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13219A G~n~raIlnformlition 

SECTION 

GENERAL INFORMATION 

'·1. INTRODUCTION. 

1·2. ThIs oprraunc and service manual proYldH ~n~nJ 
Information, IDltallabon. operation. ~ry of operation. 
maiDte~, and rPpIacubw parts mConMuon for the 
Ht_tt·Packard 13219A DIsc ~rvice Umt. SH fifUre 1·1. 

1·3. GENERAL DESCRIPTION. 

1-4. 1bf HP 13219A DIsc ~rvlce Umt i5 a portabl~ dt'· 
lice dHilJ1t'd. an aid to on-sll.t' troubl~tlne oC HP 7900 
~rift ~ DnftS. ~ IIt'rvtce unit appbH ~Imulal.t'd con· 
trollt'r Ii I"als to t.bt' d.tsc dn vt' an d procH5t'$ tht' dn vt' re· 
IPO/l5H Cor chsplay. 

1·5. Simulalt'd S1fT1a.ls art produ~ manUAlly and wmi· 
automaLtcally to optral.t' tht' dJSc dnvt' an qUIHCt'nt and 
dynanuc condlttons. DIsc dnVf' oprrauons &1"1.' hmil.t'd to ad· 
cil"l.'t&inC, K'CftSInC. and readane wqut'nces. 

1·6. No wnl.t' opt rations &1"1.' performl'd. and tht' read 
oprration is limilt'd to monltonnc tht' wnal data that COlnt' 
ocr tht' disc. HOWt'ft'f. tht' wrvtce unst cJoH proYlelt' direct 
display oC ,pt'clrtc l"I.'aci/1mt.l' Caults that &1"1.' eil'l.t'clt'd within 
t hr disc drift. 

1·7. Rftponsr siCn&1s Crom lht' disc drift aft displayt'd 
~itMr on lilt' servl~ unit (ront paMl or OD an aU.ac:ht'it os· 
cilloscope. Rflataft'ly static pefUnt'I.t'R (e-l., drift address. 
drift status, etc) aft displayed by indicator Iichll on tIIl'ser· 
li~ unit (ront panel.. Dynamic paramel.t'R (i.e., timine and 
control u,nals) aft prHl'nl.t'd at test poinll on till' service 
unit front panel for mooitoriRl with an OIciUoscopt. 

1-8. IDENTIFICATION. 

1·9. Hrwtett·Pact.ard ieil'ntiflft e.ch unit with a two
Jedion .mal numbft (OOOOA~). The fiRt (our dilits 
are • _rial Dumber pl"t'fix used to identify a particular unit 
COIlflcuntioD. Thr RUer idenU,," lbe country in _bicb lbe 
:mit .. lDIIDufKtuM. Thr lat tlw diCill ieil'ntity e.ch 
spedlk unit. Ir the wnaJ number Pftfb OD the unit daft not 

lI(I"I.'e with tM prefix on the tltIt' pact' oC thiS manual. thert' 
are differences between that unH and tM unit dHcnbed In 

this manual. Thew difreren~ are dHcnbed In manual sup· 
plelnt'nll avaJllbW It lht' nurut HP SalH and ~mce Office. 

1·10. Prinl.t'd<arC\lil IIWmbly (PCA) ~YlSlons Irt' ,dent,· 
flt'd by I It'tl.t'r. I _rift codr. and a d,VIs,on coG~ marked 
bt'nt'ath the part number on ttlt PeA (A.ooOO·OOI The 
It'tl.t'r ieil'nbfiH the reYISlon of till' "tclll'd trace pltli'm on 
till' unloaelt'd PCA. TIll' Cour-dillt WnH coell' pertams to the 
electrical cha.racl.t'nstics of lht' loa~d PCA and ttlt pos,tlOns 
of tM compoMnll. TIll' two-diCit diVISion coell' ,eIt'ntlf,es the 
diviSIon of Ht'wlt'tl·hcwd thlt manufactured till' PCA. If 
till' wriH codt number does not cOlTf'Spond t'xactl" WIth 
ttlt coelt' number on lill' scMmatlc dlacrarns In thIS manual, 
tM PeA dirftn from till' ont' dncnbed 10 thIS manual. 
TIIl'w diCCt'reOCH are covered In manual suppltlTlf'nls HaJl· 
Ible It till' ne~t HP ~H and St'rvtCf' orf,c" 

1·11. SPECIFICATIONS. 

1·12. SpecificatiOns Cor till' HP 13219A DISC ~rvaCt' Unit 
are 1i5l.t'd 10 tabw 1·1. 

Tlbw 1·1. HP 13219A Disc ~rvice Untt SpeCIficatiOns 

Description: Att.ac:ht'-<:ast' enclosed unit to aid on-sllt' 
troublHhootine of HP 7900 ~nH DIsc 
DriftS. 

Logic Lnels: Hich - +5 Vdc; Low - 0 Vdc 

Po_, Requirements: 5V nominal. 1.7A maximum, ob· 
tained rrom disc dnVt'. 

ACCISSOries Indudad: 8-foot inl.t'rconnectinc cable. 

Oimensions: 18"( 12 x 5 in. (45;.2 x 304.8 x 127 mm) 

1·1/1·2 



13219A lnstaIlation 

SECTION II 

INSTALLATION 

2·'. INTRODUCTION. 

2-2. This wctJon cont.ams Information on IlJlpacluni. 
DSJ)«QOn and Installallon (or t~ HP 13219A lAse ~~ 
~iL 

2·3. UNPACKING AND INSPECTION. 

2-4. Ir tbr shipptne carton is d.aJnacopd upon ~Pl. 
~ that lbr c::arTl*r', IIpn! br Pft'St'nt wtwn Uw unat IS 

..mpack~cl lnspKI W unit for damACf' (scratdws. dPnts, 
!lI'Ok~n puU, de.) If 1M uDlt IS da~ and fails to ~t 
_pKirlCluor.<. nollfy tlw ca.rn.r and t~ MU'PSt HP s.s 
Uld s.mc. om~ lIn~dia~ly. (Sal~ and s.rYICt' 0fT1(?S 
.,. lisLPd at Uw back of ttus manual.' fWc..n Uw Uuppnc 
:ont.all~r and tbr p.ddlnC ma~nal for Uw carnrr', inspPC' 

~n. firwlf-lt·Packard Will arran~ for l"Ppan or l"P~l1W'nt 
>f 1M damll"d umt 1I'1thout wlltmc for an~' claims apnst 
:bf CaJTK>r to br ~t~d. 

2·5. CABLE CONNECTIONS. 

2-6. Dunne ~. LIw ~rYICt' unat IS CDnlM'Cwd to lJ» disc 
dnY~ to br LPs~d by connKUne W~ UlUt ~ W4P2 to 
IPm~ COOIM'Ctor A6Jl at Uw Rft sidP of tJw disc dnw 
chasAs. T1w cabW ,bould br orWnLPd Wltb tJw McabW~ 
of e&bW conMdors fKlne lbr front of tJw diK dri~ and 
1Pmc. unit. Tbr _~ unit obCains tJw RqWrN +5 Vdc: 
and pound oprratine 90Itaps from tJw diK driw to wbicfl 
It is ~ dunne wmeine. 

