
A Portable, Low-Cost, High-Performance 
Digital Multimeter for the HP-IL 
HP'S first HP·IL instrument is the rewlt 01 new dessgn and 
manufacturing approaches. This DMM electronically 
calibrates ItSelf. measures Be and de voltages and currents. 
makes four-Wire and two-wir8 resistance measurements. 
and uses aliquld-crys/sl display /0 OUlput dala, 
measurement units. and alphanumeric messages. 

by Jack P. Trautman and Lawrence A. O ... Jardln 

P 
OIl.T~BI.E .... a::UMTl: MEIISUIU-;'\la-'TS cl .011· 
.... CUrre<llO .• nd reoi ... ncn .'" • """ ... Ity r .. 
~Iooctronk Mn'i<:e ""...,.. ... 1 and other uoeR _I· 

i ... In ,he neld. Lorae omoun .. 01 ....... oflen muO! he col· 
_ and .... Iyzod. If 'hi> do •• can boo ou'pu, by ,he 
_uti .... ¥k:e dlnodly '0' po>rtoble """'puler. ,1>00 r>Md 
,'" coruld ... bI. maBual.rt'OrI 10 record lbe do ... and Io,Of 
on'" II ,CO' ... 1,..10 con bo ...... dod. Low i""N_ .. ,lon 
COOl I. Impcwl"" -... .... unlike. tob"",ory ollulU"" 
wb.e<e "",nr _lit an 110 ... ",,"'-enien' __ 10 ..... 
p .... cl """Ip .... nl. flold _ ... 1 _h ....... , ... dedi. 
oo,ed ... 01 equipment Hi&h r.liobility con .100 red"ce 
neld oUpl"J" ~_o' 

To .. 1I.ly ,be .. .-d •. UP d • ...,loped 0 10w<Oli ... ,.1 
Inl.rlace. , .... Hewleu·Pockord Intorl.ce Loop (Up.n.I,' Thl. 
In, •• roc •• lIow. benc h m ... ur.menll by 0 kl,h . 
perfor,n.oce dllll.1 mulllm.,.r 10 be coupled 10 , ..... d· 
,·.nced compul"lo ... 1 pow •• ul. hand .... ld compu, ••. The 

34au. MuhimMOf Wi,. II ,. , 11.0 IIrs. ltP In"",men' de­
.I,ned for u .. on ..... UP·lt. It I •• ,_"""'. '''''''''01''''. 
~ ..... 'o-JI'o-di3I1. lI_fundlon OMM wl,h .. "V ..... III"'y 
d.lsned I ... bench .1><1 poro.bIe .ppllcatl ...... A rack· _ft' ..... ion wi,h idemicol feol,,_.,he :J.4I;8B. 10 .100 
o .. ilobl.. Thio mlu"", .or-booed I .... "'ment con_· 
..... <Ie ""'to. I", ........ OC ""'to. ,wo-ond lou.·wl ... oh ..... 
.nd OC ond <Ie""...., •. I ... i ",pl •• f ..... Ioc",,"!c ""Ii_Ion 
.Uml ....... """,,,,01 odjuOlmonlO III p<oYid •• 1_ .. COOl 01 
ow ..... hlp. The ... I>dord UP·II.. io.erface ",,'he 34611'" oJ· 
low. C<lmp let. PfOKtOlJI"" bili'r wit h om.1I C<lm llU ...... uch 
..,"" HP·4' U.nd""ld Compu ....... ,be m(lr4l poworiulllP 
11m!.. DO P.,oo ... 1 Compu .... . 

F •• ,,, ... 
s.,y.,.,lm"ort. nl realu,. 0'. oontol"O<Ilo 111.0 34M ... ·• 
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"""ted to • h.ndheld computer through the HP·IL. 
ooltware COn e .. ily bed.~eloP"<llh", S1""e •• nd .n.ly ••• 
dal' lor m.ny .pplka1ion •. For "".mple. to me •• u .. 
temperolure •• n HP·. I can be "oed 10 II nea,; "" the ov Ipvt 
of. tronsducor device m-"rod by ,h. 3468A. Th.n. the 
HP·41 can be progr.mmed 10 oulpullhe resull. In d .. 
gr ... Celolu. or degrees f·oh.enhelt on lhe dl.ploy oflhe 
34&11A. For .udio .nd 1.lorommunicotion .pplicotion •• 
'he 34&11A can di.ploy ""WeI In dSm .efereoeed 10 .ny 
imj>edonu by u.ins' 'imple H]>·41 prosram . For .ppli. 
c,'ion' .""h "'",,lIng _istor 100 e,.noo or performonco 
of. device. the 111'·41 c.n .... ily g .. d.t.lrom ,h. 34&11A. 
porlonn. poroenl •• rror c.lcula'ion. ond di.pl.y the ", • 
• ull$ in percent on the 3468A. Th. loltwar •• nd 
documentalion lor Ih. 3468A include bn .. code pto· 
g .. m. lot Ihe Hp-., 10.1 reduco .)·"em programmins 
limo_ l'eriph ... 1 dovices. ouch •• Ihe 82162A Therm.1 
Prin' .. . nd 82161A CU .. tte D';.., • • ", av.ilable 10 ex· 
pond on HP·IL'y.,em to provided.,. recor<l ins ond m ... 
storago_ 

o Int."up' c. pability. The front .. ponel SRa key on Ih. 
34&11A .llow. the u.er to inte"u?t . running program on 
Ih. computer conlrollins the 301&11 ... ond c.use il to ex .. 
cuI •• nolhet pr<>gr.m_ 

o High .. p ... lonn.n« bench m ... utemMts_ ",. 34&11'" con 
mea.u •• de and lru .. rm , Ie voltage in .. "'erol rongeo 
from 0 .3V 't> 300V luUse.I., wilh I·"V to l .. mV .. ",IH.· 
ily. , .. pecth..,ly. Thi. wide dyn.mic 'lIl.Ije enhances Ih. 
number of mea."rements lhal can be m.de with Ih. 
3466A. The H&!IA ' •• c C(ln"erter i. lru .... rm •. r .. pond inS, 
ond p,ovld •• • ccur"e delectlon of non,lnuooidol 
waveform. with cre .. l.clOTO up '0 .: ), Wi,h. bondwldlh 
of)OO kU, on.1l .. nge •• nd On eXlMded b.andwld'h of 
300 kHz on lhe 30V r.n~ •. Ihe 346M pro,·id ... broad 
.. ng" of IC detecl ion, Re.i". """ m ... uremenl .. nge. 
I.om 300 ohm. to 30 mogohm. " 'i'h ",.peelive .e .... 
• i,i>itie. of I milliohm 10 lOll ohm .. ", .. ,.il.ble fot bolh 
two-wi", . nd lour .. wi", mOUvremen"'. The fou,·wi", 
ohm, funClion c.n be uoed 10 reduce elTon c.u""; by 
Iud resi,,.,,,, •• nd lhe Iwo-wi", ohm. lund ion I. COnV .. 
nienl fa. bench m"",vremen"'. Bolh dc and I",e·,,", oc 
cur",nl m .. ,urem"n" ... pr<>,ided up to 3 ... . Allluno 
'ion' on lhe 34&!1A Incor"","e f." ,ulotanglng '0 pto. 
vide .n.w .... quickly .nd .ccur .. el)·_ 

o Smart di.pl.),. The 3468A D.\lM u ... . n e •• y .. lo-rood. 
14..,h.rocler •• Iph.numeric liqvid-ay.,.1 di.ploy that 
provtde. m ••• ur,menl unit. up. " of lhe ... dlng lor 
u","mbigvov. OnOwe ... Annuncl.tors below lhe r.,.ding 
.how in$\ru",ent st.tu, .nd the "",u' of lbe liP_I!. inl" ­
f"",,_ Wi,h Ih. IlP .. IL inl.rlaco. word. or m .... g •• e.n be 
orbitruily di.played on th. 3468A lor promptinlO or di.· 
p l.ying .n." .... in colcul.,ed unilO .uch •• deS'''' or 
revolution. per minvle, 

o Rechargeable banery. Tho optio",1 bOllery pock in .. 
clud ... a rech'rg ... bl. banery .nd cbarging circuitry to 
oll ow"p 10 Ii .. hou," of «mHnu"", portable mea.ut .. 
menlS . For application. In Ih. Held , tho 3468'" .nd otber 
ballery"I"'",.red HP .. IL devices c.n be .. t up '0 provide. 
completely "",lable m ... ,uremenl system. 

o ~I",,'ronic <alib • .,ion. Complel' <.Iibra'ion 01 tho 
3468A i. done electr<>nica.lly without . ny Internal man .. 

• • t . ..."."'..,. • 

u.1 .dju"men". Alllunction. can be calibrated eilher 
from lhe f'onl panel 0' remotely by.n .ulom.'ic oal1br.­
tion ,y"em_ 

o S.lf·,est. The 3.68'" ha •• buill .. in ... 11·lesl I ... ture in .. 
illoted by pr''''ng Ihe TESTJRES£I key On lhe lronl 
poneL'" comprehen.h-e chook ofboth .",103 . nd digi,.1 
cireults I, ~rf"'med while activ.ting .11 dl.p l.), .. g­
m.n" . Upon .v.,.,..,lol compl .. ;on of ,.11 .. , .. ,. tho m .... 
.. ge S81.~ TEST OK I, diopl.)'ed. 

A Look . t I". [)ellyn 
Tho 3468 ... o.;hieved its gool. of low cost , ,..liabili,y •• nd 

high ~rforman"" by . consdou. efforl to select NCh OOm· 
IX)Mnl of Ih. vollm.te, not only in Ie""" of porformance. 
but .1"" in tonn. of producibility.' 

... look ot Fi., 2 ", ... 1. Ih., the 30168"", block di.gram I. 
, imll .. to Ihe block dia>!ram 01. conv.nilo",,1 vOllmeter 
Th. input 'ignal i. transformed by tbe .ig".1 conditionins 
ctrcullry .- Ihe fronl .nd 10 • vol,.se between ... 10V .nd 
-IOV (o<]V in lhe 00 mod .. ). Thl. ,'ol .. g. i. digitized by 
Ih. anal03 .. to-dig it. 1 ( ..... ,0-0) converter 10 Ih. r,JOlution 
.. Iooled by 'he " .... The mictoproceooorconlroller I1n ... rly 
cOlfocl. Ihi< volue u<ing conOl.n" thot have !>eon OIored In 
the nonvol.til. colibnlion memory I"" Ihi' particvl., luno· 
tion Ind fOnse, The correcled .. I"~ I, .hown on Ih, liquid ­
crystal di.ploy of the Ir<>nt ponel.nd can be outpu' onlo ,h. 
HP·II. 

Th. phologr.ph of the inl.rior of the 3468'" (Fig_ 3) 
.ho",. that Ihe d""4in ofth. in.trumenl i. much Ie .. con .. 
venlionol, ... <ins le p.inled eireu;, boord h""..,. .11 'he 
el""r<>ni« but ,he di,pl.y , Sov ... 1 C(lntr.". with conven .. 
tIo",,1 "oltmele .. CIIn ea. ily be noted. Th" firSl I. t he th­
.ene. 01 T.nonTM standoff •• p",viou.ly eon.idore<l • 
n"" ... ily to .MtlNI high imj>ed.~ on preci.lon .00103 
boortl._ .... poel.1 p.~" wU d ... loj>ed lhat guaronl_ 
high impoda""e' .cros. ,h. boord·. ourf.ce .< Iong .. the 
.u,l_ remain. eI ... n. A vigorous program 01 inOlllutIng 
el ... n handling w" adopled 10 .. I<guard the Inlegri'y oflhe 



HP-IB Version of 3468A 

Tho ;\'I7eA Mtlt"..,..., IF'\l_ I) ... lOw--ootO HI'-I6 I'EEE .sa) "'<9''''''''_ .... ,....-. fC< _ mu ..... _ A O<I<T"COI>­

"" P<OO"'" "' "'" J,468,I, w<h ..,,10, O" P'Oy """ mu ..... .....­
I .. ,. .... ..... nw;roprocooso.r·""seo 347eA .. "" ",",,~, 
5"'·*3~" _1u'Ictoo "'g~ .. _ dHogno.:llO< ",. 
_0<1 'Htn\I " proo...:"", 0< _ct> 01><1 ~. Hs 
_ , .... . ,..",""'" c";Ix .. "", .......,., .. 011"...,.,.. .., ...... _ _ ",_._cootol_ 
"'II" 1"""'",",,00 al low Coo. 

TOo 3478A.,.. mu ...... C)O ,"",01/0 ...... 10(MV ""''''Y on 
.... 3O-r>W '*'1)0 "" '" • mao. .......... ..;,ng 01 XJ:N. ~ 0"" """'-
. ur. oc ooIloQo 'romxo:J.-mV .... ,-sure '_"'" '.pV ",rilooo 
",,'0 JOOVmll. T""...,.. cty....,.., ,_""""",eo ' .... ....,..,'01 
"'II"'" oond"""""g ,~ • .., 10 delec1_ 'ig""'. 01><1 "'II""' 
oo/I.ogot_ e_ IWO-...... 0< ""-'"-. JeI","""O __ ......--.. 

CO<I t>o .. "",00 ,.." a """' ......... ,_ 01 30 ~ """ • 
loo.~fl ..... oIMty on tI>t _ '""9t -. _ 01><1 3.t. 

'""90' 01 oc """ Or: ""',..,. ... P«M<Io<I. ~ , .... ,troeIoon 
•• pa/)ility 01 !foe 34'8.1.. Fa., ... orong;ng omp ...... 'yOlom 
Ihroogtwl "Y """""'"9 , .... 1_ 10 ....." "'" ""'reel ,_ 

T .... 34 7eA COO po"""" PlOd""''''' ""IS 0< a<;quoa .,.,.,",­
... <laO • ., " rMd"'ll$1_ ""'h 31H''Il't'~ 0< 00. .... 
:)3 ....,'"9~·MOOnCl .... ' '30 dB Of ."... ,",,,,,Il00 ""'"9 4"l-do!!" ,""""",,. ""'rMOtIg, .... ....".."'" 01 t .... 3"'eA", 5'; <log" 
«<luc.. "'" moosur...- .poOd "' •• "~'MOOnCl 

Do'igntdlot Mp~8 $}'II' ... . 

