12A
ATA2U7 LHW Low Hall Write AGUB
DoUG Factary Test Only HHW High Hall Write ABUS
VMA Valid Memory Address — High
TRUE - A3U8D
6.2
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2804 A

810, Figure 81 is o shaplifed block diagmm of the Instrument ond Figure 8-2 s o simplified program
fowehart for the instrument. The 1P 2804 A s a bus onganized instrument where assemblies which plug
into the 28 Mutherbosrd are positen-dndependent, Each of the assemblies jn the Instrument can ho
consinered an Independent block with which the A3 MPU/Time Base Assembly communicales individually.

B11.  The bastc measurement made iy the NP 2804A < frequency, The frequency to be measured s
determined by o quartz crystal In the probe and sensor osclllators Jocated externally or in the A2
OselMator/Prevot Assembly, Two channele are avallable for separate tempersture measurements or
tempersture o) fference mensurements. Frequeney of the A2 oscillstor(s) bs determined by the temperature
Lo which the quartz probe |s subjected and is aboul 30 Mz (ty pieally 28.3 Miiz),

B2, The frequency Lo be measured by the Instrument can come from fous” possible sources, Two
sources are the fiont panel T1 and T2 quartz probe inputs, Two other sources of frequency are rear panel
inputs Lo the tnstrument, However, the rear panel Inputs must he from external sensor oscillators since the
fnpuls go directly Lo n signal multiplexer in the AB Counter assembly.

813, 'Mhe instrument program seleets on o pionly basts, the front panel inputs before the rear pancl
inputs for cither channel, As .n example: With the input at the rear panel T1 connertor, if 'T1 pushhution
switelh is pressed, the instrument nutomatically selects frant panel T1 input, With the front panel 'I'Y probe
input missing, the instrument sutomatieally selects rear panel T1 input, If bath front and rear panel T1
Inputs are missing, an error messoge is displayed, (See Table B-2 for a list of error messoges). Instrument
operation Is Identies! when channel T2 Is selected,

8.-14 QUARTZ PROBES AND CALIBRATION MODULES

816, A quortz probe must be used with a matched calibration module in onder to make any temperatune
measuroments. The calibration modele memories contain the chareclerstics of Lhe erystal frequerey, at all
temperatures from -80°C o +260°C, os well as other caltbration data specific to the pssociated quartz,
temperature sensor, The calibration modules also contain sddress decoding elreults which cause.them Lo
gnswer to 8 particulor address space, when installed In ‘T1 channel, and to another address space when
installed §n T2 chonnel, Quanz probes must slways be used with their msociated calibeation modules,
Exchange of probes from one channel to another, or Lo another [P 2804 A must always be accompanied hy
the exchange of calibration modules,

816, At 0°C, the oscilllation frequency of the probe crystal s typically 28.208 Milz and Is slightly
different with each probe, Sinee the frequency-ve-temperature charcteristics are stored in the calibrotio
module, the A3 Processor subtrmets this Information as o “major offset” from the frequency actually beh.2
measured,

817, The erystal characteristies (frequesey-versus-temperature) are stored in the calibration moduie s a
group of coeffGelents used by the conversfon slgeritim to ensure the speeified sceuraey over the uperting
Lemperalure range (~-B0°C to +2560°C). 'Ihese coefficients are uniquely determined for each indiv' el
probe by means of sn extensive callbration process. The calibration modutes for vach inpul channe, ore
inserted just below the A2 assembly and plug into copnectors on mutherboard AH,

B-18.  Three camponents enable the motehed probe/ealibration module to be used In any HP 2804 A,
These are:

a, Quariz Probe,

b, Calibrotion Module,

e, Neference Temperature Adjustiient

The quartz probe and calibration module were previously mentioned. The refercnce temperature
adjustmient, on the instrument front punel, compensates for aay change in frequency of the probe cryscal,
due to aging. s setting must be transferred Lo the proper channel when probes are exchenged, For

maximum accursey when exchanging probes or instruments, o new reference Lemperature adjustment
should be made as degeribed In the operation seetion,

sServige
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HP 2804A Service

Table 8.2, Error Messagen

0 An oiror that (s “bypossable” may be citcumvented by selecting she othar messurgment channal.

MESSAGE DESCRIPTION BYPASSAHBLE?
e

"Error 1" System Malfunction (Described more fully in Note 1) No
“Error 2" Channel | Caibiration Madule absent Yus
“Errar 3" Channel 2 Calibration Module absent Yes

' “Error 4" Chonnels 1, 2 Calibration Modules absent No
"Error B" Calibration Module 1 Checksum error Yes

' "Error 6" Calibration Module 2 Checksum error Yes
"Error 7" Channel 1 Signal Dropout or Blown Fuse A9F] Yos
"Error B" Channel 2 Signal Dropout or Blown Fuse A9F} Yes
"Probe 1" Channel 1 Qut-of-range (Note 2) No
"Prabe 2" Channel 2 Qut-of-range (Nate 2} No

NOTE 1: 1
o "Error 1", denoting system malfunction, ocuwie tor the {aliowing situations,

{1} Inotihity to properly access MPU registers or RAM duning Selt-Check.
{2)  inabahty 1o properly sccess lront panel pushoutton switches during Seli:Check.
{3 inability 10 properly access " C/'F switch during Sell-Check.

{4)  No output from counter i response 1o anonteenal 1 MH2z 1est sgnal (duning Self-Check and
Error routines).

{(6) Computational averflows.

NOTE 2:

“*Prabe 1" and "Probe 2" are "sell-recoverahle” errors in the sense that normal measurement resume ¢
il the measured temperatute 15 brought back within the permitted rangs. Excessive temperature over-
range for prolonged periods may change probe temperature/accuracy response. The probe and calibra-
tion module should be returned to the sctory for recahiration and a8 new calibratian module,

1]
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B-19. A1 DISPLAY ASSEMBLY

H20.  The A1 Display Assembly conslsts of two printed elrenit boards;

g, ALAL Display/Switeh Assembly.

b, ALA2 Displny Diriver Assemihly,

B-21,  ATAL serves two purposes

a, ‘W 0 readout of information watten te iUy prograns and contrabling cirvuits,

b, Prvides annunciators which indicate where e instramuent iy ina particular measurement eyele,
§.22, Data, reating to the status of front panel pushhutton switehes, is read from ALAT [nto ALAL A
processor seans these switches durdng o messhrement eyele, Any swileh activity Is then deteeted and acted
upon by the Ad circults,

B-23. A2 PRESET/CSCILLATOR ASSEMBLY

B2 A2 Assembly consists of proset switehes and assaciated logie, sensor oselllatons for each input
channel, and the "C°F switeh, The presel switehes and the Jogie elreuitry provide jeepaint ealibretion
adiustiments for the sensor probes,

826, The "C/ I switeh position determbnes whoethier temperature will be displayed In "C or " F,

826,  When sonsor proies are connected to e lnpul of the sensor oseillators, the hasie measurement
frequency (approximately 2H.208 Milz ot 0°C) Is genersted, Oschllalor outputs are then routed Lo Jie Ab
Caunter Assembly via conxial eables,

8-27. A3 MPU/TIME BASE ASSEMBLY

B-28.  The A3 Assembly, with fts micruprocessor, 15 the heart of the instrument. This assembly providee
all the tming and control for e instrument, and communicates individually with vach of the other

assembies over soveral buses,

8:29.  ‘Three buses are common (o all msemblies (except the power supplies) fn the Instrament, These
anet

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

3.30.  The Control source of these buses Is Ue A3 MPUSTIme Bese Assembly (the processor), The Ad
processor has Lwo functions:

n.  To control instrument timing for high sceumey measgrements,
h.  To perfurm any heeded computations dirveled by progmms stored an the Memory Assembly Ad.

The A3 assembly contains a stable 10 Mz clock and verdous dividers to provide an accurate 1 k}Hz time
base stgnal for Lhe A3 microprocessor and the remaining instrument eircuits.

B-31,  This L kiiz signat §s spplied, through the control bus, to AD Counter Assembly Lo generale
accurate gate-limes. A3 Processor communicates with the Ab logie control elreuits and gates AG on and -Hf
in synchronism with the 1 kHz sipgnal,
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The 3 2 adgtl originates frvm one of twa posalble sources
w, From S lternnd 10 81 qunrte onelllatar,

b, From an osternad | Mz quartz osellfator apphied to tie inateument rear paneb input, (See Talte 101
speeilieations fur suggested minimam requirements of e external 1w base.)

Heloy  'There are twa infereupts to e A Phocessar:
o, NMItuon-Mamkable Soterrapty Phis interrupt Bas highs st peionty amd enpnob e masked sut,
b DR Caterrpt Request], Tis Lerrupt is o regquest for servies and ean be masked ost,

B3, Cine edge of the AJ Gime-hase geaerstor signal Is usod Lo generate the NMEstgnal s thal the main
program Aows as shown by the * Execative Module™ portion of Figure B2,

8-34. AAMEMORY ASSEMOLY

Bad6.  Programs needed Lo make messurements ane contained by oa ROM oeated on the AV Memary
Assembly., This assembly s controlied by e A3 processor, tirugh the A4 memary control THIN
Cammends from the Ad processor, to select address Jocathons for processing of data, are implemented by
U Memory Asseanbly,

8-3G. AL COUNTER ASSEMBLY

B97, As mentloned in the parograph 815, measurement 18 o frequeney measurement, The Al Cownter
Assembly performs this measurement, under contral of the Al provessor, Ab Counter Assembly operales as
a frequency counter and consists of 8 seven-decade eounter, cantrot logle cirenits and an input multiptexer,
The avallable gate-times are nominally 0.3, 1, or 10 seconds and will vary slightly with different prohes,
Variations are due to probe charneterstics, Specific gate times are speeifed b thelr companion ealibration
modulvs, ‘The erystal eharactedsties of frequeney-versus-temperature, as charseterized in the calibration
module, provide an effective characterstie slope of 1000 H2/°C, through the temperatune range,

K38, Mensurement sceuraey bs acpendent on two things:
n,  The internal or external clock sceurey,

b, The characterdzation of each probe crystal and the stodng of this information in its companton
calibration module o provide o characterstic slope of 1000 H27°C, ‘The ealibration module stons
parsmeters necessary for Mie frequeney-to-temperature conversion algorithm which are speeific to the
individuni probe,

8.39.  Measurement resatution ts achieved thraugh the instrument’s capability of measuring frequency fn
the 1z and tenths-of -1z rmnges. As on example, assume that the basie frequency is 28, 208000 Milz:

p.  With a selected gate-time of 0,1 second (LOW RESOLUTION), the contents of the seven-decade
counter In AL would be 2820800, This is o 10 Hz resolution which provides 10 mili-degrees
temperature resolution,

b,  With o seleeted gotetime of 1 second (MED RESOLUTION), the contents of the seven-decade
counter in A would be 8208000, This Is 1 Hz resolution which provides 1 milli-degree temperature
resolution,

¢, With o sclected gate-ime of 10 seconds (HIGH RESOLUTION), the contents of the seven-decade
counter in Ab would be 208000,0 1z, This is 1/10 N2 resolution which provides 100 micro-degrees
temperature resolution.
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BA0,  Teimpemture measurements from two chiappeds esnnot e made shimidtpneausly, Only one
frenuency-temperature measunnent is made ac one thne, When two chennels ore used, or when
temperature difference measurements s wade, o thneskew of up to 20 seconds oceurs In the [HGY
RESOLUTION Muode, In Medivm Resolution a time skew of nominally % secands s experienced, and In
Law Resolution the time skew Is approximately 0.2 seconds,

841, AGDIGITAL-TO-ANALOG CONVERTER

B4, AB Assembly eonverts digital temperatore informatian o one instriment bus Lo an analog output
ot the Instrumeni rear panel, The analog output vaitage can be sel tw a celibrsted value by the CAL swilch
on the Instrament front panel, ‘Te CAL pasitians are OV, 6V and 10V,

B-43.  In the OV position tie analog sutput is zer volts de whlch vnabivs a strip-chart recorder pen to be
adjusted for & precise lefl margin position. In the 10V podition, the analog output s +10 volts de, whirh
enables uatrip-chart recorder pen Lo be adjusted for a precise ight margin position,

B-44.  In the BY position, the snalog output Is +5 volts, which enables a strip-chast recorder pen Lo be '
centered or adjusted for s OV Lo BV dellection range or a Y Lo 10V dellection range,

B-45,  There are two modes of eperstion for thie analog output:

A,  NORM Mode,

b,  OFFSET Mowe,

In the NORM Mode, the anslog oulput voltage hes a 0,00V to +0.80V range fur digitsl data ranging
between Q00 and 989, In the OFFSET Mode, the anajog output voltage is offset by +6V and has s 0,00V to
+0,00V range for digital dats ranging between 500 and (1480,

846,  In both the NOIM and QFFSET Modes, a Ave-position front panel switeh allows Lhe seleetion of
groups of three digits of displayed temperature, from 1 degree resolution te 0001 degree resolution,

8-47, A7 HP.IB ASSEMBLY

B.48.  The A7 HP-ID Assembly provides remote progromming nnd duatn output capability to the 1P
2B04A. A controller such nn o eamputer or enleulntor foeds program contral information, through the A7
Ansembly, to the P 2804A nnd perfurme caleulutions on temperature data from the Quartz Thermometer,
Program mable featurea are;

Temperature Selection

ltesolution Selcction

System Btatus Read

Write To Analog Output

Configure for Group Execute Trigger
Sample and Hold

Canfigure for Interrupt Qperation
Quartz Prolie Serial Number Verification
Read of Thumbwheel Switeh Settings

B48,  The HP.IB command implements the following interfuce functions, as definad in the HP13 User's
Gulde:

Untalk

Unlisten
Remote/Local
Service Request

B-12
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HIY 2804A

Parallel Poll
' Devien Clear
Dovlee Trigger
Talk Only
Serfal Poll

8.60. AB MOTHERBOARD ASSEMBLY
BbH1.  AH Motherhoard Intereanneets the varfous assemblles i the Instrument and has no active cirenits,
B-62 A8 POWER SUPPLY/REAR PANEL ASSEMBLY

B-63.  Assembly Al consists of o power supply bonrd and the rear panel mechanics! parts assembly which
together Torm one assembly. The rear panel portion of this sssembly contains the power transformer, 8 b
volt regulatar, and connectors for the HP-1B snd DAC uptions, external T1, T2 channel inputs and external
clock Input,

B-64,  The AD Power Supply Board generstes all de vollages needed by the instrument eireuits.
Vollages 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 switch, all supplies except the main 6 Vde
remin on, Operating ae power Is not tumed off,

B-56. HP-IB INSTALLATION

B57.  Cubles are nvoilable in different lengths W suit user requirements. 'The coan éctors nt vither end of
the eable pre identical, The plugs will mate with the rear puncl connector on the JP Y B04A. The receptacle
on the back of the eable connectar will receive nnother enble plug.

B-68. A Bus Interface Kit is needed to use o lewletl-Packord caleulolor as the HP-IB controller.
Information about this kit may be obtained from the nearest Hewlett-Packnrd Sales an< Service Office,
869 MAXIMUM CABLE LENGTH

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

a.  ‘The total eable length for the system must be less than or equal to 20 meters (65 ML),

b.  The tota! cable length for the system must be less then o: equal to 2 meters {6 {L.} times the Lotal
number of devices connected to the hus,

For instance, a system with ane caleulator and one HP 2804 A would dlow 4 meters (12 L) of cable,
B-61. ADDRESS SELECTION

o B-62,  The HIIB oddress selector switch is located on the HP.IB PC board assembly A7, The switeh ls
preset at the laclory for:

Servien

B-14

e s i ]



Servive T ZHOAA

AsCl Hinary
Talk Addrens. ... . .. Ve Moo 10011 o
Listen Address. .. .. e e e nnol
SR TSN

Phe Jast Mve Dits in the binary code are switeh solevtable, The Aint twe digh; amost signifeant) ae *hard
wired" Into the JIP-IN elecultry,

B3, o change the pddress of the P 2H04A, Tiltaw Lhis procedure:

A Turs off the power switel and unplug the power cord,

b, Nelease the top cover by unserewing ane serew loeated at the rear and centeredge of the top cover.

¢ Renove the top eover, .

g The addross selector switeh Is seven SPST rwitehes contalned In o dual-in-dine COEP) package, Figure
8.3 shows the switeh with the factary presot values,

e, The switch settings may now be changed with a pointes instrurment (ke a pesell or pen).
NOT:
o not sel all address simiehes to the 1" position, This code is reserved for special use,

B-64. SIGNATURE ANALYSIS

B.G5.  Signature Analysls s an easy method of testing complex microprocessor-based elreults, It is
comprised of “dala compression” and “cirenit generated stimulus” refined to provide greater ease in .
focating faults.