2·7. INSTALLATION CONSIDERATIONS. 

2-8. DISC DRIVE ST A rus. 

2-9. Tbt disc dri~ to br t.mH must ... &abe olf~ 
for _mone. Tbr disc dn~ can br tUn on ... by _. 

1111 tJw I/O eoIlIM'Ctor cabW at &hr beck 01 tJw diIC driw. 

If t.M di5c dnv~ to br LPsLPd is .. t in a WMS of p.rall~l. 
connKLPd Units, Ibr wrmination cittUit board at tbf bad, 
of 1M disc dnvr must br l"P.fIUt.alwd in 1M last l"PIYWnme 
disc dri~ in lM w~s. 

2·10. DISC SERVICE CSIT CONTROL SETTINGS. 

2·11. WMn t~ dISC ~rvl~ umt is inittall~ connf'Cwd to 
a dISC dn~ and w~n not actually In USOP dunnc SoPmemc, 
thl.' DRIVE OPERATIOl'< CONTROL SWItch should br ~L 
to ACCESS STOP to pl"P~nt any ICCldlont.al mltlatJOn oC 
opt'ra tlOrlS. 

2·12. SHIPPING INSTRUCTIONS . 

2-13. If t~ Unit IS to hi.' shlp~d to lWwlf-tt·PaelLard Cor 
W"~ or l"Ppalr, attach a LaC to t~ unit IdlonuCyine ~ 
o~r and mdieatlne 1M wmet' or l"Ppalr to br accomplis~d. 
In.cludlo tM ~I numbrr and Cull wnal numbfor oC thl.' 
utlll. 

2·14. PlIC'P t~ umt 10 ~ onlmal contaltl~r iC aYlilabl.. 
If ~ o"l1nal conlaiMr IS not a"lIlablf-. a sultabl~ contain~r 
and pKktnC maunal can br purchasrd Crom a local lWwl~tt· 
Packard ~s and ~m~ OffiCt'. 

2·15. If ~ onClnai contaiMr IS not uSoPd, wrap l~ umt 
in bra~y papPr and pllC'P it in a'1 mn~r conlain~r. PIaCl' aejp. 

quau pactlne mal#nal around all ~Ms oC ~ Unit and plaet' 
a c:ardboud stnp o~r ~ hont paM\. Pla~ t~ Unit and 
inMr conl.alMr In a brary carton or woodfon box and bind 
with st.ronc tapt' or mf'tal bands. Mark ltw shlppine con· 
taiMr ~FRAGILE." 

In any co""POfldlo~. idfonliCy t~ unit by 
modPI numbrr and _rial numbrr pl"Pfix. Rpru 
any qunUOflS to 1M MlI'PSt H~ ... I~tt·Paeka.rd 
SUn and ~m~ Offi~. 



13219A 

SECTION III 

OPERATION 

Operation 

3-1. INTRODUCTION. ,.... 3·1. Binary Dtaplay of SPKific Rud Wriu Flults 

3-2. This IoKtion conwns information for o~nlml the 
HP 13219A Disc ~rvi~ Unit. 

3-3. FRONT PANEL FEATURES. 

3--t. Front·pan~1 futurfS an dHcri~ in filur-. 3·1. 
'I'M num~r-.d paMI futurfS an dHcri~d in Uw corr-.· 
spondinc. number-.d parllRPhs below t.Iw ilIustntion. 

3-5. OPERATION. 

3--6. FiCUrt' 3·2 drscn~ the rt'commrnMd ~ue~ 
for senlne controls and Uw lftponsH that should lI'IUlt 
wbrn u.. semet' umt IS conMCud to I pro~riy o~ntml 
cisc driw. Analysis of t1w rfSpolUH obtaiMd from the disc 
drift' undPr tHt can Idfnuty I malfunctaoninc .cOOn of tbe 
«flcr dnft'. 

READIWRITE FAULT 

P'ro~r oprntlOD. 

No erur pte wltb ~~ curr-.nt 
nowlnc. 

No era. curr-.nt nowll1l with 
WTlte pte. 
SimuitaMous r-.ld pu Ind uur Cill'. 

Wor-. than OM beld wl«ud. 

'liritr ,ate prt'Wnt but no Ie wriu 
CW'ftDt. 

'lirlu curr-.nt nowinc in wriu drinr 
without wriu pte. 

Era&to pte without access rudy. 

BINARY 
DISPLAY 

.21 

000 

001 

010 

o 1 1 

100 

1 0 1 

1 1 a 

1 1 1 
. - " .~ 

3-1 



Opention 13219A 
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1. DRIVE CONDITION 

DRlVE STATUS 
Simulates controller ~est for drin status by makinC Outbus 7 siena! low. II COl'TPCt address is ~ by 
disc drift, status is fttUlMd on inbus and display~d on status indicator heMs. 

DRlVE SELECTED 
Notu.d. 

DRlVE ATTENTION 
Simulates controller ftqUftt for disc drift to sicnaJ com~tion or ~k in plOlftS$ by makinC Outbus 6 siena! 
low. Disc: drift will nspond by liCbtinc indicator that colWSpOnds to disc: drift addfts5 wMn .. k is fintSMd. 

2. READ/WRITE FAULT 
Indicator5 continuously display binary numMr eocIe or s~ific ftad/wri~ raults that .... M~t..d by tIw disc 
drift cireuits. Taba. 3-11*ntlfies tIw raults foreach binary pftWntation. 

1 RESET DRIVE FAULT 

bbibits disc: drift Cault cin:uits to pftftnt unit shutdown durinc servicine. 

4. DRIVE OPERATION CONTROL 

AVCESSSTOP 
lablbits ~DI by iDbibitinc internal dock &eneration. Disc: drift will complete a _k In pro,,", ~foft 
I&oppinl. Adjacent lamp will blht to indicate that disc: drift ac:ceuinC is inhibit.ecl. 

ALLOW AVCESS 
Enables internal dock pnerator circuits. Ac:cesainc aftilab .. accordinc to ACCESS MODE .tlinC. AdjaCitnt 
lamp willlilbt WMn RUN pushbutton Is prnsed to indicate tbat acc:euinc sequences caD ~ ~rCor~d. 

Flpft 3·1. Front P~I FeatuftS 



13219A Operation 

5. ACCESS MODE 

ONECYUNDERINCR~ 

Simulal.ft controller instrucUoas (or disc drive &0 continuOUlly Melt, OM cylindtr at a time, between cylinder 
000 and 202. Automatic ~ntion will belin when RUN pU5hbuUon II pl'PlWd. lUad and Irctor addre5SL's are 
... t with ADDR B I1ntchn; cylindtr addrelline II automatic. LepJ head and ... ctor addresRs are 0 through 3 
and 00 throu,h 23, respectiwly. DIsc drive will momentarily light SEEK CHECK lamp if iIIqal addl'l'S.s 15 set. 
Operation is halted by ... tunc DRIVE OPERAnON CONTROL awitch to ACCESS STOP or by seUme 
ACCESS MODE sWItch to a different poIltioD. 