.... "' .... "..., ......... 01 , .... 347e.o. COO beOO<lllollOd .,.,.. "'" 
~·'B by • ...,.. ,_ 01 ~ """""' .... _ ~. pro-
Q'''''''''-ry 01 ,troeI ..... , 'onQH, ..., ""'"' """'_ . Of! thO 
347eA ........ <:lUI "" ... on.1UI)o auttImat.c .... _ 

w.~ "" ." .... " . ... 01 .... 00. 'tQ ..... (SAO) ""or'"P! 
c",*"",," . • ,,'''''''''''' dOl. '""'Y. "Of!t-_ '"0 ~O\', .rrd 
powe<-oo SAIl, , .... 347M a_ • ....,,.IIo>bOrly " . OY"""_ rOo 
.,.,.-ru<ty ..... 00. reQ"*'I 01 !foe 347M CO<I "" progr_ to 
.-_ , .... """l'_ .ft ... moos",_ ... "..... IOt<Oo\ 
oIIow'o>g moreefllc_ ... 0I~"'" Tho'root._ S"O 
' 0\' .. IS •• y._ ope,ator .""",pI ' .... eorro:>ulor ,,"'" !foe 
347M'"ron! _. rnt 3478A 0"" alto nog "'" ~ .. 
..,...,-.", to "",00'" _01 powe' 
~ 1<Otrt....., 'e., "'''''''''''on!foe 3oIl8Aporm!<:<>rY>'e· 

....... __ a ., • _ """'II ..... Iron! tortnl'lOi. 0< ..,... 

boords_ fJiminOlion of lhe standoff •• Isnlne'nily reduces 
the .moun' of monuoll.bot requited lo .... mble Ihe '011· 
mel"" and Ihu. low,," il. coo,, 

EiO<:lronlc C,.iIHation 
Even mr:o-o "" .. piciou. i, Ih. oboe"". of .ny manu.1 

adjuslmenl' OJ "Iweaki." Thi. i. ochi.,....t by • d .. isn ,bat 
forte. ,ignifiC'n1 irnperfoclion. ,e_g .. ,·oltose offset. , im_ 
perfed resi>lOJ matchill,lj l lo be lin ... , onw. , that is. e .. on 
of offset and a.ln. Thl. ollow. reading. 10 be C<Ilrocled by 
.imple moth ,outine, th., .ubtracllhe offset "I • • ond ,hen 
perform a mu ltip lication to ..,.1. tho to",,1 . n.wer corr«tly 
o. follow", 

J( _ (R' -¥/G 

...... "'PIA. """'II "'" t ... ,....,..,., .. Tho 10""'11 01 ""'rooII_ 

...-rr>o'IaI N<I<:Io on t!oo 347M'. 'ron' po"".,.. t>t .... seo .. 
""' .... """ ..... MP·18, 00 1>Ott> ... , 01 torm"",',,,,, t>t .Hee, ........ 
"""" " 1I>f"'- O<.>r'\hg"'''''''' 

A YO\. ""OTOR CQIIPLnt; ",""",on",", .. , po'" 01' .... 34 T8A 
pr"..,... 09'01 ...... a "-.......... .. compIatO<I. Tho ~ 
c"" t>o uMO 10 ..,""""" • oeomor to "'" "'''' cJ>aMaI __ 
_or ~oon. , .... _"'" oo......-.g 'poOd M 0;. 

TOANAI. TAOOOOR """" ... ..., P«M<Io<I on , .... 34780.10 ..... t. 
_ ..... .,.,.. ond synctoronir. WIIh .. ""tom. <>ovi<:o 

F ... ElK1ronlo Collb .. _ 

Ute .... 346M. """""",. 0""'01"" 01 "'" 347M .. _ 
0I00Ir0r'I0C0II\' '"""'"-"..". _ , "...,.,.. adius_ An Iurlr;-

''''''' c ... be cliltl'aIO<I ...... ,rom ..... 1<0<'11 ponoI or """"o'Y""" 
"'""""""" ","0'"""" 0)'$l1l<'I\ 

F~ 1. 7l>eHP_3"78A _'" 1<Il10 HI'IBv..-..onoi 
HP' • ....,.. 1Ow-OOS!, "'fII>-~ a;g.t. _ de-
09l ~ ~ "'" <HJ>IOr. "..,,, .. _. and Moctror>c 
.:.ttw-....... IN"" .. '" ;g """'*""" irostwrnon/. 11>0 301!;8A. 
"'"" HP·18 0(#0_ ~!itof _1lrglIO< ~ 

wh .... R is the linal calibrated , eadill,lj, W i. the raw un· 
calibroled feOding. ¥ I. the off .. t ""'recti on loetor, .nd G i, 
the soin "",,,,,,,ion loc'r:o-. 

Th. "",,,,,,lion I.ct",. ¥ .nd G ore unique lor each de . nd 
ohm. ronse , .nd .... OlorOO in 0 CMOS memOl)' Ihot i. kept 
conlill"o",ly PClW..-.ed by a Illhium bo"el'}' I .... n in Fig_ J)_ 
E,"e" ,,·hen I,,", rest of tbe Inst",ment I. no1 ~w",ed, Ih. 
memo.y oonte"ts ca" be kep' v.lid 10< o,'or ten )' .... by Ih. 
li'hium ba".,~_ Th. ,·.I"e. of ¥ and G or. derived by tho 
34611A" microprocessor .nd loaded inlO Ihe memory 1»' on 
elOClfOnlo caUbration procedure. Thl •• 110""' tho UMlr 10 
calibr.,e Ihe intl", menl wlihoul removill,lj the ""v ..... 0' 

lurnins . ' ill,ljle screw. 
lolti,lly , the U.er <el, th. i"strume"t to 'he func'ion and 

'"l18e to be calibrated_ The 011 .. , must be c.olibr"ed 0 .. " 00 
a oh"" I. plor:ed a<;JW' the input 'ermi""l, ~"d th~ us..-. 



enables the C,td. lunction, The 3468A toh, a .ingl. m«· 
surement. recognize, thet tho _ding I. do .. to zero, a .. 
.um •• ,ha"h. u •• r wishes '0 ""l iblO'. ,h. offset. and di , · 
ploys 0,000001 The use, now pr ..... the SGL T~'G loy to 
",'ify ,ho' zero wo, indeed tne "w", t"gel ,·.Iu •. Th. 
34611A o~r.g .. te n SY,.dlgit r .. dlll.tls to derive the n.w Y 
, .. Iu •. 'nd .. ore. this Con"ont in the ""Iib .. tion ,nomory. 
Th. di.ploy then ,.,.d. CAL OO~E. and r.'urn, '0 no,mal 
ope .. tion, 

USing an . , ternal ,tondard.'he u..,r can now a pply ,h. 
full·"",I . v.lue of that particul", function ond lOng" to tho 
mele,.nd 'epeat the p'evlous p,<>eed,,'e. Asain. ten 5\1>· 
diait reodill.tl' 0", t."n and a, ... rased, How.v ... , ,h i. 'ime. 
divtd . opefOtion I, performed to determine the volu. of G. 
ond tne new v.lue i. storo<! in'o ,he calibr,tion memory 

It i. pm.ihle that 0 user may own a standard ,ha, i. VOl}' 

",hi. and know'" in volu •• but not e.ac1ly equ.1 to the 
3468A's lull·"""I. valu • . Furthermore. "...nr " . nd.,du re 
i" ca,dinal valu .. of 1 or 10 Inoteod of J, the J468A ', full 
"",Ie. To accommodat. bo,h of the .. COmmon ,ltu01lun •• 
'he J468A ~uickly m_ur •• ,h. applied .i~nal .nd di .. 
ploys I torgel .. I". 0/ ,000001 or :l00000'. whiche .. r is 
cl"..., '0 th<! m ... ured v.lu •. Usiog lhe l'onH"'ne l', i'I' 
.nd .ij key •. Ihe UMr COn then Incremenl 01 dec,ement lhe 
di,play '0 ,he exac' vol ue of,h<! ,,"odord used, P'esslng the 
SGl. TRIO ~"Y then command"he in"rumen' tocam ... ,.,o 
,h. ol'e"'; 'orgOl v.lu •. 

Colibr.lion 01 ,h. ac mod •• i. dono in a .!iShll)· diff.ren, 
m. "net. On ." .. oges. the nonlin"'rlly of tne lru,,",m. 
convert., . 11"",. il lu o(>e,.t~ .ccu"tel)· only lrom 0 ... · 
lenth tol,,11 teole. " .horted input would Sh'u n inaccurat. 
y ".Iue . • • can be .... n in fig, 4. In many ""nvenlion.1 
vol'm.'." , ,h. oc ""librolion p'ocedure ''''lui",. thol 'he 

.-."._ .......... ---,-

FIg.3. """'",((1I3468A. r".tIec· 
'fO/'OCS _ . .. ,en en. . ,e."...,., 
CI rIl • • Q'"o·ary .... <J<.ploy. os 
mounI«I QO 0 S/tlgle _ <>""'" 
_,~ No le11Ot1'w ,,_ '" 

""' .. ,..""., ... .,~ ...... 
applied ' isnol be "o"ed between on .. lenlh scole . nd lull 
scole whll .. loeholel.nadju.t. two in'erocti""con""I,. To 
c.libnte.11 the." mod .. on Ihe 3<68", • • ioSlo 3Vac signol 
i. applied, TIIo 'org" volu, can bo odjusted 10 Ihe • • act 
volue of Ihe slgool . uOinS the i'I' and <J ~ey •. ond ,h.n 
p"""inS ,he SGL TR IG ~ey will calibr. I •• II.c funclion •. 

Internally. the 3~68A .wilch ... ,h. ranse> so ,hot it Ito. 
0'"' lull·.eal. roO(!ill.tl .nd on. lenlh·,,,,,I. ,.,.dlng. much 
II ~. the technician calibr.,inS a ",,"".nlioo.ol VOllmele" 
Ilowev ... In''eod of ha vill.tl to converge on ,h. cooreet con· 
• .. n .. ile .. tively. the 34Ge,. Wlvo.lwo .imultonooo. OQu.· 
tlo .. . xoctl), for Yond G, This can be done boocau .. moot of 
Ih. u"""libr3ted lnoccuroci ... 0", ""mmon to . 11 ac .0ItoS. 
and culT.n' ,onges . Tho "ncollbraled reading lake n on lhe 
3Vac 'onge will be d"", to full """le and i. l.beled FS . The 
uncalibrated re.dinS laken on lhe 30Vac r."8e wlll heel_ 
10 on.·tenth scol. and I. la beled 15. T i. the 1.rget v.lue 
Wi,h 'ne corroel chola ofy and G, the Inllowing oquolioru 
m""bot"'''' 

T - (l'S - YJG 
TIIO _ ITS-YJG 

Tho 3468" 00.1 •• , lor G fir". Thu •. 
e - O,9TI(FS - TS) 

and Y i. then solved lor by, 
y _ ~'S _ TiG 

Whon ,h_ co.,.l.nlt .r. 100ded lnlo lhe calibnHon memo 
01)'. tne diopl.y r_. CAl. OO);E and l<1",n, to norm. 1 
O(>eIO'ion . All 0/ the callbr.llon I"ocedure. ca n 01.., he 
performed over lh. in'erfo"., loop. 

Much de.iSn effort w.s eJ<pended 10 imuro ,h. integri'y 
0/ ,h. colibro'ion memory once tho in.troment i. colibr. ted, 
To pr.von, unin'en'io .... l writ .. Into Ihe me mOfY, 0 .wilch 
localed on tne rear panel mu" be pl."ed Into lhe enoble 
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"",,1I<InfI; .,..."'.,..., ~ ... .., ...... 3<6&'A ,.. .. _ . -~"' .... --.... ..,."..",,"""-
IH<tngo "'" en.. -.. _ ....... "" ... ~"""" 1_ 
'-'tI "'"., .... IIte ..... Y_Upl __ (~) 

pooltlon to allow die ~_IO .... It. IO the m........,.. Thi. 
bord ....... foHoof, .,.......,,, the"_ r."", unin'e<I'ionollr 
.... libt.Un. ,he IMlnlment or olleri,.. the "'''''''''Y';'''_ 
Int"""" loop. 

Alt/w)u.h .he J.4fi8A .. d.llned to wlthstaDd Iars&"'" 
'""I.ohe dloc"" ..... tES!)) ..... xll.".fjI .. 1 .... lmo .... ',,-,'i. 
Mod lor lho ""Iit.-otl"" memoty, H-.u .. the 2!.fiX 4.bi, 
"'o"""Y .. Ioe ... row '" d ... It. 11"'0, it I. poulbl.thoton 
onU ... ww of d.t. could bo Illo .... ' du,lnS IiSD. Fo. thl. 
reu"". ,he dl.1 i •• dd~ to 'bo' ,he ""Iib .. 'ion """. 
... m. "'"ny p""icul.r (unction ond tonp """ U l<>CIted 
witkin the .. me row. If ,hi, row til do,"I, .It.rod, only lbol 
function Ind .. ".. will he unallbtot_, lhu, ""aidi,.. tho­
'-' lot ...,.,Iibr.tiflj; the on,tr.I""n""'n' Wh ....... the 
' ... lnIm .... I. pIo.ood in ,hoi "'_ .... Ind fln,e. tJ.o CAl. 
.nnundo,,,, "" , hedlsploy h .... bIed. wunl.."heuser thol 
lhe _din. 10 "" long ..... Ud. 5,,,,,,11,,-,,1,. ,be Ippoo-
priol, bl1"f1I oet in , ... 3'i!lIA'. ""UI by, ... I<> no<ily , ... 
In'triac. lOOp ""n'roIl .. . 

~e.ld ... !!SD, ,h ... i •• 1100 . 'm,1I chane. ,bo, , n alp,," 
.,.,tlcle '" • coomic ray may .1' .. . Ilnlllo bit 01 the memory, 
To """"", .. lnOl this ,.,.. """""., .... , In. ''''0 constanta lor 
_h lunction .nd ,."," ... ,.. .,.,!!y hilO • ..,., .. , ..... i,h 
,bent 00 ,"" ,he 3463A'1 micro,. _ COn Iocole sinal.,. 
bt, ....,.. &rid derecf ...,.,bM-bi, ........ Tho """"'"""'" con 
__ , • ol",l.b:i' ....,.. In • calil .... d .... ""noloo' .nd 
, ... Ins,rum",,' will ....... iD ... Iibrll'<l. If ,he jA s", .. 

''''ta ""'"" ,lIu. oln,I.I>1, ......... , ... CAL .nnuncla,,,, is 
ditpl.yed.nd , ... e .. ", bill.,.. MI,o ... ,n , ........ , ,bo, ,boo 
. 0000in ..... uncalilmo' .... "· ... n th,. '1pe 01.....,. io d ... 
,,,,,'<I, , ... PI"""""'" LUeI defauli v.luOl 01 zero f", Yond 
one rot G. 