H06,  The Shgieture Analyzer displays a unigque four digit “fingerprnt” of the data stream present ot
cach node in the ¢ reuit under test. By comparing these imeasured signatures to the correct ones, a serviee
techniclan con back-lrace to n foulty node, Additionsl detaifed informotion on Signoture 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 in instrument regordless of "LINE" switeh position.

116 Vace is exposed at the rear panel, bottom side of the nstrement whep bottom cover is
removed and ac power is applivd.

8.68.  In crder to perform any sdjustments, troubleshooting or removal of Front Sanct/Display or Rear
Panel{Power Supply Assemblles, instrument covers must be removed. Both top and hottom covers are
secured by one serew each, lucated sl the rear of the Instrument and in the center of the cover rear-cdge

{see Figure 6-1},
wors &

AC POWER DOES NOT HAVE TO BE REMOVED FOR COVE’, #EMOVAL.

B4
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Fyure 8.3, HP-IY " ddress Selectton

B8-63. FRONT PANEL ASSEMBLY REMOVAL

870,  To remove the ATAL and A1AZ assemblies, do the following:

a. Discannect ae power and remove the calibration modules,

h. Remove the lop cover,

o, D wmeel the flat ribbon connectors fram ALAY and A2 Assemblies,

d. Remove the rght nnd left side-trims ond then four side-serews seeuring ine Front Pancl{Display
Assembly Lo the instrument frame,

e Putl the Sront Pancl Assembly forward untl it is free of the instrament frame, The LINE Switch
pushbutten cap will come free,

R Itemove three retnining clips securdng the plastic lens Lo the sub-panel, The RILshield will be released
with the tens,

g The ALAL Display Assembly and the ATA2 Driver Assembly are interconnested through J1 and J3
pins, The interconnected nssemblies are secured to the front panel by siy serews. emave tiese serews
Lo remove Al ossembly,

h.  'To reassemble and reinstall the Front Fanel Assembly reverse the precedurn  of steps a through g.

B-16
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B-71.
872,
n.

b,

8-73.

B-74,

REAR PANEL ASSEMBLY REMOVAL
To remove the Rear Prnvf A Power Bupply Assembly, do the Tollowing:
Disconnoct the ae power cord,
Remove the tap and hotlom cewers and the four rear feet,
Discannect the 11118 st ribhon connector from AT,
Disconnect the coaxinl enbles fram A, Ab nnd AG,
Carefully ease the Rear Pancl/AD Power Supply Assembly out of the Instrument frame,

To remove the ABAL printed circuit board, unsolder all wires excepl the wires cannected to the
ADAL “BW" cireult pads,

ltemove four serews securing ADAL to the rear panel standoffs,

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

MAINTENANCE

Maintenance consists of Perjodie-type and Fellure-type maintenance,

B-76. PERIODIC MAINTENANCE

8-786,

Perfodic maintenance should be done ot least once-per-year, It consists of preventive malntensnce

and Adjustment, Preventive maintenance ccnslsts of incorporating any modlfications to the instrument and
cleaning of oll assemblies Lo minimize leakaye paths ete,

B-77.
8-78.
8-79.

8-80,

Following any preventive maintenonee, do the Lests of Section IV,
As part of the Perdodie Maintenance eycle, do the Adjustment procedures of Seetlon V.,
FAILURE-TYPE MAINTENANCE

This type of maintenance identifies the faflure and troubleshools the instrument to locate the

defecibve part, See the troubleshooting procedures starting with paragraph 8-86.

8-81.
5-82,

0.

COMPONENT REPLACEMENT
Falled compaonents can be replaved by ony of three methods:

CLIP.-OUT, Failed component Is 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 1DS-017, is used tn
canjunction with a soldu.dng lion to remove melted solder from the terminals,

¢.  DESOLDERING BIIAID, A copper braided-wire, such as “Solder Wick®*" #2 size, Is used in
conjunction with the soldering tron, to sbsorb the melted solder.

® Edsyn Co.

® Solder Removal Co,

2804A
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8-83. SOLDERING

B84,  Integrated circuita or the printed-circuit boards can be dnmaged by excess heat. 1C's can nlao he
damoged by static charges (fram handling or from the soldering iran) when installing them, The
recommended aoldering iron to use is the "Ungar, 3-wire” type with a 16-watt maximum heat element nnd
the "Ungar, Micro-Spnde” tip. The recommended solder is “Keater Rosin-Core 60/40" with a diameter of
032 inchee. Thir dinmeter waorka very well with IC pins and leaves minimum residue.

886, CLEANING, Clesning the bonrd nnd companent nfter saldering ia important. Use o cleaning
solution such ns Relinsolv No. 663%3, Apply the solution with a small, stiff-bristle brush and scrub the
aren previously aoldered. No residue remaina after the aolution drics,

8.86 TROUBLESHOOTING
887. 'To .roubleshont the HP 2804A, use the procedures of paragraph 880, When one of the tests (0-8)

fai), go to the appraprinte subnssemnbiy indicoted in the test. Signatures found on each nssembly nre listed
in a table lacated adjacent to the respective schematic diagram of that assembly.

With the bottom cover remaved, 115 Vac is exposed at the rear of the instrument.

8-88. USING THE ¥96-59991A DIAGNOSTIC KIT
8-89. PRELIMINARY SETUP
NOTE

Throughout the remainder of the manual the K96-68081A will be referred to as the
"Dagnostiv Kit".

B-B0. To vegin testing or troubleshooting the HP 2804A with the Diagnostic Kit and HP 6004A
Signaturc Analyzer, perform the fallowing:

n. Dinconnect ac line cord.

CAUTION

Damage to the instrument may result if connecting cables or PC sssemblice are inserted
or removed with the line cord connected o an energized outlet, EVEN IF THE LINE
SWITCH 18 IN THE STANDBY POSITION. Only +6 Vde is disabled by the LINE
switch, and hozardous voltnges may be preaent within the instrament in STANDBY,

b. Removy the A3 Micropsocersor Assembly. Disconnect RF cable to A und Lloce cable end clenr of nll
instrument nesemblics,

¢.  Remove the AT HP-'D Agsembly ‘f instrument {8 equipped with Option 0101, Remove fiat ribbon
cable from A7,

d.  Place Diagnostic Kit in right-moat slot of the 2804A.
¢. Plece A3 Microprocessor Assembly on top of Disgnoatic Kit in connector provided.

f.  Connect a GND test paint on the Diagnoatic l5it to TP2 on AJ Assembly, ueing jumper provided.
This inhibits the time base generator interrupt to the microprocessar.

g. Connect control lines from the 5004A Signature Analyzer to the labeled test points on the
Diagnoatic Kit. Turn power on to the 5004A, then set front panel controls ns follows:

®3 Alphn Metals Inc.
817
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START () HHALD (Duty
STOY (Im SELFTEST (Qut)
CLOCK I

h. Verily 2BMA LINE switeh (s in STANDRY position. e onncet line cond to an spergized outlet of
the correct voltage for the instrument under test.

#01.  The Dingnostic/Functional Test should proceed from Test O through Test B in sequence. This is
important becnuse Inter teata nssume functionality of other nssemblies, and o given test result may he
inconclunive if prior tant results are not all positive.

02 The instructions given here nasume that the instrument under st /repair works. 1f any tests fail,
refer to the troubleshooting procedure oppusite the schematic dingenm of the assembly that falle These
traubleshooting procedurss include nll necessnry information for signature nnnlysis troubleshoating with
the HOO4A.

B-18
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TEST NUMBER: 0

Assembly Under Test:

A3 Microprocessor Assermbly

Explunation of Test:

This west consiuts of three parts:

e IDiagnostic Board RAM Tust.

2y ngnostic Board ROM Checknum Test,

31 Microprocessor circuitry exercise,

Following the Pass/Fsil indication an displayed on the test nnnuncintars on the Disgnostic Kit, the software
causes the micropracessor to exercise the cireuit under teat. This oceurs repardless of the teat results, nllowing
the service technicion to uae the HP 6004A Lo locate faully nignatures.

The test may be repeated by pressing the RESET pushbutton an the Dingnostic Kit,

Procedury:

—

.

b

Soluet Test 0" on the thumbwheel selector switeh of the Diagnastic Kit,
I'ress the RESET pushbutton on the Disgnostic Kit.

The three test annuncintors (lted, Yellow, Green) should light momentarily, then extinguish for
approsimately two seconde,

One test nnnuncintor should then lght for approximately two seconds indienting test results:

RED = *Fail" functional self-test.
GREEN = "Pass™ functionnl self-teat.

Al three test nnnunciotors should now light and remnin lighted This entera the signature nnnlysis
joop.

I this test fnils refer to the suggested troubleshanting sequence opposite the schematie diogram of
the A Microprucessor Assembly.

818
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TEST NUMBER: 1-3

Assembly Under Test:

A1 Mamory Assembly

Explanation of Teat:

The three teats are ny follows:

1

2)

1]

RAM Memory Pattern Test,
Program ROM Checksum Teat,

Addreas Decoding Test.

Following the Pass/Fail indication nn displayed on the test annuncintors on the Dingnostic Kit, the software
cnuses the microprocessor Lo exercise the circuit under test, This oceurs regardless of the test rosults, allowing
the service technician to une the HP RODSA to locnte foulty signatures.

The test may he repented by pressing the RESET pushbutton on the [Magnostie Kit,

Procedure;

820

Seleet Test 1" on the thumbwheel selector switeh of the Dingnostic Kit.

Press the RESET pushbutton on the Dingnostic Kit. The IN PROCESS annuncintor (YELLOW) should
light for approximately 3 seconds.

Obacrve the three teat annunciators as follows:

GREEN lamp only = “Paus"”, go on to step 4,

RED and YELLOW Inmpa hoth = “Fuil”, suspect RAM A4U4 or possible address deeading fault.
Heofer to the suggensted troubleshooting sequence opposite the schematic dingram of the A4
Memory Assembly,

RED lamp only = "Fail”, suspect RAM A4UB. Refer to the suggested troubleshoating sequence
opposite the schemntic dingram of the A4 Memory Assembly.

Select Test 2" on the thumbwheel selector switch of the Dingnostie Kit.

Press the RESET puahbutton on the Dingnostic Kit, The IN PROCESS annuncintor (YELLOW) ghould
light for upproximately 1 second.

Observe the three teat nnnunciators ne followa:
GREEN lamp only = “I'ngs", go an to step 7.
RED lump only = *Fail”, suspect ROM A4U7. Refer to the suggested troubleshooting sequence
opposite the achematic diagram of the A4 Memory Assembly.
Select Test **1" an the thumhwheel selector switch of the Diognastic Kit.

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

Obgerve the three test nnnunciators as follows:
GREEN lamp only = "Pags", teat is complete,

RED Jamp only = “Fnil", suepect addreas decoding circuitry. Refer to the suggested troubleshooting
sequence opposite the schematie disgram of the Ad Memory Assembly.
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it TEST NUMBER:
= @
—_ Assembly Under Teat:
‘ﬁ Al Diapiuy/Switch Acvembly
= Explorstion of Tost:
Thie procedure v o combined functionsl7dingnostic test. It requires manipulation of front panel switches to
- increntent ench portion of the test, The sequence {s ns follows:
— 1 Al LED'S illuminated.
s 2} Individun) T-aegment diaplays jHluminated. —
—
3 Individanl LED anpuncictors lumineted. —
- L
o 4)  Pushbutton sviitches tested. =
—]
. by Anclog Qutputs 1lide awitches tested.

The test may he repented Yy presaing the RESET pushbyttan on the Disgnostie Kit,

Procedure;

1.  Salect Tent 4" an the thurabwheel selector switch of the Dingnostic Kit
2. DPress the RESET pushbutton on the Disgnostic Kit

3, Obuserve the T-aegment displaye and annunciator L ED'. All decimnl points ito the right of ench digit) and
. all segments of ench Cisplay should Hluminnte, The right-mast digit should nppenr o8 nn "E” without
- right-hand deeimal point. All annupcinator LED's chould illuminnte. It is normal for the left-most digit to
be slightly brighter than the rest.

4. If nl) digits illuminate me expected, press nny front pi-nel pushbutton to advance test. If test does not
sdvanee, refer to the auggested troableshocting sequenc » ppposite the schematic dingrom for the A1AY
- Driver Assembly.

5. The right-mast digit (hefore the *C/°F digit) should illuminy 'e "8, All uther digits should be blanked.

6, Press uny front panel pushbutton switch to increment teat. “nch time the digit to the left should
- iluminnate instead. Do this six times until all digits have heen hecked.

_ 7. ‘The 6 pushbutton LED's and the b annunciotor LED's should illun.\nate in sequence — top-to-bottom,
right-to-left, with only n single LET) illuminated at a time,

== 8. Press any pushbutton switch to ndvance to the next test. The right-maost pushbutton should have its LELD
{lluminated — nll others will be blanked.

: . 9. Press the pushbutton switch with the lighted LED momentarily, with a pause between each button.
- Continue until all six pushbuttons are pressed.

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

- Display will read 5-7. An snnuncintor will illuminate, reflecting the position of the Jeft-mast =
- ANALOG QUTPUT awitch. Moving the awitch to ench of its b positions will check switch contact -
- integrity. Pressing nny pushbutton switch will advance the test. —
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11.  Same as atep 10, except the nght-moat ANALOG OUTPUT switeh s tested.

Display will read 58, An snnuncintor will luminate, refieeting the position of the right-most ANALOG

QUTIPUT switch, Moving the awiteh to ench of its b positions will check switch contact integrity. Pressing nny
pualibutton switch will reatart the test,

8-22
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TEST NUMBER: 6

Ansembly Under Test

Ab Counter Assembly

Fxplanation of Test:

This test cansists of three parts:

h

pAl

Signal dropout detector test.
Counter performance test,

sennor oscillntor Interface circuit test.

Following the Pass/Fall indieation as diaplayed on the Lest annuncintors on the Dingnaestic Kit, the anfltware
canunes the microprocessor t exercine the circuit under teat. Thie nccurs regnrdless of the test results, nllowing
thoe service technician to use the HP BOMA to locnte Multy signotures,

The test mny e repeated by pressing the RESET pushhutton on the ingnostic Kit.

’rocedure:

L

b

Select Test "B on the thumbwheel selector switeh of the Dingnostic Kit.

Press the RESIT pushbuttan on the Dingnostic Kit. Che IN PROCESS nnnunciator (YELLOW) should
light for approximately 2 seconds,

Ohyerve the three test npnuncintors ns follows:

GREEN lamp only = "Pass”, go on to next Lest,

RED and YELLOW lamps bath = *Fafl”, suspeet nignal dropout detector. Refer to the suggested
troubleshunting sequence opposite the schemotic dingram of the A Counter Assembly.

RED LAMP ONLY = “Fail", suspect counter circaitry, Refer tn the nuggested troubleshooting
sequence opposite the schematic dingram of the Ah Counter Assembly.

Press nny pushbutton switeh to advance to the next portion. A digit will appear on the display indienting
the channel or channels upon which frequencies igreater than 1| Milz) are present, The chonnels are
relnted to the counter haurd as follows;

1 — T1 front panel input
2 — T2 front panel input
3 — T1 rear panel input
4 ~ T2 rear panel input

Any combination of these may he present. ‘Typieslly i T1 and 12 quartz tempernture probes nre attached
to the sensor oscilintors, nnd they nre correctly cabled to the Af Counter Assembly, the display will rend
8 B SN




Service 2B04A

TEST NUMBER: 4
Assembly Under Tent:
A2 Preset/Oscillntor Assembly
Explunuation of Teat
This in o combined functionnl/dingnaatic test of the Preset partion of AL This test consists ef two parts:
1y Functionn) check of C/<F switch.
N Haplny of preset volues.
Fallowing the Pass/Fail indieation ns diapleyed on the test snnuncintors an the Dingnoatic Kit, the sultware
esunes the microproceasor to exercise the rircuft under teat. This occurs regardlesa of the test reaulta, allowing
the service technicinn to use the HIP? 6004A to locote faulty signntures,
The test may be repented by pressing the RESET pushbutton on the Diagnoatie Kit,
Procedure:
[,  Seleet Tent "6" on the thumbwheel solector switeh of the [Magnastic Kit.
2, Presas the RESET pushbutton on the Dingnostic Kit.
4. Observe the three tesl nnnuncintors ns falloyva:
GREEN Inmp only = "Puss”, go on to atep 4,
RED Inmp only = “Fuil", suspect bnd presel circuitry. Hefer to the suggested troubleshooting

gequence apporite Lthe schemaotic diagram of the A2 Preset/Ouscillator Assembly,

4. Observe the instrument disglay and campnre the numerical values to the thumbwheel settingn of the front
panel. ‘These muat be in ngreement.

b Record the sattings of the frant ponel thumbwheel switches for use nfter this test. Rotate each thumbwheel
switch through ity ronge and compnre the digits to the displayed value.