SEEK ALTERNATE (ADDR A-ADDR B) 

Simulal.ft controll., instrucbons Cor disc drive to altemately Melt to cylinder addresRs Irt with ADDR A and 
ADDR B switches. LepJ adcI.resws are 000 throulh 202. AutomatiC ~ratl '" Will beelO when RUN pushbutton 
II pressed. Disc dnve ..,11 momentarily b&ht SEEK CHECK lamp I( i1~aI addftss IS set Control line IS held 
hieh In thll mode. 

SINGLE SEEK 

Simulal.ft controll~r ICCftSinc iD5uuctions liven in linele atepi. SET CYL lamp. SET HEAD AND SECTOR 
ADDR lamp, and SET HEAD AND READ GATE lamp will heht in lUC«SSlon &\ SINGLE OP pushbutton IS 

pressed, to indIcate the step of Uw ecctSIine sequence that will tak!' place when SINGLE OP IS nut pressed 
(RUN pushbutton must be presed before SINGLE OP pushbutton is p~d first bme.) DHlred cylinder ad· 
dress IS set with ADDR A SWItches; bead and sector addresaes are ... t with ADDR B SWItches. LeeaJ cylinder 
addrt'SSeS are 000 lhrouCh 202; head and wctor addresses are 0 throurh 3 and 00 lhroueh 23. ~pectlvel~ 
DlrCerenct' betw",n addre5SL'd cyhnder and cam.,. poIltion or head and sector .ddn-sses can be dISplayed on 
adcinss hehts accordme to pocitlon oC DISPLAY switch. Disc drive w,1I IIlht SEEK CHECK lamp Ir IIie-gaJ ad· 
dress IS se t. 

SINGLE CYCLE (SERVO INHIBIT) 

Slmulal4.>s controller acenainl instructions liftn in lintle stesi5(a1thouCh mhlbtted .rvo prnents _k o~rabon). 

6. DISPLAY 

Selects address to be displayed on 8ddress lamps. When DI~!-L ~ ~ is set &0 SK ADDR A - CARR POS. lamps 
will momentanly display difference between do!sired cylinder address and prewnt cam. position. When DIS
PLA Y is set to HEAD AND SECTOR ADDR. addrea lamps display the curftnt bead and sector address. 

7. ADDR A AND ADDR B 

Allow manual selection of cylinder, head, and sector addresIes. When ACCESS MODE SWitch IS set to ONE 
CYUNDER INCREMENTS. only ADDR B switches are used &0 srlect head and srctor addresses; cyhnder ad· 
dl'l'S.sme IS automatic. When ACCESS MODE switch is srt &0 SEEK ALTERNATE. SWitCheS select tht' two 
alternative cylinckor addresses; DO head or sector addrt'sses are srlected. When ACCESS MODE SWitch IS set to 
SINGLE SEEK, ADDR A switcbes srlect cylinder address; ADDR B sWlLches .Iect head and sector addl'l'5.ses. 
Bit positions 128 and 64 are USPd for head addl'l'S.s. Bit positions 16 throulh 1 are used Cor sector addrt'SSeS. 
LepJ C"'}linder addresses are 000 throUCh 202; head and sedor IIddrnIes are 0 lhrou&h 3 and 00 throulh 23. 
resprctively. 

8. SINGLE OP 
Initiates tach linate step of 8CCeSSing seq~nce when ACCESS MODE SWItch is ... t to SINGLE SEEK (aCter 
RUN pusbbutton II presad). 

i. RUN 
Initiates automatic IICCnIinc seq_nee when ACCESS MODE switch is srt to ONE CYUNDER INCREMENTS 
or SEEK ALTERNATE. Initializes acceuine circuits when ACCESS MODE switch is SIft to SINGLE SEEK or 
SINGLE CYCLE. 

10. DELAY 

Provides l00-ms delay betWftll OIJfnune cycles or .mce unll when ACCESS MODE awitch is set to ONE 
CYlJND£R INCREMENTS or SEEK ALTERNATE. 

11. RESTORE HOME 

Simulates controller instnldioD to retum to cylinder address 000 by maltine s.t cylindfr and s.t Head signals 
low simultaneously. Operatioul only durinl SINGLE SEEK and ONE CYUNDER INCREMENTS ICCt'SS 

modes after RUN pusbbutton iI PftIRd. 

12. TEST POINTS 

~rmit OICillOICopr monltorinc of sicnificant diK drive panmeters. Adjacent liehts provide visuill display or 
moat monitored paramel.ell ad "DUty which diK h. ~n selected accordinc &0 head addrt'ss selected by 
ADDR B switches. 

...... 3-1. Front Panel Features (Continued) 

3-3 
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1. s.t DRIVE SELECT IwitcbK to !.be binary equiv_nt of &ddr~-s.s for disc driw under Ust. 

13219A 

DRIVE READY and ACCESS READY indicators should heht. So-ctor pulSl'S ~hould bt' p~nt at SELECf SECfOR 

PULSES '"t POint. 

2. s.t DRIVE CONDITION switch to ~d position. Durine accessine sequ~n~ switch should bt' left in DRIVE 
STATUS poIition. 

In DRIVE STATUS position, disc drift should fttum status; FlRST STATUS (wMn disc driw 15 initially loadfod) 
indicator should licht. OVERRIDE lamp sbould licht if disc dfIVl' OVERRIDE switch is ON. 

In DRIVE ATTENTION pocition, diIc drift ahould fttum its addrns wMn _k in p~ is :in~d. Numbt'nod 
lamp COI'ftSpondinc to "~Nd disc drift addrn& &hould liChl. To ~t att.ntion statUi bit, switch should bt' no
&umed &0 DRIVE STATUS poIition. 

a. s., DRIVE OPERAnON CONTROL nritch &0 ALLOW ACCESS MODE po&Ition. 

Ft,uno 3~2. Coatrol S.Wnc s.qu.ncr and Normal Driw Rftponws 



13219A O~ratlon 

4. Srt ACCESS Mor'E switch to dftl~ actftlinl o~ration; wt ADDR A and ADDR B switches as r.quind. 

a. In ONE CYLINDER INCREMENTS position, wt dHind head and wctor addl'ftlft with ADDR B sWItches. 
~pJ head and wctor addrl'GH an 0 throulh 3 and 00 throueh 23. rH~ctlyely. 

b. In SEEK ALTERNATE p<l5ition, wt dHlrPd alternate cylinder addr~ with ADDR A ar.d ADDR B 
lwitches. ~p1addnaH are 000 throulh 202. 

c. In SINGLE SEEK posItion, wt dnI~ cylinder address WIth ADDR A IWltches. Srt deSl~d head and 
wetor address with ADDR B sWitches. Lepl cyhndf'r addr~ art' 000 throueh 202. head Ind ~clor ad· 
~ art' 0 lhroulh 3 and 00 throulh 23, I'Hpectively. 