£1""",,"lc ",libra'ion no, only .Implin", ", Iibr.llon fo. 
, ... u .... but. by elimi""tins manual '<IJuOlmon". ,he Ion,. 
I....", lI.blli,y.nd .. lI.blli,y d ,''' produC1 OJ. Im~. 
Funhtrn>cn. .'nee 'h .... 1 i bn'lon """,11101 con com pe""". 

ror pin ,nor", hish .. 4 .S~, m,ny com~nlS COn bo 
"hwen I ... ,h';'800<1 otabih,y.nd Inlll.1 o<:cu,ocy bocom ... 
_I, IaJ. PoI.nll"",,",,- ... no< t'" onl)' porto '0 be 
.lImlno''<I; ,here ... ",,11'- juml*'l ' o bo i_l1ed ....... 
mo.-.d "'" ____ ta ... 111t h,dlvldu.lly MIected v.l .... 
In ,"'_ 

Mlcrop..,.,.uo, DesIgn 
II i. ptlndpolly by .... '.n.l ... u .. oI,t.. J .6&A·1 micro> 

pnxOlfC" ,h.o, ,uch high ~ri ... m.'1CII it ... Ii-' .. low 
cot,. SI"", ,h. 'nil ... )nitrume", I, 1000"ed rmm ,he I!P.IL 
a, ,he lOOp 'nteri""" ,he .. I. no .l",t,Ic.1 ",.lOOn why ,he 
'1'II.m p-= mu<1 bo ""poro'. lront t .... ia",,1 proou­
tor, .. requl<ed in .,\larded liPoID ('.:EE ""llnst"'mtnt. In 
tho _. ,t- taob .... combined _ o:.ocuted by • 
01 ... 1. e.bit 1II1a"",.. • 

F1$.l.loo .......... how ,ho Ph ,or In,""""", with "' .... 
_ '!on.d ,ho multi_ a.1du uecu,ln. i",tructiono 
.. 'hey 'ppeo' over ,ho Intm_ loop. monilori ... , ... 
ktybotonl .• nd Opel.tin. ,ho dl.play Uypl",1 .ystem oper .. 
'ion. 'n • ton'entio",,) 'y"em vol'_ .. I, tho p'OUSSot 
Impl.n,on" , mullill0l" .... IOI·'o>dIR)'.1 (A.to-Ol .1 . 
,orl, hm,' .nd con!igu, .. 'ho fron' •• nd .witth .. lor pmp'" 
.1 .... 1 ""ndl,lonin, ('ypical,IS",,1 lunc,lon.). Tho,...,.,... 
_ .1.., perlorm •• II,ho 01",'«>"1" <:olibrOllo<> """"",u,,", 
ond monlt"", ,he 5(l.1;O.11z ... hch '" ,IN, I, c"'-eo ,ho 
A·,o-O .1..,.;,,,,,, hovin,,'" jA<)f>O< _.l1 .... fnquency 

-~. A bonl ...... foil .. r., 0011"'" I, 0<Ided '0 ...... tbo p_ 
_ If It IN .... up (_il>ly done 1»' """,*",",y '"""""ti ... 
cod. In. lookup ubi.). If tho kl)'bootd I, "'" _nned 11 
I ... t oywy :.5 """,nd •. ,hi. CO<tn'" ,_., ... procus<>r '0 
i" 1"I,1a1 " .... 

Sine. m.ny fuoction. of ,he 34611 ... noed ded'ated <on. 
,toI for flnl'. ~rlod. oIlim •. m.ny 'Olko d ,he proces.tor 

oppeo, '0 be In conflict .... i'h ... ch ",,-. Tho moo' difficull 
conflict '0 teooI,'. i. ,IN, 01 e>c"",t l ... ,he A·'o>O '1iorl,ltm 
r. decilo;o'od _ro'iOll) ... hil ... 1II mOllIt",i ... ,be keyboonl 
aDd In,ett_ Loop rc- new common<h •• nd """"intI , ........ 
Sinee, hlal>- precision A·to- 0 """ ..... Ion <:On uke up to .fOO 
1I'I11110«0nd •.• key _can be ... IMod "",Irely If It """"'" 
du'I .... con .... lon. AI .... '0 ...... '0 .... It.fOO mo bel ..... 
loop commond tan be Pf"OCUHd I, u.....,...l.blo. 

Thl. ""nnlet I. ,aoIl'Od by oddl ... , con.If.ln, ... tIN, 
ony kty p' ......... loop Odivi'y oboN ,ho ,,,,,IOI.,o-digl,al 
conv ... lon, .nd the tommoncl i ••• ",utod hof"", onOllte, 
con .... lon boaln •. To lIu ,ron,oolhe, bo,h ,n. loop and the 
hyboonl a", "",ni,ortd du,i .... conv ... lon.lhe HP-' L IC 
chip i .. Uower! to in",",p1'ho """*"" when lOOp dolo I. 
.... II.WO •• nd 'he A·'o>O ."",lthm lIm'nnnr woo modifiod 
on 'hot 'h, keyboonl II tc.Onnorl bel"'''" ;nt ... "ioo 
potlorl •. Thu •. the """;1110'" ,I .... bot ...... " ""'" o:t- "'" 
_oed :HI ... mlM<:C"td •. which I, 1_ ,,,"n ,he minimum 
duration d. "",ou.1 by p ...... 

To I""' .... , ... u .. lul ...... 01,,,,, J4l511A in on IIP.IL 
.y.re,", 'wo ot .... f .. ,u, ..... included In Its dai,n. A 
f,ont.pon.1 SRO by ollow. ,he u .. , 10 Inltl.IO • servl"" 
'OIlu ,,' to ,,,,loop controllo, from ,ho " <>nl pon.1 . nd ho ... 
,h •• b!ll,y 10 w,it •• lp"'"um.,lc "he,ae, ... '0 ,he 34t16A', 
dl,play _,Iy lrom the loop con'roIl ... . 



The Philosophy Behind The Design 

~Orly "' ,.,. ""I .... "", pI\a .. 01 I .. 3006aA Dogo.ol .....,""".f. 
....,. tIOIl' ....... goo" lOt lOw COOl , .... I>I<y ...... "",",,rywertllOl 
......,.. _"kong 0.., 01 ,he "",_, ~ obrte· 
' ..... T1IIs ",as <Ion< to ""sly "'" coS4 pte ......... 011 .. """. 
__ •. and _ ..... I'Iogn qyObty ...-.1 ..... oo.y .'. po""'. 
........,. "",",,""os '''"' .-.. "0 <>emanoong AI .......... I.,... 
HP'. ~""". Colorado facfllV,... taking. _."". .. to 
do."", .... maru!o<;"-""Il pn.ioooorIooo., uy.-.g to _ ""'Of· 
ottfI<1 '-IO<It$OQ<I "", •• ~ and _ !>«>duclb<O!y """ to 
".... ~,. """ ~1In>Il proceo .... 

"'" _ ""'" e_ at • ",,""'II to c~ _n .... 
moroJia<;klrlng O1t"'og_ .... """"""""0( ..... 1 """'11' .. lo.iry ,ho 
~.,. to aen ... "'11 """ tnarM.>loctur"'ll 00$1 .... hog" ptOdUCI""Y 
~ w ....... oac""'''Il "'" !>«>ducr. mo",""emont 

perlo<mance. Tho goal '" ''''' "")te' was ..." .,..., to ""_ I 
Jl'<ld"':' ...... """'" • ''Il'''ficant <oeM", .. """"ibuooon. "'-" 10 
_II' w","1 "' .. IN ....... 10 ~ f",",o 1><OOOC' ""''11"...-.1 

~-
Dotllflklon PlIo .. 

C"",'" 10 "'"''''Il ...... QOOI ..... "'"' .. '"'II lhO pot\o<, "...,. ... .,. f_ ... _ .............. doIinotIoo. in • <X>">-

v ... ""'" <leI .. ,,,,,, 0 ...... 1ect>ooIog ....... CIoSlllf1 "'.<n •. 
""'" ........ tIgOf .. ,.,m,.,. "'",.,.,. goO! Of ~ ,ho ...... ' 
.... .."..., 00,00'''''. At m .. _. ""'''' to uouoIIy II .. 0fT"4>ha0l$ 
placed "" qy.iIiy ...-.1 mooo1OC"'f""'iry ......... _ ... , ;n,.,. 

0_ 01 ,.,. SO6&.. ott ... ""'_ w .. dom:>nWotod to ..-­
IhO ......... ...,.... 00,0<""'. ,wo. &'so c~ "",,,,,,,,,eo "" 
",""",oc..-OI*y ~. <lid "'" "'"' 011 011" PfO!O'C1 ot»tC1"" •. , 
"u,OjtC'" Thosonau<tt<1 mat .... __ "" wo."",oHt 
_ "'"" lOt .... ""',,_ •. "'-" tfOO "" ","Of ....,.. "" 

""'fOVO"\! P'<>O<oC' ""_ Of"<! _OC1""'_" 
0... '" .... <ltM."", pI\a .. camo _aI """"""'" oo,oc"'" ""', "0 "'" ..-.ce of tile 34_'. ""SIll"- ThO !of;100,te,... woo 

IOmIfWTIIZ.Iho,..." ... , 01_ ...... "' .... "'<>Ooc, ~_ 
loIt .... ' """""''''Il ,hO ""' ,""" ... , <:"'"",, """-"<l ""0 OW"""" 
fel>aOOoly . """" 0 ... '''' P<O<iUCI ... ~ .. ,.,. ......, of Iho ,""iM-
I:\' 04 , .... ro"idLJIII oompo" .. "" 

A QOOI 0I""''Il''"'\l1". 3006aA vo," .... ,_ 100 POI" was "'" 
" ","...-oy ;.......,000t .... pI\a .. T" _" • 5Yi-<llg' OMM """ 
'00 ",,, .. w .. "" aw< ...... QOOI_ requ ..... IO\aIIv hOW """Il" opo<O&O/l. Tho....., _ .... -.. .60<;0<,""" ..... , ,,1,_," __ 1 

AAoI1>t< ot»tC1 ... m'" "''II'"'''''' in 'he "",,",,"" pI\a .. ,. .. to "'"' ..... ""''''''Of auoomot" P«ldt>;""" .. ..,. ...... """'. f""ue<> 
"'" monuoIlol>O< contonI "',.,. P<O<ioct _"f, """""''''IQ ,hO 
_ <II ,,1>0< .. "'" '-""'"fWIy .... ''1)'" ''''ng ",d<> Fo.- • ....,. 
pit, moen".· ..... """'" _ • .,. oomot ..... ""''' .X· 
peno""1t>on ..... ma"lI>oIIy .... __ "' • .",. in wen"" ..... 
COfeftj ono!yM "' .. """" 10 otIOC, ,ho ""'"' ceo""""",, .. """'" 
__ ,oo,ng "'" """"'"'" ,,,. OO$! 04 Iobor. IoOdorog ."oro, .... 
()<OdOC! _b«ry 

WOh "'" gooIo '" nwwn.z.-.g pa<1 """'" and loW" "' ..... ,. 
_, ."". • ,.,. ., ........ ""'.,""'" .......... """ Iho .. goOlo 
"' ... __ ....... 0<-..sIy Il'<lVding OO<1om>oncO on,; f ... • 

""1)' _filS '" "'" ....... _. coo_ ....... mote< """9" """"pol." ,I Ie ... 
two ffIoOfOP'OCOO$Oft, I>y "'"'II CIevO< ~ ". .. .....-.g _ 
"" ..... '''''''-<If ....... "''''''''e, • wa.!otrid ,.,., . ' '''1110 m."o­
P<OC __ ign """-"d "'"' Iho 300_ porlo,mone. ,_ •• ' 

mon'" A rod""""" In POf!O 00<0tIl _'''Y. """.f 00<00.,.,.",. 
' ' ''''''''' OO$!. and"" ..... _ "' ..... b«ry.'" ,"roc' ,_ 

n..306aA mok .. e,,.,..,,,,,.-oIrustomhybr,,, «ou". Sooh 
tnt .... 1og.1O-<I'Il,1aI """'''' """ .... ....,..,. hybr'" """"""' .. . 
n'\Jl>"~ CMOS ICo """ ."..,...,., "<e\l'''''' _'''Of ..... . 
-'" to d<> ''11''*' ~ on<! COOO''''''''''Il. lOll" _«IInQ 
...... .--or""*,, ''''''''Il , .. 1<:. ,.....,. cow. comoItx~ 
{po"""""')""" inet ........ ....... _. 1'0"_"""'''''''11 
tI>t maIC/WIQ ...... _,no" """"-<>II _ ............. 
""lOCO" "*"'<: .. on "'" 1<:. 

One '" "'" """""' _...".,."""", .. Ihto./nt:"'" """ ....... 
to _'\I" "'" 3006&1\ _ ...,. m ............... .-n, !OS_. 
"""",at"", .. <Iont 0I0<;1<OO>C0lIy Not O<jy doH ,too .... ,," 

Q'NiIy 't<ive<o tnt twOS ""'"'" . r.:! ~ cos" .,.,. ..... """"'Il __ ~ ........ HSOC"''''' O.o.otry, • """ 
f>aocH .... ""'I1'""" .... vets 0/., 0 ........ I>y "*,,",,oc" and 
tnt,maI ohoeIo.. PrQd...: __ ..... 101>0< .. , ... "'"".,.,. ""SIII"'''11 , .... 
., ... '"'*" to btl oaloe< ..... ---.cOlII' """"', ~ oont"" 
..... ' .. HP-IL """ _II' _'"- ,,,. .... _"" I>y ~ 
hon,·,*,", eal>o,",,,,, _"_ 

A ""'''' ory.,01 d'~ (LCO) _ c"'-> fo< "'" 3016eA. p<ma<· 
ly lOt .. plo .... "",",,'0IlC4, '""''''II' and ~_c 

_iry. _ •• oroo ...... '.,.,. ptOd...:1 ""'''"''''' "' ..... I>y 
,""",,,"'Q""""""'" 01 po~ • ...., .. ~ 10"", .t.n "",,"'a"«JI 
~">Uv "'''IlIqrO:,omo''''Il doooes {LEOtI""""''- 31 ...,.. 
"",.""" •• ,. , ..... "'" LCD, .. 01 wI>ch """-"d __ 
........... _ 0 ... " ... o_ou' I»O<d. F"",",mo<. "'" LED 6 ,,,,,"y 
"""-"d con.""" mo<t """.' (ot>ouo • ~Wl thin , .... LCD 

A one-poeo ••• __ ~oy\x>ofd "' .. .. ~,,~ 0 ... 0 

cofwe"'"",", '-'~ ONay"'~. _II' _ ' 0)'> 

Not <riy """01",. """,,*"""'f ~d """'nat. 23 po .. , • 
p<",.~ .. "" ___ 00-"""'"", SW>1ch "'_ 0100 """" a Q_ '"' 
,,"n the 'roo-. _. _p<og <11m .... """"" .. ""'01 ..... ....., _ 
eweu.,.,. 