6. For signature analyais testing, set T1 switches to D86, and T2 awitches o 178,

874
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TEST NUMBER: 7
Annembly Under Test

A6 Apalog Qutput Assembly
Explanntiun of Test:

Thin is n combined enlibration functional /dingnostic test of the AS Annlog Quiput Assembly. This test consisty
of three parts:

1) OV calibeation,

2) 1OV — full acale calibration,

h Rump gencration for linearity, nalse ar "glitch™ eviuntion,

The teat results must be interpreted uning externnl equipment,
Additionn] Test Equipment Required:

1y DC Digital Voltmeter

4)  Uncaigscope
Procedure:;

1. Connect DC DVM and oacilloscape tin parnllel) to ANALOG QUT jncks on 2804A rear punel. Set DC
DVM to 10V range. Set 2804A front panc ANALOG QUTPUT slide switel *o 0V CAL position.

2. Select Teat 7" on the thumbwheel selector switch of the Diagnostic Kit.

3. Preas the RESET pushbutton on the Diagnostic Kit. The YELLOW annuncintor will light and remain lit.
4. OQhserve DC DVM. Adjust AGRB ZERO ADJUST potentiometer for DC DVM reading of 3.000 £.001 Vie,
6.  Set 2B04A front panel ANALOG QUTPUT alide switeh to 10V CAL position.

6.  Observe DC DVM. Adjust AGRA FULL-SCALE ADJUST potentiometer for DC DVM rending of +10.000
+£,001 Vde.

7. Bet 2B04A front panel ANALOG OUTPUT slide switch to OPernte NORMAL position. Qbserve
oscilloscope waveform:

| | = 20 pS
| ja— = 33 mS

B.  Failure of any test can be further dingnosed by selecting OPerate NORMAL to exercise the digital portion
of the AG Assembly. Refer to the suggested troubleshooting sequence opposite the schematic dingram of
the AG Anci > Qutput Assembly.
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TEST NUMBER: 8
Asnembly Under Test:

AT U Interfuce Asnemhly
Forplanation of Test:

Thia 4 0 comolned functional/dingnostic test of the AT HP-R [nterfoce Assembly. Test results nro displayed an
n series of 1cades on the ZK04A divplny combined with the test annuncintors an the Dingnostie (it

Following the Prss/Fail indication as displayed on the test annuncintars nnd the nstrument display, the
software cnuses the microprocessar to exercise the circuit under test. This occurs regardless of the test rosults,
ntlowing the service technicinn to uwse the HI* BOMA to locate Taulty signatures.
The test mny he repented by pressing the RESET pushbuttan on the Dingnostic Kit.

Procedure:
1. Select Test "R an the thumbwheel welector switch of the iegnostie Kit.
2. Pross the RESET pushbutton on the Dingnostic Kit,

. Ohserve the three test annuncintors os follows:

GREEN lamp only = “Doas”, go on 1o next test.
RED lamp only = “Fail”, orror codes ns follows:

11 = Option not fnswalled or clrenitry failed gross functional toat,
H-2 = FIFO teat fils on slnve precessor,

H-3 = Group-Exeeste-Trigger tGETY fnils to clenr fip-fop.

HeA = GET fails t set Dip-flop.

Refer to the suggested troulleshooting sequence opposite the schematic dingram of the A7 HP-IB
Interfuce Assembly.

4. Preas any pushbutton switch to advance 1o the next portion,

6. The settings of the rocker switches on the AT Assembly nre shown  » the “ont panel display. NOTE:
There {s one “don’t care’” switch, whone position is blapked in the disply, .

6. The test may be restarted nt nny point by pressing the RESET pushbutton on the Dingnostic Kiv

B-26
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TEST NUMBELIL 0
Ansembly Under Teat:
A Microprocessor Assembhly
Explanntion af Teat:
Thia sty the interrupt processing copnbility of the A Micraprocessor Ansembly. No signature nnnbysbs
enprbilities are utilized. The DPans/Fall indieation is displayed unly with the test snnuncistors an the
[Hagnoatie Kit.
Procedure:
1. Select Test "I on the thumhwheel selector switeh of the Dingnustie Kit.
2. Press the RESET pushbutton on the Dingnostic Kit.
3. Olhwerve the throe test annuncintors ns follows:
GRIEEN Inmp only = “Dass",
RED lump only « "Fail". Check the IR line to the inicroprocessor ttuck nt bogie "1 Ensure

program ROM is installed. Possible defective microprocessor,

4. Upon completion of Test 8, the instrument display ghauld read "HEP ZH04A".

B-27
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Figure 8-4. Replacenhle Assembly Locataor
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HP H04A

Al DISPLAY ASSEMBLY

The Al Assembly conslsts of two sub-assembiles = the ALAT Displas pawitcy Board and the ATA2 Display
Briver Roard, The sevenssegmont displnys and front panel switehes sre loeatod on ATAT the logie eireitry
needed Lo deeode the infonration to be displayed is located on ALAZ.

The A1 Display Assembly perfarms two haste funclions:
a.  Updates the displayed information
b, Necoven switeh status data from front psnel switehes

When the A3 MPU/Time Base Assembly geacrates o nonsnaskable [nterrupt (NMI) signal, an interrupt
service routhne operating ot 1 kHz updates the displays apd seans the front pancl switches, One digit ol n
thme Is refreshed, As long as data (s sent at about o 1 k2 rote, retriggerable one shot Ub allows dight-select
data in registers UG and UT to remain stared, I the display is not refreshed at 1 kllz, Ub will time out,
which reeets UB and U7, and bhlanks the display,

Seven-segment inforhintion s stored in registers UB and U, There ane eight, seven-segment displays; seven
are used for nupieren tempermture data, and the eighth Is used for "C_or “F indication. A ninth line
contruls seven of the ten wnnunciators; the remalntng snpupeiators are controlled ny unused segmeats of
the °C/°F dlgit. The talde helow iHustiates how this is accomplished:

SIGNAL D51-087 D58 and Annunciaters Annunciators

SAH Segment A DSB Seyment A D3It LISTEN
s8N Segment B3 D512 PURVICE D510 TALK
sC.H Segment C D512 DATAHOLD DSi4 T
sD-u Segment I D58 Segment D 815 (Vi
Sk-H Segment B S8 Segment B DSI6 T2
SK-H Segment F DSH - Segment ¥ NS17 LOW
S5G:1 Segment G DSB  Segment G DS1R MID
sDP-N Decimal Point N8 REMOTE D519 HIGH

ULl and UL2 buffer front panel switch Information inlo the instrument data bus, The instrument address
bus sends control signals through address decoder U10 which enable the segment and digit reglsters to
update the display.

TROUBLESHOOTING/REPALR
Th use the table of signatures which follovi, the information and instructions of parsgraphs 8-80 through
802 and subsequent tests must have directes you to this nesembly, Since the tests of paragrnph 892

proceed from Test O through Test 8 in sequence, do not proceed to a particular aasembly unless directed by
instructions of Teat 0 through Test 9,

If the Dingnustic Kit Test Card is suspect, refer to its Opernting Note, HP Part Number 18109-90002 for
test information,

Following repnir, repent the tests of paragraph 8-52,
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NOTE 1; Recommended order of perfarming each testis as folfows: (1) Set LINE switch to STANDBY, (2) select
Tast number on Diagnostic Kit, (3) set LINE switch to ON, and (4) push RESET switch on Diagnnstic Kit

ROTE 2: A clocking pulse with the same signature as the +AY relerence means a ler.ding edge tnggered clock.
A clocking pulse with a 0000 signature means a trailing edge tnggered clock. It 1s normaid tf the 5004A
Signature Analyzer irterchanges these two signatures.

* = Voltage {evel
+6V Relerance Signature: PB36

ATA2UL Pin® PBIG° 8 CFP3 ATA2UB  Pin 1 PBIG® 0 360A
7 UNST 9 UNST 2 AGUO 10 2705

3 7663 10 77CA 3 APFG 11 FUC3

4 Q0uQ* 11 P3G’ 4 HFAJ 12 AP2Y

6 JUUC 12 H1A4 B AG2] 13 PPO7

G UNST 13 UNST G 194C 14 3PC?

7 UNST 14 0QQ0° 7 UITH 16 HGB1

8 0000° 16 PRIG*

A1A2U2 Pin1 PBIG° 8 vooo*

2 UNST 8 UNST A1A2UB  Pin 1 PBIG" g9 J60A

3 H7A2 10 PBBF 2 9704 10 76HB

4 0000° 11 PB3G" 3 U2 11 OHPP

b 902F 12 3A4B 4 1BBG 12 3077

6 UNST 13 UNST 6 OUA2 13 CGP2

7 PBIG* 14 0000° G 6646 14 PIPH
7 CH73 16 OCHC

ATA2U3 - Segment Driver 8 0000 16 PHIG"
A1A2U4 - Segment Driver A1AZUIG Pin 1 H352 9 PB36’
A1A2UG  Pin § 0000° g ooco* 2 9BAF 10 PB:!G:
2 360A 10 PBIG 3 874C 11 PB3G

3 PBIG* 11 26A3 4 HOUC 12 PB3G*

4 PR3G 12 FPOb 5 QUBA 13 CAA3

b 26A3 13 Q000 G B7\F 14 APAG

6 0000" 14 0000* 7 26A3 16 350A

7 0oo0* 16 0000° 8 00qo° 16 PBIG*

§ 0000* 16 Pa3c’ ATA2U11 Pin 1 PB3G’ 8 CG82

A1A2UG Pin ) 26A3 9 CA43 2 PBIG* 10 0000°
2 3UUC 10 H1A4 3 4P2U 11 3077

3 CG6BY 11 1886 4 0000° 12 0000°

4 3077 12 77CA 5 PPO?7 13 188G

6 CFP3 13 PPQY 6 PB3G" 14 0000°

6 OUA2 14 0000" 7 QUA2 15 PB3G*

7 7663 16 0000° B 0000" 16 PB3G*

8 0000° 16 PB36° A1A2U12 Pin1 26A3 0 1806

A1A2U7 Pin1 26A3 9 4APAG 2 pPeag* 10 PB3G*
2 982F 10 PBBF 3 DUA2 11 AG23

3 1A 11 00CA 4 PBIG® 12 836"

4 1886 12 3077 5 PPO7 13 HFA3

5 QUA2 13 CG682 6 P83G" 14 PgaG*

6 H273 14 3U084 7 4P2U 16 26A3

8 0000' 16 PBIG"

7 3A4b 16 H7A2
8 0000° 16 PB36°
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Figure 8-8. A1A2 Display Driver Assembly
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AL OSCILLATORIPRESET ASSEMBLY

The A2 Assembly provides two sensor oseiliatars (one for each channel) for the quartz tempersture probes,
the O F switel, and aix HLSlgit thumbwhee! switehes (three foreach channe) o compensate for quarty.
probe aghng. The thumbwheel switches are woeradjusted during a temperature referenee adjustiment,

Switehes K151 are conneeted (o multiplexers U2 and U4 and swilehes 54-56 are connected to multiplexers
U3 and Ub. The "C71 switeh Is copnected Lo U, Thie multiplexers have threestate outputs connected
direetly o the instnoment dats s, Address Hines A2, A and Valid InputiQutput (VIO-L) through address
decodor L1 generate the low enable strobe signal for each multiplexer, Address Hines A1 amd A select data
inputs from the thumbwheel switehes and the "Cr'1F select switeh s follows:

AI)I)I‘I‘:SS laINES U2'Ub > aray LT
Al Al INPUT PONTS SWITCH OUTPUTS
0 0 0 S1/54 ouiputs
0 1 | 52156 autpuls
l 0 2 51/50 outpuls
] ] 3 “C1°1 swhich

g P . Jp—

LC sensor oseillators Q3 and Q4 are frequency-controlled by the quartz temperature probe (when
connected), The oscillator outpuls are routed through Yroad-luned RE amplifierfbuffors QF and 2 Lo
output connectors J1 and J2, Coaxial caliles carry the 28 MHz REF to the Ab Counter Assembly,

The AL Assembly provides the operating voltage for the sensor oscillalors vis Lhe same conxlal cables
earrying the 28 Mifz RE. Acsuming the quartz temperatune probes are connected, the sensor oseillators will
rontnue Lo oseillate oven if the front panel LINE switeh is in STANDBY position,

TROUBLESHOOTING/REPAIR

To une the table of signntures which follows, the information ond [nstructions of paragraphs 8-850 through
A2 and subsequent tents must have directed you to this assembly, Sinee the tests of parngraph 842
proceed from Test 0 through Test 9 {n sequence, do not proceed to n purticulnr nssembly unless directed by
inntructions of Test O through Test ).

If the Diagnostie Kit Test Card §s suspect, refer tu ity Operating Note, HP Part Bumber 1K109-890002 for
test information.

Following repair, repent the tests of paragraph 802
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Service [T 2H04A

NOTE 1: Recommended order of parforming each test is as follows: (1) Set LINE swilch ta STANDRBY, {2) selacl
Test number on Diagnostic Kit, (3) set LINE switch 1o ON, and (4) push RESET swilch on Diagnostic il

NOTE 2; A clocking pulse with the same signature as the +BY reference meons a leading ecge triggered cinck
A clocking pulse with a 0000 signature means o trolling edge triggered clock, )t is normal if the S004A
Signature Anaiyzer interchanges these lwo signalures.

NOTE 3: 2804A tront panel thumbwheel settings: T1.966, T2-178.
* a Vollage Level
+BY Reference Signature: 96F6

Press Diagnostic Kit RESET switch and HP 5004A data probe's RESET swilch; then press any pushbulton an
2B04A tront panel.

us Pin 1 09go" 8 Gbbo U4  Fin 1 UIAG 9 70F)
2 0n0g* 8 UJAG 2 AB7B 10 0000°
3 gooo*® 10 5FB4 3 oooo* 17 8FG°
4 G6GQ LAIVIV: o 4 Qooo* 12 9GFG*
6 0000° 12 96FG° 5 0000* 13 0000°
G U3AG 13 0000° G 96FG* 14 73G6
7 0000° 14 9GFG* 7 20A2 16 U3AG
8 0000° 16 G6F5°
U2  Pin | U3AG 8 CACA
2 AB78 10 BGFG* Ub  Pin 1 UJAG 9 4899A
3 ooao’ 11 0002° 2 AB78 10 96FG*
4 9GFG* 12 0000° 3 oooQ* 11 0000°
6 BGFG* 13 o0oo* 1 96FG* 12 9G6F6°
¢ 0000* 14 7366 6 0000* 13 0000*
1 2326 16 U3AG 6 0000* 14 7366
8 0000* 16 86F6* 7 BHGP 16 U3AG
8 0000°* 16 96FG°
U3d  Pin 1 U3AG 9 FAUF
2 AB7B 10 96F6°
3 0000° 11 96FG*
4 9GF6* 12 0000°
5 0000° 13 0000°
G 9GFG6° 14 7366
1 HB1B 16 U3AG
8 0000* 16 96F6"
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A2 OSCILLATOR/PRE-SET ASSEMBLY (02804-60021, SERIES 2428)

Serviee
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Figure B-7. A2 Oscillator/Preset Assembly
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Ad MICROPROUCESSOR/TIMIE DABE ASSEMELY
. The A Assembly consists of five functional hlneks:

g, ‘Time hase generator

h. IRestart clreuitry

¢, Microprocessor and surrounding circiitry
d.  Clock generator

e, Data-bus.enable elreultry

. The microprocessor requires a Lwo-phose 1 Mz cloek Tor aperation, Depending on the positian of rear
panel INT/EXT switch, multiplexer W10 chooses from either an internal TCXO, or an extemal lrequeney
standard,

- The Internal e base begins with 10 MHz temperaturecompensated crystal oselllator (TCXQ) Y1, The

TCXO Is powered lrom independent +6V and bV sourves, which keep power spplied even 'when the frant
panel LINE switeh Is in the STANDBY pasition. The 10 MHz TCXO sighal is divided by ©n in counter
UD A, then applied o one input of multiplexer U10,

If an external 1 Milz Ume base is dosired, it s connected to the rear ponel EXT CLAOCK Jack J |, The
external 1 MYz Is shaped nnd levelshifted through Q3 and ¢4 and epplied te multiplexer U10,

The 1 MHz output of multiplexer U10 is applied to o divide-by-1000 chain to praduce the frant panel
switch-scan and display-refresh signals and system liming for counter control cireulis. The divide-by-1000
chain is compaosed of counters USB and UBA/D nnd synchronizing Nip-Nops USA/B, This 1 kHz signal
becomes the non-maskable interrupt {NMI) signal for the microprocessar,

. Restart circuit U3A is o 200 mS oneshot multivibratar, The restart pulse s applied to the divide-by-1000
chain to provide o time delay between restart and the first NMI signol to sllow the progmm Lo start over
ogain. Any measurements in progress are restarted sutomatically to prevent any errors. The restart pulse |5

triggered in one of two woys:

8.  When the front panel LINE switch is set to ON, the R5-C6 delay as the +5Y power supply
comes up to voltage gencerates a restart pulse,

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

Three state buffera UB and U13 allow bi-directional data transfer between microprocessor U7 and the
inrtrument datn bua, The direction of data flow {s determined by the inverted Read/Write (R/W) pulae
from U7, To allow signoture nnalysis troubleshooting with the Dingnostic Kit, shunt JU1 can be removed
to disconnect the data bus (for freerun test), Address buffers Ul and U2 allow microprocessor U7 to
control other instrument circultry (vin nddress bus AG-A1G),

The clock generlor s composed of ULAJE[F, U2, Q1 and Q2, This circuit is basically a toggle Nip-flop
which changes the 1 MHz input signal into two, out-of-phase, non-overlapping 1 MHz clocks 81 and B2. The
proposgation delsys of Ul and U2 ensure that §1 and 92 signals do not averiap. Q1 and Q2 sre level boosters
which epsure +6Y levels to microprocessor U7, The combinations of CR1/C11 and CR2/C12 ensure o fast
level change. The §2 clock ot T'TL levels is elso 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
Lrailing edge of clock §2 goes low,

B-41
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Hervice 1 2004 A

TROUBLESHQOTING/REPAIR

Th uee the table of signnteren which follows, the information and instructions of poragraphy B-00 through W
802 nnd subsequent tests must have directed you to thin nssembly. Since the tests of paragraph B84

proceed from Test 0 through Teat § in sequence, do not proceed toa particular nnaembly unlesn directed by

inatructions of Test 0 thmugh Test 0.