SET CYL lamp .,11 1i:1ht to indicau that Set Cylinder command WIll be IUUerl It next step 

5. Pres.s RUN pushbutton (and SINGLE OP "ushbutton as appropnlte). ACCESS MODE lamp WIll heht when RL'N 
pushbutton is prl'SSf'd to indicate thlt a~nl sequences can be performed 

I. When thE' ACCESS MODE SWitch Is wt to ONE CYLINDER INCRE. ... ENTS. disc drive should befln ietok· 
inl. one cylln~ It I time. betwHn cylinders 000 and 202. LOW DISC or UP DISC indicator should IIlht ac· 
cordlnl to head Idd~d. Dtsc driVf sirnals should be pl't'St'ntffllt SELECT SECTOR COMPARE. READ 
DATA. and SELECT ACCESS READY Ust points. 

b. When ACCESS MODE switch is wt to SEEK ALTERNATE, disc dri", should befln alurnately SHklnl be· 
tWHn Iddr~ cylinders. Disc drive lienals should be pl't'St'nted at SET CYLINDER and SELECT ACCESS 
READY Ust potnts. (Althouch no head or s«tor Iddnuinl occurs, head and sed.or-rPlaud sil"a1s should 
be prrwntffl accordJnlto last head and wetor IddrftSt'd.) 

c. When ACCESS MODE switch is wt to SINGLE SEEK, disc drive should SHit to addl'f'!RC! cylindf'r Address 
lamps should momentanly display diffennce betwHn desir<,d cylinder address and current camalf' position 
if DISPLAY nntch is set to SK ADDR A-CARR POS. SET CYLINDER lamp WIll 10 off and SET HEAD 
AND SEC1'OR ADDR lamp will l1&ht to indicate that SEot Head and Read Gate commands WIll be Issued 
when SINGLE OP pushbutton is next pressed. 

When SINGLE OP pushbutton Is Apin pressed, disc drivt' should wl~t thf' addressed hud and sector. Ad· 
dress lamps should di5play dnired head and sector addresst'S If DISPLAY SWItch is set to HEAD AND 
SECTOR ADDR. LOW DISC or UP DISC indicator should li&ht accordlnl to head add~. DIsc drivf' SII· 

na! should be prnenUci at SELECT SECTOR COMPARE Ust point. SET HEAD AND SECTOR ADDR 
lamp willIG ocr and SET HEAD AND READ GATE and READ DATA lamps will licht to indicatf' that Rf'ld 
command is iIaMd and disc drive will read data. Serial data should be presented at READ OAT A Ust pOint. 

When SINGLE OP pushbutton is apin pressed, SET HEAD AND READ GATE and READ DATA lamps 
wi~1 CO orr and SET CYL lamp willlilht to indicat. that Set Cylinder command will be is5uPd whf'n SI~GLE 
Of pushbutton is next preswd. 

d. When ACCESS MODE swltdl is Rt to SINGLE CYCLE, cam.gf' movement is pnvenud by inh,bitf'd spn'o 
(If RESET DRIVE FAULT nrit.ch II ocr, c:amace will ntraet after approximately 1 IPCOnd. carnae" w'lI 
reload .fur 30 teeOndllf IwltdI is rewt to ON.) 

6. 8ft DRIVE OPERATION CONTROL switch to ACCESS STOP to halt operation. Adjacent lamp willlilht to indicatE' 
that accll.llinl opt'ratJc.~, aft Inhlbi ted. 

FiJuft 3-2. Control8ettlnc Seqw~ and Nonnal DrIft Responses (ContinuPd) 

3-5 
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SECTION IV 

THEORY OF OPERATION 

4-1. INTRODUCTION. 

4-2. ThlI 1eC1Ion descnbPs thP thPory of o~ration of 
the HP 13219A Disc Sem~ Unit. 

4-3. FUNCTIONAL DESCRIPTION. 

.... nw .~ unit lids troubWshootinC of HP 7900A 
SeriH Disc Drives by applYlnC slmw.t.d controll~r lienals to 
the chsc clrin> and procnslnC tM r-5p01Ue$ Cor cmplay. Tht' 
.. m~ unit IWrmlts manual or wml ... utomatlc control oC 
the disc clrin>. AnalySLS oC thP dlsc dnve ~pon~ will verify 
proper chsc dnvr operation or Mlp LSOlat. malfunctions . 

• ·5. Front·panel controls allow st.p·by-strp, manual w· 
!Ktlon of various commands to operat. tht' dISC dnve under 
limulated, wml·autornatlc conditions. Each command and 
,u~qurnt c.,prratmc wquence pxercl5n a parllcu"r wctlon 
of the disc dnn> circuits. nw r.sponsn of thr disc drive. 
either as lienals Slnt back to thP senll~ unit or as an op· 
eration basrd on command an t.rpretatlon. will indicate 
proper operation or malfunctions oC tlw disc dnve. (Set
facure .·1.) 

• -6. Sienals from thP diSC dnft that err normally 5l'nt 
to the disc dnve controller. luch as status and diSC tlminc, 
err avlilable at the arm~ unit front panel. Addilionally. 
lilJlifacant lienals internal to l.br disc drive are avlilable. 
nwreforr, with the wm~ unit connected to semcr con· 
nector A6Jl of the chsc dnve, no access to the dnve In· 

terior is required for trouble analysis. 

.·7. ~ silJlals are displayed eitlwr on the IW'm~ unit 
front panel or on a connected 0IdI1osco1W. Relatively static 
parameters (e.c., drift address, drift ,tatus, etc.) err dis· 
played by indicator liahtl on tM .. m~ unit front panel. 
Dynamic parameters (i.e., timine and control licnals) err 
~nted at test pointl on the sernc. unit front panel for 
monitorina with an OIcilloscolW. 

4-8. DETAILED CIRCUIT DESCRIPTIONS. 

4-9. STROBE AND CLOCK GENERATION. 

4-10. Tbe output of thP 100-kHz OKlllator is divict.d 
by two by dlvict.r U93A and appIit'd limultanroully to 
strobe fenerator U65A and dock fenerator U93/U83. Set
ficure 6 ... 