One ...... ~ ~ to "'"' ..... ""'''''''''' """ .. 
~_ .. a o .. tom pr....., caw< _,6 pr"" . .. _igno<I to 
-., I'Iogh ""Ptdono .. """" ... pec""", ~ 
"""""""'. n... _. _ ., .. 'hO _ lOt 10"'0 .... · •• " .... ,,,,,,,,,'10 .,""""" .... ~ 0,,",,' ...,.".,..,,, .... """ 01 com­
__ "'"'" pmIo<J o",o'l><Wd 

Ooolgn Pho .. 
'n .d,,,,,,,,, to "''''"'II '0 "'"' tI>o obrt<ttvo. HI " ..... _"'" 

pI\a ....... 1obO<..,.,. """"'" __ , _ ...... he< QDOI;n1ho 

<1009"""'" '" "'." "'O ' "1*1ocf" dosogn. Who, wu ........ ",. 
-por-r.er was • """Il" ...... _ <riy _ ..... "''''"'-I opoc b­
e....,., .. t1u18I«> ..... __ v.t!I "",.(IOf.~' """ w", com­
""'Illy 0","'",,'.,.-. opoc ...... ""0 i)Ua<""'""" to "",,'aut 
pr<JPOfIy """'" thO _"-c'" _''''''''' COOO''''''' 

To ""h,... ..... "POr1oer' ""SIll" QOOI. ,.,. '"'" ploct<l ''1)''''. 
..... __ ... on ox ........ '.""Il of ,ho NI1y P«lIOI)'POO Com-
__ "",""",,ai, .. !ety, _. ""''11'''- .... ""OM<'''''' 140 

..... ""'''' 100 ....., ..... """"'''''' '" Wf"'O"Il 00J4 .. ~ prot>. 

...... a ... <Iv .. pooo."", _,.,. O«>totypoo ...... _ bo"II 
-- I>y tfIQ ........ tt>ty""". -"'""-"" ~ .... 
""",Mod In .' P"''''''''" """'"' In "" _ to roue<> I ...... 
Po.-oo",oly, Iho ............... __ ,."..,..., fIO«>,.,..,...,._ 
v.br.""''''' ....... _ '" 'ryto'-"""""' "" .. ,",., ... "'_ 0:&1_ .... _...,., ""f . ....... """ _ ...... caio!LO!y 

""".......-.ed • .-.1 """ "'" ho!p 01 "'" quolity ...... one. """,,0, ___ ...... ~ .... ,.,...._."".n.m"'''' .. _10 
"""'P<V 011 laio<1 """"""' ... and ""OUQ"Y ...-" ..... "".,.,. 
-~. 

" 10'1/0 .".,.." 01 do'O w" col"" ... on ..... f""'""'. ,..., .... '" 



".., 1!wOUQI1 tr .. ..,"""1'1 ...... 01 .. I,., •. r""st ....... we,. ""',..,"" 
to _,"M'" '0Ag"9 I""" -OO'C 10 .7S'C 0<>;1 ",,,,;..e 
,....",,' ... "" "' 95% '" 4O"C T .. data colee"" '" , ...... ,.,.,. 
eon<:I"'''' WM .... OO1"'oiIy ONly'''' 0<>;1 O><I"IPO'Od 09' ..... , .. 
"'-_" wee'''''''''''' to ..,.,... '''''' ...... 'oe,""'. 01 , .. 
dOsogo we .. ,~ ...-,,""'" 

"'" """"""'" In ..... "" .. J.461>'1 ""'9" """st .... hoCh p<~ 
c,ue"" '0 ~ tho QOJoIoty 11'*1, wo. ' .. , .... _ .. ___ 
" • ....., .... Of1Q,n .. " "' ... _, Th • ...,""" ..... "" w .. "' 
"",""",cd tho cIe .... " """ • ...- " ..... .." I>¥C .... _ 00f<"4l0" 
...... ".,.".,...,,'"YO<>;1 ....... ,~.,""""" .. besI_ 
Tho .-.... ____ d""usud tho """",""",,, '" -",,~r 
~wotn.o.c/1_and"""_""wotn ... _., 
.... ""'" _. "" oen_ng ,M I/O>' 0...,"", , .. 'OOPOOSO 
M , .. p,~ '" , ..... ""'" rw t>oen qIlie I."",.bIoI, ..... """" 

""" ....... to "''''''' ""pro ... __ '."''''''$I\'PS 
~ , ... ," dO"...,... ""'" , .. co,"'."'''''"' dO$rOO ~ wo. 

tho ~ """""""'"'" on tho PO" '" ..,...."oc,~ ong .... ,ong 
r ...... m" "'...."oc ... ng ong .... " .... ""'''"'' , ... own o. po_, oo,oc"''' to '-' tho over .. """",,"I ~. T .... 
oo,oc ...... _. to..,.,..e""" '00% gooo ...... w.". ""'_"" M 

,..,.,. to tho proOucbOn ...... and '''''' tho """"""' wen' otvoug<l" 
.'''''.'''' """,,,,oc"'ong tyocoss G""", Iho, 0 0'''''''"_ eyeIo 
oeg ..... " '00% good PO'" an<! no dO...," ... '''''0<1,,"'''' 
""oug/l , .. m ..... oeturng p<oce ... ~ c.., "" e""",,'t<l ,.., on 01 
... "01rvment. wi! tum on an<! ""'c __ rty WiIx>..< any 
..... rmeo_ ... tng. r ........ goOI""ho _""'''' __ ''9 
team. wlucn ,epr ....... 0 "llMoc .... <Ie<la ..... ,romCM_ 
monuIoc,,"ng ~ 

To oc_ tt>orr goo,", ,"" m ....... oc ... ong ong ..... ployeo an 
oc"'o _ ... _ ' ng _ ..... cIe$rOO ong ...... to m.......,. , .. 
""""...,.,"'" '" tho _. Tho _'\In 0f1Q'--''''''''''''''' ...... 
... monu!oCWlng ""II ...... a' _" prOlOlyt>e "...... to got 

OUIlQO""'" "" now '" """" ... If'IO P''''''"'''''''Y'' "'" "" ...... ......,., "'" """'0')' '" , .. moooloctlJ<ng ong ........ """"ue"o"· 
..... _ ... a ... mblOd ," p_lypos """ o_teO M 
a.~-aIoI'" orotNemo. ThoM ~. ","," ~ 
~I\O • manul'C,",,~j.y ,.V>eW W" ""'~. rho ""p,,,pr .. '. 

An.1og o.. lgn 
Th. 3466A·o p_I.lon an.log _tion .. ,. domino'", by 

Iwocu.tom h~brid ci,cui", af,ont·end .ignal ""ndi'ioning 
hybrid ond on }\·,.,.O conv.rI", hybrid, Both oon.l.t of 
cu,tom C~fOS dlgito l logic. 10w.I •• k.go ~IOS .witch ••. 
ond p<o<i.ion ,hin·film ,", iOlor no,wOlb, 

The microp,""'''''' "'iolly I",d. the fronHnd hybrid by 
u"ng three port lin .. , clock, da'a and lood . Thi. d ... I. 
t,.nsfor.-..:!'o 0 lotch. which d,i>..,. ,h. MOS .witch ... Th. 
ot.t. of Ih ....... itohes, wMoh 1""lud. "'loy d'i' ...... com· 
pletely dofin .. ,he .ign.1 condi'iQ1ling .nd v .. i .. wi,h ,he 
p>.nicul .. f",,",tion ond "Il.II' of the "oltmet"', The p_i. 
.ion rront •• nd hybrid '''lui,., one .iIi""n chip ond 'wo 
,.,i"", n.,wo,b ond i, mounted on • cu,tom high. 
Im~o"". ptinted circuit t-nJ. QIJ,.ide,h. hybrid eircui. 
ore.he ope,.tional amplifiers thai .,.. tho oct" ... compo­
nent. fOf lhe do. OC, ond ohm. elment _tion •. Fou, low· 
th",mal ·emf ",lay. a", .,,·ilchod by the h)"brid when high 
vol.~ ..... a po .. ibility, An integ,ated rms conv.'ter 
• .,ppli .... do slgn.1 tep'e .. nlll\8lh • ." .ignol ,·, Iu. to 'he 
A·,o-O """",,rio'. 

Th. "·'0-0 hybrid consl.t, of OM CMOS chip on d one 
,..i.tor notwo" moun ,ed onto 0 ,t.ndanJ 2&pin "" .. mie 

0_ ... '. on.:orpor.,Od ... , .. 1'1,,,, pr««ypn, 
Tho goo, '" • -",,~oo,.· pr""...""", ptOOMS ,"""",eo tho com­

""' .. 0'" oc""~ .. "" '" """'" process ""P'. Macllrnery .....", os 
"'" au'om."c "st"ron <>Qu'p","", """ ,"" w .... · ... ~'''Il 
rno<;IW>O __ .It"st"'"'" O""OC"''lt<l ..., or. """,,'orOd 

IfWO<rgh , .. """ '" coot,oI c .... '" C<>n<>L<o ..... """" ourl..,....., 
Q'"'-"" "'..,. __ """"""' ___ A< """ .... ~ 

-...g """", """ ......... " ~ .... ..,.,.1Od ~ 
out "'" mWlu!OC''''''Il .'.,. N .... ntnd""ll p'ocod",os ""'" 
"""" . ..... 0,_ are ..,. _........,. cont....., .. t<l dIx· 
<>g 'ob,,,",,,,, _ ... docu"""'ta'ron """ " .... ~ "' •• 

"""- par! '" ...... chongos Tho ...... prod""t"" prooos. """''\1_ w"" --.,tao ... "'" 
.,." ",""" AI, """'''''''''' ,_ om .. ,,, ... Ioop< .... mflOt«! 
",tu;!, • '"'1)10. Tory...-...c ..... ..., colo"'"""" "Ystom ........ "". 0."' ..... om o",OCI.,,, •• _" onot ........... Only .~ ..... 
compIot<oly._ T .. HI'.ll. ....... oc. an<! oIoctronic ~ 

"'._ '" tho 3<W .-.- ,"" <leSoQ" '" ,.,. OUk>motoo syotom 
__ """""" ' .. 'ure i. It10 o~ _''''' '" "'ta on 
_h ., .. ..."..,. r .... ~aI •• ~.t<l M • , .... D'y ...... _ .. 10 
lOOk ""',"""."' ......... opooc~ic""",,, Tnu.It1O __ O)f$lom 
",so oclS •• 0 process """""" 10 ,,"'ocl P''''''"'''" .. Ny ..... " "''''''''',",bOn_. 
_PhIl •• 

W"","" u ...... "'" .... 3<61>'1 '" produe'",,", ... , ...... "' ..... 
""""" .,., ""ally "" .....,. W~h <lOree, ' .... ''''''"M ' .... 0<>;1 
t ...... , ... ",.,. h,""Y .... CIiO""". "'" ao""" ''''''s _. com­

... ''''' OQOO\$' _"""" r"" "'" """''''''lOll run yIOId wo. ro%. _OWe""",,, ''''' "'''''QOOI''' 75%. _, y""" ........ """ 

... ~ one, ........ ana ,;w....-.l"j' _ 80% r"" ior9.""" 
goOI '" ~ 0 96% 'u' .... "" y"",, appear. 10 "" 00 ..... ..,. 
Eocn "'"*' ,''''' .. '<Ir.nI .. IuIy doa.mon!Od ..., pr....,"'" to 0 
'"'" _ • ...- iOO ..... -.'" "'" OOUIC_ '" tho _, ..., 

"""00' ''''' proI>Iem 
rhO 3<61>'1 . . ... '.--. ......... 10 bo • succes., " .. bong 

""""",,,,1Oterl ,.., D'y cI'>Ongng <to,,¥, pnIooophoo •• "'" """,Iy 
0<>;1 m ...... ".ctwoblrly 01 prodL>Cts .,., bo sognrhcWltly ~ 

du.1 In ·lI"" pocl<a.s., The J4611}\ "!e' a modified ~!ult i· 
SIQJ>e'"!I olgorithm' for it. A·t.,.1) com""iun . Five mic,o­
p,oces .... line. inlo the hybrid de'.,min. 'he c"""n' to be 
,ummed by 'he intog .. t",. A "" .. n ..... t'" on lhe chip me.· 
,u,"s the I>OI"ity of the in"g'ato, ond .. to 0 mic,o· 
p,oce._ inpu' to .h. pto"." . ign ,·.1 .... The intes'''''' 
op.,ationol omplifier ond '.,.0 ,.fe'ence op.,.'iono l 
ompl ifi." ore loe.ted off the ohlp. 

Ae~nowledgmen'" 
Th •• ",hon wish to th.nk Our f.lIow p,oject tetm mcm· 

bers . Thoi' 'e<:hnir;.ol .bili'; ... and ,onOCit)· m.de tho J' 08A 
.nd J478A ptod .. ot .. uoces.<e ••• nd equally iml>OrIOnt. the l, 
' .. m"'(lfk .nd Jj , ... ly .pi,i,. .n"I.". lu " pro;"':t to "ork on 
Geor!Je Hnoliu k de.igned tho ohms ou,rent .""reo •• nd did 
,h. I'yout of The iopu, lin.llne ,.,1"", Clteult., Kell)· 
W'ight d •• ignod tho de .igna l <x>orJi'ioning "nd thecustom 
CMOS input Ie. Ron S"erlein w" respon.lble for the OC 
.igrlOl conditioning ~nd rm, can'.rle ' rl .. ign. whn. c..rry 
Roo k de.igned ,h. po.,.o, .opply. battery option , and 
liQuid ·e,y.tal dlsploy, Mod, or the H68"· •• Ie<:ttical 
robustn .... nd A·T<>-!) co"'·"'e, lin ... ,it)" are "'01" 01 the 
efforl' of IVayn. Goe k., W.yn. 01"" did 'he . IOCHI""I d ... 



.Igo 01 the J4IJ.1lB, Bill Mine, wo. ""poo.lhle for the 341J.1l'" 
mochani",1 de.ign, and tx.ug Oloen d id the HIJ.IlB n'e­
"honio:al de.ign. The 110 softw • ..., .nd hardw ... de.ign 
,,"'a. pro"idod by Gary Stad.l •. ,..h.,.. technlc.1 matudty 
and guidance got u. through the difficult tim .... tndustria] 
d""isn fOl the 3463A ..... do ... by Jon Penn ington. 