If the Dingnostic Kit Test Card is suapect, refer to its Opernting Note, 1P Unrt Number 18108:00002 (oy
tent information,

Following repuir, repent the tests of parngraph B40L

NOTE 1: Recommended arder of performing each test is as loows: (1) Set LINE switch to STANDBY, (2) select
Test number an Diagnostic Kit, (3) set LINE switch ta ON, and (4) push RESET switch on Diagnostic Kit.

NOTE 2: A clocking pulse with the same signature as the +5V reference means a leading edge triggered cloc!
A clocking pulse with a 0000 signature means o trailing edge triggered clock. It is narmal i the 5004A
Signature Analyzer interchanges these two signatures.

* = Voltoge Level
+BY Relerence Signature: P874

Ul Pin 1 PB74 B P874" U4 Pin 1 0000 9 Pe74
2 0000 8 0000" 2 0000° 10 0000
3 Pg74’ 10 P874 3 Pa74° 11 0000
4 0000 11 0000 A PB4 12 PB74
65 PB74° 12 0000 6 0000 13 9201
6 0000 13 PB74 6 9201 14 7APB
7 0000* 14 Pg74* 7 71APE 16 0000°
8 0000° 16 PB74"
U2  Pin 1 P874 8 PB74
2 0000 9 P874 Us Pin | UNST 9 UNST
3 Pe74 10 P874 2 0000° 10 UNST
4 0000 11 0000 3 UNST 11 UNST
6 PB74° 12 PB74 4 UNST 17 UNST
6 PB74 13 PB74* 6 UNST 13 UNST
7 0000° 14 PB74* 6 UNST 14 0000°
7 UNST 16 UNST :
U3 Pin 1 0000 9 P874 8 0000 16 P874°*
2 Pg74° 10 P874°
3 pa74’ 11 P874° U6  Pin 1 0000 B UNST
4 PB74* 12 Pa74 2 UNST g UNST
& 0000 13 0000° 3 PB74 10 P874°
6 PB74 14 Pg74° 4 PBY4* 11 PB74
7 0000° 16 0000° 6 0000° 12 UNST
8 0000’ 16 P874° 6 pPB74° 13 PB74*
7 0000° 14 FB74"

B.42
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QHOMA Serview

U Pin t G000 21 0000" 1o Pin 1 PB7A° 0 0000°
7 PR7A® 22 PB74 2 PB4* 10 0000°
3 0040 23 PB71° 3 PB7A 11 oo’
A pu7at 24 Pg74° 4 PB74 12 PB4
6 PB74 26 PO74° 6 0000° 13 PB74
G P74° 26 1ADC G 0000° 14 PR74"
7 0000* 27 103p 7 000Q° 16 0000
8 P74’ 70 92HA B Q000" 1G PR7A’
g AIPA 20 UUGU
10 621F 30 GUCH Uit Pin 1 0000° 11 086D
11 767H 31 A1A4 2 GPAD 12 BGUA
17 0068 32 0802 3 AIPA 13 767H
13 GPAB 33 2033 A TUFP 14 3060
14 TUFP 34 9201 b 6Z1F 16 521F
i6 3060 36 0000 6 3060 16 JUFP
16 BGUA 36 P74 7 767H 17 AIPA
17 PAGG 37 0000 8 BGUA 18 GPAD
10 €072 38 P74’ g 08508 19 PB7A°
19 1H289 39 00o0* 10 0000° 20 PB74°
20 92H1 40 PB74°

U12  Pin 1 Q000" 11 PA74"

UB  Pin 1 7APH 11 2033 2 PA9G 12 92H)
2 GUCH 12 2U33 3 P74 13 Pg74°*
3 6UCH 13 9802 4 €072 14 1H20
4 ATAA4 14 9802 6 PB74° 16 Pg74°
b AlA4 16 AlAA G 1H28 16 C072
G 9802 16 AlA4 7 P84’ 17 P84
7 9802 17 GUCT 8 92H1 18 PABG
8 2u33 18 GUCH 0 Pa74° 19 P874°
0 2U33 19 7APG 10 000C” 20 Pa74*
16 0000" 20 P874*

U13  Pin 1 7APB 11 UUGY

Ue  Pin 1 0000 8 UNST 2 1A8C 12 UUGU
2 0000° 10 UNST 3 tA9C 13 92H4
3 PB74 't UNST 4 193F 14 92H4
4 PE7A 12 P74 6 193P 16 103P
6 0000 13 UNST G 97H4 16 193P
6 0000 14 000Q" 7 B2HA4 17 1ASC
7 0000 16 UNST 8 uuGy 18 1A0C
8 0000 16 PB74° 9 UUGU 19 7APE

10 000" 20 Pg74°

By
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AV LREMORY ASSEMNBLY
The A4 Assembly consists of three funetiennl blocks:

n. Addross decoding
h.  Progrmm ROM
e, CSerstehepad” RAMs

The nddross decoding cireuitry detects three distinel bloeks of addresses aad provides eontrel and enable
stgnnle to other instrument circuitry, The blocks pie as fallows:

iR Addresses Q000 g Lo DOUOEF) ¢ Tar TnputfOQuiput clreultry
B Addresses Q0101 to 00FF 5 for RAMs U and UK
¢ Addresaes 70004 to TFIF g for ROM U7

To see how the above cirenitry Ats into the overall introment saftware structure, refer to Figure Ad.1:

K9G-59991A Diagnastic Ki
Addresses FO0046 to FFFF 5

UNUSED SPACE
Addresses B000qg ta EFFF g

RQOM U7
Addrossas 70009g 10 7FFFqg

Calibration Module 42
Addresies 680015 to 6FFF 45

Callbration Module #1
Addrasses 600016 1o B7FF

Analog Qutput Option
Addrassas 60005 to BFFF 3¢

HP-18 Option
Addresses 40004 10 AFFF 46

UNUSED SPACE
Addrassas 010045 to IFFF4g

RAM UB
Addresses 000046 to 00FF 4

RAM U4
Addrosses 001044 to 007F 5

I1/Q Circuitry
Addrusses 000015 to 000F 1

Fgure Ad-1, 2B04A Software Map
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Gates UL1B/C and U110 detect the upper six address lines (A10-A15), When ALO-ALD are simultaneously
low, n Lower Addross Bloek (LATH) signal is genemted, LAR-is a partiad chip seect for RAMs 14 and
Ud, Gates UBA/L cnd U2A detect address Hones A4 AD, When A4AD are simultaneously low, an Invalid
HAM Address (IRA-MY signul ts generated, I address bits A4-A1D are all simultaneously low, the NANDed
signal Valld RAM [Disable ¢ viR1)-L} keeps dota from beiny laputted to or outputted from 1RAMs U4 nnd US,
since they are pot ey nddressed, H the RAMs are being addressed, RAM page boundnry Is detected nt pin
11 of U4 and UB, U4 responds to addresses 001014 through 0071 g: U8 responds to addresses G080 g
through 0081y .

Gates UL0A and USA detect address Hines Ad through ALG heing simuitaneously low, and the presence of
Valid Memory Address (VMA-LD and 02TTL-H clock signals. IF these conditions are satlsfled, UDRA
generates o Valid [yput/Output (VIO-L) instructjon Lo other Instrument cireuitry,

Gates ULOR/B and UDDB doetect address lines A12ZALS, When ALZALY are simultancously high, n Valid
ROM Addreas (VROA-L) signal is generated, indicating thnt ROM U7 iv being addroased. Since nddress
line Alb is not decoded, ROM U7 responda to addresses TXXX1s or FXXXas (nesuming DBUG-L line in
held high). DBUGL is uned for troubleshooting with the Disgnostic Kit, nnd allows the Diagnostic Kit to
take over na main memory, while allowing nccens Lo the programa stored in ROM U7,

U112 nnd U1 are bi-directionnl three-state buffers which juolate RAMs U4 and UR and ROM U7 from the
inatrument datn hus, Data direction is coentrolled by Bus Write Enable (BWE-L} and Bus Read Ennble
tBRE-L) signals from UIC/D. WRITE menns duta Jowa from the micropn,cessor on the AJ Assemb'y to
RAMs U4 or Ul READ means datn Nowas from RAMa Ud or U8 or ROM U7 o the microprocessor un Al

TROUBLESHOOTING/REPAIR

To use the tnble of signntures which follows, the information and instructions of parsgrapha 8-00 through
B-612 und subsequent teats inunt have directed you to this sssembly. Since the tests of parngraph B-02
proceed from Teat O through Test 8 in sequence, do not proceed to n particulnr nesembly unless directed hy

fnatructions of Teat ¢ through Test B,

If the Diagnostic Kit Teat Card is suspect, refer to its Operating Note, HP' Part Number 1510380002 {or
teat informntion,

Following ref.mir, repent the lests of paragroph 852,
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NOTE 1! Recen.mended arder af pertarming ench testis as follows: (1) Set LINE swilch lo STANDBY, (2) select
Test number on Dingnostic Kt, (3) set LINE switch 1o QN, and (4) push RESET switch an Diagnostic Kit.

NOTE 2: A clocking pulse with the same signature as the +5Y relerence means o leading edge tnggered clock.
A clocing pulse with a 0000 signature meoans a iroihing adge triggered clock. i s normal it the B004A

Signature Analyzer interchanges these two signatures.

* = Voltage Level

+HY Referance Signature |UCB

U1 Pin 1 1UCB"
7 PGQU

3 ua9ce?
4 1y7

G PAGP

3 8C99

7 1000*
U2  Pin 1 70UH
2 PAL2
3 6FHU
4 1ycp’
6 PABA
6 UbP2
1 0000°

]

10
"
12
13
14

8

9
10
LA
12
13
14

AFO1
449
ocey
HIa
[ucoe
6CB1
ucs*

HB1pP
4367
AOPD
1367
6FHU
ucs’
uca’

U3 - NORMALLY EMPTY SFACE

Pin 1 PGOU
2 AJ24
J PG29
4 BAUF
b 9060
G B3A7?
7 FARG
B AQAF
9 HBBH
10 "65H
11 HUFC
12 0oQo*

1 Q000"
2 HBBH
3 BGEH
4 HUFC
b GPg4
G AU2B
7 8PPB
B HOBA
f 3628
10 HB1P
11 PGOU
12 UGP?

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
AUZB
BPRPB
HBBA
Jg28
UFBA
B26A
PAGP
uce*
PPBU
P726
uee”®

ABPY
PPEU
P726
14pPg
A324
PG29
B4UF
8060
B3A7
F406
AQAF
[Ve: N

U6

U6

u?

us

Pin

Pin

Rin

=
=1

~ OO WA —

~ YO D LN —

N o= 0 03~ 0 2 ) Ay —

O ~NOg D W —-

— o —
N =0 D

ADPY
PAGA
PABA
AQPYO
A43G7

HBIP
0000°*

PG20
A324
PGQU
P726G
PPBU
PA12
ro0o°

POU
AJ24
PG29
BAUF
BOGo
BiA7
FABG
AQAF
HE68H
BGEH
HUFC
0000°*

0000°
HBBH
B866H
HUFC
GPB4
AU26
8PPB
HEGA
3628
HB1P
uacy
usP2

10
1
12
13
14

0
11
12
13
14

13
14
16
1G
17
18
19
20
2
22
23
24

13
14
1%
16
17
8
19
20
21
22
23
24

PAGP
AAGH
F746
PABA
7107
BFHU
1UC8®

0000°
{V]e: )
wcs®
ucs*
JOUH
BAUF
uce®

GPo4
AU26
BPP8
HOBA
3628
PPk
826A
PAGP
[V ¢
PPBEU
P726
wcea®

AQPY
PPBU
P?726
A4P9
A
PG20
BAUF
8060
B3A7
FA06
ACGAF
ucs’

Bervice
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L]

Ul

un

Pin

Pin

Pin

LFHU
4367

0oaqo*
QPEN
0%00°
OPEN
0000°*

1ucy
Prar

PAGA
UA7?
Ua6h2
FMG

0oog*

0000*
0000’
UAT?
aG60H

23H8

g98uUH
0000*

10
11
12
13
14

10
11
12
13
14

10
A
12
13
14

6330 w2 Pin
AFB1 2
UF 54 3
PaPF i
HCHI b
44P0 G
uca* 7
1
AdOH 4]
JFer 10
VAN
AQPg Uid Pin
caal
QaUH
Jca’

UG62

P3PF

826A

0oo0o* 1
ucs®

1uce*

1
2
3
A
6
caAal G
7
o
9
0

HB
P23
P2Fy3

4 ACeB

AC00
9ING6
3IAG
A28
A120
oooo’

H718
airaP
Gihap
Mce
PI1C3
B5U3
B6uU3
0AU2
QAL
0ooo*

R
12
13
14
1b
16
17
]
18
20

R
12
13
14
1
16
17
18
19
20

6I'g4
GPiA
HUIFC
HUFC
B66A
Bo&H
HBIBH
HGBH
5330
wes®

3620
Jazg
HEBA
HBBA
orrg
PP
AU26
AU2b
6338
iuce*

ZHUIA
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AD COUNTERR ASSEMILY
The AD Assembly consists of four functional blocks:
n. REFinput cirevitry
b,  Control circuitry
¢.  Counter chaln
d.  Sensarsignal dropaut detection

The RF Input section consists of four fdentical cireutts which provide level-shifting, impedance matehing
and de operating voltage Lo the sensor oscilislors, A ‘T1 input signal fram the sensor oscillator on the A2
Assembly onters vin cosxin) cable at J1, Schmitttrgger UL B changes the 28 MHz signal Into a TTL-level
square wave and opplies it to multiplexer U4, Filter network C1/L1/CE provides lsolation hetween
oscitlators connected o o common power supply valtage. T2 operation is identical through ULC, The rear
panel T1 and T2 Inpuls also operate the same, but they MUST be provided with a Model 1B107A External
Sensor Osclllator for each channel used.

