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M
ANY OF liP 'S IlANDHEW CALCULJITOK e u." 
tom"" have lold u. of Ihe;, n.,.,.1 '" <""'0' p.",,,. 
"C'" " .... ,,.<1 "I n .. " calcu l.t ion. "". ily. The nc>cd 

• cern. to be ""rticLlI., ly ""u'e 10< \I ...... of finaneltl ",,1-
~u l"'o", . A I .. "ke, o>r ,~.I·.,.' .. o agon' or",." ,,',n" W ~i>'~ 
• di.",. printed record 01100" inlo<",, ' ioo '''-I .. d.al".n 
.moroi",1ion toble .howing ;"'e,",, p"d "ml "'m. ;";"~ 
I .. I.,,~_ II""""", Q/ ,hi, o"""rner [ .... Ihock. pr inting COI>l' 
bili'y " 'OS high on 'he Ii" 01 ,I.-ign »riori!i" lor Iho j !P-I8C 
Bu.;n ... Con,,,It .. 'I ' 

'11,"", .r. '",,0 .Pl'roochcs to p,m'iding this fo,lure, all. 
me lh<>d i . to cl",iXI\ "",,'het '''<KId "I 'b" c .. kulato, with 
• built-in p';"'." Thc""rli<~ 111'·91 and HP·97 (" .. leu 101o,,' 
• ..., "".mple, of Ih i, 01'1'""",10. Altloo\l~h 'he """.blli'), QI 
'he ""i, ,,,n.,, -",,,\.wl .. , , ,hi. i •• good ..,Iution lor ,h. 
""."""., "'ho u ... 'he print.,. lot ond kno",. 01 the n«<l 
fo, ,hi. cap.obillt)' belore oo)";ng 'n" ",In, I.,,,,. It io Ie ... 
id, .. 1 10' tho I"'rw" ,,'ho ",all)' ",.n" lull tM" .. bi ll,y or 
"id,, ', .. "liZ/! 'he ,,«<I fo, a p,inti"8 """"billty u"ti l .he, 
the ca lcul.tor wo. pur<:h.,ed . F", 'hi' i "Jh'i~".1 ,r." ", I'e' 
"Vp""",h, n"" tol ,r"'iW'i"~ • ""r .. ,o'e oocossory pri"'m 
,,'hieh com""," In t he ".k"I.,o, in "'me "'v. i, the belle' 
",I"'io" . Th i' >1'1,,,,,,,,10 >1-", yi"ld • ..,tncwh., lo"'c' de­
I'clopmen' =, ond •• hortef dcsiK" ""1,,,<1 ,, I •. The 111'.0 )e 
C.lc"I.,or U>e5 thi, ",,,'hoJ .'" ""J tn. ,t"",,;o" w" m.,l. 
'0 ,I<>;~"." """,,'''y p' i"''' fo, ,h. 11t'·)OC al..,. 

tn,efconnec'ion Method 
0,," '"'Y e, itical d .. iS" Of ..... lor such 0 p,in'", i, 'he 

,,,,,,,,,s of i"ter<:<>nn oction 'o,he coloul.tor. The IIP·IL in'e,· 
I"",' i, " .... 1 i" ,h. Hp·i Ie I", "'Moetio" to a ,,"mbe, 01 
,,,,'iphe,.I • . incl"din~ an a.;<;.,.so,y I" inte' Thi. would 
h;,,'~ I'ro"hlc~1 m"eh ""'''' v<t",I,lIIty ,h,,, w>, n..,.Ie<1 10' 
• ,i" 'pl. P'; " 'd.""I)' ,,,'~rl!OC.., .• "d ,,'ou ld 10.,'& c,,"' more 
I .. , dd't;on. we h.d ""e,,,,,, • nmnbe, 01 complointo Irom 
"".,ome" .bo", ,he '"<:o""enioll<;(: of 'h~ ""b le. fo, 'hG 
in'erlace and bonery recharge' wi,h ou, portable products, 
With th is in mind , we oo,;.n '0 in''''''i);atc 'he t><».ibiH,y 
01" wi",l.,.. ;"'~rl"",, I",,, I" ;""" IX'"'" ''''' t,), d ;'lx,."bl . 
bene,i.", 

Inf"",,1 tr.".m,,,;on "",,,,,,I to I,. ' he only wi,.,l_ 
'''''",olog)' ,h., . 110"'.'; ,h.-. " .. 01 low"""". lo",.po"'.'. 
.nd ,,,,,dil)' a ,·.il.ble componen .. , Infra ,ed ,emote-con'ro l 
""its lo r ,cie"I,io" set. ""d ,·id"""" .. ,," ",="Ie" h",·" 
be.n in """ for )''''''', Thei, "an.minin" elemen, u,,,ally 
con,i ... of one O[ more iol,.red ligh'.emililng ,' i",t", "';'" 
"" ,,, ' s ,,, I'"xh,,,,, ,hm' I""."' , ... eh co",.,,,ing' f.", 
pu l..,s of i,,,,i.ible inlr.,ed li!;h' at • wovclen~'h 01 940 
n,,, . The I,u l, .. within each b,,"t hOI'. 0 re)""ition Ire­
quency of .bout 40 ~ t t, and ,hei, in'ens"), is proportion.1 
'0 the curren' 'hrou~h ,he dioJe(.). Info,m",,>n i, e"coded 
b)' "")'ins the tl"", between b"" ... 

The ,.,.,.,n'e, us.., • pho'",Ii",]. I,-I,ieb "" ..... wea k 
curren' ..,urec wi,h on a mpli,,,de proport ion.l to 'he inci· 
dent 11!!,h' inten,ity, A w''';''''. ga;,,-wn'rutted I"'" 
On' VII IIc' pro "i dc, I ""I"e"e y ",I"", i,' i t )". ,;~'''(~!" lat i 0" . 
and con,'e.-.io" of tho photodiooe cunent to 100ie volt.S" 
I.,'"' ' Sh,,,* Ihe Hl'-lOC c.leul.,,,, .I, •• d)" h ••• n .7&e­
UI,. o""iII.,or lo,;ts Hmo and al. ,m function,. ou, inl., .. d 
lin. "SCO 32,7&e kllz •• the ;"I"red mod"tation f""tu"nq , 
rathe, (h." ,100 ' hRh, l)' higho' "oh,e "'0,1 b)' c","'~""o". 1 
remote-<:<)n'rol un its, 

Silicon "itot"";<>d,,s ,",po",1 '0' bJ""d ""SO 01 ..... , .•. 
lon8,h . , ;"d udin~ tn06' 01 Ih. 'ioiblc 'r>«'tr"tn . To 'erin"" 
""w",,,ed .;~n.". ,he "h<Aodiode in ,h. "",,,,,'0' i. often 
~"""I', ,,I.'ad in • ", • ..,1,,1 ,10., i. "I."t"~ '<0 ,.;,;t.I~ ligr." 
bu, tro"'pa,ont to the longo, inf""oo ",.,'.Ieng,hs, Vorious 
~; nd , 01 op'i",,1 Ii lI er "'.'e,i.t, ore .Iso u>cd ., window, 
in f,,,n' of tho pho'oJioJo '0 reduco eXIr.n",,",ligh, fu"he, 
by movinK 'he cutoff wa\'elength ,till do.." to 9~O nm, 
Th" ;"I"red "",. ivc' in the 1'';'''"' 10' , I.., IIP. )6C "s.,. 
bo'h of th""" 1t'<"";'1" "" 1IC)"'<"e'. 'n""""esc.n' lign .. "",I 
,unli~hl "ill hal'e .tron~ COUlI)O"on" i" 'h" infra red ra",...." 
11," 0)(>(1"1011",, "I the I,,,,,,, a llows so"'" Ireq"."C)' .. 1"",­
H,'lty th .. rodue .. 'hi' de a nd low.frequoncy op,;",,1 ;nt.,· 
lerenre .,111 lurthe. to provi<le. hi!!,her ,Ignol.'o-noi"" ",';0 
a n,1 ." i"">ro"e"",,,, in ,I", ,]; ot.llce ", . ." which 'h" Ii", 
will ol"".'e reliab ly. 

tmptementlng tll4l link 
Tho cost of ",I,! i n~ ,h. infrared ".n.mitting dr..-.uit,y in 

the c.k"I"Of i, ", lni",.I . 111i, i. "'t""'i,II)' ;"'1"""'" .i""" 
it .110,," u. ' 0 includ~ tha, part of ' hc li" k in CI'ory cal· 
cul.tor wi,ho"' pen.ll,ing Ihe cus'ome, who doe> not wan' 
,I", I";,,'i"g ",,1,,1) ;1;,),. U,Io"",wi",, it " ·",,Id loo; '''''"'''-''''Y 
to resort to a In",e expcn,lv~ and complex plu~.i" module 
'lSle",. ",hic" wo"ld Ii ' .ly _dd., m"ch 0' "'0" 01" '0 
,h. colculo'o,. e,'en ",i, hou, ,10 .. module 

U"fortunately. 'he ,oco"", end 01 'ho Ii,,); is . ub>t.n· 
,;. Ity 010," "'pcn, i'". Tho infr.red P'c'''''pl;r;e' chil' 'e­
qu i",. "",'era I d isc,e,u compo"cn" . nd • "''8"1 .. ,,-<1 ,u~ I,I )". 

The .<tditional p,in,ed dr<:ui' boord ' f<." ,,«<led wa, much 
'no'" tn,,, co"ld be ."""mmoJ. 'eod ;n 'h" ,,"k"I.,o'. t"' . 
CO"", of ,hi " i' ,,'., " •• ; .... ,")' to ,,,. , . tho inlr.~.d Ii" •• 
o"o-woy·<",ly inlerfoc&-tho calcula'or I. the ,ro,,,",iller 
and ,h. pri"'" i, tho "",..,i,.,. 