The p,oject mO""ger and pUDdlt for.he 3478 .... the fll'_lB 
"" .. ion 01 the 34M"' , ",as Ron T"Ule. Ri"b \\'I]son and 
Virgil Le.:ne," did the 3478 ... ,loetrieo ] do.lgn. ,..hil. Ed 
Pennington did the mochanleol de.lgn, Industria] deaigo 
f.,. the 3478 ... ,,,as don. by Ted O'owfOld. 

1-:o"n Dlllm "n de.isned the environmental ",st 'r"."' 
and wrote the te" softw.,. fOl both p,od""",. SI Sonde,. 
wo. the motori . l. ongin .. r for booh produ"". 

loe M.rriott wo. the section ma .. ger fo< the "ompletlon 
01 the project. 

A opeei.] word 01 thank> goes to om original ..."ion 

lOw..,,,,, .... tho .... "'''' 
lorf\' DesJo,<lin att"",*, the CaIb<wa ..... ,""'« TOC~,""""Il" tiS 
<leg'" '" eng ..... ,"'Q " '9n. lit 
....-ttd _"'II It>< HP ..... _""" 
C<>">i"'--"'"ll "'" """'"'" at St_ ..... 
-..S"V _ '_""'Il to. MSEE do-

" '976.". "onsfer<ed 10 HP. 

manager. Roy Bu\;cr. HI. ma""llment >1ylo and .upport 
ptovlded u. the wo" "n,ironm"nt n"",,. .. r)' to tl}' some­
thi'41 different, and then pro"" we C<lYld mab it WOfX . 

Finally. all oIlhe func.io .. 1 ., .... within the Lo,,, la nd 
fadlity de .. "" recognition. The 3468'" ond 3478'" ,,'ere 
dl"i,lon·wlde ptojecto that ,equlred the unwovefi'41 errc.-to 
01 m.n)' Individual. outolde of the I.b to he ,ucceuful. To 
all of you. "'e giv. our thanks. 

Refe .. nc .. 
1. H.O. Qud "nd S-I. .. t"<P«, ··i1P.lt.: A ],ow";;"", il;gUat tntex· 
{..,.,I", Portahl< "'~p l icotion.:·I\e~'l<tt·I'acIoo'd 100m.l. ;-01.)<1 , 
ntI.1, I. nuory ..... 
2. A. Fur .. , ··Do/<!Id· F ..... 00<13n ... ppliod to ltP V<>I"R" ~I"".:' 
moe""n'" "u.;n .... "emu..,. HI"? pp. All-A' 
J. !.. T, "",",.1,1. R"'MOj'et. and C,". au" " P,..,iaion OV~t H" 
Wid. Dy""mic Ranp'nO m,h s,-$l ..... ' S"....t " 1I ... ·I .. t· t>aeIoo'd 
","n .. l, \'01. 32. no.'. Aptlt Hlllt 

Jock P. TflIutmlln 

Low-Cost and Portability Come to Data 
Acquisition/Control Products 
Inexpensive, portable data logging with the flexibility of a 
data acquisition/control system is now within the budget of 
nearly everyone making transducer measurements. 

by James J. Ressmeyer 

TilE 342M D.t. "'cqui.itiofLO",trol Unit (~ig. '1. 
HI'". newo.t !ow-cost dat. acquI.ition and control 
<canno,. ropr.","t. lh. l im inotrumen1 of this 

t)'pe u . ing the How]e,,·t'KXard Intorl.ce Loop (1lI' . I~l' 

B.ner}" ~we, ond the unit'. light weight allow a complet. 

m."",ement .)".tem to be configured by .dding "n lip·. t 
llo"dt.eld Computer , On 8216.A Dlgit.l ca • ..",e Drive and 
On 8, 162'" Th.,mal j>,in,.,IPlotter . TbIH),stem (,hown on 
the cove'l "'" M ... il)· tr.n'porled and operated in the 
laboratory Ollield. It. low emt allow. Indl"idu.1 o'4lin ... " 



.. " . ..., - o 

to dedic-Ito. 'yOlcm (0 .~me m""u,ement. durins the 
dHi.g" or t",t ph .... of produ~' dov.lopment. ond o~n. 
ne,,' !>O'.ibllIHH fOf d.t. OCqui.iH"" ,ppli",,'io", 

Th. 3421 A c.n boo configu'ed with "I' to 1O chon"el. for 
",e .. uring de volt., ac vol". re,i".nco 0' frequency 
through tl,. " • • of th,,,,, lO·chonn.1 multiplO'ing ••. 
..,mbli~., Th""" • ...,mbli ••• '" di_tly CO''''',c(od (0. SI'>· 
di.gi( multlm"'. ' tontained Inside ,h. 3421,0" The ba.ic 
"""mocy of i" """lag.to-dlgit.1 (A·to-D) conve,,,, i. 
0.000%-+6 coun" for. 5 ... ·digi( de ,·oltog. ",,, .. u,.,,,."t. 
Sel"",.bl. ,e<alution 01 $1'>. 4"', or 3'h digi .. CO" be t ... <Ied 
off OJ, i,,,, ", ... u""". "t speed, 0"""" .... mbl ie, a", .v.il· 
ab le for .. " . inS and .. tting diSi .. 1 info''''otiool. ,,,,,tching 
high. I.,'.) (2WV,m.) device., and for de.igning CU"om 
dn;ui" to ,",.rl..,. d iT1lC1ly with tho i"""''''ont. Up to 
,hr<:;, .... mbti.,. <>In "" uood '" .. ch 342',0, molnhome. 

An imfHJItantleotu", i, the in""''''enr •• Wlity too~r.t. 
on bo"ery pow"" A I .. d·..,id battery in, ide 'he in'trument 
i. k.pt fully chulled dU'inli normal o",,"'tlon on oe lin. 
po",,,,. Should ac lin" I>",,·e' be interrupted to the ""it. tho 
bau.ry will ,uppl)' powe, fo< cont inued "I""otion . Th. 
342 ,A CO" .Iso boo u<cd I" the field '''''y from oc line 1>"""'. 
i" battery .Hmi"a' ing 'ho "eed .nd e.<"",,'" ri • lJOI1able 
~.ow .. tor, The Instrum""t respond, to the lIP·IL .tandby 
command which pu," ,110 instrumont tnto. , I""p mod. to 
COnserve battery power. The 3421/\ can aporate up to ".'0 
month. in tho ,1""" mode , w.klRtl up """".Ionally 10 'ake 
me .. uremenl>. 0' up 10 " •• 1,'. hours continuou.I)' on;" 
;ntemol battery. 

Th. d .. ig" abiech" .. for the 3421,0, we", focused on 
pro,idiRtl "'noduce,·based meo.u",menl ""pobihty with 
low "",t low pow., ond battery bac kup. portability , and 
... oe of """. 

HP ofle ... da .. OCqui,i1ion ')"Mms based on d.,ktop 
coonpute ... c" .. ble at h.ndllng. "e,)' lor8e numbe,o! me.o· 
''',em.nt poin", However. until ,h. J421A. no 'imilor sys-
tom • • isled thot could toke 1,,11 .d, ... toge of lh. n.w .. ri.1 
IIP·IL ond ,h. lo,,··""'t <ontml lc ... m.de "·.il.hl,, by It 

Key Featu",. 
The func'lon ond f .. ,u,. , ... of tho H21 A .1I0w m".t of 

lhe tr."sduee,·ba<cd me.o'Urement. needed in dOl' ocqu;'i. 
tia" ond logging . ~I""y t,.n,du"" ,. .• ud OS the,· 
mo<:ouplcs, bove de vol"so OU'pu". The 3<21/\ h .. tho 
.. m. 300.000--c0unt ou("",,,,,ins A.to-D oon,erte, used in 
tho 3~GeA a"d 3478/\ .ol''''et .... (."UMicioon ""Me 3), Th. 

Fig. 1, IhoHPMOOtt/342IADaU 
4cQU<fllJ<W>.CotI/tof (.n( ... -. 

""". W".'y,"""",~d. up·la· 
"""Y''''"''''''' ...,,~ ....... n 

iNOf"" """''''''''"' ~ COU<lf", 
~ "" "'. "" "'" HP-IL 

low""" ,"ns. bas 'ho "/LV .. n,iHoit)· 'equlred rot th .... 
mocoupie meo'U,emenlo. The high ... TO"Ie 0110"" • 
m .. imum input 01 lOll .olts. gi.ing the 3' 21,0, • wide 
dynamic inJ'"' ,ange, A t.m~ .. 'u .... son"", on .. ch W­
cho"nel multi pl."", cord p,ovldes. ,eferenee iunction for 
th onnocouplc.b .. 0<1 ,.mporatu,. me .. "'.monto. The 
'y.,..T th.nno<Ool,lo oon,' .... lon in the 3421,0, provid .. 
temj,""lolO .... dins. direG1ly in des'''s CoI,iu, 

The 3<21 A .1$0 ~rlOfm. , .. i"on"" m ... u,oments, usc-
ful in tho m""u",onent 01 othe, ty",,' of t ... noduc" .. , .ueh 
., R'l"D5 l ..... i,..rH;&-temp ... 'u,. dO'..,I",,) Ind therml,· 
I,.... T~e lowe'l range ba •• ",n.ilivi'y <:A t mn o"d t1l<> 
high .. , ""\110 hAs a max imum Input of 30 megohm" The 
",ultipl.x., ""rd. con be configured 10' . ith., h.'O- or 
four·wire , .,i","co me.""omenls, A" intornol zero-
",oo.in~ ""un'" . ttow. " "'luenor "' .... "~'''e"'' lup '0 '0 
kH11 , o",f,,1 10' tranod"c"," with pul ... OU'pu". such .. 
flowmol .... , Ana,ho, lunetian in ,h. lOl'" i, on ""'030' 
t •• ponding oc con,eM", for m .... uring li_ ... l"ed and.c 
,i~nol. oll'OQuoncies up to 1,$ kHz, 

All ofllo. fu",clio"", Ind ","se. 01 'he 3H' A Of, .Iectron. 
ic.lly colib .. ted h)' the .. me teclmique used in the 3 4(>3,0, 

1_ p.oge ~). A nonvol.tile CMOS RAM powered b). , 
lithium batte .. ,. I, used 10 "ore on ol tllo con"on" ob'ained 
during colibr .. ion of tho i"",ument. There arc ""po .. te 
CO".,an1O for off.." corrc<:,iOJt of ooch of ,he ,efhene ... 
junction tcm~'atu, ... " ...... The calibration RAM i, pm­
leclO<l from occid.nt.1 .ho, .. ion by requi'ing a hardware­
.". bl •• witch 0" the back po nel { .... Fig . 11 to be..., 10' 
""Iib,.,ion, Tho ""libr.Uon OOn,ton" ""n also be read.r 
written 10 by.n HP· I~ oo"tO'OII ., tMough the in.lrumenl'. 
L·O interlac. , 

The 3421 A con be prog,ammed to SCln • sequonc. of up 
10 30 ch.nn.I$. Th. instrumen' too, enough intemol memo 
ory to ,10'. on" IlCOn sequen"" prog'am ."d one'" ol 
r""dinHo. One "i!l8~' c",,""ond ",III ta ke ,eading' pe,lhe 
&j>OClf,ed llCOn ""'luen"" ond "ore 'hem. By using the setn 
commond,. , oc' of , ... <IiO\ll' con boo lo ken .• tared. ond lale, 
,eod back Into t~e contlolle'. In this manner. LQ time i, nOl 
'eq" irod be1"-et'n eoch ,..,.ding. 

Th. scann",lmul'iple,,," capability of the 3021,0, , •• ides 
on up to 110,,,,, optlo",,1 I""in'ed cin;uit board. accessible 
lhrough ,.movable 00'· ... on the ,e., ponel. tAch booTd 
COm .. ",lIh remo,'obl o p,;,,'od cin;u ;t board edS. cOnn""· 
to .. for conv"nl.,11 te,mi"oHon of the user's field wiring . 
Te rmin.tlon. moy be mad. ~'m.nent by pun;h.,'ns extr. 



terminal block<. 
Th ... dilFe ...... 1 plu •• in ...".,bly opIioou .. 101. Iny .. 

which ""n boI ploced In Iny Of III "'M ,iIret 0I0lf. n-
1,,"lud.'~ Uklwl",,1 .. loy "'ul,lpl_ .... 'or .• disl .. l 
to Inlltfl«l. Ind. \n.>dboard "",Ion. 

fII ul1 lpl . . ... /Ac'u.'o. AI.embU .. 
Ha<:h ,o..:lIInnel muhlple. otia.clullot board conliin. len 

IIlchln •• 10w·'he"""I·di,,ipo,lon. """"'U" .. Ioys gIving 
,,,- lU, A I m .. lmum eoplcl,y ",hh1y .. lly' when ,""'" 
boord ..... Iru .. llod. Lotching .. IIY, ...... choHn beeou ... 
",ho ..... 11 dr.ln on ,ho boll..,. ond thol' IlIII.onndy low 
' ......... 1 dl .. lpo,IOII. T1Ie .. n .. loy. eon bo eonn.ured by 
"''''I*"' In I number .. way. to ... 1t tho ...... oI,be u_. 
Two 01 ,h • ... Ioys tIIn ""oed .. I l,her two-om""", oc­
t .... t .... or muJtipl. _ .. Lo ••• n.. other _lItht I .. . I .... y. 
mui"plu .... bu'_. nd.or .hunt .I ..... n .. con bolddod 
'0 Ih.m . 0"" cllln",,1 co", .. wl1h I .. mo ... blo 'a; I divider 
Inlended fo: ..... in moni,,,,I",, I'Ow.r-II"" ""hoge. u.'ng 
,he SOllA·. Inte,,,,,1 JOVa<: .anl". The board 11110 can be 
jum_· .. I..,led 10 multiple.< tbe .. n .. lorml""l. for fou.· 
wi .. fUl ... "", m" .. "",,,,,,n". Tho IfI lnd La I",nl.ponel 
lerml""I .... eonne<:led to tho muillpl .... •• common bu,. 
Tblo bu. con boo dioconnoded from tho 302' ..... Inl.mal 
muld_,o UM _mal i .... rumcnll or to ,11_ 01..,1. 
ended _nRI.., 01 up 10 ~ potnll with 0 common ground. 