• ·11. Tbe strobe rrnerator pnerates a sbort-duration 
pUna pug. at Uw middlt of each dock IWriod produ~d 
by the dock pnerator. Nept1~ina ncuBlon, oC tht 
6O-kHz lienal, applied limull.lMously to a U65A Input 
Ind the U74F Input, will be inWlWd by UHF IDd will 

chaTiP capacitor C5. At the IUCCHdinc pos.ltlvr"folng px· 
c".IrslOn both inputs to U65A will momentarily br high and 
the Catt> Will outpu t I necati"'-toInC. short-<iurltlOc pul'>f' 
at nch pOISltlvf"i0mg eXCUrsion of the 50·kHz OSCillator 
Ilcnal 

"·12. TIlt> 50·kHz OKlllalOr sl,nal 15 als.o applaf>d to dl· 
nct.r U93B of tht> clock arn~rator CIrCUIt. The dlVldt'F CIF 
CUlt will Simultaneously prOYIct. dlvldf'·by·two. dl\ldr·b\· 
four. and dlVldf'·bY~lght ou~puts to ct.codt>r US3 o.Codf>F 
UB3 Will provldt> flChl outputs thll renfct the Silnal com· 
blnatlOns at the thref' inputs. FIIUI? 4·2 shows drcodf'F 10· 

put combinatIOns and relltlH tlmlnl of resulUnl clock 
penods and strobt> pul5l's. 

4·!3 SET HEAD AND SET CYLINDER 
COMMANDS. 

4·}4. Tht> St>t Cyhndf'r hne IS normall~ low dunng clock 
prnod 3. Tht> St't Hud hnt' is normally low dunng clock 
IWnod 6. ThE- only ex~ptlons err 11 I wMn I Rl'store Homf' 
command 15 lssuf'd by makina set CYIInct.r and Set Hnd 
hnes low simultaneously, and (21 dunna the arek alLtmlLt 
accn.s modt'. tilt> ~t .... ad command IS not Issurd St'f' fig· 
Ul? 54 . 

4·15. In thf' one cyhnder Increments and set>k alLtmlLt 
ac~ modfos. c1cck periods art' continuously It'neraLtd: 
thel?fol't'. Sf't Cyhndt>r will be low each time clock ~nod 3 
occurs. Similarly. Set Hnd will bt> low tach tlmt' clock 
penod 6 occurs (but only In the one cylinder Increments 
modt'l. In the sinelt> srrk and sinclf' cycw ac~ modes. 
hoWever, issuan~ o( set CYhn&r and set Rtla commands 
is more complf'X. 

4·16. Wht'n tht> ACCESS MODE switch is initially set to 
SINGLE SEEK or SINGLE CYCLE, ~k Inhibit Latch FF 
USGB will bt> set; the clock rrnerator input will be inhibited 
by "nand" caLt U95C. thus no dock lienals will be arneraLtd. 
When the SINGLE OP pushbutton is first prrswd. Push· 
button Latch FF U86B will be set. which cltlrs the Clock 
Inhibit Latch FF. As a rrsult. dock IWriods 1, 2. 3, and 4 
win bt> It'nt'Tltrd. At clock period 4. "nor" ,atp U84C will 
be low, the Clock Inhibit Latch FF will be set, and tht> clock 
pnerator input will be inhibited until ttw SINGLE OP push· 
button is prrued aclin. 

.·17. Whrn thP SINGLE OP pusbbutton is prrswd tilt' 
IPCOnd time, clock IWriods 5, 6, Ind 7 will be arneraLtd. 
At clock period 7, "nor" pte U1WC win IlPin be low. which 
will .,ain inhibit the clock rrnerator input . 

4·18. Also durinC clock period 7, Delay onfoShot U94 will 
be Ui~red. I( thr DELAY switch is IW't to ON. the dock 
rrnerator input will be inhibited by "nlnd" ,ate U84B (or 
tbt 100 a. duration of Uw DeilY one-sbot output. 

4·1 
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4·19. CONTROL COMMAND. 

4-20. n.. Control command II normally luued durin. 
dock ptriock 0, I, ., and 7. HOlRftr, ACCftI Op lAtch FF 
U96A, which InitlatH and halt.5 ~nc ~quences, alIo 
anect.5l11u~ or Control commands. See flcure &.&. 

4-21. -.n the DRIVE OPERATION CONTROL switch 
I&.t &0 ACCESS STOP, ACCftI Op Latch FF U96A will be 
Mid iD &be dear state. As. a mult, 1M divider circuit ur dock 
"Delll&or Ui3 will be held clean!Q, which inhibits ,enera· 
tion of InY dock Ilcnais Additionally, COntrol is held low. 

4·22. 'I1w Accns Op Latch FF is also clean!d by • ~_er· 
on revt circuit U6&8 when the .mce unit is initially con· 
nected to the disc dn~ and also by the ACCESS MODE 
switch each tirrw a n~. ~ moe» is .Iected. (The non· 
sborbnl reature or the SWItch produces a dear pulse when 
nntched betWHn posItions.' 

4·23. When the DRIVE OPERATION CONTROL SWitch 
is set to ALLOW ACCESS, the A~ Op Latch FF is no 
lon.r held In the clear sLlLe ~Mn the RUN pushbutton IS 
pressed, Uw A~ Op Latch WIll be .t. the clear input or 
the clock ,enerator diVldE'r CircUit WIll be releasf'd, clock sil' 
nals will be .neraLed. and Control will eo low at the appro· 
pnate Intervals. 

4·24. When the ACCESS MODE switch is set to SEEK 
ALTERNATE, the clock .nerator sicnals used to make 
COntrol Iowan! inhil>lLed by "or" pte U44 A. Thererore 
Control remaans lueh In the Sf'ek a1tf'maLe mode. 

4-25. OUTBUS COMMANDS. 

4·26. 'The eilht outbus lines ~nd yanous "enals to the 
disc: driYe under test at appropriate times. Specifically, the 
desired cylinder addrrss is lent durinl dock ~riod 3, the 
bead and sector addr.s.ws an! lent durinl clock period 6, and 
iDdividual lines aft made ruth to r.QUftt status Inrormation 
from tbe drive. 

Theory or Operation 

4·27. When the ACCESS MODE switch is let to ONE 
CYLINDER INCREMEN1S, the output or Rnerslble 
Counter U26/U46 is .nt _ the desired cylinder address. 
The counter is initially loaded with all "I" bits by power-on 
r.set circuit U6&8 or by ACCESS MODE switch. At clock 
~riod I, the count direction Is .&ermined; at cleck period 
2, the count pulae is iaued; at dock ~riod 3, the cylinder 
addn'll is placed on the outbus; Ind at dock penod 6. the 
head and sector addrHIH .t by the ADDR 8 sWltches are 
placed on the outbus. See facure ~. 

4·28. With all counter bit.5 at "I" tM output of "nand" 
pLe U35 WIll be low Ind counLer direction control circuit 
U44C·O/U55A·D will make OM input or "nand" eaLe U55C 
hach. Durine clock penod 2, "nand" laLe U55C WIll appl} 
the "count up" pulsf' to the down anput or the counLer 

4·29. The tf'chmque of UIInl "11111111" to equal cyl· 
Inder address 000 and apply IDe count up pulses to the down 
Input or the countf'r IS used to maanwn compatibility WIth 
the IOIIC used between the dIS(' dnve and connPeLed deVlC't'S 
Thus, when the first count up pulsf' IS applied, the address 
ror cylinder 1 IS represented by 11111110. Similarl}. thf' ad· 
dr.ss ror cylinder 2 is repr.sented by 11111101. etc. 