II'hile .... , ."d ,I" ">o. i,l"""",, ",.de thi, deci.iou 
oI,,';ou, . it "",'e,,hel.,., ' .p .... nt.d. ".'; ... off 10, link t"'" 
fo,m.""", The p,iU'Cf canuor send b,ndsh,kc sign.l. '0 
,h. ""Icul.,o,. Indic.ting .... <lln"" to [occive mo", do'. 
I)"""",,, of ,nl •. af'e' "no"gh en.",,,,",, atC ".n""it,,,,I,C) 
1111 'he 1', ... ,.,', buffe, . Ihe ",leulalO' u",,' c.,efu ll y t"''''' 
subsequent tron,mi"ion. 00 ,h.t e,en t he .Iowe.t p""to, 
<;.' " k""p "I'. Who" Ih" ,,';nle' " ;" I""h 1"lIe' ;"', i' "." 



p,int 01. rote 01 ,Ii!!i' lly "",re lh.n enc 1;00 pC' 1«<.>",1. 
\\''''n ,''' ballo"" ar. n~., lh. ond ollhei, u..,lul lilo. lho 
'Ole i, .... "{iuC<t(1 '0 juS1 o,"r ono h,rr I;no 1"" >eC<},, ~. Ir 
,,"ould h,," """,,, n;e<>lo be obi. to ,"n lho p'i"l~' lrom. 
,"~" I. ' .. I "'rilly ,,,he, than diroc1ly lrom Ihe 1,.lIeri •• SO 
,h .. lh. sJ>OOd would be ""0'" """",,,1. Unlo"u n' lOly . tho 
cur"'''' ""I"i"'""',,,. .... 'Iuile high lup 10 1.~1I avora!!". 
311 poa k "'hile p'i "l i'\j!) a nd lhe inelu,ion of s""h • , uppl y 
"'ould hove ."".I.red lh. e<rst oi Ihe p,lnte' f., h.,yond its 
<i .. iS" objecti""', I" any""", Iho u>o, will .. Id"", ".,. Ie<> 
Ihi. "ade·off . ioce mo" p,;nl;,'8 ,,'lIh the coioul","" is 
du"" in "'S",""" , mallo, than tho ,ize ollhe 200",h.,acte, 
",i,,' hurl", Unde, th..., <ondiHons, Ih" prink' 1""1",,,,. 
a. J",., i' i, obi., gloo" Ih. cu're"l ".t. 01 Ih. boll~,i ••. 
Fn, I""go' prinl "gments, 'he Ii,,, eight Ii".,. u, SO prin' 
as 1 •• , .. the p,inter <>'I n 11" •• ",1 ,1'0" ,h. ,y.tom ,10"" 10 
a ,.10 of .lIghlly "")t" ,I,." 0". h.lf li ne pe' """'nd. 

00001 'he tn,,,,1 itnl~»'l anl 'p''''iflcaHGn' Jo, o"y Inlctf"". 
i. 'Ire ",.,im,,," d.,. ,,, •. For 'hi' i"f",~l li n'. tire .. I. 
i, ,ligh'ly 10. ... h," SO <h"act ... per """'mi. OIh", in' I"'" 
lanl p .. amolor> . '0 ~i"."<e .",1 ,li,,,,,hon,,1 .. n.;ti,i.y. 
(;ommc~'i.1 ;"r .. ",1 ",mOlo·con"ol unil.lypic.lI)· h,"". 
,anse ol'hirty I"", or mOto. Thi. i. n";Ih", """"""Y "or 
de,>i".bl. fo' colo"I",,'·lo,!>""'" ""mmuni<;atio" The in· 
,,...,1 link oc..y •• 'quor •• law ""pon.., w il h re'I>o<;1 10 
di".""". ,h., i • . doublm~ Ihe ,anse roqui"" fo", Un",. the 
,,,,,,,,,,11 d,I,·. CU"''''' fo" gi,'c" ~i"e' .. ",i' i'·ily. This 
quidl)" become' 0 problem fo, Il,e ""leulalo,·, I>"wo' , up­
ply. I" .ddil ioo. a long,,,,,!!" Dlpal,iIi'y i" t),IO .pp lir',a'ion 
ct<>Jlc> • i><J,""ti.1 I""blo", whe,. one in<ii"id",,!". cal· 
""I.tor might inte,lore wilh "'mcone er",', I"int"' ".",by 
The ",i""""o, ,li ... "oo 10 Oho"' '8 i""he, to ollow c"",,,lo"· 
obi. do,k,op operOlio", bu, 'ho m.,.imum ''''SO i, 110 mo,. 
th.n. lew Ie"" 10 ".oid , ,,ch proble,n, . 

Tho infro,"'! li8h"""'''''''8 diode in the c .. leulato, ha, 
an integral n'oldc~1 pl."iC len. which lo,m. 0 >omowhol 
Jiroc'ioo,,1 ,.d"lion ,,,ue ' n. III . n , ,,glc of , light l), I ... 

,R ,,_n .. el",,,",", 
",_e .... _ 

J\IlIlIlI1IL . e ...... ' -

t h." .10 i,' Y '!"I:""" f ,om I h., cl iTOCl io".1 • x i, nf 'he ,.,.,. ."'. 
the inlon'i'y fall.l0 half i" maximu m »1"" . Iong the .xi •. 
The pholodiodc in the printe, h., no len. om' il. >e".itivily 
I. much I ... d irecll"". 1. 110 "'01>""'" I. propottio" .1 10lhc 
l>"'I>""~ i cular ..... facin~ the source and i, 'herelo,"" • 
cooi"" f""olio". III 'ixty ,lew"" II,. '.'1"""'" willi", I,.U 
,r.., ", .. imum . If ,he coku)ator". bart«;o, a ... I .. sh. and 
Ihe colculato, and prinlo,.'" lined up fllCing cae], o. her. 
,he ""'8C I, .bout lou, I"",. 00 th" o'her ha"'1, if ,10" "". 
W,ie. ore obou, "",dy lor ",pl"""m"nt .,,,1 Ih. "" Iculator 
laeeo ti, ltt)· .1_ ,w')' I",m ,h. p'i"t.'. ,h. ,n"i",um 
distanco ovo, ",hich the lin k will ope,.,e i.about 16 inche •. 
N"""lfy. ob>lruction. in the polh ."d 'e/loclio1>5 ""n .is· 
" il i"",,\ly ch.ng\! 'heoe v.lue,. 

How the io1ter1...,e Wortcs 
~·ig. I di,!!,,,,,, Ih. <it<:";tty n''''! fo, lhe infr.red li n k. 

A <.<lmbination of ha,d",·o .. and li,mwore in ,he ""ku la'or 
sene,.'" Ihe proper galed p"I'" ,,·.,·ofo"" ." d",. •• h. 
Inl,..-w li!!i" ·cmi 'ti"g~i"de. It ""i"o,con"ec" 'he micro­
I'toce""" ])()11 '0 ,he bue of. bll>"lar t .. ",lolOt ,h.t ",,1$ 

•• tire ,Id,·., ,I".ico '0 h .. "d l. ,he rol.,i\·ely hish cu,,,,,,' 
pea k, ""lui,.,.!. I" 'he HI'· I !!C, lhe .."i"" ,,,,,;>10' Ilmi" 'I'e 
lishl.emitting diode <" rr. "t 10 .hou' till tn ,60 ,,,i lli.,,,· 
I"' .... rlopc"d;"8Gn the "a'c 01 'h~ bo"",i ... Whil. th_ 
cu,rent< "C fai,ly high. it may I>< po>, i~l~ in Ihe Jul,,'" tn 
inlew.le llr~ t"",iSl"" ,1,1"., on 'ho micropror:«>so' chip. 
""d ti,", ",d""" ,h~ oi,.., .n.1 eMt of ,h. ".",mit cnd of 
,he li n l in ,he "" Icul.,or even furlher. 

The ".",,,,;,,",1 i"ftar"'! .ig".1 i, cc>,wc"e..J i,,'o. "0" 
",n' hy.he phOlodiodc in the p,;o,"" and ,h"" 1010' ""'1' 
omoll d,lIeto"Ii.1 "oil"!!" by th~ p"lI·up "nd pull.do"",, 
,..,.i .. "",. T",·" mupli''lI o"l»<it"', leed lhi. o;';n.1 into Iho 
",eamplifie, Ie. In 'h~ ]" .. mlllifi .. . ,olwoe,tomoll)· com · 
"C" .. '.,.! *,i" ",,!!e' "W, .".o",.tio go;" <"""ltoi. Th. pu l.., 
I"", .. ,h"" I .... through , tuned ,ynchronous demodulator 
""I!O' ."d .n OUl"", i'Mg,.tor onJ pul", .h31l'" wfo'e 

"' _0 ....... "'--... 

'0_:121" '" -- ~ --II II -II-: ~ 
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' ''''''hing Ihe logie . ign.1 level. ,equired to d,ive the iutel' 
rupt line of the p,int,, ', mierop"""" .. o, 

Elect. ical interference i • • • peci.1 problem lor 'he ex· 
t'.moly hi~h.go;n I,_mpli/i ... Corelnl p. inled ci.eui! 
troC<! rooting fo. powe, .upply .nd g.round lin .. and po"".' 
supply fllteting .re ..... nli.1. The lypic.1 IOolulion 10 Ihi. 
probi< m i. ,hi.lding, but this i. pot1ie"l.oIy ,);Intuit for. 
. m.1 1 pot1a llic product wilh • nonmetallic c ..... nd 00 
(:(1"""""0" 10 ea,l h gtound. So,oro! cilcoil (:(Infiguralion. 
wOre 1,ied bofo", .n ooceptoble ""Iution wo. found. A 
",,»Oello' i. odded In 1>0 .. 11.1 wl,h lite pho'o><t,od •. ib ,.Iue 
colefully chosen . ucb th.t high.I'equ.ney noi .. i.,h"".d 
10 ground a nd prove nled Irom gelling inlo the Ii"t.uge 
01 the p""mplilie, wi'hont . " .nu"ting tho J1-1I>8·UI, ,ig. 
nol froqu.n.cy opp,eciobly. Thi. ir>ereo .... the link ,.nge 
,ub"."h.lly. 

The calcul . tOl ... nd, 00"''' 01 inf,orw lighllhol ore mod. 
ul.ted wit h 0 n.71J.1!·kllz "'I".re w.ve to produ,," 6 to 8 
pul .. , of lig!" in o.ch b""t . hg. 2 .howSlwo IYI"c.1 bu,,, • . 
El<h 32, 766· kH. cyde con, i'" 01. 15.26 ·,.. pul,e 01 ];~ht 
lollowed by. 1$.26· ... 1>""" 

Coding 
The <I.t. i, ."<:o<l<-d in bit hmes whlcb . re s"bdivided 

into n.U,billim •• , A bil time i. dclir>ed .. 28 ",,'iOO. of 
• 12.7&8·111. "' .... Io'm (oPI",,,i,,,.tely 85t,~ ... ). Tim. 
interv. l. ore m .... u~1 from Ihe I • • ding ed.so 01 Ihe bu"is, 
There.,. thr .. kind, of bib 1_ Fig, 3 fo,.n "x."' pl~), 
• On~ bi •. A 0"" b il is d.Iino<l o. 0 buost allhe beRinni"8 

of the lir" ho lf·bit limo with nO but" in Ihe socond 
holl.hil time 

• Zero bit. " "'to bi. i. d"fin.,1 o. no b""1 in Ihe li .. 1 
hall·billime ."d • hu",.t the beginni"8 of tho oec<>ncl 
h.ll·bit tim •. 

a St. ,1 bil." st.rt bit i. dclined a. 0 bu,,,.t the begi ,,,'i"8 
"f tn_ COn"""ulive h. 1I billime., an ",he,,,, .... illegal 
S@<juonce, St. 'I ·bit bu,.1$ ""n ho .. o 'h 10 " in. n .1&8· 
kHz pul"", 01 i"f .. ,«1 Ugh" 
fMh f,oma con.i.1> 0/ • • 1.M bit followed by II d.t . 

bib. Tho Ii"t four do •• hi" or. lh ... ror correction bit.. 
.nd H.c rem.ining 'i8hl bib Of. tho byt« being " •• ,,,,illo<l 
Th.,.., mu.t bo o dol.y of 011 .. " 110 , .. nalf·bit time, betwe.:n 
f.ames, m~,ured from the end ol lho last b it lime of • 
I,.mo 10 tho l~odi"8 edge of the "art bit 0/ Ihe n""t Iramo 
Thi, giv •• • m .. im um ,1>10 talo of obout 76 byl~" All 
' '''''p l. of. complelo f,am. i. ,hown in ~'iS- 3. 