OIgIt8l WO A. MrnbIy 
The dlailll L'O board boo ,llIh' no."I ... In, ...... ,nd oigh' 

floolln, OUI]>UII. ~ InpUII ... PfO'te,ad b~ ""'01001110 ... 
Ilte'UM _h Inpul can d..,O<;t ,he p .... "'" or .bsenoe of 
cu' renl Howl .... el,her S·,"01t TIL or H·vol, o.rOS .ignal. 
.. ·111 ,,1l1.li"' lho In]>ot "",," lly woll. Eo.ch bit con be read 
IndMd .... Uy • .,. tho ,,;gb, bill eon be....:l .. ono W1l<d. Tho 
3U,A eon be .... up to trlQ .. I multiplex. boanl_n 
ooqu"""" whon • ,,,,,,,'flC dili ... 1 word ocao .. 1t the inpu", 
.. I dl,ltollOboord. T1Ie""' ...... "thodl.110110boord ... 
p<oI«ted IJIIJUl .h<wti .... nd "0. 1000'ted O.\.tOS fE"T 
.wl'cheo. An on .witch i. copoblo oI.lnk) ... up '0 :JOt) mA 
II I ... lbon two ohm •. An off .wltch M. In Imped."", 
8""10"I1hoo 1(1 Mn. Th ..... witeboo ... uoed .. open·dra in 
OUlpUII. F .. eh owl,ch can he .. ·, itlOn '0 Indlvlduolly.,. on 
.Ighl can be w,ltt.n to .. ono word. 

B.Hdbo.,o$ Op' ion 
Tho "'-dboard opUon boo circuitry for docodinll tho 

• .... 2. __ "''''342'A 
r ... .---."." t.. used "' ... 
II" 'O·C/>O""'; 1"<"'ft9·'-'I . 
ctrdf. "~1.00 C¥<IJ. '" ",...,. 
!><>We c.,<n CIIf ...... :ed b. ".. 

_""~«PPk''''''' r".. 
:l<1'A .... ,... ... _HP·'B --

inotru ...... ro bodpl .... 'Dd In .... for ,be u_ to Idd 
cull_ circuitry. r.,. oxampl •. Iblo ""d could be conn· 
110,"", .. 0 ",ullIpl...,"'oool. contlouou"y " ... plinl 10-
.. II ... cord '0 moIIit.,. 0 few ebon ... l. 011'01"'" OUt]>oI'. 

HP·IB Option 
To fI' Inlo m(Jr. tradition.1 Ino/rum.mltlon .y".m •. Ih. 

l421A ho. In opllonol IIP·IB (lEEK .&111 In,.rt,c •. Tho 
IIP·ID Opllon d_ on in,., ... 1 eo,,, ... lon 10 ,he IIP·IL. TI>o 
Int ..... IIIP·IL Int.tf""" I. "sod lor Il0l' 11,,,, bel .. ·...., the 
IIP·ID . nd 1M ....... meuu'.meftl poIlRtlll. A p"oIlbullon 
....,be , .. , ,.. ... 1 (_ Fi,. Z) i. used '0 Nled belween 1iP· 11. 
ond HP·18 openliom. 

Low-CooI DoolOn 
K_IIII/ ,he _llow while k .. pllll,be eo,..bllld .. hish 

Will mo]or 1011 for ,h. d"'ln toom . One oI,he I .. g .. t """, 
... 1 .... I. ,eolillAtd Ihroulth tho moeMnlc.1 !*Otaglnl. 
Sineo lho In.lrumenl i, 1.lOnded 10 be low.powe, Ind 
Ji,h,,,,.I,,ht. pl ... ic pocu.i ... n,.,ho d.nnltlon perftelly. 
Th" "..,0.01. "'wo-pl..,. full·....,k·wldlh dlm,hell ","h 
.. po .. '. plll,le rl"Oflt and ..... ". ... 1 •. 

Tho JIUA I. d .. igned '0 boo uoed wllh I contrdl ... 00 It 
woo ItOI """"'1)" to 1,,"lude """lIr nnt.ponel con'toi. r.,. 
man.,11 operltlon. fI"on'._I .... .,I.don _ra"" I.,. 
.. ... con".nle .... io .. ,,; ... up dolO 1Cq.,lolt ion Ippl;".. 
110'" 1 .. 1 ... llobl.'or both , ... IIP.AS .......... I Computer 
Ind lho Ill'·., IIlndh.ld Com~"t .... The _rommlngl.,. 
'he liP . ., I. Ichl~ved by Iddlng I .poel,1 ROM ond 
k.yi:>oord overlly' (_ onlde on POi' 1&). ~·or UN with tboo 
IIP·S5. lhe J056DL .)".tom ",II d ... lollOd (_ box on pag& 
13). 

Tho bloo:~ dl .... m ollho 31UA WI •. JIlIlu,,,.t ... "''''''" 
<:OS! Mvln,'. Since most 1"'1 ...... ' 1'01 t .. nod""" ... do not 
OM hequOfteleo hl.he< ,bon 10 kH .... nd a<: ""h.", mel­

... _nt "' OiIhot ,bon Ii ... ~ __ L. _lIy D(It 

d ...... III d,,,, oequl.itloo. ,ho de front .nd tIIn 1100 be usod 
for both oe vol .. ", Ind lroquen<y counler m .... ""'IDOft ... 
AlI'ho ",_ion Ind .~""I ,mpll,udt condltl .... I"" II­
......t1 .. 111 In ,ho de Iron, end. Tho eddltlo ... t cllC\lltl)" 
.... ulred for oc m .... u'.m&nlO ond lhe Coun'" I. miniml l. 
Tho 3.2,1\". mICf<l","""'IOOI" Iccumul., •• tho pulse. for Ih. 
counler. 

An",hO' mljor I",a 01 Co.1 ... Ina' L. In Ih. power 
suppll ... Port.oblll'Y. on.d ,her-efont bollel)" powor ..... 0 ... 
01 'ho mljo' d."ln 10010. By op,lmL"n. lhe I'Ow" 



Data Acquisition and Control Software for the 3421A Using the 
HP·85 Computer 

by Devld f . Leonard 

TO ."""'tv tht .... of tho 3'21,0, 0.", -"<:qu ... ""''C:<I!,''' ...... 
fO< ""'" lOWotIQ _ .. .",.. Iht ~ System IS "" ..... 
000 0( _ 3'21,0,. r>d on >!P·$S ~f»''' ~ to """'roI 
thOm aro __ in one 00_ (I';g 11 r>d 'UP""" "','" "" 
• ..."".".. .. _kaoo of -.. ... """ .... 

Mot, _uoct dOl' ">Q\lOf' or • ..a-<;oota.nod ..,.. w"" tho 
onaIog ""'" """ .."., .... drg." ........... rto« _ """"" '" 
one 00.<. Bee ...... 01 tho 1<>01 0001_ fIo,()ototyof 00II1 .... 30121,0, 

_",. >!P·$S, ,.,."""" ~ 'Y"«n ISOOrt"<>O'_ " p<rco 10 
.... , of".,., .otIQ""'" d.", ~ _ .. mono \/OrutOo. Tho 
~"""" ... __ ... __ to","".,ht_ ... ylO"" 

fO<",. pef»' who os "'" I.m~&< ""'" ~.O( ... ,...."..... 
loon. Tho,4, .... ' eon IMr.o a<I"""'OIIO 01 tho 110,,,,.,, 01 'ht 
"""""', .. _, ~"Ij ",. p<rco of ",. tong <IM1up tlmM "" 

"""'" <X><T(IUt.r· ... _ dot. "'Qu ... .,... .Y ............ "..., -Tho :1066DLooI"'''o _kaoo~' 00 .. 0100\10''''''''''', ' 
P<OI/'am "'," _os "" ""'..-non! I""" _, onst .......... 
~rc progfomo, _ g'op/'ooc' p.-og''''''' to plOt d ... ,,,,,,, 
.... d"'iogQotIQ ,_ ~.". thOt ~ .... ,"" __ ...... 
tr """',"",,uro 0100 , •• j_ on thO t_ 10( tho ..... who-o. 
10 ""o.. ""'. ",.., ... "Od orog''''' 

Do .. ~ng Setup 
Tht a.,. "W'""''''' .. ON',*, <110 _ """'" par\O: c"'''''''' 

... "" _ '''''''II''''UP A .... "" .. c)ont "" up 10 10 _. A 
1I'<lYP i. _ ... group of c_IO ""'" .......... to"... 
h.<>c""". d'" """""tolOO _",roo ..... Om .. 

A """ c,"" ". "" to 16 """,,,,toto tong Tho k.o::t>cn elln too 

iF 
' " .. ----

iii 

.... _, 
F'g. I, A P'JWO'fu/, """,,"c,. yoI""·=I dlo,. _""" 
.,..,...", ",. HP 30560<., ,,_ 0)1 <X>'7'/;O'WI!,I one Of """" 

3012'''' """ No HP-.85 Com<Mer 

SELECT LIHI , ACTIOH 

O~nChn _OPEN ACTUATOR"CLE~P 
DIGITAL CHR~~EL 

the",,, _CLOSE ftCTlJATOP-SET 
DIGITAL CIfRIfIfEL 

O •• ct~r_OEACTIVRTE GROUP 
ftc, Gr _AC TIVATE GROlJP 
Os~W.en_OISPLRY ~RPNIH~ 
PeW.en _P~I IfT WA~HIHG 

--------------------------------O~nChn D.~C\G' Os~W~en 
C\sChn A~t G, PrW.rn B •• ~ 

· .. ""', 
o Ohms 1_ 0( feu ", .. , .C_ 
o The,mostO< _'.,,,,. ..,........,.. 
• ATe ',.,..-,pe<oture rn.-.... ....,... 
• rht""""""",typo J.K,U,R, orS _'w, • ..,..."'....,... 
• OoQrtoI inpu! 
• " 1O-20-mA in"", 
• Ctooo 01 .",." "" 0C>.00t0< '" d"", .. chomet, 

0. .. con\IOf'OlOO _~r."" """""" inpuI. """"d"lj 10 ''''''' ' 
0( ~~h-O<"" potynorr>ofI eQuOtOonS, Of .... 1)< __ ... ,()ototy. "'" 

<l3ta ">Q\lOf"" cal. «t>progrom (tho"....,. cI """'h .. ~a<I 
d"""ll_I" 'ho t..,.,. 0"'''''''''''''100 .. c)ont. T,.,. ....... "' .. " 
tho ~r.." .... ""' ... on"" -".,.,_ ........... ",. 
"",,_Od d ... c"" too .poelied , Thno...., .. e"'" up 10 Wto 
0 ......... ' . ""'Il 

I.oY>Os ... ......, to ""ate No .,""" """" • '"""'''II .. """'"'''''' 
"'"""'II ,_. value .poe...., "" ,,.,. ....... Lonrt. 0""'" one 
of t .... ty?oo; I"og/"I. 1<>01. Of _0, Tho ""''''' d too nibaIId """" 

--------------------------------~lue ·1' 
EDIT 001<E 

Fig. 3. cn_. __ for """ J056DI. .~"'" 

" ", 



tMIIHH(l !i 

FUHtTlOIi TC~I> 0 .... t 

11;[IIOIIiCO 3~ 69 • 

;E~ET-~~~CHAHHEL~DiGiiAL doni 
FUHCTIOII FOI>WIIPO PEV[PS( CliO 

,....0 __ ._....,..,. ....... H/'.e$~"" N __ 

'''9'>_ ._ .... ~ ._ ..... 1000 1tnC.",. 
.-.g _ ....... ..-..g "" "'"' ......... t>jo • ..,..,ohOd 
_I ........... ' T .. tirnt"':t"""' ... __ ....... IIP·IIS'. 
<IoOI>Ioy .. _ ., Fog ~ Up I<> h..,....,.. <0<> ... WOC"'" PO< .... 

Fog 3 __ ... .,...,....._~ S-... .,"""' ...... 
.................. _"" t>jo """""'!I h .... (_..--1irnoI 
• lnFog 31"' .......... is"' .. ___ ,.... ..... _ '4> 

--t>jo-"'ll"-""-t>jo- _ ... 
£01...,.. -. .. diSo*J--... ... .- .... _ """ .. 
""" ... -....-yll\l ........... ~ _ ... omy. 
.-.... CRI_ "' .... "'ogo'IIII~ ............ _ ... ......, .... -fW<> ___ .. ,"'._ .... __ ... _ 

_._ Tho '....-.v_ """,,,,"_,,, ""''''"II'<''''' 
d c~ .. '" .. OCOOYIO(I .,..,..,""'" _. "' ... , ..... 01 
Ckj' ............... ' 01 , ....... , .. g'Wll is 10 "" ............ ...., Io">SI\' 
_ , .. '-""'II dOl •• ., ""......,iOI<I 0..0 eon "" ..,..,. on 
"PO, d'Cr'''od on ... liP-lIS'. CfIT, "'..-.- on iIs PI_ f_.JO_ fnwIolO< 

T"-"~'" = •• diSo*JlO_nfog' Tho_ ..... 
__ ... oe<p ................ Nil. _ Tho ""'"-. 
_ on ................. ""'.,.... ..... __ ....... .-.g 
__ .... 302' ... Tho__ OOIo._IO .... 'ogItd 
.... -.g, __ • ,-<--.g. """,,,10 
• _"''''''''''_'''~''''''''.PI_,''''J.<2'''' .... ..."_O"'_ ..... ~,, ..... QO ... ""'C>'IOMOIO. 

• • ,: ,: 

H-VI(W 11£ OIGITlIl ("PO 

Vl-OUTPUI TO OIGITlIl CII~O 

v~-pnl!PH TO FROHI P""El "~HV 

_IPUT 

Tho __ ........... .-" ... ~on .... '-.,......... -• Tho C_l .,.,...,. _ "'" .- '" e_ '" __ .... 
oe<p."""" IC~, '" dogcoo_ • _ ,,.,,,...,,00 to/1loO')' .. ~ .... __ c .... cn.ovo 
.... f\IfIc_ 10 ..... CiI , .... ''-1 ... _ 

• I .... CtoOOocIIk ........ tor_"'11 on...so' coo ... '" 10 
... )012'''' 

• .......... 1:00" ... ......,. • _ ...., • CIoVoIa' c.d .. 
_ ...... 302' ....... .,...,..,_nFog 5 __ 
.. ~ _ .... "11"' . .,....,.. col • <19'11_ n _: _ .. ()UI1'VI......,.._ .... _~ .... 
_ .... ~ numbor 10"'"""", "' .. "901' caoo,"'" .... J.<2\ .... ~ ___ ........ "'''"~ -
-

0 .... '. L..c!no,d 
Dayt '-<I ,~ ... 851:f 
<:IIog<toI _ ... '-"-'CO' 01 C0!­
Ol"""., !~7a....,~-.ngot 
HP". .... _on ... 
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'" '"0 
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'" o 
• , 
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• 
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• 
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• .-
• 
~ 

M 

~ 

M 

'" •• 
00 
OC .. 

cI< ... " /"""" .... 1;"'/ 
0< ..... _...-1;" 

T_wi ......... I"""nnol 11"\ 
f'oor-wl .. otun. <"'n .... II .. 