"·30. When the counter reaches cylinder 202, the countf'r 
darectlon control circuit will make one input or "nand" latf' 
U558 hi.h, and succeedinl count pulses wtll be applied as 
"count down" pulses to thf' up input or the countf'r. As a re· 
suit, cylinder addrrssinl wiD reverw diffttion toward cyl· 
inderOOO. 

4·31. In the seek a1tf'matf' access mode, SWItch Re(1sLer 
SeIPet FF U86A a1tematf'l}, plaC't'S thf' C1'lInder addres.ws 
.t by the ADDR A and ADDR 8 SWltehf'S on the outbus 
dunne clock ~nod 3. See facure 5· 7. 

4·32. In the sinele _k and sinele cycle access modes, 
the cylinder address set by t'le ADDR A SWitches IS placed 
on the outbus by "nand" late U76C dunnl clock period 3. 
The head and sector addresses .t by the ADDR 8 switches 
an! placed on the outbus by "nor" pte U53C dunnl clock 
penod 6. 

"·3/4-4 
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SECTION V 

MAINTENANCE 

1>-1. INTRODUCTION. 

>2. Thi5 IKUon conW!\$ aWntenanet informabon for 
tbr HP 13219A Disc s..met Unit. 

1>-3. PREVENTIVE MAINTENANCE, 

5-4. I NSPECT1 ON. 

>5. ~ .. rv~ unit lhould be ~nodlcally insPf'Cted 
for loIf'lS of me<:hanical and plKtnc:al dPfe-cu. EMctronlC 
compcnpnl5 Uult Uto. SIJTIS of OftrMalllll, leak •• fraypd 
insulat; )n. and oUlPr liens of dPtenoratJon should be 
cbKkf".! and I lboroueh IDv~lIplion of t.hP lUOCIated cu· 
I:\lItry ,hould br madfo to nnfy pro~r opPralion. MKhan· 
icaI parts should br IDspe-cted for nCf'SSiw .ur. I()()SPDnS. 
misahir'lIlf"nt. co~on. and oUlrr Ufns of dPterioratJon. 

fH) CLEA.'IIING 

> 7. 'Jlko loPn1et unit Utould be bpt frff of dust. 
lDOIStu,t'. p-.1St' and forrlCO matter to pnsurr troublf"'frH 

operation. A dry. c~an doth. a IOft-brisUf" brush. or I cloth 
llturated with diluent IacqUf"r or a limilar clunlne com· 
pound ID.Iy be URd. 

5-8. PERFORMANCE CHECKOUT. 

&.9. Pro~r ~rformanet of t.hP .. met Unit can br ftn· 
r ... d by COfInKline l~ ... met unit to a projX'rly o~ratml 
HP 7900 Disc Dnn and confirrrulll normal dnn J"KporISf"S 
_1IV'Pn in flCUrr 3·2. 

1>-10. TROUBLESHOOTING. 

&,11. Analysis of t.hP J"Kponses obtained from t~ ~r· 
fonnanCf" dlKkout in paracraph 5-8 can idPntlfy a malfunc· 
tionmc $KtJon of tM .. met umt. For f"XJImplf". if tM OM 

cyllnt:r ::~;<mrn~ ~.,$ ~ den not o~rlte. tM mal· 
function is probably located in tht rrftrsiblf" counter cir· 
cuitry shown in fiCUrr 5~. 



13219A 

Tabl~ &-1. Lotte PCA Al R.eplaceabl~ Paru 

REFERENCE HP MFR 
DES I GN An ON PART NO. DESCRIPTION CODE MFR PART NO. 

CI. 5. 6. 21 o 16().{) I 53 C ..... ACITOR. fxd. My. 0.001 jlF. 10%.200 VOCW 56289 1e2f'10192-PTS 
C2 01 6().{)1 61 C ..... ACITOR. tad, My. 0.01 jlF. 10%. 200 VOCW 56289 1811'10393-PTS 
°C2 0160-3533 C ..... ACITOR. tad, m.ca. 470 pF. 5"'. 100 vocw 00853 ROM15F471J1C 
C3.B.1 018().1746 C ..... ACITOR. fxd, .1«1.15 jlF. 10%.20 vocw 28480 0180-1746 
C4 016().{)11M CAI'ACITOR, fad, My, 0.015 jlF. 10%.200 vocw 56289 1e2f'15392-PTS 
C7 018O-<l37. CAPACITOR. tad. tanl. 10 "F. 10"'.20 VOCW 66289 1500106X9020B2·0YS 
CIO ttvu C21 0160-2055 CAPACITOR. fxd, cer. 0.01 jlF. +B0-2O'II.. 100 vocw 56289 C023F 10lF I OJZS22.c OH 

CR1,2 11101.00&0 DIOOE ... !tcon. JO mA, 30 WV 07263 FDGI088 

RI.IM.87.100. 0767~18 RESISTOR. tad,lNl 11m, 619 ohms, 1%, II8W 28480 0757~18 
103.106.113, 
116.111.127 

R2,16 •• , 101, 0757~28 RESISTOR. tad,...., 11m, 1..62k. ''''. ll8W 2!1480 0757.0.28 
104.107.114. 
117.120,126 

R3.8.12,lI.131 0683·3815 RESISTOR. tad. comQ. 380 ohm,. 5%. 1I4W 01121 CB 3915 

R •. 16.17.18.20.25. 0683·1025 RESISTOR. fxd. comp. 1000 ohm&. 5%. 1J.W 01121 CB 1025 
28. JO tt>,u 37. 83 
"",u 8 7. "'. 112. 
118.121.12 •. 
128. 133 
R5 0683-2735 RESISTOR. tad. compo 27k 5%. 1I4W 01 121 C82735 
°R5 0698 3161 RESISTOR. fad. me' IIm.l8.3l<. 1%. II8W 28480 0698·3161 
R6. 7. I O. 11.13. I 4. 0683-4725 RESISTOR. fad. compo 4700 ohm'. 5'!1o. I/.W 01121 CBU25 
22.23.24.29. l8 
"",u 53.55 tt>,u 53. 
55 ,n, ... 73. 88.132 
R9 0683-1215 RESISTOR. fad. comPo 120 ohms. 5'!1o.1I4W 01121 C81215 
R15.26.27.74 0&P-1515 Rc~ISTOR. fad. comPo 150 ohms. 5'!10.1!4W 01121 C81515 
""'u 83. 89 In,u 
93.96.99.102. 
105.108.109.110. 
115.122.123. 125. 
129.130 
R21 068:11035 RESISTOR. "'d. comp, 10k. 5%. 1J4W 01121 C81035 