[ "'OJ Co"",,,lIon 
Two ki nd. of e.rors "~ o,~f!d to I", tb~ "'oSi li kely; 

fig . 2. 0.,. .. " ......... _ ..... ,~. 01 00.", 01 "'''''01} 
1if1/>t, _" 00.$1 "'"""" by ." ., e.gIli _s Of _\1)' II 

~_~,"'oI .l2 ~"iZ 

bil$ thai Ore mined enli.ely and noi ... bu .... inlroducood 
in addition to d,. co , '"<;1 dot. bUISt • . Th. bi. docodins 
roulin. lreol> bil tim., wi,b '''''a bUrSl. (noi~) .. mi.oe<! 
hi" , in"" il does "01 know which bu ... "'00 data .nd ,,-hldo 
burst w., noi .... Th.relo ..... Iha ~"U' correc! ion code only 
h~, to 0,,,,,,,,1 orre kind of e,ror-mi, ... 1 hilS. ~'Iippe<l bib 
(l - 0 0' 0 ~ ') aro much Ie .. likely .in"" th i' requ ire. 
o noi .. burst to occ:u' In (h" oppo<ile no ll.bil time of 0 
mlOS«! burSl. '" lh".., e,rots.re not oorr""t"''-

f:'ch em" c<><""'lion bit .,,""'!'" tho poril)' of 0 .ul_ 
~f Ihe ,I." hil. , .l lowing oorrection of up 10 1"'0 mi.sod 
bi ts by ch"d inX the pority of ..,porat. "'" of bl". The 
correction bil. IIlI to H4 ) a re ..... Ih. e,'en "o,ily of the 
d.to byle ANOeIf wilh tn. follow ing m •• h, 

Oil Mask 

'" 01111000 

'" 11100110 

"' 11010101 ,,, "'U\!lUll 

Unldl.tcllona l Communication 
Tho unidife<tionol infr.red inlOr/""" penni!O Ihe col· 

~LlI.to, to tal k .o the p,in t." but the p, in'er ""nnot c"",· 
muni",l. bad, Thi. ~Iimin"'" Ih. need 10, "ny recei"", 
Clf<ui"y in tho calc"I • • ",. O:>uve, .. ly.lh. prin' er i ..... cd .h. drcui.'Y needed 10 ".n,mit hKk to the c. leul •• ", 

A • • """ II of Ihe unidirKlior .. 1 natme 01 the oomlnuni· 
COlio,. the <.oleul. t'" h.s "0 dirocl lufo,",.,ion on H.e 
st.lu. lor even Ih. e , i.,,,n<.e) of the p,inter. It can me .. ly 
I,.",mil b"rS" of inf,.,ed lighl in . uch. m.nncr Ih .. t he 
print., <.an hondl. th.,n. Tho rnost crill ... 1 piece "f 1"lo""a· 
lion Ihal Is miSSing i. whether Ine p,inter ', buffe, i. full, 
Tho printe, h • •• 2OO·ch .. .., .... buff",. Tha ca lcul'lor m",l 
make .ure ,hat this bull.r ne,'.r ov.rflow • . Th~ I',int., i, 
""1',1,1. of . mplylng Ih. buffet.t 0 JOlo of '" ",ony lin .. 
per second , but Ihe numb<, of lines In Ihe burleo- d."""d. 
on how m."y ch.'acler, .hero.re "'" line. 
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A 'impl. ",Iution would be 'imply '0 waH Ions .nough 
lollowing eoch ' .. n.mi .. ion oJ • Ii"" '0 be 'U ' . ,h., 'loG 
prln!., h. , /;".,ow. Th i' doe.,..·' "to much . dVOD1>ge 01 
lh. pri,..,.r·. buller and cau'" lhe cakul'lO' 10 remain 
inac1ive lor prolonged period. of 11m • . \\"hal ~ would 
",.il y like is to hov. tho calculator ",iv. to keep Ih. 
pri"'., ', buller lull , Alter. long ""U,. wllhou, 1,";"Ii"g 
the prinl.r'. buffet I. cerl,in to i., ~mply , '" .. ve .. l line. 
u n be lr.nomi" ed immedi.,ely and !h. printer .h""ld be 
.bl. to buffer 'hem o" d print thcm •• fo .... P<>f$ib l •. Only 
when t h~ ca!culalor has .. ,,' cnough lin .. 10 fill 'he 
prinler·, buffer .hould the ""'cu IOlo' h .... '0 wall 10 tra" .. 
mit "")t. d .... 

A truly perfoct a lgorithm would h. ,'e the calcu)alor keep 
lrad of when _ h 01 Ih. )i" .. wo' " .n.milled ond ho"· 
,o"' y l>y'., we,.., in...eh line. 1I0wevcr. thi. ~ui"" too 
much memory, In"""d. "'me 'impllfying ... um "tion, . ' . 
mad •. "II Ii" .. . '" ... umed to co,, 'aln 25 b)""" (24 ch .. oc· 
te .. plu< . n end·of·line by tel. wh icll meo.n. Ih .. Ih. 
printer. buffe' wilt hold "I' to ei~" hn ... Ra.hcr ,ltan 
k""l' in3 track of ".h." .. ch line w,.. .. nt ••• im pl. line 
counler ond • r""",d 0/ the t ime when the I .. , lin ..... , 
.. ", 0'" used. The CO""," i, incremel'ltM _ h ,imo . Ii no 
is .. "' ond the 'ime of t ho, Iran,mission i. saved. Befo", 
.. nding . line. Ihe c.I""I •• ", c hock. how much time ho. 
elapsed .inc" ' he 1 .. , line w. s lr •• ,miI1W. It thon calcu· 
late. ho .... many lin". ,h. pri,,'''r .hould hove printed duro 
in8 !h'l'ime 0,,,1 , ,,bt"'"10 .hat numt...r from lheline coont, 
If 'he coo'" indi< .... 'hot Iho bullor con now hold .no,her 
full li"o, tho calculator ,end, !h. li ne .nd sa,,,," the cu ' ''''''' 
,Ime . , ,he I .. , "an,"""'o" "me and upda'o, .he line 
ODont to in<:lude th i. newly ,,"mmittw line. If tho buff .. 
cannot hold ono! her Ii". )'01 . ,h. c.leulalor ..... i lS ond ro­
l>ea" ,I,. above pfOC<!S< u"ti l,h. bulf.r emp'i •• enough !o 
accep' 0"0,10., lino. 

A .. umins thOi Ihe prinle, con pti"t .. lhe 'pe<if ied ""e. 
thi, al30'ithm i, fOf) lprool. Si",," not.1I printers prin'.' 
.he .. mo rot •• nd they tend to .10'" down •• their batte,ie, 
de,eriorate. the calcul.,or "'lOst n""~' .. ",I lin., f. ".r ,ho" 
the .Iow." prin,.r c." prin ' whilo runnini.t !h. lowe" 
""-""p'ab le b."'ery 1",,1. H.nco, .ino, ,no" pti"W' omp'y 
lhe ;, buHe" rno .. q"idly ,h. " 'he co!cul.,or i •• 1I0,,'ed 
'0 ".",mi,. 'hey wil l often POlo" ",hil. 'h. ",,!cul . ,ns Is 
wOilins to send Ih. ncxl lin. 

C.IIlcal Timing In .he Lin k 
"nothc. ch.II.,,# in the ~r;nte' "an"ni"ion lirm"·.", 

..... ,he timing of ,h. bUTSt, 01 inl"',-w energy " .. dod 10 
tr.n,mit • ch.' ",,'e'. "', t l," clo,"*lupme'" 01 'h" pri"'~r 
p~d oIQ"~ wi,h the o,lculator, ' hc need for aocu"q 
of ,h. bu", limine boca,no quite oPP<"""t . r:.o<;h ch".,..ler 
i." .". ,niued ..... ric, of bur." of infra",,! e"~rllY mod· 
ul"ed at 32,768 U k r::.ch I,,,,,",,,,.d b),t. (fra,"ol i, dl · 
vided into <7 .,,1,1"'" which i"cludolh. "art bi .... rooun· 
d.",I)" ""cod",t ,I ..... ",1 errorcorroction information Thi. 
ocheme i. desi8nM to m.ximi .. Ihe prlnl.", abi U,)· ' " 
r"",,"c' g«ri,I.,II,.m",. 

Tb., on"" (On, mon problem wi,h ;nlrared ' .. n,mi,,;on 
i. ,Impou, of ,h. infrared .ign.1. Some of the ',an.m;lId 
burS" m.)' not be dotoc .. d by 'he Win'er if ,h. calcul.'"r 
."d I"in'~r.",.' ,h. limi" of their range or il ",m",hing 

momcn .. rily bloc k. t he "an,mi .. ion po,h OO1"",,,n them, 
The e"",,<ii"l1 sch."", used WOfi<> woll for ",ecwe,;"s fmm 
10" bu,"". buI only if the bu"" Ore 'i med """" r.,.ly 
e"ougJ, $<) 'hot the 1"ln' ., d.,.. no' g.' co mpl.'ely out 01 
sy"cbronizo';on wi,h Ihe calcul. tor, Thi, would c.mc ,h. 
re" 01 Ih. bi" in tho frame to be inOD"oct. 