T ... ~r"'" .. «"""nel l,,,] 
F_en<y [."'oMlII"1 
Youll", [<"' .... 1 "u_ J 
1Io{....." joo""' .... , ... ""' ..... Ie ......... __ J 
a-. """Iocl .. nnol .. dllilol iii. ( ...... MI .... !>or) 
0.-. poit 01 """ ... cIIo_ (ebo_ ~_) 
0.-. dIaanoI .. dlillel .... [cMnaoI_1 
l\· ..... d'iJ&oI 1orI. ( ....... _. __ I ... h ........ ) 
_. d"lta/ brto ( ....... _1 
_. dlall&J till {IIIIIIOI' 

.-f.""I1 ... (fu""tion numbo<) 
Ran .. (..".. ""_,) 
hnc< •• '0 (I d .... 0 K 011) 
Co .. ,,_ (,.,.,.... ... _) 
"'_ .... of (til~' 01_",,,,,, (U .... 5) TrIta- -.10 ( __ bor) 
,,_ (0 d .",. , " .. ) 
<;o!lbt.,. [001 .... "') "'"., ... , ..... 
O"pI.~ ""-"'bot [nombor o.:e I 
Di.ploy dlilloll."" .. 
OJ,ploy dillta' OIl'",," 
P<l .... k (".mbot I 
DlII"I ......... (dll'''' .110 ... 1) 
-<..." ... ~ .. 
L.oocI 01 ............ ~ 1010 Woo (ohMI .... '''') 
Loood pol .. ol ....... ......... '''0 II. < __ I;",) 
500 ... ; ... _ .. (0 Of ,) 

lJ_i' ..... do. (cMn.oI_) 
).kIn1lor b .... (d;liUlloIo) 
Mo." ... low (d~' .. l biI) 
AND"...k 1<10<1",,1 vol .. o.n,/ 
... "",.k docl",.1 .,1 .. 0.111 
~IMI' .. ("ot " urn ... ) . ...... ,,~ ... . nO .R 
rnalta' .... ( .. ", "umber. d.d ... 1 .. ,"" 0-251) 
DIaI .. 1 <100>- (IOI~ ... _. doc ..... ] ... 1", 0-2 •• ) 
C.lib .. ,loo> RAM (, 11_.1 lI .. rito) 

I/ ··~ 11_ 0,1--.1 

llUppU ... knowing lhol 0 hottol")" w(ll be ol .... yo p ..... nl •• 
ol,nln""nl .. "In" io , ... 1ized ....... l .. dlllono.l bo"ery oJ>" 
lion. In OIhe. Inmumo"" lbo, ... m", ..... p.n.iv. cent ... 
IIPloed Iton.r",,,,,, .. on " lino .... ,ulo'ors I.,.. dirO<;! OC OJ>" 
.roUon I" oddltlon 10 bottory.p""'ored .... ppli .. lib IhoM 
uMd In lho J4~'A. 

"'.1'" ...... 1 F'*'~ineSi 
Our Iblill Y '0 .se i nolru"",,,t. I n oy.llmo h .. II Icen li .. .... 

l ie " .... oInee lhe fi,., _ommablo 1 ... lfU", ... III1"" ... .. 
Inltoduced In 1"- 1_. w. IMllhol __ .se o(lIS low COOl 
and hlP. c.opobilily. lhe 342M will find lIS "or iMO 1"­
Iwond. of """'" I ... eleclN)nlcollJ _hloticeled u ... ". 
"....,<U. w. mad~ il .'y 10 P"'IIr1m. n.. Ii"t major 
hurdlo In P"'IIrlmmin, moo' In., ... "",n" I .... memwina 
IQ Mil. to lhe instrum.n' .'·O<)"lhln, It '-11"0 know.o 
<:ampl.t. the ... k. The 342 'A ·, II."dard Inllruction set ( .... 
Tabl. IIlndud". mool of the normol m,""romenl , .. ks 
mod. by I n Inlltumenl o(lhi.l)"po. II)· sending il juOI ono 
.Implo commlRd .• verylhi.., 10 hondled by lhe In"rum ... ' 
10 compleie lhe ..,Ii ... 1I0k. rOO" _mplo. 10 meaou", <II: 
.01 ..... on dian ... !, 2. 3.'. and 8.lhe _ merely ... nd. 
1lCV:I .... ot DC'It.3. ... , II ' his 1 .... """1"" is comporod 10 
I hooe lot .. rlio. lnotru m ... Is """"bIe 0( makl ... !he .. "",", 
0( _"_Dis. it coo boo _n lhot ,he 342M i, m""h 
.... Ie. 10 UN. T .... JI21A .1.., oontll .......... Indilionol 
In .. """lons which .... 110, .. ch_n 10 celllho todvlnced 
l"Olrucllo" HI. To Ilk. tINt "ml HI 0( .... dlni. u,i ... lbe 
odvlnced Inllruction,. ,he lollowln, commond. 01" .. ,,110 
Ih.342,,,: 

!.SU.U ILoo.d, ocon_ 11"1 
r"''''I1.u':,TJ leo..f'llu ... 1I2tA: Ft-ck:vd". RAI - ." .... 

....,.. 1.1_ .. ,,_ ss_~ dlalls. 13_tri,. 
III'I'~ -.._ 11.11) 

8eoldK lhe oofIw~ _om, 0 •• 110"" I", d ... HP·4' 
ond IIP.B' '"',,'''"I .... nth... I .. " .... !"cI .. .s. aD i", •• _1 
ly .... T th.rmocouplo con •• "lon. Th •• mocouple meo· 
" ....... n' wllh ,he 34ZIfI. I. "oily occampll,hod by wn· 
n~ln, ,ho Ihorrno<oupi. 10 tho oppro]>,I." cbonne! and 
Nndlns Tl:Ml<hoMOl ou_l. The m ... " .. moRI ""d"ho 
10",pe.", ... oI.,he ... Iereoce juncllon o"d lho volt' go_ 
lhe l ho-r"""""'ple. A""" ...... """''''' .... IJon 10 perfortnod 
on 1'- .... lInp 10 ,i ... the c:onecleci .o",,,,,,,,,u,.. A'.' 
o(frle"dll_dovUed .. 11 In the definition phue o(the 
ptojoo;t ... nt...,,[ around how _lIy 0 .om""""..,.. ....­
....--..' could be mod .... 11\;(1 I I","""""",ple. For ....... 
1".trum..,U. It 10. co"'plico ...... J1. ltow ....... with lhe 
)42'A. III ,he ...... k I. do"" lor IIIe u_. 

Low·PO"" Operotlon 
To do 0 ,<>ad ;oh a' romo'o dl'o IOUlng and 10 m.b 1"11 

u .. of Ih. bonel")". low.pow .. doolgn lechnlqu .. 0" used 
Ih ...... "".llhe inOirumen," One 0( the mojot "",,·or ... i .... 
I, ... lIzed ''' ..... ,h ,he _ 0( Iol<:hln . . ... ys In both lhe 
"·I ... D front ... d and in the multlpJ"" •. EO<:h ... Iooy i, ...... 
N.,a.lly ",eW ";th .. on 00" 011:.11 thot 10 _ired '0'" or 
_ I .. loy 1'0 I II- ... cutNIIl ",,1.,"""'." the oppro­
priolO wlndi ... . An oddilJor>aI 0<1"""111'" 01. ,heoo fila,.. is 
lho lowlhonnol voJl.OtIeoll-U boatu .. oI.lho lock 01.""" ... 
dl .. I""lIon. 

AnQlh .. m. jor oonlrloolor 10 k .. plll.(t lhe """ .. " wn· 
'Uml"lo" low I •• he ]>owo. <upplyd.,lg". Th • • c line inPUI 
chOlllo, th. bo" o')' .• nd lhe :t 15<.oh ,ul'pli .. If. derived 
u,l..,o" efflclenl.wile"l", loch"lquo. The ~·.oLl '.1'1'1)·1, 
IInoo"1 ... uloted dl,",,' lr front lhe bolto<)". The liquid· 
cry ... ] <l1,ploy and oxtonoi ....... 01. C\IOS losie.1oo ron· 

' '----.... --. ...... - .. 



lrlbul~ to ... Iud .... power "'m.ump,lon 
Impl~m.n'.I1"" orlhe HP·IL powet.d_n mod. po,;d", 

lhe ,,_ .. Itk ..... lIy Inct .... ed "''''''1 111 •. In 'ku sleep 
R>O<Ie. only •• mlll frocti"" or .he c ll'CUll I, lop' ~ 
up. A. 11m. ,pocified b)' 1M u_. ,heIlNL .y., .... can 
.... k. up IDd perfotm Ito fu"",ion. rot .".mpl,.ln conlin.· 
..... opt .... I"". lhe 1>0"0<)" Iif, o(lhe 3611A 10 .poclf...:lll 
1 ...... 1 ... hou .. minimum. U .. or 1"- 1lI'·IL po ....... down 
IUr>CIl"" ""tond"he bootie<)" liI .. lme •• !lowln, lb. ule, 10 
tak, . HI oflhlny .... din'. o""" ' n hou' lor I period of mo'. 
lhan a"'" monlh. SlrtCe Ih. HP·41, Ih. 81182A l'rintor, .od 
lhe 82161" Cauolle Drivo .100 Impl.mo.,lho va"et.down 
lu"". lon. I pow.,ful bonelll·pow, ....:! .y .. ~m. which can bo 
.".trolled by lhe 82'82A Tim. Module lwhlch pluS' InlO 
lhe IIP.41). can bo _mbled fot "n'''ended dltllouin, . 

.o.cknO-..IeocIO_' 
Thuu,hQt ... Iohoot.o ..,u,owledplhe foIlowl ... -'" 

lor IheI, conlribullono to tbe deI,n or lhe product. o.ud 
dot!<. multlpl"" .. , di,iloll.O ond br.dboord option •. Rob 
Leiby. OI, lf. t .. Unl. (la"e Leonord. vaw"," ",ppliM .nd 
JO!>8DL oo/Iw . ... Rob 5ofl.r. "",,,,,,lnl'o<I mecluonieol 
d.,tgn. Vicky Sw.etser. 10810 .nd firm"'''.' Kevin 

Tbompoon, HP·.1 ROM. D .... Wolpefl .IW.18 .nd liP . ., 
RO~I. and 1'0.1 Worrell. "·t.,.O con .... l .. ond ,i.nol con· 
dilloner 

Low-Cost Instrument Control: A New ROM 
for the HP-41 Handheld Computers 
by Oavld L. Wolpert 

Hp"S NEW SERIAL L'Il1"ERPACE LOOP IIIP.IL)lnd 
e21eoA IIP·IL Module m."" II _IbM lot In liP· 
., .. H,'O conlrol I""","",nto.<>eh .. ,ho J.I6IIA 

Multl_ .. ud ]'42IA Dati Acqul.lllon.(;ontrol Unlt.lhu. 
formin, Jow..:oot "",""u"'menl oy.tenu lor be""h '" Held 
.Vpllcotl ...... To reduce ,he amount or ptOtrlmmlng.nd 
.lml>lIfy " .... """,,,,,, !tOM ond byboord overl.y. (fig. II 
• '" ... ll oble r", ItP·4 1 " ..... . The UP . H &I!" Doto A"'luisi. 
tlon.ntI Control p",""soIDM: PIC)I. b ... "" On lho In.slruc· 
\Ion HI lot thol42 lA. Eocl> 0(,,,,,,,, '..,,,,,,tlon. perfotmll 
""",pi .. , _u .. _nlllO\ or. """,pi". o,N .. tlon. 

To lIlu ....... tho copobility Ind fr»ndU_ provided by 
,ho 4.46IA DAICP.., ROM.a>rt.Sld .. ,he "'._, or '" 
vol .... by O:Hfi8A Multi_ on .heloop. Evlh'l "" .. haul 
OM: PIC I{()M.lhl."... be done by a lartly ,Imple pros""" 
fot ,he lIP·. I, 

0'~l8L ·Hl"'~'"'· 
0, ·iI:'J~(,eo'l·' 

0.' rINDII) 
O~ sr.I.C:CT 
O~ ·Fd~~~I'l1T~· 
0 .. OUlr\ 

11 -.:" ____ ' ... 

0; INII 
08 END 

The It:>ov<o p .... 'am lind. rhe volt ....... •• odd. .... OIl lhe 
1""1' .... Iecto II. oet. fu""'loo ........ nd UIU" .IM tlk .. I 
",.<lIn,. 8., Illhe .. I. no H&I!A "" the loop. ,he .. will bo 
. n .ddr .... omlrol ".p O.I"DR EIIH), . nd If .. ynt .. etTOr I • 
noto<! b)' the ) 4&3" . • tep 07 mO)' proo"", I TIlA"S'UT tlJ<R 
To "'1' m<>tl or \I", .. likely orTot •.• mote"""'pl"" progrlm 
I. _"'Y. TbotfoilowiqoXlmpl. handl .. mool f_n 
.""",.li ... ond _ponds wi,h friendly promp .. "" ,he HP· 
.,', d !",loy .och .. ""0 INST (DO ouch InOlrumenl found) 
Ind INST KU IlnSlrumenl oowr). 

Ol.UII. "AtV" O;! "HI'H~IA' ___ ___ ... . ... , ... __ _ 
D.I nNIHD __ "' , .. 

04 ~ •• , ----
O~ eTO "f ~Il · 

D6 :;CLI:C.~'::=====''''''' ___ .. 01 "ACV· --
080Ulo'I _ .... - ..... -
a9 INSTAl "''''-''---------



10 FS? O!.~ 
11 eTO ·lR~ ____ 
12 I~D _...-.......... .. -
ljRET ---- -
1 ~'L~L ''''68'~ -----~~_ 
I:' "HI'J4bU.-II> FIHDlD .. ___ _ 

11 X_G' - - --... . ..... 
nlGrD 'I~I' 
19 SELHT __ :!".:':;'':'':'::=''-
20 ' F2"~~/II llI2'--
<'1 DUTil 
~2 I~ P ~~-

" m 
2~RBL "I R 1 • 

" ." HI'H .. " . ~- ... " :.'b AVll ll _.-
" STOP 

" .,~ .~ ~2 

" ·U<:.1 ERROR ---_ .. _ .. _-
" "VIEW 

" no~ " '"' 
By conlJ .... lhe " ' 63" [lAC PAC ROM red,,", Ihis pro­
p'''' '0 ,"'eo .Imp," Ii ... : 

" 0.. V 
U' EN 

Tbi. uiml prOpom return. On" ,"011'" 10 ,be HP·41"' 
X res"''', on<! bon.dlolfolll!leC"DlInand'lh01 ... .-...ry 
for uoin,,'" 3421" or :HIllA. 