Regulator U2 provides operating voltage for all sensor oscillstors. For maximum stability, the sensor
oscillators will continue to oscillate (nssuming the quartz sensor probe is connected) even § the front panel
LINE switeh Is In STANDBY position,

The cantrol circuitry conslsls of decoders UDA/D and synchronizing Nip-flops UBAIB, The [ower four
addross bits {AQ through A3} and the Valtd Input/Qutput (VI0-L) contra) multiplexer U4 aud counters Ub
and UG to moke a tempermtore measurement, Assuming nddress Hnes A4 through Al are simultaneously
low and A3 s high (A2 has no effect), Lhe sequence is as follows:

a.  Address lines Al and AO change to 8 009 configuration. A "WRITE" instruction from the A3
Assembly gene ates o Qear (CLIL-L) signal from UBB, which resets counters Ub 2 d UG to zero,

b.  Address lines Al and AQ change Lo a 114 configuration, generaling a Select (SE' -L) signal from
U8B, This nllows data bits DO, D1 and D2 to determine which sensor oseillator  select,

. Address lines Al and AQ change to a 019 configumtion, generating a Coun « Arm (ARM-1,)
signal, The pext 1 kilz TBG-1 signal sends the ARM-L to multiplexer L4, wt.ch gilows data to
pass through U4 and allows counters UB and UG to accumulate counts. The ARM.L signal to
multiplexer U4 bhecomes the “frequency gate''.

d. Aflter the specified measurement period (.1 see, 1 sec or 10 see, determined 3 software timet),
address lines Al and AO change to a 109 configuration. This generatcs v Counter Disarm
(DARM-L) signal. The next 1 kHz TBG-H signal disables multiplexer U4, thereby cloting the
“frequency gate”. Counters Ub and UG stop accumulating and retain their information,

e, Prescsler Ub contains the least significant digit of the counter data. UG is a six-decade counter
which secumulates the upper six signtficant digits, A "READ" instruction from the Al
Assembly, and the manipulation of address lines AQ, Al and A2, in conjt netian with Ad high
and A4-A1b low, multiplexes data out of Ub and US.

f. The "*READ" instruction also enohles lhrvv-suu: buffers U11A/D to send counter data to the
micropracessor on A3 vin the instrument data hus.
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If a quartz sensar probe is conneeted to the selected front ponel input and thet channel Is selected, oneshot
multlvibrator U7A Is continunlly retriggered, However, if no RF is Nowing thraugh U4 1nd UB (heenuse the
quartz sensor probe is disconnected), UTA will time out, genersting o No-Input (NINP-L} signal. The
Instrment software senses NINP.L and automatically checks for a slgnal at the rear panel nput. If no
quartz sensor probe andfor exterial sensor osclliator Is conneeted to the rear panel input efther, UTA
continues Lo generate an NINP-L signal, This will cause an error message on the display.

TROUBLESHOQTING/REPAIR

v use the table of signatures which follows, the information and instructions of paragraphs 8-40 through
B-U2 and submequent teats must have directed you to this nesembly. Since the tosts of paragraph B.02
proceed from Teat O through Test 8 in sequence, do not proceed ton particular assembly unless directed hy
instructions of Test O through Test 4.

If the Dingnostic Kit Teat Curd is suspect, refer to its Opernting Note, HP Part Number |8109-80002 for
teat information.

Fallowing repair, repent the tests of paragraph 8-B2.

NGTE 1 Recommended arder of performing each test 15 as fallows: (1) Set LINE switch to STANDBY, (2) select
Test number an Diagnostic Kit, (3) set LINE switch to ON, and (4) push RESET switch an Diagnostic Kit.

NOTE 2: A clocking pulse with the same signature as the +5V reference means a leading edge triggered clack.
A clocking pulse with a 0000 signature means a trailing edge triggered clock. it 1s narmal if the 5004A
Signature Analyzer interchanges these two signalures.

NOTE 3: All measurements taken with Calibrattan Madules removed and Quartz Prohes disconnected.
* = Vollage Level
+bV Reference Signature: 2754

Ul Pin 1 OPEN 8 0000" U4 Pin 1 0000* 9 APBU
2 2764° 9 OPEN 2 0000" 10 OH3P
3 0000° 10 2764° 3 000" 1 CBAC
4 2764° 1 000" 4 0000* 12 0000"
6 QPEN 12 2764° 6 P203 13 2754°
6 0000° 13 OPEN 6 FE57 14 QPEN
7 0000 14 2764° 7 U936 16 2764
U2 ~ Voltage Regulator 8 0000 'o 2764
U3 Pin 1 2764° 9 2FC? e 2 corn ] ngé
2 CBAC 10 APBU 3 0000° 10 0a00°
3 921U 11 BIHC . .
4 8U79 12 90TH S o o
: B GAUP 12 24H1
5 HU12 13 Q000" G 64UP 13 0A22
6 2A6A 14 2764 7 0000° 14 2764°
7 OH3P 16 0000"
8 0000* 16 2764*




2804 A

ug

u7

ug

ug

Pin

Pin

Pin

Pin

- O O S R — O~ S WA - B~ 00 &= —

0~ OO & LA —

POOL

0HGC
0000°*
0000’
0000°
2764°
OPEN
1H36

Qooo*
0386

2764°
81)03
2764°
0ooo*
OPEN
goao*

uog
0000’
0oao’
HBHF
2F3C
0C6U
0000°

ugs7A
0180
6852
2764°
2H0A
2764
UF2A
0000*

0
10
"
12
13
14
16
16

10
"
12
13
14
16
16

10
1
12
13
14

10
1
12
13
14
16
16

CFup
UA4g
76
0000’
2764°
0316
5097
FU34

2764°
2764"
2754
0oo00°
CBF7

0qoo*
0000*
2764°

Uglb
HPGI
2764°
HPH3
2F3C
2764°
2764"

2FC7
uo1g
HEHF
0A22
SCAA
HHIH
2HO4
2764°

U1

uri

U2

Pin

Pin

Pin

b - I o S-S B K B

OO &~ m LN —

-~ Oy S A LA —

JCAA
crup
JAGH

1H35

UF2A
HCP?
Qooo’

UF7A
2441
CHNW*
CaFA
B01H
1F2C
HU12
GAUP
BU79
oooo”

CFuUP
gu83
QPEN
HC7P
1H36
BOY7

0000*

10
B
12
11
14

1
12
K
14
16
16
17
L]
14]
20

10
1
12
13
14

UAAD
HH 1K
TH7G
QA2
0365
24H)
2764"

6097
ANBA
FU3A
PRC7
POOG
23AP
OHGC
739P
HCIP
2764°

0qog*
2764°
2764°
OPEN
2164°
2764°
2764°
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1 2H04A

At DIGITAL-TO-ANALOUG CONVERTER ASSEMBLY

The Al Assembly converts digital information on the instrament data bus o sn snadog volluge avallable st
rear panel jacks J2 and B3, Any three consecutive digits of the seven are front panel seleetable. Analoy
output voltage s from 0,00 Vde ta +9.99 Ve,

Binary data is [nputted to AG from the instrument dala bus in two consecutive data words, Address decader
Ub clocks tow-arder bits (130-D6) into data iateh UG by n Low 1lalf Write (LIW.L) pulse. The high-order
bits (DG-DB) are clocked Into data laten UB at the smme instant that tie Jow-order bits in UG are transferred
to U4, The high-order bits are transferred by a High Half Write (HHW.L} pulse. All ten binary bits appenr
simultancously ol the inpul to DIA Converter U3, If data latch U4 were aot present, bits 10-D6 woul
appuear at the lnput to U3 severs) microseconds before hits DG-DO would arrive, This would cause o “glitel”
at the DA Converter output as the dots was updsted.

The D/A Canverter output voltage is detennined by a resistor internal to U in conjunction with 1’3 and
Rb, Full Seale Adjust potentioneter Rb allows output voltage Lo be set Lo +10,00 Vde with frant ponel
ANALGOG GUTPUT switch in the CAL 10V pasition. Zero Adjust potentiometer RB sllows autput vollege
to be set to exactly zero volts In the CAL OV positien,

Voltage regulator U2 provides 8 regulsted +13.6 Vde far D/A Converter U3, The +13.6 Vde ensures that
current amplifier Ul can reach +10V with luads as low as 10K ohms. Cannector J1 is for future use, It
cxtends the bus structure from the A8 Motherboard to nllow future options Lo be ndded.

TROUBLESHOOTING/REPAIR

To uac the toble of aignatures which follows, the information and inatructions of paragraphs 8-00 thraugh
882 and subsequent tests must have direeted you to this nssembly. Since the teats of paragraph H-42
proceed from Teat O through Test 9 in sequence, do not proeeed to n particulur assembly anlens directed by

{natructions of Test O through Test 9.

If the Dingnostic Kit Test Card is auspect, refer to its Opernting Note, HP Part Number 18189-90002 for
test information.

Following repalr, repeat the tests of parngraph 392,

Hervice
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Service B 2K04A

NOTE 1: Recammended order of pertorming each test is as follows: (1) Set LINE switch to STANDBY, (2) select
Tesl number an Diagnustic Kit, (3} sel LINE swilch to ON, and (4) push RESET switch an Diagnastic Kit.

NOTE 2: A clocking pulse with the samo signature os the +5Y reference means o leading edge tnggered clock.
A clocking pulse with a 0000 signature means a tralling edge triggered closk. 1 is normal of the BO04A
Signature Analyzer interchanges these two signalures.

* = Vollage Level
+BY Relerence Signature C20F
When ANALOG QUTPUT OP switch 15 1in NORMAL position.

U1 — Linear IC U7  Pin Y C20F B C20F*
2 CIOF 8 C20F"
U2 - Valtage Regulator 3 C20F 10 C20F*
4 BOPP 11 C20F°
R Pin 1 000Q* 9 AHAU 5 s0PP 12 C20F*
2 C20F* 10 1466 G 60PP 13 C20F°
3 0000° 11 C8COo 7 Qogo’ 14 C20F*
4 2UH2 12 QPGB
b 9HAB 13 3HPP ua Pin 1 C20F* 9 146P
6 667U 4 CI0F* 2 4406 10 3HPP
7 HG72 1t+ 0000° J U376 11 52FH
B HHGG 16 UNST 4 238A 12 C20F°
6 CBCO 13 CI0F°
us  Pin 1 C20F* 9 146P CIREVIVIY] 14 C20F°*
2 2UH2 10 HG72 7 0P6B 16 C20F*
J FAAD 11 FAc2 8 gooo’ 16 C20F"
4 A30C 12 HHGG
5 OHAB 13 GOH3
6 UuQg? 14 CUUH
7 667U 16 AHAU
B 0000° 16 C20F°
Us Pin 1| BUAB 8 C20F°
2 7PGB 10 3JAHB
3 60PP 11 146GP
4 U742 12 C20F*
b 7P68B 13 C20F°
G C20F 14 C20F"*
1 C2F° 16 UUBE
8 oooo* 16 C20F°
Ué  Pin 1 C20F* 9 3AH3
2 FA40 10 FOC2
3 1yuu 11 84H7
4 B2FH 12 99H3
5 A30C 13 3943
G BACF 14 UGF1
7 uuo? 16 CUUH
8 0000° 16 C20F*
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AT U ABSEMBLY
. The AT Assembly consists of six functional blocks:
n. Address Vecoding and Address BufTers
b, Data Bulfers
.  Micropmcessor
d,  Group Exveute Trigger Mp-Nop and RESET clreults,
. o, RN Bestate Bulfon
f. +12 Vde Regulatur
, Address decoding elreuit ULTA and U111 in conjunction with UI3C and U12A cantrmls Data Buffers U7
and U, Address Buffer U4 and, through U12C and U12B, controls Group Execute ‘rigger Qip-Nop ULIA,
B. The decading of address locations s dependent on address lines ALO-ALD snd the VMA Jines from Al
mlcroprocessor, Four address loentions can be nddressed:
L 4000y g4 3FFy gi Chip Seteet- LOW to ATUS(23) Joutput from UL 1T)|
2. 1400y A THFy 6o UMD Address Buffer Enable to ATUSCL, 16) Joutput from UL1(6)).

3. AB0Qp g4 BEFgCBEF) Group Execute Trigger flip-Nops dota-read to ATULO(I6) |output
from U11(6)].

4, 4600y g4 FFF) g Group BExeeute Trigger Oip-fop reset to ATULILL) [output from U117}

. Datn buffers U7, UY are set Lo their Heed or Write stotes by the R/W Bne from AS mieroprocessor in
conjunction with the decaded sddress signals through U111, With ihe llead state enabled, dets (s read from
ATUD 1o the A microprocessor; with the Write state enabled, data s written ta ATUS from the Al
microprocessor,

Address buffer Ud is enabled through ULLA by a decoded address loeation determined from address lines
ALD nnd ALL The A751 switeh position Information ls autputied onto the instrument date bus thruugh
U4, U7 and UB,

Group Execute Trgger Qip-Nop ULIA, B Is triggered by o pubse from USEAT) in respanse to an HME
command. The Nip-Nop status Is read into U3C2T) by the decoded address output from UL1G), The
Nip-Nop Is reset by the decaded address output from UL1ET) applied through varous gates to UL}

HPIB buffering Is implemented by 3-state buffers UG, UL, UB, U2 and interfoces all PR bus
input/outputs Lo the ATUS microprocessor,

Local regulation for A% 14 s provided by lnear regulator US,

. TROUBLESHOOTING/REPAIR
Tu use the tnbile of signntures which fullows, the information and instructions of pnragraphs B-00 through
892 and aubsequent teats munt have directed you to this nasembly, Since the Leata of paragraph 892
proceed from Teat U through Teat 8 in vequence, do not proceed to a particular nssembly unlean directed by
[nstructions of Test O through Teat B,

If the Dingnustic Kit Test Card {5 suspect, refer to its Operating Note, HP Part Number 18106-80002 for

‘ test information.

Following repair, repent the tests of paragraph 8.82,

B8d
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8-G4

11 2HOEA

ROTE 1: Recommanded arder of perfarming each lastis ns follows: (1) Set LINE switch 1o STANDDOY, (2) selact
Tost numbar on Diagnostic Ki, (3) sof LINE swilch 0 ON, and (4} push RESET swilch on Dagnastic 1l

NOTE 2t A clocking pulse with tha same stgnaturg as (he 10V referance maans o loading edge tnggered cloch.
A clocking pulse with a 0000 signaturg meaans o trathing edge tnggarad clock. 11 is normal o the BO04A

Signature Anclyzer interchanges thesa lwo signatures

NOTE 3 Atl measurements should e tahen with HPLD addrass swilchoes on tha A7 HP-IQ board sel 1o
0001101 (decimal 13).

* = Voltaga Lovoi
16Y Relerence Signature: PHHH

Ui

u2

Pin

Pin

[~ i AR N

L0~ 00 & L) —

0000* ]
PHHH® 10
PHHH® H
H204 12
PHIH® 13
PHHNH® 14
oooo’® 16
0000* 16
PHHK® 0
PHHH" 10
PHHH" 11
0c00° 12
PHHIH® 13
PHHKH® 14
PHHK® 16
0000° 16

U3 - Phi Chip

U4

UG

Pin

Pin

!
2
3
]
b
G
7
]

E3 ~ O3 C1T & LI AN =

PHHH ]
oooe’ 10
263p i
PHHH® 12
0186 13
ooco* 11
2000 156
0oao* 16
0000" B
PHHH* 10
PHHM® B
H204 12
PHHH* 13
PHHH® 14
0000* 16
0000* 16

0Qoo*
PHIHKH®
PHHIH®
H284
PIIH®
PHHH*
ooo0*
PHIHI*

PHHH*
PHIH®
PHHH®
ooog*

PHHIH®
PHHM®
0000"

PHHH'®

HBCa
0000"
0AlC
PHHH®
P264
PHHH*
PHHH
PHHH®

0000°*
PHIHH®
PHHKH®
H284
PHMHH*
PHHH*
0d00°
PHHH®

UG

u?