To ochIO'" .he required li ming accur""y. ,h. c. lcul"~r·. 

microprocessor n<>od . '0 "." _10 infrored bur" within. 
4_1'-' win, low. Since th. oo",i".1 dod r.'. i, 6 11 kif,. the 
micropfOC<l.'joor must no' be moro th.n one cycle away from 
lhe p€,lcct lime . The dock i. ge n",.too h)· a n LC o.dll.,or 
"·h",,, f,..,,,u~,'lCY ... i@.sligl"lyfromunit,ou ni'ODdwith 
~han"e. in ,.mpo,,'u re ond ba"er~ voltage, 11,,, calculator 
.Iso co" "i,,, 0 J2 . 76~ 1.!!, cry.,.1 oscillator th., t he 
Ii rmw .... ea n U ... to col ib,,'e tho loop, u>ed to' i m. inf,.~ 
bu"". The eXllC! "umber of prueo."", crel .. r"<luhed be· 
'",oen oors .. i. co lculaled , ond l>y u,ing voriabl' cycle <Xlunl 
in",ue" ""'. th is ex",,' "umbe, or cyel .. i. ""hicvod, This 
calcu lotioo i, performed bofu," ."cn line i, .. ,,110 gu ... n. 
t .. ,h., t h~ doc !. h., not drif'ed 'ignific."tly, Tho flo .... • 
chart in fig, 4 ,how. whOi I. do,,". 

The prin'er "",.ivcr decod .. the incoming inlr.red 
burst. by m •• ,ur ing lh.,im. iu lerval. be,.,,,,,,, .uceo""·e 
bu,,". Thi, "mo_i" te,,,1 u>ea-<uf1!men' i. , ubjoel to four 
&<>urces of error, 
1, Alter beinS detected by the I'hOlodioo". Ih~ Incom ing 
bu" .. go through a pre. mplifier. wh ich i",roduc"", addi· 
,ional timing error, The iu"u' In . I,e p, .. mpllrr., c.oo,;'" 
01 •. ,.,io< of 13 .26· .... • .... id. pul ... of curren' oopo,. too by 
p.u .... The preamplilier mar no' r.,pond to Ihe bur ... 01 
pul .. , In " " c,ly Ihe .. ,no ,,·ay c"c'Y " ""'. It. ou'pu, m'gh, 
go oru. on tho n,h pul.., in un" b",,, .",1 0" ,h. 11'1+ 11!h 
pul .. in Ih. nex' b,,,". which would ,,,,,ke the h" o",.1 
1""",·..,,, b"",. 0' tI,. p ..... mplili.r outpu'look 30.5,.. '00 
10"11- Si",;I.rly, the ou'put oould go lru. on the (n+l~h 
pu l .. in on. bursl ond on the nth pul .. in the next btl"'. 
wl'ich "'o"ld ,,,ok<> the in'erval look 30.5 .... too shon. 
Th ... !o ... ,h. error from the pre.mplifie, i, . pl'fUximaiely 
~ 30.3 1'-'. 
2. Th. output 01 the preampl ifier go<;$ ,,, 'h~ in .. rrul" pin 
of the prin'.r·, micropr""",'or, Si " "" the.e.", plac .. in 
110. I,dn"'·, li"o",., .... he .. tho intorrup' must be '.m· 
l'IOroril)' dis.bled, Ihc in'eroupt can be d.loyod "1' '" I:' 
procoo..or cyd .. (abo"t J < .... 1· IIo,.0,,<li"8 0 " whe' h~, this 
hOP I>el'l' 0<> ,h. lirst or I ... pul .. of an interv.l. Ihe i",.rv.1 
aon look lon""r or ,horier l>y 1J cycles. 
3 . On"" the in'errupl oocu". ,i<. i"to,.. 1 ~t ..... n int.r· 
tu pIS Is '''" •• " .... ~I usl"g. bm~r in ,h. CPU. Siue< 'he ,imer 
tid .. only e.ory 32 cycles (.bou, 8t 1'-'1 , oddition.1 C<"', 
i. in"od uced by Ihl ' g,. " ul.,.,)". For .x.mpl~. ou in'crval 
,1,.11 i. , •• lIy 11 .3 limer tici<> long will be mea,ured .. 
. ithor I' or 12 tid", lo,,<! dependi "g 0" wh." it occur> 
,el .. " '. to 'ho tlmc, tic ... 
4. The final error com .. lrom th" l)fiutor'. <>scillal'" .peed 
""".lio" •. Sin"" ~" I.e ",ci ll.tor i. used. 'he fffijuenq 
,·o';es SQn,cwh" , ft(lm pri",@r to pri n'cr, Therefore, tile 
o<;'u.1 t in'e in,.rvol "",,,,,,,,, too by the mea.ured nurnh" , 
of ,imer 'ick, vori .. with I""""sor liming. Ala" pfOCt",sor 
,.-,11 ,how ",fo,.., Ii",", 'id:. for 0 gi"e" ;nto",.1 th." a , low 
proe .. ""r 

The reai.er code u"'" ,h. lin,,, i"'", .. ol . inco 'ho I ... , 



Int'"U I~ ., .n Index into. find Un,,,,, I,lli. '0 d"'erm ltl(: 
w~~er 'h~cu" ... ' In''''''I'' I. t .... one boll Of. """b;t 
The ' i_ l"t .... '.1 m .... be odju .. '" by fI"e locks If the lui 
bi, __ • """ """" ,he In'"""pI ..... """,...:at", .. tIM 
mid"", .. t 01 """ bit Ii"", n' .... ,hon lOt II. """""los- 1M 
,b;hly '0 mrnoct op l<> 1..-0 mi_ bill _ou thot ,100 tobIo 
mull bo on." 1Io"./); , ,j ....... ""'- to W¥'OO' tbe bi, ""' __ 
IXXO whffe X Indicat .. . mi .. "" bit 1'>bl. I .ho .. ·• , .... 
,.nllO 01 " """ tick> coleu lat"" for INCh 1,1t·,.,.bit ;nt.n'.J, 
'. 'I,,~ ''''0 """ount I"" .bo,·. orror. o ...... 11 .. . 10. n"",ber 
. f lid, oct". lIy owl i" ,h. IImln~ ,.b l •. 
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TIl~ 10" .. , . ;mlD.tl '''Y'w," on INCh 111<"..,.1.·"" bunt . inc • 
'h" II"", of """h I"' • .."p' i ... v .. I" ,h. "''' '''H I>oin' of 
tlw tI",. I"'~"'.""""''''' n It ud ,tHo ,w" I,,'errupt. S"".hlt 
tlml",," lI.o"dlod ... opeeiol , ..... Tho "on bi , ",ust be 
"""'h'Cd "",,"""~ 1"(",," ,"" cod. I"" • • , ... ,ho '2 dat. 
bo ... /\ft~~ ,ho f .. _ i, """''' ...... In. by •• i,d.oded "'ing 
,ho ~m>< QOrreo:t;"" "'to.nd "",...,. .. 1 if '*"'""0)' 

I"","" .... an .. ,I .... """"on 01 ..... .:.1<:,,10.0<1 . jm'na 
lab1o. ~ ...,...,. ,p-",n, .hot tlte al<:"I0, ... m,," ".nunit 
..... """"ed bun,. ''ft}" "",,","ely to '"' .. );o"Ie docodiBJ 
of ""'.i ...... fnomet .iDC<! Ih. i",.,,·~I. _lop "''''''' bi .. 
• .., m'''''' Pot ... m"I., if U I""""""" 'lcu """"' .... 
,,, . ..,,, 100,,10. ,h. COO'" I. , ... " "" .... , bilo foll" .. · .. 1 by 
""h.," """ 0 ' zero b i'. I." 'h" 1':1""" "'"old Inte'p,et it 
.. 'ho 1"'0, Tobie j Ind"d .... 'h" m"""un, . I~,wcd error 
'" '"" co k"I. ,or 1I.",ml"iM .... ..,11 II ,be I"i"te< ertttr>, 
1M 0' ..... " 1' ,J in'on·.I. 1M.' • • """lbill'y 01 Improper 
b .. d<ocodinlJ. bu, ..... i .. ,,,,1 olmol,,,OII .ho,,·eo) 'hot the 
,oroto.hIhly 01 'h" OCCUlT". i. "'I)' 10 ... 

4<:knowletl\lO' _ •• 
" IIU'"",," 01 _I. ,I.,..,....., ._ .. 1 ..-10011 lor'loo "' .... 

!rib""n, .. '" ,"" ,nlro,e<! I"""'" p.<>toO<:t II • ." !toW"",,';', 
.... ,"" PI"""" " .. ,_. Moch."i<;.Il <its'S" ".~ h""d le<! 
b)' [)o,'" S"",h . "d I>cl: ~I" •• " .",i, "'h~ ~'I>I.i " ...,me"f 
the ",,,,,h.,,,,,.1 d", ign deci'l"'" I" II,,, .rtld~ " " 1_ 21 
Gory I'ud .... lny did ,It. ind"",,,' d.I~" TI>c1M> G,Io."'Y" 
.fI"". in m.o,m/ocw,jt>S " ..... """",lolly 'mpott ..... C.on, 
Sal""'noon did ,ho ,orodoctioo .... 1o<>I"'lI \\'"h I"" help 
01 N. Say lion. [)ovid Shum .• nd T." 7';nl Q.iou .. S" ... 
_ .• ",n,~'\Oh ".,,01 .. '0 1"Od_, ... , """, ''''1" ,,,,,,,,,101),_ 
II"",",, T". I"",,-ided Sltofljl.ul.,...., ftOll, ,,," Q/\ de""". 
n, ... t 

Roter_ •• 
, S.'_ "'.d,.""_ "/\ ''',,~h''d Ru,'._ r.""."It,n' 're..'l<U_ 
",. 'o~1 "",,,,.1, V~I ,,", no &, """"t ,!>II, 
l_ U f:. Mu",h ,,'" R.B. T_rt.· ,,,,,,;>bit' Sd. "tl 'k C'''-ul"", 
II., "",I,.," 1'''"'''''.'' 1I, .. h,It ·Pac"""' 1".", .. 1, \'0). I •. ,..., • 
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A Low-Cost Wireless Portable Printer 
Based on a unidirectional infrared transmiSSion path, this 
small/hermal panter can provide hard copy of HP· 18C and 
Hp·28C calculations, 

by David l . S mith and MUJlhiko Mu . anami 

T HH HP a2Z~OA INFRARED PR)"LER (Fig, 1) is • 
I",,,abl. toa".')·-f'O"'et".-J ,herm.1 I,,; n' ., <:ap.abl. fit 
pri"'ing 0 moximum 0124 oolum ... of alphanumeric 

<h, roc'e" Or 100 oolumn> ,,{ continuous gr, ph lc. ~r line, 
DIlsl8nod IQ. "SO ,,"';,h ." 1I1'_I&<.: 0 ' IlI'-Z&<': h."J hclcl cal ­
culaoo,.' ·' Ihe ;n lo,m. , ion w be pri"'.,, i. '",n,mllwd 10 
, he pri,,"r b)' !he ",,1e,,1,1,.,- .. , ing." i"r" """",~", , Thi' 
Ir.",mi,,'on ",",hod ;s ,I;,.,,,,,,,,, in det.il in 'he ",Iide 
on """" 10. 