DA:C Pac ROM 
The ""'''om ROM is divided Into ......... bo,it. pan&: 

• Mk:r<x:o<I. for friendly --,;on 01 hu(",m ... ", ,-hI, 
mok .. it "'r 10 use the "utomlUC oddreulnl r .. tu .... of 
,ho 111'_4 1 .nd Ill'·IL. Intludod .r. """. bult; lnlt"'m.n! 
oper.'io ... lor d1llital multlrMt*<S .• am ...... ond combi­
... I;on de>'!.:. ouch .. ,1>0 J421 .... ,"-Include MEA. 
SURE .. IUTAGE, a.OiSII ov.sSIl., ............ 

• Mlttacod. r .. J>OIynoon!ol ( ..... Glher, ppallSioru 01 
''''''pentu," lunclion •. Thl. mokes tho Hr·., .ignifi. 
conlly f.It". In porformlna tompo,.,ute co,IV ... lon. , 0 
typical u_ .. , l for.ho '421A .nod oIbet InOltum<mt 

• 

• 

.y.tolD •. C6n.ersloD function. for ,h.,onoco"pl ... 
(T ~.I!.E..I{..nod S typal. ''''"''I ...... IZlS2 or iIOOO ohmo 
., 2s'Cl .• nd plolinum .... Iot.onc."'mpo .. 'u ... detOC1 .... 
IMID. 100 ohm. " 0'1:) ,,,, Inclu,led. with ""-',","'" cold· 
iu nc,ion compensation !OI t"" ,h.,moc""pl .. 
Uoc' c<>d. rOl compl~. ,.mpo .. ''''" m .... ute""'n ... 
Includln, coJd·JunctLon _,"",monl o"d wf'w .... 
<:<>onpeot ... lon 
A d ... !".. .. oppl"""ion """",m. Thi.oimpl" d ... 0<> 

qui.iti"n pt"""mcan ptinl or O'ore On On 82161 A Di81,,1 
CoIuetlO Drh~ t"" dolo from up to 30 chounel. 0( input. 
0( ,..,Iou. kind. lvol ............. nee. 'ampeto, .. ..,. &. 
""encyl ...... " " ' imo In' ..... I. opKiflo.l tor the t1Ht 

duri ....... up. 
• F"""'pOnel """"'''' to ollow.ho HP·4' to monlpUlot. 

lh. 3. ,1 .... O<;tlng 0' its front poML 
• Mi"""Jlooeoo. "",II ..... which i""lud. on . l.ann setup 

PI"V.m Ipomplin8). 0 ,(lUtl .... to fond on IlUlrument. 
DVM or OCOn_ on the tlP.II .... "",,10. to out""t • 
<:<>on""'nd to •• I ....... _n'. and. decode "",ti",,'o .. 
tum meo ... romon! !"OCT!OR' In<! u"i",othod ... louo,. 

~Ig . 1. '1>0 «<I5IIA 0.,. AcQ<oI­
." • ."..C<>ntr" .... c .. go ROIol 
_..." --... lOt ... HP-41 ..,.- .. ~ .... ... 
-_ ....... ,,,.'0 

,_, ........ fT ·~_17 



• Miscellaneou. microcode lor ""y programming .• uel, . s 
o key ... Ignmenl ,,,,,II,,,, ."d programmable hOI.' o!a,m 
cl . ... ing. 
H"",use Iher" .~ ce,lain Ihing. Ihal connOl be don. by 

the ,tond.rd HP·41 in,lNclion Wl. I"" OA.'C Pac RO.\I "x· 
tend. tho instNction .... by microcod. to "selho "'"".soar)· 
10 pto>I,lon . 01 Ihe HP·IL. AI.o. Ih. Ih.,mocouploJ 
the rmi"Ql!RTO conve ... ion •• ~ ,,~i".n in microcod •. AI· 
Ihough ,h ... could ">e been done with .tandord HP·41 
'''''Nell"n' . ,h. microcode execUle. much I. ' ter ond doe. 
nol require ,ho u .. of Ihe .Iock".. oIh.r ,.glal ..... B.I",,· i. 0 

lislins of <Om. microcode '''''hnco in Ihe m"" urem,,nl 
portion of 'ho OA.'C Poe ROM, 

DC\' ~Ieo.uro de >oltago 
... C\' M ••• uI. oc vollOg. 
TWO Me .. ",,, ,e,i.tance (Iwo-wlre) 
FWO M ••• uI. re,i.,.""" (f"u'· .... I'.) 

The .. lour comm.nd. dlll"'only In Ihe ""ng Ihot I. "'nllo 
lho m" .. uremen' device. The command n",," I, u foll"w •. 
.... he .. (Ct) ; nd lUI ... corril4l" ,elum • nd (If); nd iu ", • • II"" 
I""" opotation. 

I. Search ro< m .... ur.m.'" devl"" Idel",,''''1 
A. II in.lmm.nl 'ypo 511 •. ,. .• 3421A) i, f"und 

o ..... ddres. de";c. 10 lI"en 
b. DC\" .. nd •. DC\' 1<>1 lin ·· 

... ev, send ..... C\. (ttl (In·· 
TWO, <end ··1"wO(crl {If)·· 
FWO: .. nd ··fWO f<l"1 (In·· 

a If 3' 66'" I. found: 
o .... ddr ••• d~vice to Ii,,"" 
b. I)C\/: send · ·Yl~'RA7.'Tllcrllln·· 

AG" · send ··.Z~5RA7.1T2 Icrllln·· 
TWO: send ··f'~'RAZ,n ICfllln ·· 
.\\"0: send ··.<:-I,RAZ,Tl ("'I (In" 

c. If instmmen" oro nol f"und 
o. Olaplo)· .. ~o I ~sr·· 
b. Relur" 

2. Go:! deoic. stotu, byte 
.... . lfbll'I.~ : 

o. Display ··I"sr ERN· · 
b. Retn'" 

B. if bi' 5 i, cleo" 
•. lnpu l clevi,," dOla '0 X "'siSler 
b. Rotutn 

Som • ....,ompl • • of ,h. ma,hemoli""l rou,in •• ,,·.ilable in 
the OA.C Poc ROM.,.. Ii.lod in Tobl. I. 

The 3t11 .... f",nl.pon.l p"'g"m i • • ""Iho' p." ol1ho 
n ... re P.c ROM: II mok .. 11 ,.try " .. y ,,, ,,, up and , •• 1 . 
3421 ..... II prom pi' lhe u"', whon nume,1c '"pUII. l"«Iulred 
,n" u_ Sl.ndord i"",Uello". to add, ••• ,h. 3421 .... For 
"".mple. Ih. u .. r COn con"""lllIo IIP.IL ""bl".lu," on tho 
3'2'A ond lho HP·41. ond o'o<ule 1110 following. 

Hp·., K.ys 

Xoq, .oJpho, F, 
P • .oJpho 

Dloplo)" 

The lIl'·4l will find ond 
.. Ioc' ,he 3421 .... on lho 
HP·1L and re .. 1 it. 

,.~ 

Thi . i. Ih. h ke)· if ,h. 
DAle Pac ROM 0,·",10)" 
WiS. Iii. nol in pl."". 
The IIP." prompt< lhe 
use' fu" cM""el number. 
Th. ".," would Ihen 
po, in 'he ch.nnel numbe, 
ond pres. AlS. or pre .. illS 
.Ione 10 mea.ure lho"""enl 
chonnel .. at the lro,,'· 
",n.llermin,ls. 
Tho u .. ' ho ... Ioc'''' 
cMnnei <. 

'.0,)102 00 The .... dlng lrom cMnnel 
2 i. n .. hod on the di . plo)" 
,epeoledly . 
Tho uocr wi.h •• '" odvonc. 
10 ,h. n.xl cMnnel (Ihe SST 
key withoullhe ",·.,I.y). 

- J.oo105 00 Th. reading lrom c""n,,,,1 3 
I. n •• hod on Ih" dl.pl.y 
rope .. odly. 

IVhon an OTTO' OCCU" . COU..,.; by ",Iecl;ng 0 ch.nnel ,h.1 
i. not p ..... nl or.n in"lid function f", Ihe (u"e .. l cM""el . 
tho colcul.t'" beep. ond di,ploy. d .. h .. '0 indicote Ih.1 no 
, •• ding i. ""ailoble . 

Tobie I 
Example ONe Par; ROM Malh_ailc.1 Aolltlnes 

TlIM5 

Funcllon 

"C ,,, '1' con>."..ion 
X· • \.8X ... J2 

Ohm. 10 "C. Ihe,,"i.l .. i. 22521l a' 25"C 
x· • [l ·( . ... b InX . 0(InX I' IJ- 273.15 

" ·h.,,, 0 _ 1.4703738891-: - 3 
b · 2.377905230E- 4 
C . 1.0J2577937E- 7 

Ohms 10"C. Ih.''''''lo' I. SOOOIl 01 ~ ~"C 
X' _ [ 1 ~o+b I"X ... 0(1"XI'IJ-273.15 

where o. 1.285496378E-3 
b . Z.3609911857£ - ' 
c . 9.Jl4409J98E - 8 

Ohm. '0 "C. RTD I. IOOlIl 0' 0"(; 
II X< IOO; 

X· _ 0 oj. bXll0' ... eX' HI"' . dX~ '{l'" 

,,"h~ ... _ - ~41 . 9967592 

If X .. ,OO 

b - 121.5&06\79 
c _ 25 .24882388 
d _ -5.8IZGI!Z625 

X· . o - Y b+ cJ(J1OO 
whe~ • • n67.521H1 

b _ 1~.065.76<.e6 
c _ - 1.723.543.&06 



HP 
Dt:lT A 
H ., 
23-2~ 

"' H 

"' R£C(f:1 (lf~ 

PRIHI 

'PSS I 

34211'l 
LOGGER 

17/\21822 o?i ~ 

2 ~.mll€-J Dey 
3 2'3.~%;:-3 WI 

n J'.S~ME-3 Rev 
24 3s.um-J~tv 
2S Z'l.I&m-3 A::V 

4 7.14509,-3 !tV 
~ -9t.90'9i:-J DeY 

PIlSS 2 
61/12/S:> 2 l~ p~ 

2 m . 88~E-3 DeY 
3 15'.';32£-, ley 

2J J1.8811!1H .:v 
2' lL8ee6E-J Rev 
2S 11.7Il8!E-j Rev 

• 9i;.m8t-l ~CY 
5 -8.911",-3 Dty 

F/v. l. Iy<>a' ~,. ~ _.,...,g tile "l(;8,O. DAIC 
Pac .. at! ,,·.rcY _ ~ ""'''''.''11 0 342!A 
Do"A<~tn'_ ... ~'62A_ Pfo9tam 
'OO«<!S "" ""'~ .., ""'MOll ~ _ 3, "" ~ "" 
,.,..,.".,.. 23, 2', _ 25. onddcl'(l/l_ "" __ • _ ~ '*""'f/"*""_o.un _ r .. ___ """lot 

two ''''''' v • ..--" 

Theri.t. logge, pf(ls .. m i, . Iso v.ry .imple '" UM. )'01 hal 
som. pOWerful cap.billl ; .. not u,u. lly found In such. 
sman system. T .... UM' i. guide<llh,ough ..... up in which 
'be u ... ,can ..,1"", oh.nn.] S,oups and assign Vllt;"'" func­
tion. 10 the ... Kroup'. ~·"nction. availa ble include ,I~ Ihe,· 
mocouple 'rl'<"> , de ond ac voltage. 1w()o and 1"",·wire 
,.,i.tone •. RTD . I><I tM""lslor m"u uremenlS, f ..... "ency. 
"'e" ",rllte" ro" Ii ne •. ",,~uolor cunl"'l. • nd diS , •• 1 OUI pUl •. 
The uocr ill promple<.i '0 find oul ",hOlh., Ihe ,,,,,dins' 0,.,10 
he recorood On lhe 82)6)11, Digllol c. • ..,ue [J1i,.., or prlnle<.i 
on Ihe 8216211, Thermol Printer . No" the use' is osked 10 
",led, <lort lime, . Iime Inle,vol for Ih. mea.ur.menl •.• nd 
Ih. number of seon.lo be do .... lielwee" .ach ocon of .he 

ch.nnel " a loop pow_down command (PWIWS)I. uoed 10 
con .. "," balle,)' me. in cos. of. ')'Slem which i . op<,aled 
.w.~ from ac lin. i>Ow~r . At Iho proper limo, Ihe IIP·O l and 
.he IIP· jLdovices 0" j>OW.rod up on<! 0 m""urem.nt cy<:le 
i, performed. with the _" II, being printed and!", rocordod 
.s ' f>"Cified by .h. use' bel"", the 'y • ..,m i, pow.~ down 
to ow.it lhe next scon. Fig. 2 'how> 0 Iyp;cal d ... 10000Ing 
prlnlOUI. 

fig. J illu.traln.he u50 of t he 44461111, DNC Pac ROM 
in on HP.4) '0 cootml a 3.&8 .... ~lultlm"'.t for de _01'03" 
me.,me"o"to In Ih. field 

Fig. 3. ~ ....,""' .. P4'~" m • ..., .. __ 
trOKJI_.....-.go34MA_,o"HI'."_ 
~ • ...", .... 44468.0\ ()A.'C Par; ROM 

o •• 1eI l. w"'".., 
O .... Wol,.... no, ~ w.t" fiP ,,,,,,,. 
Qr..,uo,"IIirom,.,. Goofg .. hSl ..... <;; 

'", .. _ ,ocl'v"dO(jy .. ,912"""'. &E dw" 
tit .. orhod .. <1010 ocq.....", 00 Iho 
""'9' 1NOYI1o< I .. 3<960. ~" 
w,," ,..poo"""" 10< ,.,. d'g'" ooo(tOl 
pOO"'" 01 t .. 3461. logg'Og Mul,..,.,. 
lei. """ .~ • Sin "' prod\.<;oon ..... 

-"'" 00 .... 3<97A 0aI0 
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