UB - Voltage

Lo

Pin

Pin

Pin

S~ 85 T 2 L3 AT we

OO0 D wDO & L3 A3 —

0~ DO & A —

it
10

0000*
PHHH®
PHHI®
H204
PHIHI®
PHHH®
0000°
Qgao*

1A02
G423
6423
FBIP
Fo3P
OFAH
BEAH
2108
2100
0oQo*

Requtator

1A0Z2
332
U332
BCceP
aceP
oK 1T1]
€360
P2G4A
P26G4
000a¢*

i
10
11
12
13
14
16
16

11
12
13
1L
16
16
17
18
19
20

1
12
13
14
16
16
1?7
8
kY
20

0000°
PHHI®
PHHH®
nogo*
PHIHH®
PHHH®
0ooo*
PHHI®

HECo
HOCO
2009
2008
0106
mue
pitkiy
2B83p
ciic
PHIHH®

P64
P64
(VLU
U450
titl iy
gagy
OABC
QABC
Ciic
PHHH®




W4 A serslrr

U1 Pin 1 0Q0u° 0 G706 U9 P 1 ABAC B ABAC
. 2 GFOG 10 ABAC 2 ABAC D PHII
1 C14C " 000" 3 P 10 4676
A 0000 P A CUAl A
b PN 12 PG b 7UPA 19 467G
G P 1 GI1p G FCan YT
7 0000 Wb 0700 7 0000° FRCINIR
i} 000g* 16 PHINI®
UId Pin ) GA D I HPE
U1 P 1 FCAD D PHHN® 2 6D 0GP
2 6FOG 10 AUAC 100 10 6310
3 GG " oo0e® A UPF3 oAb
A 000" 12 PHIN® b AP 19 COAD
b PHHN® 12 PG 6 63D V3 G4
6 PHHI 14 62IP ) naoo” PN
7 0000 16 6708
I Q000" 16 PHHI®

LR
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Kurviee T A
Tahle AT-1, ATLEE Inpat- Output Signols o
PIN S5YMBhOL NAME DESCRIPTION H
1 SCTHL Hystum Cantyotie When asserted, Uns input proviehis tha chigy with E
Systm Centeal capatnlites as dehined by the £
NP staodard fees, 0 con dove the HIP L f
IFC god REN tinos), Quly ang device s any E
system shaold have thes pin assertetd, -
Y, DAV Data Valiel This bitdirectional gan ey 1o the HP B DAV , =
hoe via o 3 state hutles, s
3 Q) Enelar Tdontily This Wucirectional pin ties 1o the HP 1B EOL o =
vida Joatate botler, A
1.1 DIOR Dﬂ?n.ﬂa—u—l‘l—ll Thwwe bidirectional mns e 1o the HPIB DIO -
Throuyh w1 s vaa eight Jatate butfers, d
12 Voo Pawer Supply Pin Supphies 12V 1o tre Lo, E
13 RS Butay Stalnlizing This pin should be tied 1o around thraugh a =
Muesinrgr 206K L resistor, 5

14 DMARQ IMA Request This output can he used 1o request DMA cycles .
to transfer data to the outhound FIFQ or from. _
the inbound FIFQ within the chip, -

16 PON Pawer On This input when not asserted will couse all .
cireuits within the chip to be imnalired,

16 w Write This Input when  asserted  spuectfies that o -
WRITE rather than READ operation 1y heing

C
performed by the processor, Z

17 INT intertum This output pravides a level winch should be
used to nterrupt the host processor,

8 [OEND {/0 END This gutput is used te andshake all chip reads é
and writes within a: ynchronous systems, It can :
be ignored within synchronous systems,

18 10G0 i70 GO This Input is used to cause a read from or o
write to o specified register within the chip, Tts
ignared il the Chip Seler input 5 not asserted.

20-22 ALG-1] Addruess iy These inputs are used 10 specify the number of
16 thry 13 a register Deing read toom or writien to, A13 s
the high order hit,

23 CHSEL Chip Select When this input is asserted, it allows the chip to
respond to read or write cycles initiated by the
procassar via the 1QGQO tine,

B6o
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Tode A7-1. ATUN Input-Ouiput Signals (Conlt.)

PIN

SYMBOL

NAME

DESCRIPTION

24

26.2

36

36

KY)

3B

39

40

41

42

13

44

Voe

0015

RTL

GND

TRIG

v
=
o

RFD

CIC

Pawer Supiply Pin

Processor Data
Bits 0, 1, B-16

Return to Local

Graunid

Teigger

Attentian

Service Request

Avady For Data

Duta Accepted

Remolte Enable

Interface Clear

Contraller In

Chaige

This pin should be tied 1o a 12V powar supply
i the chip is interlacing 10 @ t2V CMOS
campatille 1/Q system, or a BV power supply if
the chip is interfacing to o LS TTL compatible
11O system, This pin afteets anly the pracessor
side of the chip since the HP-1D side always
aperates with LS TTEL compatible levels,

Thuse bidirectional pins carry dota during rends
from or writes to the chip by the host
processor, DO and D1 are used only for teglsters
0, 1 and 2 and remain at high impedancr during
reads of registers 3,4, 6, Gor 7.

This input carries the “ril’ message for the
REMOTE/LOCAL interface tunction as defined
in |IEEE 4BB-1976. It should e tied to a
pushbutton within devices utillzing his func-
tian. All ather davices can tie it high .r low,

Ground used tar all three powet supiply pins.

This output is asserted with a pulse any time
the device is triggered via the HP-IB's Group-
Execute-Trigger interface commaad.

This bidirectional pin ties to the HP-IB ATN
Hne via a 2state butter.

This bidirectional pin ties to the HP-1B SRGQ
tine via o 3-state butler.

This bidirectional pin ties to the HP-1B NRFD
line vio a 3-state bufler,

This bidirestional pin ties o the HP-1B NOAC
line via a 3-state buller,

This bidirectional pin tier to the H™IB REN
line via a 3-state butter.

This bidirectional pin ties to the HP-IB IFC ' w
via @ 3-state hulter,

This outut Is asserted when the host device s
the current Controller In Charge of the HP-(B.
{t is used as an enable for the ATN Jine driver,
It CIC is false the SRQ driver will be gnabled
instead.

R TN H IV R
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Hervice 2804 A
Table AT-1. ATUS Inpun-Output Bignels (Cont,)

PIN SymMooL NAME DESCRIPTION

16 HSE High State Enable This line s asserted whenavet the 010, DAV, ar
EOI tines are reaulred 1o have active pullups 1
they are driving o high leve, It should b tiad 10
the high state enable inputs ol the corre
spanding 3-state hutlors,

4G DEE DAV/EQ! Enahile Whon asserted, this output engbles the DAV
and EQI line drivers, Whoen 11 s unasserted, 1
enalales the RFD and DAC ling drivers.

A7 DIQE D10 Enable This autpul, when gsserted, enables the eight
DIO 3-state buflers

a0 Vg Powet Supply Pin Supplies BV 1 e chip,
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11 2804A

Al MOTHERNBOARD ABSEMBLY

The AB Assembly interconnects nll the other instrament printed-circuit nssemblies. [t has five connectors
(XAL-XAT) for aesembilies Al, Ad, AB, AG, nnd A7, These nasemblies are arrmnged nn shown {n Figure 84
for aptimum heat dissipation, but each nssembly s position independent.

1 and 02 gliow the commectlon of the Calibration Madules ta the instrament, J4 plugs inta the Al Power

Supply Assembily Lo provide aperating voltage to the Instrument, 34-pin Natribbon cannector J3 Is used Lo
interface signals from the rest of the isatroment to the Al Display ond A2 Preset/Oseillator Assemblies,

TROUBLESHOOTING REPAIR

Stnee there g a0 components on A8 Assembly and it is an interconnection board only, na troubleshooting
or repalr proceduna are provided,
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AHIA

AR POWER BUPPLY ARKEMILY
The A Assembly eonsista of Gy e il Bter LMY, poswer temmnfosmer T3, INTIENT CLUCK switeh
84, mmd the ADAY Regulater Boand, ‘D pmlament operstes Trom 104, 100, 800 o L0 Ve st lioe
froguencies Trom SH Lo 66 12, Outpal voltages provided ane s Mllows:

me Meglated oDVe (OB e ) ab L3 A mashinum,

o Reguloted «hVede (00 ) alandby al 37 mA nn simum,

v, Regulatod =DVde CIB5) ab 40 mA maximum,

o Regalatodd = VEVAe (0 070) at 20 mA masimim.

v, Unregulnted » TV aomdoal (¢ 80V to 20V st 62 mA nastinum,

AL power sieppbley exeept the maln <DV supply (hagh U1 pomsin setive when frood panel LINE switel
in I the BTANDRY punition.

Faeh of the serles rogubnton has id-bock comenblimit protection, A shoart cirenld on any of the ostputs
ety e mnintained without damage 1o the AUAL Hoard, Each regulator bay two Ly pes of diode protection.
The diodes across each regulador (CRT, B, 1L nmd 15) ensure that o short chrealt eandition dues nnl cause
the Atter capaeitor charge to pass back thraugh e regadator, The diodes (o ground at L gsatpat af vach
regulatar {CIY, 10, V2 and T4} prevents danage (6o voltage of upgedte polesity is insdsertensy connected
Lt the regulator output,

TROUBLESHOOTINGIREPAIR

g, With the atrament In normal aperstion, use o de voltmeter Lo imeasure te yollage ot ABXAT pins:

ADXAT MAXIMUM
"IN DC VOLTS IPPLE:
NUMBER AC VOLTS
1 th 1 .25 G mv
1 151,26 Gmv
21 217 {110 1 20) 450 mV
10 -121.8 6mv
t] -61.26 6mv

b, Use an usciflosenpe and check We rpple vollage at ABX AT pins Hsted o step a, Values should be as
listed in step n,

¢,  Convenlionnl Lrouleshouoting procedures mny be used (o isolate and locue defoctive « amponents,

Burvire
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AQ POWER SUPPLY ASSEMDLY (Q2004-60090)

ZHOIA

[I'.'_LZOEK:] AGAY REGULATOR ASSEMBLY (02804-60091, SERIES 1744A) /0 AB u.B.I PIQ A3 MPUY
EXT INT I
[:....] [Ej 73 :EXCK'L e , . 4Pl 3L
» - — 6 <7 C?2¢
—0 3 0 CLK L
I s2 todopF : :
o 7% [——— +5Y REGULATOR——-I %5 | |
€D o AiRQ-L | 5. <7 ¢
qQ "RES" l LI T N Y
cri3 €9 i f
h " ¢ {l;looawr ! |
| [
(CASE ) 2 Fm— - T - 1 | |
LMI ) r——-n I I [ |
o—@D—""o— D)’ o@D——L{ > @z - <126 <1 ¢
r=-" £l —_— |.____ R4 | + C {CASE) i 'LCB 'P—r*<l3<—-r- | A ¢
| HOTE 1 L {2) Yoog | (g $—* 82 ( CRI4 ") joo tT<X P 1
) LU r-=-n | L—4 | TSN gT
LINE € e A e e [—+av5mvﬁscuuron—] | o | | '< 3 Lo oy
GHD < | 518 cr? T ] L <4 (—L[o_lsmv
' 3 y E= e e
NEUT & vy < ——< 0
Lo o u3 i ! ] |
90 I ]
,—L I~ 2 < 14 7 22
+-J_ 3 ".‘J- ;._.'_< |5H 7 (
cl'.qo clg CR9 t 1< R
— +17Y UNREG * >—r—< 54—-1-
LINE VOLTAGE e ' | % ;I; 4
SELECTOR_(NOJE_2) — 8 < 1 Gy GND
__________ - {6 ) O CRS ¢ > eaWe >—|—< 2 (—r-OISPLAY
220v 100y + Fi 1< A 14
[ A ) - — c2 $R2 1254 5B
240y [ 7 120y | ,; . U ? - ’[‘loo-o $ali0 T8
| WL ' b [
r 6 o - : -12V REGULATOR
| ! by 5 c ~—\ ~— ] sy stgy L P
i ! | | I N 0 p— v CRB —< 9 \_:,J LG
‘|'::I:; E — > V REGULATOR ||K<|| I '
' | i o9 e T | ] +17V UNREG | o
I F P g — U2 < 1 (—LT €21 €
| Je \&9.2’ O CRé - o | 3 2 | . [—I—< " (_l
e e e m— o 2 ¢ l L i- , _J] l A -
[
— c3 M3 - - c6 CRi Y 10—
o +T looo {8110 / LT ia —P— L,_< J ((::]
' — O] * ' HEAT ul L | !
SINK - I I
\Y L3z | Y < s ¢
1 l C|_< H
CRIO c7 CR|2
+ 10
NOTES ;; I
i, See parogroph 2-6 lor fuse valyes
2. Ses parograph 2-9 for changes In saftings -

S P P T

REF DES USED A9
ci - <Clo

CRI - CRI4

RI - R4

Ul - ul

XAB

Figure B-14. A% Power Supply Assembly
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Appendix

APPENDIX A

This appendix provides information for the calibration modules and the text fixture needed o operale or
service the Model 2804 A. The calibration modules and test fixture uses are explnined, where appropriste, in
this manual,

Isolatar Test Fixture for A2 Sensor Oscillator Adjustment,

TO HP 04053A

— vy | — — — i M Mt o —

10K FXD MET. FLM 1%, 1/BW

BOt: FXD MET. FLM 1%, 1/BW

— — — — —r— —— —  — —

—
L-:—-————- — v — e fe— oy m— —

TO SYNTH. ¢) TO MATCHED CABLE
BNC CONNECTORS

Figure A-1. Isulator Test Fixture
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PLIGTS

APPENDIX B

This appendix s a eopy of the "Condensed esedpUion of the Hewlell-Packard Interfoce Jus'',

GENERAL BUS DESCRIPTION.

The  Hewlet-Puckard fectace bus (ST a0 caredully delied insteumentation
iverface which simphhes the ategation af nstisments, caleulators, and computers info
systems. [t pumennzes compatiiniity - rablems bewween devices and has  sulfiaent
Nexilshity 1w accommeodate Tuture products The Bewlett-Packard Interface Bus has been
formally proposed 1o the International Eleciotechmeal Comnussion (1L Co), i an
internationgl  slandard, and o the lositore of Electcal and  Electrome Engineers
(LELE ) as an Amenean stamdigd.

The HEIB employs o 1o hne Bus ta aercomnnect up 1o 18 mstruments s Bus iy
notmally the sole commumcaton ink berween the mterconnected wmty Lach instounent
an the Buy w cormected e patatlel o the 1o haes o the Bus. Eight ol the lines are used
to teansimit data dod the e eieht are used Tar commumcatson b (Handshukel,
and cuntruol.

Data s transptted an the eight HPU8 data hines sy g senes ol eyghi-il eharacters relerred
to as “hytes”. Normally, a seven-bit ASCIE (Amencan Standand Cude for Information
Interchange) code 15 wsed witly the eighth bot avalable Tor a panty check, il desired. Data
is transfenyed by means of an mterlocked “handshahe™ techmgue. This sequence permte
asynchronous commumcation over o wide tange of dala rates.

Commumeition between deswes an the HPHE emplyy the three basie tunctional
clements hyted helow Every device an the Bus st be able wo perd omeat least one ol
these Tunciions

a.  LISTENER A device capable of receving data lrom other mstraments.

Examples of this type of device are. pnnders, daplay devices, programmable power
supplies, programmible signal sowices aud the hke.

b. TALKER A device capable ol toansstung data to other instraments
Examples of il 1ype of device are tape readers, voltmererns thst ate ouipoting data,
countess thst are outputhng Jati, and soan

¢ CONTROLLER A device capable of puosgung cosmmumeations over the HI'-11
such s addresstog and sending commands. A calesditnn ar computer wat g appraprate
O mieeface s an example of this type ol device.

An HPAB system allows only one device ata me 1o e an active talher, Up e 14 devices
pay sunultanessly be hstesers. Only one device ata time may e an acuve controller.

BUS STRUCTURE.

The HETD interfuce connections amd Bus structuge are shown in Figure B1,

Appendix
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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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¢, Unaddeess Commands
I “Unbhisten” Addiess Comnand

This e enmmnand witaddresses alf tsteners that have heen previendy
adefresyed o lyten,

2o "Untadk®” Adshress Command

Fhis connmand winaddresses ainy tatker that d heen previennsty
addressed to talk,

Bus Commanda.

In “Command Mode®™ une o more special codes known as b commands™ iy be
placed an the HEB. These conmmands have the same meamng i all Bus systenss Lach
device iy desgied ta sespand to thase commamls that have s wselul meaning o the device
and will ignore gl others. The aperating manusl for each device wall state whict Bus
commands it will ihey.

Bus campunds fall o three categones,

1. Umversal commmands atfect all responding devices on the Bus, whether
addressed of not,

2. Addressed conumands affect only responding devices winch are addressed to
listen, Addressed commands allow the contioller to itiate a simulianeous
getion from a selected goup of dewvices un 1he Pas,

3. Upaddrass comnmunds are obeyed by all addeessable  devicds. These
conmmands unaddeess devices thal are curtently addressed.