Th" l,tI",., ,,_ Ill" , "."dard Sa _n,m_"';,,O black-p';'''' 
;"8 ,herm.1 p.a~r, The 2· inch·di.mcler. SO·looI·long ro ll 

wi II "ro.icluboul 0000 li" ... ,,1 "rinl. U""re<w",ol. include 
I,""we,. I'd", ""."';'y .• ,,,1 I'.P.' .d,'."c~ ""itch ••. Th. 
UP RomanS ch.,acl.r set is pro.ided. 

Power i, sup pl iod by lour commet"ci, jl )' ~,," iI"bl e 1010-
.1"" bo" o,i .. ,",I cou be 'uwleme",ed b)' .n ac . dovter 
wi,h • common bo ,rel·.hapcd plug. The unit ",m """"1" 
,<1,1"'" with "" <)r de .... , 'put. Wi' l. Inll I"''''.' 'h" I"''''. ' 
's c.al'a',,~ ul 1',,"1i"~ O.S Ii". ~r second , On ... 1 01 lresh 
t.o"e , i~. " il! ~,i ,,' "J' 'u ""U wll, 

The UP 82240,0, "'O"'U"" a pl,ro,;", • ..,ly 7.25 ;"ch .. 
10"8 by 3.~ .nch", wide by 2,S in"h .. 1.11, It weigh. ,1>",,' 

Fi9. , . , he HP en_OA 1n/,-",,<! 
A ...... " • _ _ • .,.; P"'" 
"' "...""...", "" uSe ""h ,... HP· 
18C II/lOdHP·2t1CC..,....". !no -"" """"""""" ~ ... ..."".",(1 t>y """9 ~ """,,"" 
"...., Ie< dolO U.O""'''''''"' 



000 pound w~en lo. dod wllh. lull pope' roll and h''''''ri .. , 
A ma,," ol. pal"" ro ll, at,,1 I>a"e,ic. are in~ludod wi,h 'h~ 
I'rinle,. 

_0<1 Design 
Th. componenlS oll~. lIP 822<0.\ .On be di.lde<! inlo 

..".,.llP'ne,.1 ""togo,i"l_ Fig. 21: p,int .. moch.nio"" 
1' ,lnt.d <1"'011 .... "'bly. lo'II.'~ """I"",.. eloctr<»'allc dis­
erug< prot .. tion .• nd pl. "i£ 1"'''-

Th. development time lor the liP 82240A wo. ,a ''''', 
.1"", t...c ... " .. of ilS ..,h",lul.,1 a",,,,,,ooo,,,.,,' .Iong with 
th. IIP·l!IC, One foetor th., en.bled quid development 
... os tho dt<:i'ion '0 pu«h"", n OF.M t>';" '~r ,oochani.m. 
Th. mechani.m wu chosen for com ..... ''' .... qu i., 0"",._ 
bon. ~"d wophk. printing eopabilll)', 11. =1 ooc<>u,," for 
on. ,hiro.! of ,h. M.I pa" COSot of Ih" pt;ntct. Tostlng w •• 

conducted 10 en'u,. """"pt.hle lile, en'i'onmcnral. and 
drop-, .. "lv.ll .. rfo'mO""", H.sed on qua li f;';',lon t •• t re. 
.ul ... tho manui ... ture, "8_1 '0 modiiy 'he ,n""h." I.rn 
'0 mc",1 ou,d ,op I",t .nd p. ckage drop leot requlrem.",.. 

Othe. """, .uen os .,."Itehe<. CPU. , "d l"t.rOO"""1O 
w." clo""'" for 1<> ... cost and "'ings in dc,.lopment time 

T,,·o ba"",y 'p'ing< ,,·e ... .ro,iS".,1 'n <no,"""t Ih. bot· 
te,le> to 'he pri"ted circuit boord, Kidel.!' I.,.d be,),lIi"m 
0;01'1"" w" <hown fo, hi8h .lrcnglh ond corrosion re,;,· 
I,,,,,,,. Tho .1 .J.l>y"""S.i,,<h ,i"Iti"-Sided p'inled ci,eui' 
boo,d i.o cl~l' ... 'ture from recent doub le-,ided and/or hyh'id 
boor<l'ocho>Olog;' u.w ;o HI"s h,ndheld prod"~1>. Low.r 
root ""0' the moin ", ... on im 'hi' ,i<lCt.io,L 

All""lion w •• paid to ornde"9 ."d ",'nul .. tu~.bili'y 
,hmuwlOw 'he deoig" 1'''''' .... A CAWC",:>-t ,),.te," "'~, 
used t,o,n Initl.1 I'yout to d,awinK I!""",.tion, Cornpo. 
ne,," oi 'h~ print .. ,uo/,., 1'1 .. 11< P',t,. met.1 po" >.o"d 

.ho pri",ed cireuit oo",d ",.,.,d .. igned o. wi,o/,. ,n. ,""d.b. 
To on.Uro prof>l!' I,,'o,....tioo ' '''"''11110. p.,". purchased 
components ,uch .. ,he pal"" mil. ho"., i ... I',i"',,, med, · 
.nh"" . witch ... poolodiode, . nd II<: sode! we", .t.., re-
e .... '"d in 'he d ... bo..,.. \\,10.", """"'''I)'. t~_ model. 
oould b< ",."II)ul.'cd to d~'c'mine f • • • ",," locations ."d 
'" <h<lCk i", lit . "d interierence>. The rot.ting mo,ion 01 
the popcr doo,. io, ~""' I' I •. " 'as ,i",,,IOIed to dctonnlne 
its p in location in the hottom <:II"" .nd irs ,nal) d ... iI in 'Ir. 'o~ co'" (5« fig. 3). Appllut;o" of Ci\t~CAM me.OOd. 
'0 Ih" J ... ign proc ... W",,'ly inerca.oo confid.""" ,h., .11 
compon~n" ",""uld porf"'m t''II''t~c' o. Intcnded . 

~:.rly ill ,lo~ d .. i~,. 1'''''''''' , ","n uioclu,ing <m.gi"oo, ;ng 
advised Ih. t po'" allowing l.y~",,1 .,sembl), "'e'e more 
d"'irablc. An err"" ,,'os ""de to <I .. lg" pl.,, 1c po," th.t 
hold compone"ts ;n pi .... during aOSO!mbly. ,lo", .Hn,;".'t. 
ing a. many t .... .,.handed oper.,lon ... pouil>l", Th" ..,1,,· 
t i"" e~_" ,,'''' .n.p iii, ."cl,lIp lito Ihroughoultha prod. 
uet on(1 .lIow, "'sembi)' irorn 'he boltom c ... up. Th~ 
bolt~ry ohoning boIS .,,,1 «lntoct> ,nap inlo the hottom 
ea .. to allow mo"ipul.t;on of ,10" .... ",bly ,."irhout ,Ho­
I"""I",!! them . The ESD protection oom])()nen"."d I" ;",,,d 
£i«"i' '""n,h] )"",, I""" ted by sctGw bosoes. Th. kej·cap. 
.111' OHto ,h. 'witch octLtators and the I"intcr mechoni,rn 
i. _u",<I. T,,' o SC",W, loc.ot~ the m<,<h,ni.m witbin 0 

,,,,,,II toler .. ,,,,, band '0 ~Iimi, .. t. 'h~ I)()$$;bllity of J>ilPC' 
jam •. The oc ,dapter receptacle ond inl"",d wi"dow '''"1' 
i"tu tho bolt,,,,, "" ... after ,,·hieh the lop ca .. I •• Iipped 
o"c' 'he ,,'10010 ...... mbly. Six .."e .... ho l,1 tl , e('~, 'oll"tl,c, 
I" ."""" """"'pt.o l. df'()p I'<'rfo,m.noo. The "",metieally 
.. n.i,i,·. paP'" doo, .,.,1 1"'1"" ''''''-off window are .napped 
1"'0 pl><;e.t the end of the .... mhly I''''''''''. 

Cu,tom '""i;,,~ I", pl •• Ue I""t. w •• ""oth~, a"", in 



whith CAI~CAM pJo~. malo< rol<!. Tho pJ.o,,;e I~ jeclion 
moItb I.,.. ,,,," ' OIl .nd boolomUH _ ",",I, .. " , .. Iy u ..... 
<»mpu, ..... IdeJ.manufoctu. 'n' , .. hniq-.. Tho wi",,~ 
dol. bue from Il100 w. 'ronti..-rW '0' .,mlla, 'ysl.m In 
manufoctu. i ... The mold deoi..-s "'"'" I"," ...... <lola bue 
lo.".,.,~ .he mold dot. bo ... No ...... d ..... I .... w ..... __ 

"<y .• 1_ , .... d.,. ""'" a.ll.lned , .... ""'lui...! ,ooIin8 
1"[OImolIO<l. W.,.,!;ne loc.oHo" •. ' ........... jed.,.. pI .. "" .nd 
, II .1"", ,,,,1. d .. iS'" "·C'" "" ml,I' lotI 0" I"" .y ... m. Th. 
COml, I • • • 10' 1" of th. cos. I ..... ,,·ou ld h.v. m.d. "On'~n· 
li,,", 1 ""lcu l"iO<l' I,"'~ con.uml"5 .. <1 ,j;llieull. but Ih. 
,y"'''' mod. n"mber<hO!dln~ ttl.I.I. O ... lb .och •• I .... 
.. ' ..... 1 nod,i .k> ... I .... 'n'.<sec' ion 0/ • "urved .. .f_ 
ond • <I .. "od pion • ....,.. """", ... meel and cuI"" • o;c 
Ic:omp,,'..-lud ",,_I ..,."ooI\lIIltti ... ...-.h, ... with 
II'""" 0CC\I..cy. WI,II""" .... " "".I .... lIn;'Iueo. milt,,. .. ch 
...... ,1. uactly .. ,,,," poi"' st>«lfleo 10 _.Iy Impossible 
• ..d v«y 11_ O)01."rn'1>3- Comploo. ,,,,,li n, f.,.. , .... ..,p . nd 
bot'om "" .. w .. manulaclured in _II .. 'oeu. """,,,,,-, 
'0 q"<~ .. 0/ nl .... 10 ,,,,.Iv. weeko lrom ou!Oid" vend.,... 
w,lhouI (;AIl'CAM <.>pobltily. LIo.ign ",O<Iilll:ollo"' " .., .. 
.1"" "onV<lYod 10 th. mold dcslw' .... 'hmuih ,h. "" .1 d.t. 
boH. 111< h.,d..:opy documo",,,ion lor Iho lop .nd bot'om 
COl ....... dono ofl", Ih. mol d ... ttO completod lor produc­

""" ,,""'. 
~ ... loded oulfldooto' u"",lenoo w iOh .. ~ 

,;,ted ",In''''' ciKui, boo ..... .... nul .. '".i ....... ..-; .... .......... 1""'_ ~II""'_ .., .... ooklerol,iJ;,y o.nod _I,. 
0/ IlIe boord l)eoj~ 11",,,,,11_ " ' .... II", obI.ined from 
R __ llle T"""inol o;vi."",. n.. po.d.nd • ...,. """'II>' in· 
cur 1""'&'" lutu ... deolgolod lor <>t~, mu m ",,'deubi li'y ond 
.... "11'10 In ,100 h" i.bed VO'I)t.i ",,'. &>I,le. tldlOl d.l. ",0' 
oollacl"" by eond "~ti,'lI w ., • .. ,lde,I"1I ,~! .. rhMn .... 
Vonoo',"", 1), .;, iOl\, lrom "'hlch dul,n modification, 
... ... d ... . mlnod. 