R45.50 UNASSIGNED 

SI.2.4.5.7. 3101·1219 SWITCH. toggle. 5Pdt. ,ubm.nlatu,e 09353 7101 PC 
II tt>,u 27 

S3 31 ()(). J036 SWITCH. l'i)01e. ~".on 

56.9,10 3101.a1S8 SWITCH. momentary 

58 3 I ()().J03S SWITCH. 2-i)01e. ~toon 

UI6.17.34.42 18204618 INTEGRATED CIRCUIT. TTL 01295 SN23351 

U18. 27. 38.'" 18204274 INTEGRATED CIRCUIT. DTL 28480 1820-0274 
U21, 63. 74 I 82G-0174 INTEGRATED CIRCUIT, TTL 01295 SN81GG 

U22. 23. 24. 25. 1820-0621 INTEGRATED CIRCUIT. TTL 01295 SN23354 
62 
U26.46 18204233 INTEGRATED CIRCUIT. TTL 01295 SNI0625 

U32.52 182().(l5 77 INTEGRATED CIRCUIT. TTL 01295 SN22729 

U33. 45. 53. 1820-0239 INTEGRATED CIRCUIT. TTL 28480 1820-0239 
75.76.18 

U35 1~70 INTEGRATED CIRCUIT. TTL 01295 SN4345 

U43.65.92 1820-0537 INTEGRATED CIRCUIT. TTL 28480 1820-0537 

~.55.64. 1~ INTEGRATED CIRCUIT. TTL 01295 SN4342 
85.16.17 

U8& •• 182().0077 INTEGRATED CIRCUIT. TTL 01295 SN4354 
UlJ3 1820-4089 INTEGRATED CIRCUIT. TTL 01295 SN4461 
l* 18204207 INTEGRATED CIRCUIT. TTL 28480 1~7 

°1211 __ ...cI hit1M'. 

&-2 
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CR1. 2.!5 ttl' 

11'1 thru 7 

:E 
ON 

·32 

HP 
PART NO. 

1~310 

Q340-0095 

J050.0023 

13219A 

Table 6·2. Indicator PCA A2 Replteeable Parts 

MFR 
OESCRIPnON CODE MFR PART NO. 

DIODE ...... bl. light .."ott.r 284fA '~10 

TERMINAL. IHdthru teflon ,nsulated 118291 FT..J10P·2Q 

WASHER. t.aer. 1/4 00 28480 3060«)23 

Tabl. 6·3. Oscillator PCA A3 Replaceable Partl 

n,uft 6·2. OIeinator PCA A3 Pvu Location Diacnm 



13219A Maintenan~ 

" .. 0 CillO 

53 CII'O CII60 CillO CillO iO 
0 

CillO eft 11 C,-':1 :R 1) TO' 
0 0 0 0 0 

:A 1~ 

0 T., 
0 

0501 0 

C 1] 

TO] 

(\ 0 
,.16 

T •• 

0 

o CII" 

S!I -A 11 T~ 

0 0 0 

o CillO 

111. TP6 

056 0 0 

o 510 0 57 T1'7 
0 

51 
0 

051 Clll1 
0 

"2 5'J 5'. Sl~ 516 S11 51' S'~ 

o ell 21 0 0 0 0 0 0 0 0 

121 .. :rl ,. • 
ell,. CII~ ella ell27 CII,. CIU. CillO Cllll CII:rl 

511 0 0 0 0 0 0 0 0 0 0 

2 

sal 521 S22 523 S2I ~ S2II 527 

Oell13 0 0 0 0 0 0 0 0 

02,.·, 
PIp ... S-3. lDdie.tor PCA A2 Parts Location DiIlJalll 

&-5/5-6 
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13219A Replaceable Paiu 

SECTION VI 
REPLACEABLE PARTS 

6-1. INTRODUCTION. 

6-2. This Netion contains information lor orderine 
replaeelDllJt puta lor tbe .mce uniL Separate part6 Illta 
and pull location diaaran- are pnrridPd for each pnnted 
circuit _mbly in Netion V of this manual. Parta aft listed 
in thew tables in 8Ipbanumeric orc»r by relerence c1ftie· 
nation. Table 6-1 iI a compWte putllist lor tbr .mce uniL 

6-3. 
put: 

Table 6-1 lists thr ColloWlne information Cor each 

a. Hn,ieU·Packard part number. 

NoLt 

When "Coml" appeal'S in the HP PART NO. 
column Cor a particular part, that part should 
be lYailabW from normal commemal sources. 

b. Drscription of Uw part. (Refer to table 6·2 for an ex· 
planation oC abbrniallons usrd m the DESCRIP'nON col· 
umn.1 

c. Typical manufac:lul'1!r of !.hI' part • a fivf'-dilit code. 
(ReCer to tablt 6·3 for a lis tine of the manufactul'1!l'S that 
col'l"fSpond to thf codes.) 

d. Manufactul'1!r', part number. 

6-4. Items in the DESCRIP'nON column of the I'1!pla~· 
able parts liat& are Inc»nted to Indicate Item I'1!latlOllIhlp5. 
• follows: 

DFSCRIP'nON 

MAJOR ASSEMBLY 

• 
• 
•• 
•• 

Sut.Rmbly 

Attachine Parts for Su~mbly 

Su~mbly Parts 

AtlKhmc Parts for Su~mbly Parts 

6-5. ORDERING INFORMATION. 

6-6. To ordPr I'1!pl~lTK'nt parts, addn!ss order or In' 

qUlry to the local Hewlett-Packard Field Office. (Refer to 
lilt at the end of this manual Cor addl'1!S5t's.) Specify the fol· 
Iowinc information ror eacb part orc»red: 

L Unit moc»l and .rial number. 

b. Hewlett·Packard ltock number ror each part 

c. Description of each part. 

d. Circuit referen~ desicnation (If applicable). 

6-1 



13219-12A 

AQUAE & 
IND£JC NO. 

6-1·' 
-2 
-3 ... 

-5 
.e 

·7 

6-2 

F"acure 6-1. HP 13219A Disc ~rvi~ Unit Parts Location Dil(l'am 

Table 6-1. HP 13219A Diac Servi~ Unit Repla~able Parts 

HP PART NO. DESCRIPTION 

1321~ 'CASE. tatT)'l'lO 
, 3219-e0003 'OSU CABLE 
1321~ 'BRACKET. pwlel 
1321~1 'PANEL. front 

(~Pet1S) 

Com! 'SCREW. ph. no. 8-32. 0375 If'! 

Coml "WASHER. flat. no. 8 

---x---
1321~ 'PCA AND CABlE ASSV 
1321 &«lOO2 "INDICATOR PeA 
1321~1 "LOGIC PCA 

(AIIachtng Parts) 
Com! ·'SCREW. ph. no. &-32. 1 0 If'! 

Com! '"NUT. -...mbIed washer. no 6-32 
1321 i-«XlO5 "CABLE ASSV 

; 1219A 

IIIFR 
CODE MFA PART NO. 