The Bus commands are sumimarized In Table 131,

Service Request and Serial Polling,

Sume devices that operate an the interface by have the ability to request service Trom
the system controlles. A device may request service when ot has completed o
measurement, when it has detected a entical condition, ur Tor any other teason. Service
request iy imtiated when a device sets the HP-IB hne labeled SRQ low. The controfler has
the option of determiming when or i o serviee request will be seeviced. The Tolfuwing
secqquence 15 used 1o respond 1o g service request

a.  The controlber checks fur the presence of a serviee request.

k. if a service request is present, the contraller sets the senal pull mude. The sera!
poll mode is imtated by the controller transmtting the Universal Covnand “SPE™
{ASCH character "CAN" [ Octal 039] ) in the “Command Mode”.

¢. The contruller polls une of the devices that may have requested service. [t then
polls the next device, and so un, Once the serial poll mode has been enabled, responding
devices on the Bus are prepared to aceept a serial poll. This is dune by setting ATN,
addressing the device as a falker, and then removing ATN. If the device has requested
service, it will respond by setting DIO tine 7 low. Other DIO fines may alse he ser low
indicating the nature of the service request,

d.  For cach device that hos requested service, the controller takes appropriate
action.

Appensii
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B4

Tabte 111 Susmmars ub Jius Comniids

ALCH

QCrTAL
COMMARND Charactet cOILk PURPOYE
IGTEN } ar! Cloaey 1Y 1 all lttenaet
UNADDNESS UNL UNLIG mary Juy ol alk Ittenets
U IMANDGY
Unt UNTALK 13} Ureddread the sungnt talkat
rg Hhal Ny lalker rongns gn
e {hus *
LLO Local Luckoul necy N Vi satiley Trant pandl lcal neset
Lution gn tenn o davicey
DCL Device Clear oc4 g4 Neurng all davicey capabis ol
tagpomiing ta pre deinrmined
stales, regardieiy ol whether
they ate afdrusied or nyl
::JN':‘:: n:m. PP Paralinl Poll NAK 076 a1 all devices an the HP (B
OMMANDS Uncondugure with Paratiad Pett capatnibty o
a pradelvad compinon
SPE Batial Pon CAN 0190 Enabiey Senal Poll Mode on
Enable the 1ius
5P0 Sanal Pall EM 03 Gisabiey Gengl Pall Moge on
Disable tha [us.
SDC Selective EQT 004 MNaurny  adiressed  davices,
Orvice Cluar capshly ol  eyponding 1o
pre-deinrmineg vigles
GTL Gotoilacal 50H GOt Aatyeng responding devices 10
ADDRESSED g el conlrol
COMMANDS GET Group E xecule 1§33 ma Initiater a8 simultanegus
Trigger pre-proprogrammad achion by
rsponyding devices
PPC Paraliel Poll ENQ Q06 This coramand peomls the
Conligura 010 hines o be awigned 1o
nstrumenis on the Qus lor the
purpote ol responding 10 @
paralinl pait,
TCT Take Comirol HT o This command s given when
tha acive conbioller on 1he
Bus Vranslars conbrol 1o
griother instrymant,
*NOTE

Talkers can also be unaddressed by transmitting an unused tatk address on the Bus.

e.  When all devices have been polled, the cantroller ternunales the seral poll mode

by issuing the Universal Command SPD (ASCII Character “EM™, [Octal 031]).

The full sequence of aperations is not necessary in all cases. For example, a system may
have only one device that requests service and then only for a single purpose. Wiien the
controller detects a service request, the source of the request and the appropriate actfon is
known Immedintely. Thus the use of the service request and the serinl poll depends

entirely on the make-up of cach system and the devices involved.

JHMA
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Table 142, Cade Assimmuents for ' Commnand Made' of Operstion
(SENT AND RECEIVED WITH ATN TRUE)

—
t} (l) [4] 1] 1] 1 1 \ 3
0 M50 Y MBG | M5 G ) MGG 0 MEG 0 ME T} ' MG 1 MEG
9 \ g 1 0 1 0 \
b b [6g ], [oaium -+ - )
Pl il b now i u 1 ? 3 4 B M ]
glo|o]u] o NUL OLE 3 g [ A P & 1 A 3 A
glolofn ' son | otr [ ocy jLeo ' ] A Q ] | B -
a[0]1|0o| 7 51X BC7 g 7 B T 0 b ' g__”
oJoel o] 2 ETX B o w 1 t;-* < “ 5 E . 8 ' - —
ofr|u]o 4 EQT 50C DC4 (1] ] 5 [ G o 5 T w J B ' g |
o[Vv|o|'] ® ENG | PPC()| NAK | PPU . 5 b 2 c é o [ o |« & " > |
o[ v ]a] = ACK sy s e e - N L B I v :_.4
o[V [Y] 7 BEL A1 : o ! g G 0 W g ‘ a w w
o olo] b5 GET | CAN | 5PE TR A O - I - S O - 2 2 N f:
Yoo v] 9 T TCT | EM 5PD R 9 g 1 2 Y 2 - - y a
1oy fal 1o Jur suB 2 IO OO O I T (S 2 A I A SR IR
BEE X vr | £5¢ s « | . |_3 K | = f g | __g_‘__‘_(;ﬁz,_
ifrjofo] 12 Fr FS . 5 . L 5 \ ' Z ' "
N EE cn G5 T M T m WL Ty [
1ty fol 14 50 ns > v N " v " | ~ v
[ ] e 51 us ' v ! uNL 0 w | — Junt au v DEL
[} v ]\ V- I @ Vv I v— /
ADDRESEED UN/WVERSAL LISTEN TALK
COMMAND COMMAND ADDRESS ADORESS
Ghour GROUP chRour anraup
IACGI wCGh 1L.AG) ITAG)
\ /\ /
' '
PRIMARY COMMAND GROUP IPCG) SECONDARY
COMMAND
NOTES MSG = INTERFACE MESSAGE GI'S“%P

b, = DIO1 by = DIO?
REQUIRES SECONDARY COMMAND

DENSE SUBSET (COLUMN 2 THRQUGH 6), ALL CHARACTERS USED IN BHOTH COMMAND & DATA MODES.
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BT
mi

—_— Parallal Poll,

Parallel polhing perants the stus of up o eght devices o the BV G e checked!
simultanenusly  The aperator sssipmy each device a data e (RIG1 thnn THO» ey the
device sets Jow dunng the paradlel poll routine 1l o requires serviee: Mare devic s can e
- landled, i desired, by shasing the wse of each DIG hne

LN * y
- Mhe parallel podhing funcoon requires the contioller 1o penodically poll the mstiwments
e connected 1o the Bus. The comtroller mteoagares tpollsh the mstrunments by semhing an
EOE with ATN activated. When epther EO o ATN v removed, tae contioller stops
- polbing.
1
"'j;: Cadae Summuary. -’
_____ A code assignment summary s shown o Table B-20 These assignments apply ouly when
operating in “*Command Mode"',
In “BData Mode” there are no speane code assytoments  Hawever, the devices
= copummneatingg ks oode must agree on the meanig o the codes they uase.
|
1 The set of codes labeled “Pronary Conumand Group™ aie the codes commuonly used 1o
- commumicate an e BB The “Seconduty Command Group’™ s wsed when sddressing
. extended histeners and talhers, o enabhing the Pasallel Poll Mude
p L

— Other Bus Lines.

The theee eemmng HLS hnes and then functions are;

e

- REN  (Remote Enable)  The system controflor sets REN low amd then addresses

- the dewvices tu Listen befure they wil operate under remute control.

[-C Umterface Clear)  Quly the system controller can activate tus hine. When
IFC s set (rue) all alkers, Bisteners and aetive contiollers go to ther inactive
—— slates,

- EQI (End or tdentilyy Thos B i used 1o indicate the »nd ol a msltiple byte
transler sequence ur, o ampunction with ATN, o execute & pataliel pothng
suce

_m NOTE

- Incdividual insgraments, at power-on, con momeniarily ser the HFC e to o e state,

T

= Address Cados,

= Deviees witn be functional copability of talkey nomnally recognize a single by te address®,
- A certaln group of ASCH seven-hit bytes is rem rved for talk addresses (refer to Table

B-31 The saate of the eighth bit is ignored in the “Command Mode' when eddresses are
= beitig tronsmitted, Each device has o unigue talk address which can pormaolly he modified,

o The Talk Address, bits one through five, are individually selected in eoch desice to be

- cither high or low. The sefection of these bits allows chapging the device Lotk ondfor

— Listen address,

-
- Devices with the functional capability of Listener nonnally recognize n single chameler
Bl address**. The seven-bil codes reserved for Listen oddresses are listed in Table B.3, Each
device has a unique listen address which can hormelly be modified,
mrn
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NOTE

0 Hirs 0 amed 7 determe whether the Vaddress™ 1oa Vhaeen ™ ar Vlals " oddress fyee
Talide B-30)

AN Certended talkat s capabile of recogmizing a two by e Wbk adidress

SPAN Teniendad listener' i copatile gl recogmizing @ two byte Hsten ol s

Devices with bath talk and haten addresses have these addresses sssigned o g, 1

- the fourth addiess i the column of Hsten addresses "' s selected, the tas aat.es i
“C", the fourth addiess i the talker asddress cofumn, The talk address s acounongally
changed whenever the hsten addiess s changed and wvice versa. Addresses ae poamall -
alterable by the use of switches or junpers witlhn the L trament,

! {
Table B33, Talk and Listet Address
—— — H P e
]
Listen Addresses Tolk Addresses , e
Bits ASCIH Bity ASCIt

bp by by by by bry [+ 1} by Charucier by ! by by Ly by by b, Ly Characte

X [+] 1 Q 1] Q 1] Q 5P X 1 0 0 0 Q ] 0 <]

Y 0 | Q 0 0 0 | 1 X 1 0 [4] 0 4] 0 1 A
0 x | o 1 0 0 Q 1 0 " X [ 0 'e o | 1 J 1

X 0 ] n D Q y 1 ¢ X 1 Q Q 1 0 ! 1 L

X 0 1 [0} 0 I ] 4] 5 X 1 4] 0 Jd ¥ Q g D

x 4} 1 Q a 1 a ¥ % X 1 0 ] L] ] Q 1 E

x 0 § ¢ 4] | 1 4] . X 1 n Q 0 t 1 0 F

x | o 1 0 Q 1 1 1 ' x 1 0 0 0 } 1 ' G

X 0 ' 0 | 1) 0 1] { X | 4] 0 I ¢ 4] (] H

X 0 ! 0 J (4] 1 | X 1 Q 0 1 g 4} 1 1

X 0 1 Q 1 Q | 4] * X 1 4] 0 ] g ) Q J

x Q 1 4] 1 0 | | ' X 1 " Q 1 0 | ¢ K

X 4] 1 0 1 1 4] 0 ' x 1 4] 0 | 1 Q 0 L

X 0 1 4] 1 1 0 1 - X \ 4] Q 1 1 Q 1 M

X 4] 1 0 H 1 | Q X 1 Q 4] L} 1 1 Q N

X 4] 1 4] 1 1 1 1 ! x 1 4} 0 1 1 1 1 o]

¥ 0 | 1 0 a ] Q 4] X 1 J \ 0 0 Q 0 P

X Q 1 1 0 0 0 ] 1 X ] 4] 1 0 0 Q I a

X 0 1 1 n 0 1 4] 2 X 1 Q 1 Q Q0 1 Q n

X 0 1 1 Q 0 § 1 3 X 1 0 i 0 Q ' 1 5

X 0 1 1 Q 1 0 4] 4 X 1 ] 1 1} 1 0 0 T

X 0 | ) 4] 1 4] ) 6 X ] 0 ] 4] i Q 1 U

X 0 1 | 4] \ L} 0 1 X | 0 1 0 1 1 0 \
! X 0 1 1 4] i 1 1 7 X 1 0 ¥ 0 1 ] 1 W

X 0 1 1 ] 4] Q 4] 8 X 1 [4] 1 1 0 Q Q X

X 0 ' 1 1 Q 4] 1 1] X 1 Q 1 1 4] 0 1 Y

X 0 1 1 1 Q 1 1] X H 0 ] L (] 1 0 Z

X 0 1 1 1 Qg 1 ) . X \ 4] 1 1 [4] 1 L |

X 0 ' 1 i 1 4] 4] < X 1 4] 1 1 I 0 i} \

x 0 1 1 1 1 ] ] " X | 0 1 1 I 0 1 ]

x (4} 1 1 1 1 1 qQ > x 1 4] 1 1 | 1 Q i

. X = don'trare

B-7
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Apprendix JHOIA

Handsheke Linas,

Each character byte transferred on the 110 data lines eimploys the threeswire handshake
sequence, This sequence has the followig characteristics:

. Data transfer 1s mynchionous - Data can be transferred al any rate sujtable
fur the devices uperating on the Bus. (Data vates up 1o 500 kilobytes per
second are typical; with a maximum of ) megabyte per second).

2. Devices with different mputfoutput speeds can be interconnecied. Data
transfer rate autamatically adjusts o slowest active device, -

3. Mone than one deviee can aceepl data at the same thne,

The fallowing defimtions are used throughout the remaining text.

Source A device transmitting information on the Bus in either the Command or
Data Made.

Taltker - An “addressed " source in the Data Mode anly.,

Acceptor - A device receiving information cn the us in etther the Command or

Data Modv.
Listener - An “addressed " accepior in the Data Mode only.

The Data Transfer or "HANDSIAKE" lines are shown in figure B3, The mnemonies of
each Hne have the Tullowing meanings: o

DAY - Data Vulid
NRFD - Not Ready for Data
NDAC ~ Not Data Accepted

The handshake timing sequence bs ilustrated in Figure B5-2,
Each data byte transferred by the interface system uses the handshake -pracess when
exchanging data between source and acceptor. The handshake timing sequence s

ilustrated in Figure B2, In Dats Mode, the source Is o Talker snd the neceplor is
a Listener,

B-B
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The sy diagrom dlustiates the handshake process by mdicatng the aciual wavetonm
un the DAV, NRED, wd NDAC hines. Toe NRED and NDAC signaly ench represent
coanpuabte wavelorms reselting Frem twae e more Listeners decepling the same data byte
at slightly different tmes. Tas s usually due 1o varnstons in the transimssion path length
and individual nstrument tesponse rates tdelays).

The Duw chart represents the same sequence of events i a diffecent furm.

The subscripted letters v the Now chart and the tnung diagram refer o the same event
an the list of events,

HANDSHAKE line nnung diagiam for onr talkgr and mulhiple hsgenery using the
handshaoke process. Twe cycles al ihe handshake seuence are shown, Also refer 10 1he
Haw diagran and hst ol events an this Hgure.

L 73 Ty Tale Ty Ty Waty g Tu Tig i e '-u'u, 'u'n

DO LINES JVM ] JJ\M . 1 -

DMLY O Lk 1}“ N
Gu AL AN LANS L}

uhy - - — - :

J'}}V:
- | l——._—]-* 1
{
. . L
WRFD — b e ud . . [ T — . A
epr Ry Es - " t.t_r_‘,,r.,;
[ : P B 3
[ A 1 E ’ oo .
NDnc R — ‘r ce e e e e et e A et . e P B -
¢le- -JP,—- n-‘-——"’! —_———— p.-—-
i T parlod in which dota s V. 5 Peried in which all
S guaro Ateod o be valid, CE U limeners became ready for
dato,

P
:/’/',f;; Periou in  which alt
Ao latenary accept dats,

List of Events for Handshake Pracess

Source untiahzes DAV to high (False - data not valid).

P,
Acceptors imtialize NRFD ta low (True - none are ready for data), and sel
NDAC to luw (True - none have accepred the data).

T, Suurce checks fur error cunditton (both NRFD and NDAC high), then
places duta byte ur DIO tines.

Py Source defays to allow dala to settle on DIO lines.

Figure B-2, Hondshake Timing Sequence

Appendis
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B-10

T

T,

Ta

Ts

Ta

Ty

P,

Ty - Tio)
Ty *

Ty

Tho

P,

(Tio-Ti3)

T

Tia

Acceptans have all ndicated reodiness 1o accept first dota byte; NRFD
goes high,

When the data t» settled and valid, and the source has sensed NREFD Ligh,
DAV 15 set Juw,

First acceptor sets NREFD Jow to indicate that it is ne Longer ready, then
aceepts the data. Other seceptors follow at their own ater,

First acceptor sets NDAC high to indicate that 1 has accepted the data
(NDAC remains taw due 1o ather aeceptors dnving NDAC low?.

Last weceptor sets NDAC high 1o indscate that it has accepred the data; ol
have now accepted and NDAC pgoes high.

Saource, having sensed that NDAC is high, sets DAV high. This indicotes ta
the nccepiors that data un the DIO Jines must now be considered not valid,
Upan completion uf ihis step, one byte of data has been transferred.