Durl". d.,..,lop ..... nt. I"" <*;1010" ..... "",do 10 , .. ,,.1 .. 
",0<1",," "" '0 S i "PJ>OO1I I.lonu""',,,., "11 1), .i.i"". " """'" i· 
""ed 011"" I<>r. _h tronsitl ......... oa:oon p); . ..... In 
_ ... 1 ....... fi ..... -...biy I"OU ........ """"""" . nd 
bult' In Con-.Ui. wi'" ,he .id 0( S"' .. J>OO1I .... n~ r.". 
___ reed domeolico!ly. ,,· ..... 10 .. c"OIom or com"",,-

doUy • • oll.bl,. l.ob p<otoIyp"" ..... ..... mblod In Corv.I· 
Ii .. n.. .....,1 .. to"" infonnalion upon wh;ell d"lIn 1m· 
"""' ..... nlf. ,,,,,II,.. debo.o .... nd ...- "'_n, __ 
booed Complet. QA tesOi ... w .. conduc,ed in Co<v.ll i. 
.... 110 0 S; .... J>OO1I 0II.Ii_. wh,1e _ 0/ ''''' ..... _to 
d upllco'od In Sinpportl_ Slnpportl ,hen '-n procurinll 
po'" I<>colly ... d inili.led 'ooIinS lor ",,110m ,,"1'1' ~ 
pl.otlc ",old •. T""I,~ ond """om IN'" _ .... hipped '0 
Sln"",>o ... IOf ''''' I,,,,",uclion P""o>lyilO buil d, fo, ",h;ch 
c."voUlo ~"lln .... wer. " hond o ~ln.Uy. [0. prod"dion . 
Ih. "I .. 'ie mold. we .... n' '0 SinljOJ>OO1I. 

Aeto.nowlMg ...... , . 
11Mrtio GlbMy oonductod ooIdtt"bUity uperi"""'''. 

c:oonti'uUod.........bly tool ...... ond deoi.,...t !he I .... both 
In Co<v.1l1o ond $insoportl. $"," "I ... oo:t" .. Iloi"", be­
Iw_ IlIe ' "",oilos. MOK IIold .. l" coordl .... ed pl.ollic ,oof· 
I .... ''''''",1 ..... and ,001 ...... 1 .. Ot""" ""'m ..... 0/ J<>hn 
M,,~""II". ",onul""o,111.!I I ... m coo"ibo.lod 10 _mMy 
1""10",, Guy II'", .. ond Bill P.'~" tI .. I","'" , .... mold. lar 
, .... 'op "''' .n" botlom ""N. 8",1 Smith _,.mmod 110" 
CNC millin, no><; hl", _ S,niOJ>O«I cn~lnoo .. [)ovid Shu", 
ond To" Zin, Chiou .... m. 10 Co<v. m. ' 0 .id . ... mbly 
'oolin •• II"" d lllll<' •• nd lJ'OCutO_nl. It ....... Tins ","me 
10 cond\ICI J>l"od\IC~ q ""I 'fiaoli"". Other _ '*" of N, Soy 
IIan·, ...... "loo:turiJl(l ' ... m "",,',ibu'" ' 0 lho _h .. ~".. 
for of prod"", ..... ' oSinpJ>OO1l_ Proc\I,..-.., ""Ii_both 
In Corv.ttl, and SingapoN ....... _nllol .., , .... .....,... 0/ 
"",,oy,," build • . 

II_once. 
1 S t.. Wock ••. ,." Ilondhold 6"';_ O><>oulll"' , - ._le,,· 
f'1K~"nll<>u''''1. Vol . :It. no.'. ""I'''' ""' 
,. W (~ Wid •••. ··"n E""lu'ioo,"'Y ~~N Go","I.,,,, I .. To<~n"", l 
1'TOId, 1"".I.:· It.d 



Manufacturing State-of-the-Art Handheld 
Calculators 
by Richard W. Riper 

H A:>II)IlE I) 1 CAI.cUl.ATO~ ,,,,,or. "ro dcm."ding 
mOre lu"etion. ill .mal l .. , le ... ..,'pen, i,·e Joockaj,,,, 
AI 'he .. me "me. ,,"W PrOOuc", mu" be bro"sht 

0"' in .honer limos. Thi, require. greater coof"lration .... 
'w..,,, R"O "nd m.""f""",';ng. On rhe IIP-16C .nd I !P·26C 
pro,....,.' 'he I.b .",1 ",a "" rac'''r;''~ ,~." .. I_" I>'o,ki nS 
10ll"(h." fm'" 'he "e<y t><,;inn ing, l"nH bef"re 'he mocho,, _ 
ieal cI",i~" "' .. li" " .. 1 "1'_ TI,;. I,eil",d en",," th,1 II", 
des ign. <:<>ming out of the lab could bo built ••• ily on tho 
pro<iudion liRe. Abo , OIl ,hi . ·'r .. Hr.d " project. much 
01 'h~ toolin~ "'Q,k had to bc~;" belof(>.11 of ' he dO' ig" 
,je .. il , "cre ",,,,ked 00'. 

0 ,," r"m, ,,[ ,I", """1""';"" " .. to h",'e RbI) de,iK" 
into m.1l\ul;OC,uring'. ""'''8,hs-ming ",;.ling 1'''''''''''' 
ond ""'hnologi", where pO"ib lc. Thi. mc,nt getling m.,,· 
ol><;tu 'i ns "e,sonnel In,·oh·od In til< design P''''"-U' . I ..... 

r 

-_. 

". amp l" b)· gh·inB Ih" p,inted ei,cu it ", .. ,d dc .. i~nc" 
g" ide line, rn, the .i~ and a".nlll',,,,,,,t 0/ .old", I'",J. lu' 
tho . ",Ia,,* "'Qunt <;om]>onents .",1 ;p,'df~lng the Omoo",! 
01 cle ... nc ... ''''I', i,,,d lot 111<", com pon"n,. 10' I""dl"g. 
C"!deirn,,, (or the de.;gn "r the di,,,la)" .,,,,,,,bly .... e'e .1 ... 
~i'e" so tho< 1O<I",ol"8 i ... Ir""dy do,·dor .. ,1 fu r the .u t.,. 
tnol i" a .sembly 01 So,'"" to "" leul.l", di'pl,)·. ""nld be 

""' Th~", ".,,,,, " number 01 .rea. 01 the de.ign. I", .... eve'. 
that requi,.d now mo"ufac' u,ing lochnologic •. A 1",11 ., 
",,,,,.") ..... Inr n".1 .,,,.,,,,bly. ,"'om.,,,,J l oy '';m .,nd 100<1. 
an d robotic pl ... ..,m."t ,tf II.T\, "",I."ts w. ", ''''" .• n";" f .... 
"'. a nd 0'" exi.ti"8 m.""I",.",,;,," ",'I'.biltti"" h.d '0 be 
ex'ended in ,,,he' ."",. 

0". "ew lo<:h",,108)· 11.00 "01 tl,,< p",,,,,,! w., CAD;CA.\ t 
Th~ UP· 'II(; .",1 Hl'·2!IC were ,h. fi"" 1><00""10" Our 

----'-­--

• ..... 
.... 

~ig . l . '''''' ci>M!ol'''''~",,", 

P'OC'" /01 ... jojp· ,ec;>M HP· 
28C "_c,~, 



d,.t.ion ,,, bo desllned pd __ i.y "" our (;,\1) ''''~ID. 
.... i<.h comi>l. "'Ioca ... ..,..k>u.,"". C(N'In«;1,,' ,,, HI' 9000 
COO",'u ..... Thl, _ul' ed In ........... rin.of OOo\Jn inlor· 
",.,Ion, whlc" .100 wo, '''0 .... ,""" ... "'6, OUr ct. 1)'CA~' .)'S. 
,.'" i. lin k"" d'"","y ,,, ..,,~ •• I ""npu'",..,on'ro lled mill · 
Inl """,101_ in .... " ,,><><leI"' .... , so , ... , ,,,,.,. o;an bo 
..... hl!>ed wi''-' ,,"ins '0 ......... ~" .... """ry. Somo 
0/ ,t.: l<><tIi"l ...... 100 "'"'lined .00 .... ,1' "'01,. CAI)'CAM 
,.d,n'q_, .. hkh "," ... ltod In ' .... 1. ,h., ... ""' .. _ .... >1. 

. nd h .. " ,.,"e. "" ..,. .. bility. Som. 01 ,ho m.1t.h""n~ ,,,, 
,ho pIa .. ", ,noold. w" ,k"" U''''R tho CAIlOM 'r"~no, 
... d, •• , ... ",,_Iatm. r ... , ... . . )' ...... r ... """p , Ime 
","",por«<i '0 '~lho ... 1 oneIl00th. In addl' ion. the ")'0\1' 
of ,100 Ii ......... ",b.)· II.,. w.o do,," "" ,he CAl) oy .. cm. 
..-Meh ~"';, ,,"y '" ,~' d,ff_n, .1'0"',",'" .nd """'" 
• ...,mbl), ... Ii,~" .","",1 I", the be., wo. ~ flu,,' 

ProduC,ion Flow 
The 1K""l"'1i"" flow (t·i •. II boson. "'i,h ,100 .I"",ronoc 

• ...,.,obIy. "", d""n' booo.d. 10< ,100 II!'.IIIC ..... ttP·~1IC 
.m ,..-od.oced in .... "",,'ocl of rou< boo .. to '" ""Iue.., h.,,· 
,IIi ng pi ;"dl,'ldu.1 .",.,,10 ."J ,,, ~, thH """"",nil! eq"'," 
" ... " Th"", ~ .... ,,,,,, ,r ... ,I ... ',",0 d',pl.y d,I"", •• nd ,he 
CPU,.", ."..:I>ed .,otI w" .. booHlood ditee,ly to ,he """rda 
d ... ri,,~ '''' hluotl ..... mbly. The 1"'''''''' ,10 ... """ ... '" ,he 
prin''''' d"",,' • ......-.bll' ._ 10< oIher """',., ....... , He", 
''''' aub,,",,,,I •• ,,, a"",.,,"'" wl,h ..,Idor I"" •• nd fhtu .. d 
", . ,,~"" ,,·, .. ~ooll 10. 100,11"3 '" ''''' .u,r"".·"",,,,,, C<Mn. 

poo""''' Ifl" 2]. T'" ,0l>0i a,m ", .. "a", .... floc'i, .... I~' 
__ ... hH:lt I. ~....d ' 0 10 .... ,No e..a ,,,,,,,Ion ot ,No 
__ .,.,...."" .... ,.-- Q" ., .............. , .. Thlo ....... ..,. 