2&480 '32'9~ 
2&480 '3219~)3 

2&480 13219-00002 
2&480 13219-0000 , 

26480 13219-60009 
26480 13219-60002 
26480 13219-6000 , 

2Sol8O 13219-60005 
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Table 6-2. Rererence DeUcnatiOI\l and AbbreYiations 

REFERENCE DESIGNATIONS 

/II. • .-mOly K · .. lay TB • , .. m" .. 1 board 

B · motor syncf 0 L · Inductor TP • ,_ potn, 

aT • ba«..-v M · ... ter U • "" ....... ClrcU.I. non 

C • c.ac»c I t Of' P • plug con....:tOf 
......... __ bly 

C8 • C1reult br_~ a • _mtConduCtor ct.Ylce 
V • "K ....... 'ube. 

CR • dooo. Other lhen dtOdt Of 
...... 'oceIl. etc: 

DL • .Lay Itne VR • woe .... ' ......... 
os · Indlutor 

m.C'OClrCUlt VII • CIDIe ... _ 
R · ,...tltOf E • MtIC Mect'IC-, ~rtI X • lOCke' 

F • luw 
RT · lhermrllor y · crY'ta' 

FL • tltt .. S • ,..,.tch Z · tunood UY1ty. 
_ ... k 

J • receptacle co nKt ... T · tr.".former 

ABBREVIATIONS 

A · ampet'.-s .. a • •• v PeA • prrnted-c,rcuI1 .-mOIv 

8C · .h • ..,~tu~ c~ "-'" .. n • ,,!MIn PWB • prlnt!d-v..r"l9 oo.ard .. · ~ ph · Ptulltps head 

AI · aluminum H · Mnrlt!'S 

! 
pI< · peak 
pop · peak·Io~.k /ll.R · as rllQu,red Hq • mercury p' · po,nT 

"I · 8d,uS1 tv · hewrhl PIV • peak In..erle \IOI~ 

-v · as;samb'v Hz · he< II PNP • poIlt~gltlye'i>O'SltfV'P - · .... d ...... PWV · pe.k workIng YOIt.ge 

B · ~. .... · ....89On. heU90n~1 pore • porcela. n 

bp · bendPBS po,n • posltlon(s) 
bp, · blu ~r In.ct 10 · .nt.ldr d=af'T'IPter POll · polla"", 

!)jl< · bI"". IF · Intl'rmedl~te freQUe'ncy 
!)ju · blue ,n · Inch, Inche-s 
!>I'n · bro_ 

rl · racho trequ.ncy 

· bras, 
110 · Input/output rdh · roun~ head 

bn 
Btu · Brltnh thtrr-'_~I unit In! M Inu'rnal rmo · rack mount onlv 

Be Cu 0 beryll!um co; oer Ind · .nclude(sl ,"" · root rNUin squ~r~ 
.nsui · I~U'.tlon. Insul.ted RWV · r ... .., ... wor .... ng YOI~ 

C · eoliKto' .mpgrg · .mpregn.~d reet · recti .. .., 

CW 0 ctockwtw Incand · Incand!sce'n 1 r/mln · rt"vo'utlonl PI" minute 

ccw · cou(,;,ttfclocb. "'~ 
IPS · .nc,," ~, wcond RTL · rftrstor tr.ns,slOf' loqlC 

ceo 0 ce-r~m,c 
kIlo 110 11. kilohm k · em<> · UblMI rnour only s · o«ond 

com · common Ip · low~ SB. TT · sacwv b'ow 

crt • c.athodrP r.v l..Jtw ~ · w'entum 

CTL · comptt'menu'v HIM,stor m · m.lI. 110 l} s- · "Itcon 

'09.e M · mep (1 (It> I. fTM90h m scr · ,.hcon controlled rectlf ... 

at" • at~ My · My"r .. I · "'ve, 
cd pi · Qdmlum p(.a't mlr · manuf.ctu, ... .. , · st.,nhKS stHI 

romp • composition mom · ........... 1 ..... III · S'ft' 
conn · connKtOf mIg • mount.ng spcl · s.pI'C:.al 

...... pI • compl .. t~ m"", · "'.scella ......... opeIt · "ng" pol. dou~ .. throw 

~tO. · "'-'.Io.~ spot · ..,... pol. "'"911' thrOw 

de • d,rKt t urr.nt rfttntr 0 """,-'ur. s,em.cond • Mm'CondUC'Of 

dr · dr •• ~ 
DTL • d,odeo,r I'M'S! or &ot.C n · ... no 110 91 Ta · tantalum 

-.,c · ~tedartJOn ne · no.mally elooad 0< no td · ....... del.v 

dipdl • double pol .. double, throw COftne<I.on T. 0 t.tln.um 

dpst o double· pol" .. ..,.. throw .... · ........ t9' · '0911'· 
no · nu_ thd · ttw •• d 

E • etftltt_ no · normal'v_ '01 · '01"'.nc~ 
ECL • ..... 11., ~PHd lO9'e np · n.ckttl plated TTL · HamKtor t'.nst~or I~c 

eat • •• t ..... 1 NPN · ,.....t.". pent""- fMI9I"" - • enca ..... l .. ed NPO • ...... t," poll"" ,ero (' .. 0 

*tit • Illect,oiyhC: '_-"or .. coeff", .. n.1 U(>JI · .....,.0110 ") 

NSR · _I _ •• ttly '!t9IKe_. 

F • f ..... NRFR · not ,ecomlft4lnded for .. ttld V 0 YOlti,,~ 

FF • fl.flop .!t9I~mef" •• r · .......... ... • fl8t '-d • .0 • noM! 
Fim • film OD • _1..0. __ .. VOCW • d"ect current WOfk'nt tfOlU 

Fad • to ... OBO • Of" by """ploon 
filt! • tolll1O'" '-d orn · "'.,.. VII • .. ttl 

own 009.1 ...... - • w'l"I'WOund 

G • ... (109 ) oad • oatde ...nt · whitt' 

Ge · .., ........ "'" WIV · wOI'k,,,, tnt erM 'IrO'U9!f 

II ..... p • poco (10 12) 

pod • or_ndl .. 1 PC • prtntr.:d twcutt yttl 0 yttllow 
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Table 6-3. Code Us\ of Manufacwl'Pn 

CODE MANUFACTURER ADDRESS NO. 

01121 Allen Bradley Co. MllwlUkee. W,scons,r 

01295 TexIS Instruments. Inc .. Semiconductor Components Ow 0.110$. Texas 

07263 Fairchild Camera lit Inst. Corp., SemICOnductor Dill MounulO View. Calife 

08353 C lit K Components, Inc. :-.lewton, Ml$sachu~t! 

12040 National Semiconductor Corp. Danbury. Connectlcu' 

28480 Hewlen·Packard Company Plio Alto. Callforn'a 

81640 Controls Company of Amenci. Control SWitch D,v,s,on Folcroft. Pennsylvan" 
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