Source changes data on the DIO lines.

Acceptars, upon sensing DAY high set NDAC low in preparation lor next
cycle. NDAC goes luw as the {irst acdeptor sets it low,

First acceptor indicates that it 15 ready for the next Jaty b by setting
NRFD high. (NRFD remains low due to other acceptors duving NRFD
low).

Source checks for etrror condition (both NRFD and NDAC high), then
places data byte on DIO lines (as at T ).

Source delays to allow data to settle on DIO lines.

Last scceptor indicates that it is ready for the next data byte by setting
NRFD high; NRFD signal line goes high.

Souree, upon sensing NRFD high, sets DAV low 1o indicate that data on
DIO lines is settied and walid.

First acceptor sets NRFD low to indicate that it is no longer ready, then
accepts the data.

First acceptor sets NDAC high to indicate that it has accepted the data,

Last acceptor sets NDAC high to indicate that it has accepted the dala (as
at Ty ).

Source, having sensed that NDAC is high, sets DAY high (as at T, }.
Source removes data byte from DIO signal lines after setting DAV high.

Acceptors, upon sensing DAV high, set NDAC low in preparation for next
cycle,

Note that all three handshake lines return to their initialized states, as at
T| and T:.

Figure B-2, Handshnke Timing Sequenee (Cont.)
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S e l)lim.nu " Averptet slppeaton

et Myl I
. Bet{AY Hh P HORL o

hite 1y,
Lovea Hatntshake B
A .'_.'" NAryepnd I Dury
i Aviepten
T18TI0 O
A Pyt on Uhamgr Lata
i [0 Lawey
P2 R P4 ‘
[RLT IV FE R TTS PH
Seitie 2619 ‘
. o
U - Set HRED Mogh
o \J:-" prt -7 - —
-~ (h -
nl\‘ubw' ’ -
art? -
.“u\l -
- Fy
LAY
hetrm)
TABTI2 Lo
Udg o aatul wind miay nuw be
_ davpdd e -
‘ LR DAY Lun — - ———
™ ATi4 Bet NHFW Luw
Avept
N Ag vt Uata Hy'r
VES - S e O MO o
oy i
7816 - - SN e gyt M 1 B TS ‘
bet DAY Hagh o - 5et NDAC High
- N - s
~ ':'u": oy ,
pRNCHLS
N
- 1y
YES s T8 8 Tt7
Sut NDAC Low
NO *
(g ) rarE—
Lagical Duw of events fue Suurce and Acceptor when transtenning Jata
using the hane shake process, See st of events on next page.
Figure B-2. Handshake Timing Sequence (Cont.)
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Data Lines.

A set al e mtertace hnes s avalalle tooconry all seven it mtertace messages s
device dependent messapes These are DA VA INBUT OUTPUT Bines, DIOT thiough DIOK.
Ondy seven ey are requed tor troster ol data The eighth boe s usually wsed b a
pary chech s Thie dann oncthe DIO Yies s datereed ana bie paealtel, byte senad funm,
asy nchiromousty and hidpectionaly

g D Mode

When ATN fartentim ] poey bt fradse), e P8 o ehe "liata Mede ™ I thes
e date nee e tramferred hetween deviees that were gddresed when the
HPE way e Commaied Mode® Messages that can be pramferred w1 "Datg
Maode " e hide

Lo Pragranumng Instructums

Condes are seven bt bvtes placed on the WA date (DI hnes. The
megning of vl hete i deviee dependent and s seleeted by the equpmoent
doipier Pheve tvpey af mesager gre wsuadfy befween the controtler acting
it thoe tatker and goangle deviee that has heen addressed as a listerer,

2 It Codes
D eodes are vevea-hir sytes placed on the data hney The meamng of vach
byte iy device dependent. Fog meaningful commmmeanion to ocenr, both the
fatker and fistener must agree on the meaming of the codvs they e
Dnta Byte,

Individual data byses tamsemtied v the U can be desceshed wnan oetal code . The
bimary bty are separated o growgn of theee starting frem the nghthand « de tec Table
BoA b Within the groups each bmary it s assigned o wegln U and WY
respectively. The octal tumbers conresponding ta cach group of bits is the sumnnaton ol
the weights of the binary ones in ¢ach group.

NOTE
In Table B the hundreds proup hos fiwo bids mether than three sinee
there are cight data lires 'len seven-bil chesacter ASCH cude is used

the hutdreds group containg omly one bit iwwhich can oo on e actal
value of 0" or 1",

Table B-4, Getal Code Conversion

Bits g by b by by by bs by Ccral
O LT A g e Oy TR T Code
Weights {Hundreds) {Tens} Ones)
1 0 4] 1 1 o i g $3 2
1 1 1 1 i 4] 0 0 7 0
0 1 a o 1 4] 1 i | I T |
0 o J 1 a t 1 1 ¢ 2

FLURNY



INTERFACE,

A list af the avatlable funetions in ghven i Table 16, Every TV IR compatible deviee by
able to porform st least one funetion on the HINBL Devices [gusre all commnnds relating
Lo functions they do not have,

LExample:

An HP-IR commpatible programmable yoltage soveree itehades the “histen
Sunction so that 1t can he programmed 19 accepl date. Howover, 1
aoes Rt cudpul informalton so it does nar include o “talk function”
Therefore,  the  programmuable  voltage  source would  wnore  all
information om the HP-H pertaining o the “talk funcrion®

Table 0. JIPIB Instrument Interface Funetions

Interlace Functions 1hat
may he included in an
HP 1@ devico,

Source Handshoke

Commanty

This functionat copatility must be includad in any
device thot can be o “talker’* on tha bus.

Acceptor Hondshake This functional cnPamlny must be included i ail

devices that can be “listenery”’,

Talker of Fxtended Talker®
Listenar or E xtended Listenes*

Service RAmjuest

Remate/Local

Paratlal Pall

Device Clear

Device Tripger

Cantroller

Copabilivy required for o device to be o "talker”,
Copatnlity required Tar a device 10 be a "fistener",

This capabifity permits a dev.ce to asynchranously
request service from the controller,

Provides copability to selent between two sources ol
inpul information, Local corresponds to front panel
controfs and remote 10 ths input information trom
the hys,

Provides copability for o device 1o umquely idantidy
itself it it requires servica and the controller is
reguesting a response,

This capability differs from sarvice request 1 that it
requires @  cammitment of the controtler 1o
periodically conduct a parallel pall,

This lunction allows a davice to be initislized o &
pre-delined state, A device with this copability will
have the aflect of this command gescribed in ity
operating manual,

This function permits a device fo have its basic
{messurement) aperation initialed by the talker on
the Bus,

This funclion parmits o device 10 sand oddresses,
universal commonds ond oddressed commands to
other devices an the HP-1B, 1 may also include the
shility to conduct parallel polling to determine
devices nquiring service,

*E xtanded Talker and E xtended Listener provide increased address capability, Devices with this
functional capability recogniza addresses that are two bytes in length rather than just ans byte,
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Bus (I perating Cansiderations.

9. When a device capanle of scnvating JFC s powered un duning system vperation,
it puy canse the active contraller on the Bus ta relinguish control, vesulting i erns. The
Controller must tragsmit 1FC to e achive Contrul.

b Poor o addressing new hsteners it s pecammended that all previaus histeners he
unadaressed using the Unbsten Command 7).

¢ Only une wlker can he addressed at o tme. When a new talker is addiessed the
former talker iy automatical'y unaddressed

Jd. The maximum accundanyve length of the IR cable snoany system st nol
exceed more than 2 meters ol cahle per device ar 20 meters, whichever is less,

e, For addiganat programmuing mfarmation comault the HP-AIB User Guide tar the
gpmapnate clculstos.

HP-IB Connuetor,

Figure 133 shews the pln configuration of the HP-IB Connector,

:

CONNECT TQ
Tl - EARTH

VL RAL G NI R "

[
5(‘ Py R Lp G Ende moitie et 1LY GRAOUND
gt PTG A T b [YIPH

\3!= PO TR P Ak wtie

le.'-f PO ima il bam aing Al ke

':r!t’ F Ol PRI Ph it b LN

;: ¥4 Fo tmIR i Fa Al g ay

1% 232 bin

Kih
[SE0N LRl

e ¢ L] vw

(L8 3 8 Ly

DET ” " (RN
 Say

The HPAD fogic Ievels are

TTL campatible, 1o, True

Stale O V de o 0,8 V dc, LR AL T I
Fatso State » 2.5 V ac ln

¢ 6 Vdc,

Figure B-3, 11P-1B Connector
System Configurations.
AP IB Systems cin be caregonzedanto three ty pes
boo Systemn wath no contruller
The munde of date transger is hinttted 10 o direcr transfer between une
device mannally set 1o Utk ondy®" and one or more devices manually
sef fo hsten andy " 10 form g very basic fixed nemwork system
2. Systems with a single contraller
The modes of data rransfer fur these systems are:
a. Direct transfer berween talkers and lsteners {Data Mode ).
b. Transfer from a device to a coniroller {Data Mode ).

¢. Transfer from a controller to a device fCommand Mode),

B-14
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3. Systenns with mulbiple controllers

The modes of data framfer for these sestenn are the wme ay thow
fsted 0 2 dn addiion o method of passting contred from one contniller
to anuther iy regpared. One coninfter it e devignated as the system
eonitraller The sesiem controfter 1 the anfe device that can contel
the HPHE hoes desgnated HEC tdnreetace Cloar) and REN (Remore
Enabler. When the vestem contraolfer sety H5C Ew, all 1O opergtion
cease amd aff tatkens, nteners and conrollers are cinaddressed Conteol
15 passed to g differents comtroller by addrosang ar gy o wather and
commgindng 1 o Cteke eonrerof U FQcrdl vonde 11 ),

APpr e
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B-16

GLOSSARY OF TERMS

ACCEPTOR A device recerving mbonmation ue the Bus i erther the Commad ar Dara
Muodo CADy, wee Soueer)

ADDRESS A 70 code aprphied o she TE-DE e " Coontand Made™ whide eniiles
mstramenty capabile of responding to bstew and/ar ik on the Bus

ADDRESSEL COMMARDS  These comnmmands allow 1he Bug contre et qmitate
sl taneaus sctions sy addeessed stoaments whidds are capable of respanding

ATN  Maemome CATentond wetenmg b the “Command Mode™ af aperating on the
HIM I, on e contiol Tine wuch places the T n tis maode

mr Phe spialtest part sl an WP Characrer eByted which contams intellyalt
inlog b

BUS COMMANRDS A peaup ot Speaiad Coddes wluch witute certaie types ol nperation
N mstiumets capatie of reponding e these andes Each mstrument an he IS
desgned t respond to thuse codes that have wselul seaning o the desive ad goare all

athers taee Fable )
BYTE  An UPIB chatacter seut aver the DIO hines, notmally conspimg ot sewen-bits

COMMAND MODE i this miede devices un the TP con e addressed on unaddiessed
as Balkers of Inteners Bus commands are also nsoed i thos puode

CONTROLLER  Any devics an the HIRI wingh s capalie of setting the ATN e and
addressing emsteoments s the Bus s talkers s Tntenens (Ao see System Controlter )

DEVICE CLEAR (DCL)  ASCH character DO (Octal 02400 whneh, when seat on the
NP1 will return gl devices capable ol cesponding to pre-denined staies

DATA MODE  The TIPAD 15 i this mode when the contiod hne "ATR' s baph ttalsed
I Uiy maende b o mstractiins are tanslerred hevween gistiumwnds on the [P

DAYV Muemome relernng t the contral e “Data Vald™ on the HPAB Flus hoe s
used e the LP-1B “Hanedshahe' sequence

DIG  Muemumie reternmg te the eighit *Dats dnpul Guip™ hines ol the TP

EOI  Mnemame telerpnp o the contiol hine “End or tentaty ™ on the HP-B This hine
is used to indicate the end of o multiple byte message on the Bus Tt s il used i paallel
pallmg.

EXTENDED LISTENER  Ananstrogmient wiueh regquizes twar HPALD B tes 1o adidiess
as it listener, (Ao see Lintener )

EXTENDED TALKER  An ststrument which sequies twe HIP-TB by tes to address o
a fistener. (Abo swee Talher)

GO TO LOCAL (GTL)  ASCH character SO (Octad GO wlach, when senl on the
HPAR, will retuen devices addressed 1o disten and capable of respunding back t local
cuntrul,

GROUP EXECUTE TRIGGER (GET)  ASCII character HE"” (Qcral 01Q) which, when
sent on the BB, wonates sunultancous acsttony by devices addressed 1o histen and
capable of respaading to this command.
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HANDSHAKE  Refers 1o the sequence ut events o the HPI dunng which cach data
Byte ts tamsferred between wldressed devices The combinins of the TIP0 handshahe
s e e weay fallows

a. NRED when tabse, mdicares thal g device iy reamdy orecerve datg.

b DAV, when nue, undivates that dara oo the D10 ines s stable amd avalalde oo
he accepted by the receving device

¢ NDAC, when false amdieates 1o the tansmstning alevice that data has heen
accepted by the jecever.

HEIB Ancabbieviaton that reters o the “Hewter - ackard irerbace oy

IFC Mnemme reternng to the Cannaol hive “Intertace Clear™ o the HIMB Only the
system conteoller can activate tas lne. When HEC s oset tieae ) all wihers and Disteners on
the WL are unaddeessead, i comtrallers go to the mactive stae

LISTENER A device wineh bas been addiessed 1o revense data ot mstoctions from
athwer imstruments oo the HRIE (A e Bsteaded Listener )

LOCAL LOCXOUT  ASCH character "DCI” (Octal 0210 whach, whew sent on the
HP-IB, disables the Tront pranel conteols ol respond g devices

NOAC  Munemome relernng o the couteal Tme "Data Not Aceepted™ on the HIM. This
Tine s wsed by the “Hamdshahe™ sequence.

NRFD  Mnemonic reternng 1o the contal line *Not Ready Far Data®™ on the HP-I,
This boe s wsed o the BB “Handsbake™ sequence.

PARALLEL POLLING A method nl smulianeomsly cheching status on up to eght
mstewnmenty o the HPABL Lach instoument gs assigned o DIO bine watly whaeh toomdicate
wliether o resquested servive o

PRIMARY COMMANDS  The group ol ASCH characters wiueh are 1y pically used on
the HPHH (vee Tabie §)

REN  Mucomone reternmg to the contiol hae “Remote Enabbe® on the HR Y. This e
inowed 1o enable Buy compatible amtrumenis to respond te commaads ttam the
contalles o another tather. Brcan be sawed vnly by the system controlle

SECONDARY COMMANDS  The group ol ASCH clinacters which ase used 1oncrease
the address fenpihy ot extended talkers and listeners o twa hytes.

SELECTIVE DEVICE CLEAR  ASCH characier "EOT™ (Octal 0048 which, when sent
on the HPAB, revurns addiessed devices capable of responding to u predetermmed suate

SERIAL POLLING  The methad of sequentially determnimg whieh device connevied 10
the HIMB Das requested seevice. Only vae instrument s chieched gt ime

SERIAL POLL DISABLE (SPD}  ASCH character “EM* (OQeral Q31 winch, when sent
an the HP-1B, will cause the Bus ta go out of serial pell made

SOURCE A device tansmithng ntormation an the Bus i erther the Conmand ur Data
Muode (also see Aceepror).
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SRO  Mnemame refertmg e the comtad hine *Service Request™ on the 1M This fine
5 st how Ctrue ) by any Insroment regueanng service

SYSTEM CONTROLLER  Dhes ivatistiupent o e TP T which Bas sl the Teatores
ab a shandard comtroller with e added abdiy oocanal the 110 and REN ines (A lw

sew Contiller

TALKER A device that has heen addiessed o it data an the TR 1A see
Iatended Valker )

UNADDRESS COMMANDS  These comumands e vheyed by all addressabic devices
Phis category comsists ol Wie Unbisten Commiand ¢*band the Untatk Commaml ¢ ) When
e Unbsterr Commsnd €1 o tansmnied an the T, a1 desioes onthe Bus wall be
unaddeessed as hsteners When e Cntalh Command €0 tamssntied, alb devices will be
unaddiessed ay talhers

UNIVERSAL COMMANDS  These commuamls atfect every deviee capable ab responding
on the HPAR, regardless of whether they have been whliessed orar, ¢ Senal Pall
Enable (SPE Fand Senal vl Disable (889D

UNLIGTEN COMMAND  See "UNADDRLSS COMMANDS”
UNTALK COMMAND  Sec "UNADDRLESS COMMANDS",
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