"' • . 2. SU'_ 

'ho' ,bo,.....,KOMa ."d 12 dIOCf'tlOco"'.-""'" '-dod 
_u ...... ly. Th" I ..... o:u. ... plo of d .. ipins In'o ...... .,foG­

,"rin,'. """"Illh ••• i...,. al mi' .. ruboI, ""'" 1" .. ,,1. for ou, 
.." b l i,he<1 ""oducO> " ,d , ., 1 h~ ..... , i .. 10 C.lc~I 'l on . "d 
,he IIP.711l I",,,dhdd c.:,"'pu,,,., II 10 .1"" 'u .. 'e"s""" 0/ 
0'" u;"I"lIQl'"bi"' y in , ... , ,hi. I""" ri~ 'I ..... ....,10 .... 
odded a ... rf-.""",n' """'_,,"'. hytorid cln:u". 

n...IIP.'1IC: 8~.;_ (" ......... ,.,,' ;" p",.hocod I" Ii.., Ian· 
8u"", E"8!l,h, •• tonch . (;",mon, Sl"'n Ish .• nd to .11 .". OJ,· 
'o",IV, ' he III'·zlIC I. ""MI"",,,[ ~ ••• i ,,~I~.I"ll!u,go """I· 
00' t:.ch UP •• /IC 1. ,'lI ........ Iotlo" hu I .. own MOM .... 
00 ,10.0, soll\.ey LoboIJ ond _'Pl>"' In ,No localized 
......... n.. .I~ dill"",n' prl",ed dfClli, ....,,,,bly _ori_ 
otion ... " lorod.....,.J by 10>1 c .... 'l!i"ll ,100 MOM "". Thlo 
....-,Iy ...,. ...... ,h. H"'''b.!, '" . u .... "'mbli .. ,h., ",us, bo 
.. oc~oo . nd rod"" .. ,100 <1""1/1'00" ti,,,~ 'n " ... lId . ,lifl~,· 
en' mod.1 to mlnu '". 

AI,,,, ruboI "-'i .... ' No .0bpo~1o .,,, ... n .oto ..... "" 
... 1,1eri"" .ysle .... They ore loci on • C(N'I"O)'OI' , ........ . 

pt<>dl}'ln3""'" '0 d.l"" otl t ... 001" .... In ,100 ooIder pu'c , 
,ho" ;n'o. "01"" "too.., ""I"w ",,,,,h i~ wi",,,, ''''' 1",11, "I 
..,Id., in ,h. I""~ liq,,~I~ . ..,lel.,lng 'h~ <"""PO"."" 0"'0 
' he booord Th •• ubl'"neb .,.,hon In.pec''''' ' or ... I ..... join' 
qu,"t)' ..... sIt"" ....... heand .,." illlo 1 .... I"id ... 1 boord .. 
four """''''''''''''' no! o"",,,,'ly _ Hable I" ... "_ .... >lm' 
poor.bseo .,.., ,hen h.nd told ...... '0 ,he """,d. bef"", 'ho)-
"f. ",·.,h"d O!I"I" ~"d ...... '0 ",,,,,,,;';'1 ,,,., 
Th~ ", .. ,d •• ", .I""'ti ..... lly ,.,.,,,,! "',." flO ' 306~ Iloo,d 

T ... , Sy""" u.I"!!,, Ii " u," .h.t "' ... Ieoi", ... , .,otI I,,,,h 
juOl lot ,hi. prod""". The ,_ fl,'" .. prohoo booh ....... of 
,he "'-<I almu lla.-..ly. lncludi"ll al. of ,lie pod. r.w 
00"_,10,, '0 ,be liquid<ry".l di'pley (LCD) Th!. Ii" " .. 
I •• 150 uoccl lor ,.,.,Ing 'he '''''p""et, ,I",i,,~ ,10 .. hyb,id 
.... nnl~~ ... h!<:h II"" ",0," ""'Of_ out "f "n~ '""Ii ,,~ d .. 
alp no. .. ,ot"" • ......,101..,. 'I><n "",.~ '0 , ... H ... I "Hmloly 
_ .......... ,...,. ..., .... , ...... ,,10 ,h. U;ll boI,,", bel ... 

placed on'o , ... colcu' .'ot 

Fin.' ".sembly eo.. •• yo, 
" 1,~ 1i, .. 1 ._n,bly 01,1 ... 'H'. ,8C ."d ' i P·~1IC "'1''''''''''' 

• dopor,o .. I ...... ,he way w, ..... lobticlo'''' ,"' .. iou.,,"''' . 
...u. 1,,<lN<! of. ' IJid . ..-.pIeoo ~. ,No .. I",""or 
.... , .. .., _'n"""", connected by. double-join''''' hi_ 
Thi. makes ,he ,-"oc' h.rd '0 hold dUli',!! m.n"f>ctuti~ 
",,,.d.lly befo,. oil of 'he ".,," h .. 'c boon i<>in«! t<>g>.1hct 
. '", ",io """"', wo <~" , .. II", con" c1'" I", n,,,,,inK 'h~ 
",Ieol.,or ,10,,,,,'" ,h. _",b1y OIepo. A,~~I,., bendi' of 
.... Ing , .. .. 'n'" 01 oon,..".... I. ,10 .. ,he """"n' of .. or~ I" 
, ___ (\\'11'1""" be 'iNr,ly""'''ro(lOO. This I_I, '0 ..... '''' 
a",'roI ot ;m·o",oo.,. ... " n..,.. • .theie,,' 1,..,~I""'io" 

Tho 1>0 110' ",,""'YOI assemhly I",. Wig. 111. co" ' toll«! 
by ,n II ~ So, .... 110010 M'MIoI U ti (".om",,'o •. Thl. COml'''''''' 
ia In'.,.{a.:od '0,100 hardw .... ,10"", .. '10 .... Ill' J~!lIIA I)." 
A<qui,,,,,,,, .nd Con,roI Un,,. and ,IS con,rot ..... ,~ i. 
10.""" 0". ,...,....,-n ><ri"", to ..... ,ro( • almlla. """'"f<YOI' 0""" i" 'M .... '''loIl' 01 ,he lIP \' ... ,,.. 1' ..... ,.1 ("""""U'"" 

Tho "all ... Wilt- ~ ] .",,,i.t of ...... 1.1 "I.,. h~I,1 in a 
plu,ic If."", by lou. p,e";,~", 1o",hi"gS, '0,_ b ... hi"ll' 
.11 .... _ ........ Ii .. ,,,,,,,,, 01, ... , .. II"' ... _10 of ,100 .",0-
mo'"" .... I"". "" ' h • • i ..... n.. pi .. .,...., th'u ..... '0 hold 
,he pan. of tM coleol.,or. "'"~ "' .. calcula 'or ,,,,, pall'" 
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M~~I pla'~' ~mbedded In ,h. pl.."c r •• m" of ,h. ".lIe' 
acl iv.'e inducHv •• witch .. mounted o>n tho COJl.,'oy""'" 
Ih3' 'h. c",Mol compu'., will I<.no>w whon the pallet •• ", 
in f>OS"loo , The OOUlI,u'~r co,,'rol •• 11 pol ,., mo'emont 
around the ,""toogul .. convoyor. "gn.l'ng the .u'omallc 
<1.llo n, '" st.,1 oro .. tion 0''''' a I»lIel i. In ~.i lion , Tho 
comput ••• Iso wateho. lo.r .ign.I.lrom th. 01""" "" .' th~ 
m.nual "atlon, ,h.1 til")' havo compl.,ed d,dr ope .. llon. 
• IId the pallet. con boo moved "", The convoyor I ... yn· 
e h .. mo" • . "" .""h ""II .. e~n MO". on o""""n 0r-. rlo" 
Is fln i'hed • • long • • ,he,. i, 'p""" av.ilable for it dow n· 
'I~.'n. 1'hi. , .. 11 •• conveyor thM 1",01, . n\{,ch. "i,M de· 
mand.pull p,<><iuetlon liM, 

The firs, "atlon on the final ..... mbly Iloe i, • monu.1 
st. 'ion wh"". an of>O,"' or plot .. the ''''0 bollom ~-" .. , ."" 
Ih. hinge h. lv •• 00 tho polle!. The polyeste .. lllm keyboard 
. .. em bly I. also placed In the cu •• and rouloo th,ough 
,h. hollow hing< at ,hi .... lIon . Th. """",d ".lio» i • ." 
• ",,,,,,.'ed hl "ge 1'''''' w~lch complc'e. the .n.p.,"!!oth., 
.... " ,bl y of ,h. hloS' h. I,· ... AIle' "'''' 'ng acro .. lho end 
of Ihe convey"r, t ho Op"'OIor a' ,h. third ""'m' plac .. ,h. 
'01' cow. In'" ,he ""lIet ofter ,n"p plns In d,. 1;011.'), oon· 
'oct,. TI, ... formed wi,. ""nery .p,'n8' 3'.' .. H. t,l. c",,· 
loct 10 Ihe prln'ed ci,~uit board wl,hout the noed for hand· 
""Id.red wlr •• . Solde''''! wi,., no>! on ly "'e . 10nM tlmo 
'0 ,,>emb l • • bu, . ", ,cry dlfficu l, '0 ,,,'om.'e. 

Th. neXl ".lion "n the . ... moly line i. an ou'omOiOO 
k<-y trim .nd l()Od oy"."'. TI,. ' ''yo.", Iw,,". hol molded 
in dusters I'ho key labol I. molded lrom. dlll",.nt color 
0/ 1,1''''e , not ,.,t printed onl, The .. dU"~fS must boo 
trim"''''' '1'0", leo. inK 'ho InJivldu.1 key • . The key. ~-",'. 
nol be moldod in 'ho .. m. ~uonc. a, th")l,pp"a. in ,h. 
produc!. a. i. do", In <>U ' o,h.r c. feul.t"". In addi';on . 
the kej" ore moldOO lrom ,hr .. d;U.",o' <vlo ... n", 'c· 
q"i,-e<i the d""elopmen, 0/ • roM'Ic .yotem c"!>Oble of tak· 
ing 'he trimm.,,! hy •• nd placing 'hem In Ih. prol .. r loc.· 
lio". ;" the top c ..... 

Th< co n' roll •• 10' ,hi. robot h" 'wo parallel p.-oce''''''. 
which . lIow. II '0 opO"te ,h. key It;m m,chiM' " .h. 

.. me "me 'hOI ,h. r<>l>o. ,'00 I. I, .. dln~ <OY' on'o 0 Ii """. 
th,l IIII" I~em down in'o the '01' ~"S<' waitln-8 on 'he 
f>O.lI<:t . The ch",." of key, a oe otac .. ed In metol ""gni"'" 
.fler pl •• !ic molding. allo>"';"g , u'oon"ie I""dln~ 01 up.o 
'00 ca!cul otou withou, allcnlion from an opt',ato,. Tho 
liv. dill"",nt I~"gu.ge v,,'ation. of 'he lIP'HIC uS< Ih e 
.. one ""I of "0Y'. while ,h. HP· ~5C uso. a dlff. r.", ... 01 
d""c" .... ~.in , ch'ngeove, can o<our in . fow mlnu,o., 

", the """ ... IIon •• II alcohol",,,re RTV compound I • 
dl.,...n .... ,01'0 . h~ c ....... hy • ...-.I-.-.t 'n h.,"d th~ dl.pl.y 
w indow .nd the plow. lectrlc 00.1"'" R1V I. ,I", used to 
.... 1 the electronio. "gainSI (la.'OS" If tho rn.lle.ies , hould 
I.ak a" d '0 l""vld. addit ional p'oto<tion .goinSI el.<tro. 
"alic <lioch .. se • . A roMl w., ch05Cn fm ,hi. "J,",'l lon 
bocou"" it CO" .pply •• ",,,,,,h , ,,,,Ifo',,,, and oonlin""u, 
oo. d of RT\' . On operation difficult lor ... 01"" 01'" 10 d" 
by hand , A, 'hi' ... lion." well a. at .h. k"l'.l",d <I.tion 
brio,. ", tho pall'" i. f>OSIlioned by ,h. bu.hings lot o<ou' 
'acy. Th. wlndo"', ore in,,>oc,ed by.n 0f>O"""' I", oo,m"' . 
i~ d.loct. and pl. o.d In . "'j' th.t I. pr ... nted '0 ,h. robo, 
Th. """pelS Ole ,tack 100.<100 In , """",ill •• ",1 fed au. 
,omoti cally to 'he robot 

Th. """t ope • ."O" ' ''ach .. 'foe l.el) to the prinl",1 clr.;"iI 
.... n' bly Wig. ~I, Thl. operalio" ."" .,,,,tI .. ,, robotic .y •. 
'em, chosen fo.tl .. , hl~h """uracy roqu l,ed, Th. li'luld--cry •. 
ul dl,plays. a. ,,'~II ., the motal clip. 11, , 1 hold them to> 
'he printed cloeuit .. sembly •• no It.y load",! f".- tho .,,,,m. 
I>ly robo" The robot pi""", tho dip In a holdl"~ Ii<t.,r. 
and V"'" the Ir.n un,le'. ,dlocti,' •• llgh, .. nso •• o liod 
'h" I'''"",,mnection f>O.d., The robot ,h." ,. k •• ,I.. In) ' 0 
.n .u,omatod '"I'" dl.I-"'''''' .,,,1,,1,,,,,,, .Ir ips 01 do>ubl.· 
"doo "oh .. , • • 'ape on each 101'8 ,;d. Qf Iho LCD. The 
robot th"n 1'1."", ,h. LCD Inlo th" melOl dip, """"d 011 Ih. 
pOSlllon dat. "'0""; ••• lie'. Th o LCD anJ dil' a ... mbl), 
I. '''e" placed on , romp that ,li d .. ,hQ . _",hly to on 
01"''''''''' who pi"""" t",o el . stomeric connec'ors ov~, ,,,. 
U:IJ COn ,oct pad, "nd ",., •• 'h~ .,.."uhl)' wllh the hybrid 
prl,,'oo clncuit boa,d, 

The ,.,uiting • • sembly I • • h"" "I""cd ,n a ,este,lcriml"'" 



wile ... ,lie ley.i ..... and _,.1 ,.., poln" on ,he prin'ed 
~i",u i' b<>ord .r<: ptObed~!>d • oet of dl~1C t .. t. i. tun. 
A .1."", 't'".m u_ two co ......... to Iool ., , .... Lal do,· 
in, th l. ,u, '" mo k •• "..., .1,., . 11 0/ ,h. p!.~I. or. Gp"flI' ­
"\II. \vi,h nO"' 4,000 pixel. "'" dllploy, ,hi . I, na' an "I~ 
~ .. !ion 'hOI c.on bo ,oli, bly d"n~hy "t'., Mw'h • .....,mb l)' 
,,""'" .b . ... t, 'h. '001 ,o'omotically lol~. "'~, . , ..... ,,. 
on ,h. mol.1 dip, hoidinl the ptlntod 01","" boord ond 
tho U;O """'y _h .... Tho oper.t ... pi..,.. ,hi .. <Sembly 
1>11" the ""!.:o ........ oo pLaca , ..... ....,1,,"1 '*''''- ."""'" 

> 
,> /] -.-

/ /"1, I , 
1 

I ~ 1 / 
/ 

I 1 

I r y 

~= r I ,. I j r ,-
I j 
l J ~ I 

L 
fill. I . r ___ d -.. .. ..,.,.".. _., -_. 

in'" 1>01.,. In t .... ptin'oo ciKoit boot<!. l.l k. ,lie bo"..,. 
"""'0<", .1one P"" .. I .. bk """,." ... " .... 0' the """" lor 
I>ond.ooId«tod wI_. 

'J1oe pol let thoa ~ to ,he first 01 two mp .,.,iooo. 
wtold> i, 0" .",.,....,00. tool , .... pk:U up 'M INd:. COM 
..-1>Iy ond .... 1eI i. ,..ilh the l<>p cao.. The",.m tol 
pi"'''' 1>01_ "",1,1.,.,1 in 'h~ I.".om ''- 'hot hove ". HI 
,hro..glt hnl ... I" , .... '01' co ..... w l'h liltl • ...om 1M ",i .. lign. 
"'~"' , Tho ","xt " .. ian i. On '",0.>,,'." h ..... " ..... r, which 
use, h""od I>ln, ,,, form ,iv .. ·liko h""d . on ,ho pl.ot ic 
00.""", 1',,_ hoi,' 'he colcul. ,o, ,,,,,,,,h.,_n.o ",,"W' ore 
,....1 Oneo t..o .... k .. 1 t"ll"'h .... , ...... il no ,..y 0/ go,t!i"X 
• uni, opoll .. i,hou. <lestroyi". the p .... tle ...... Aftor po ... 
I". """'" , .... ~nd 0/ , ... "",,"oy<><. ,he pollet ,ml'"" , ... 
_d n,,, SI .. iOll. wlu:r .. tho _mbltd alculol ... is 
,~,_! t.d ""'" in'" ,he ..-h .. ';de 01' .... pollet. 

The """t ., .. ,"" i, ..... 0 ... 1 "., Ion whe", the ""erl~y 
1oIwII •• re p'-l OR ,ho calculot", n- luo, 101 .. 11 CO'o' ... 

.1>00 ........ lormed on t'" plo"le ..... "'.~. 1>00_ ond pro­
vida u .. , Inlo''''~''''n. Tho ov"d.y lOt 10 dill",.". for uclo 
",,~I.I . ",1 I.n~u')!e ".,i,Hon bol"~ W<>"uced, iu"" the 
KO.\t .. t I •. ,,'" 1 .. 11", ,h." ....... " to '" ,h. I." .,.' i"n. 
.. ho .. ,h~ Io,"«,i", .,. plocod in ,h o "" Icu l •• ", ."d • 
""",hoi< o/ .. U. ,u" • ,. run, ,,'" ca k-u I." " I. 01$0 ",.""",,,,1 
for _metle defecto an d samplo pol",, " , I. done o n ,1>00 
... ,. .. ,. "';n'",'o mako ..... , ... , ,ho 1,,1 ....... u:n t ... n .. 
",;11 .. h>r .... d,1Ilt d.1O t" , ... "",lon.1 print .. _01 .. 
<.lllrer:lly. The .... pty pollet con"n""" '"' , ... """"''tYot '<> 
, .... lint ... lIon '0 >t .... ,he cycle.lI ""'. qoln . The fin i>hed 
COIe"Io' ..... or" COrled '" 'h' IIOC~_' ''''". II''''''' ,hey.", 
boxed "'lth d ... own ..... mon ... t. T .... 0"'''.1'0 rna"".t to 

'M,ho' po ri 01 t .... prod""t ' M' i. !"Cullar '0 'he model 
oml lOOK"'''''' 

,",ellnowlo-dgmentl 
Tho ",I .... "",,,,h,,,. 01 t .... rn.o"utod"tl n~ .ngi" .. "ng 

'Olm thot "",Ud o n 'hi< projec. ... ",I"ded Di,k Bodily. 
Ge<:ort* c.r .. e,. Ken f razo ... lerry 1.II.t, lIont l...-noch •. 
IotIn UlIoI>o:rJ. Martin Mari .... , Ralph Sobon. ond !lob 
lVol,h ".,. 1i ... 1 ....... loIy tn"" co",,,,II .. w .. """eloped. 
by !lob a.,l . i!ot<' Q,,;,;k. Ka, ht· Shelby .• nd Ca,1 John_ 
AI""" n"",1ter at "",,pie in ">011",,1,,, , ... "",d"I .. ", Nt: 
'''''I'", and eloo ... h .... <Xl<II,ibutod • lot 01 limo . nd eff"" 
'0 .. ttln~ ,h. tool ..... dy on , i"",. A .".,mol .1 .. " ... '0 , ... 
p,,"luotion wo, k ... on 'he IIP.'!IC ,old IIP·2 !IC, •• """iolly 
, ....... ,,",I,u .'oro Invo lv,'" In,", 'ho .. rlic"">rototr""b,,ildl. 

R.,.......,. 
, c.. ...... ,.."..11 ... ·,.,' ___ """ ... ,. "'" 311. _ .. A_ .. ,., 
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