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Resistivity oJ Bulk Silicon and oJ 
Diffused Laye ,.s ,n Silicon 

B) JOII'\ C. IIIVI ,\ 

D I:lJlU"cripl r<-c("i"ed July 25, 10(1) 

.llclUmrcmclIIs of N':l<islil'ily alld impurily l'Otu'clllratjOtI in h('(ldly eloped 
silil'o/! arc reportl'd. Thl'M ami prcl'iously pub/is/lNI (Iala (Ire illCOr{HlratNl 
III a gr(lpit s/wlrill9 the resislil'jly «(II'/' ,j(Q1\. ) of It- (lnd p-typc silicon 
as a fUlldion (1 dOllar or ac«plfir COIlN'II(rali(m. 

7'/1(' rciatiQnsilip IKtu.v:cn surfaN' ('filll'l'lI/ration ami (11"('("(1ge l'om/uctit'jfy 
of (lijJll8t'd la!Jl'f8 ill silicon has IKnl ('(Ilculall'd for Uml!l8i(1n alUt com plc
ml'lIlaru (""or /lwdioll distn"butiolls. 'fhe rt'Bulls (If(' shown graphically. 
Similar roiClllufiOlIS for slImturfaCf: fayus, 811Cll (Ill a (r(IIISlstor base rcyion. 
(Ire aLso giel'''. 

I. "TIIOJ)u("l'IO:-l 

.\ difTuti('{1 luyC'r in ",ili("oH is gC'IlC'rlllly {"hanwtel" ized by four paranl(>
t('l'S: t h(> t'oll('(>ntr:l tion, C. , of di!TII~1 donors or IlI'CC'I)tOr.> at thC' 8l1rf1l("C', 
th(' ('olwelllrllt ion, ( '/1, of :I('("eptorli 01' dOHOI"ii origi uully in ti l(' material 
( bu("kgroulld ('oll("(>ntrMion ), thC' depth , XI, of t Il<' f'( '!< lI1t:Ul t jUlIl'tiOll. 
und til<' t'h('('t I"('",il'lti\'ity, P., of .11<' laYI·r .. \ know lrogeof the rt'iatioll"hip 
b<'lw('('n th(>:«' panlrnC't('r.; iii (>s,"'Cmial to thC' ('Slahlh41111('nt of d('\'ieC' 
pl"()('(',,,ing r('dpcs, the enllmllioll of difTu!<ion l{'dllliqu('!<, and in\'{':' tig:l
tioll~ of the thermodYllll mil' prorK"'rtiC':< of silieoll. 

Til(> d('~it"('(1 r<'illtiont-hip may b{' 1'<'1Idily mleuial{'d , gi\"{'1111 knowledge 
of til(' di:stribution of til(' difTu."('(1 impuritie:<, till' \'urialion of thC' 1"('

:<i"Ii,<ity of 11- nnd I>-IYI)(' sili('01l with £1 01101' or !U"("<'ptor d{,ll:<ily, and a 
fut;! C'1('('tronie computC'r. The rt'!'ults of !<udl :l ("oml)Utntion wC're fi\1:'t 



m:ld{' g{,IH'r:dly anlilubl(' Ihm.' yf'ar:. ago, ilt til{' form of eurn'~ rdaiing 
e. to 1 PiJ'j for:1 gi\'(,ll eN, for 11· lllld for 1'·1.\'1)(' layl'r:. ill :<ilil"Ol1, and 
for *n'ml ('ommon di~1 rib\ltiOIl~, I 1{('('('1l1 I'lllru l:lt ion", how('\'('r, ba:;ed 
Oil 11('11' :lI1d more ('xtrllf<i\'r ~ili('()11 rt':<i:<lil'iIY d:u:I, h(w{' indientro ('on. 
~idrmhl{' {'fror in thc {,lIrli{'f Il'HIIt"" Tim ... II (,()I1lPll'h{,IH.il'{' r('(·ompuh\· 
lion has b('('11 IIl1d('rt:lk(,ll, IllI' OU1l'OIll<' of \\'hi('h i:< pl'{';;(,lIl1'(l h('rt'wilh, 

,-\ II('{'{'''-';ary lldjlllJ('1 10 'he ('al('\lI:lI iOIl i" nil :I('('IIr:l tt' knowl{'dgc of lhe 
/'f',;i,;tidly of n· and IHype ;,:ilieOIl with \'l l.rying dopnllt. ('OII('f'ntmt ion, 
T o t hi" ('nd, mo"t of I hccxtnnLdata 1m \'C b(,(,11 I'{'\'i{'\\'ro lind f'uppl('m('nt<'<i 
h{'1'{' and thcl'c with oom{' IlC\l' dl'll'rmiIlUliOI1", Thp I'{'"ults of Ihis S<'lll'{'h 
IH'(' lllw prp:«,llt('(1 hC'f(', 

[I. 'J'II~; 1tt.:$IRTlVITY m'SII.I<"O:'; ,11'\ ~'U:-;-(~I ' IO'-': ov IMI' UH I ' !'y CO'\('E-;

T lt.11'1O:-;-

The \':\riatiOI1 of the f('sistidly of "ilieOll at :)(}()Ol"-: 11>'1 II futwtion of the 
('oll('('ntl'lltioll of :l('{'f'pto~ or donon:; is t'howll ill Fig, I. Thl" graph 
I'('pr('f('nls th{' tluthor's judb'11ll'Ut of :1 mo~t 1'('asonllhle t'ompromi:«' to 
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1t ... lItlv;ty 
Io/Im em) 

o.ooom 
0.0008!J 
0 .0010 
0 .0010 
0 .0012 
0 .0011 
0 .0011 
0.(X)]3 
o .OOtii 
0 .OOi3 
0 .013 
0 .014 
0 .00)95 
O.OOO!lI 
tl .tlX)IJ I 
0 .000!l3 
O.lXl1.l1 
000088 
000088 
0<XXJ89 
0 .00083 
0 .""'" 
O.OOOSO 
O,OOOSZ 

11 ESt:;"lV IT I ~::.-; ,\ '\1) I ~I PUIlITY CO:\'CE:\T H \ T IUS,., 

[:-< SILICO,", (T - ;.mOOK) 

Im""rily 

" " II 
II 
II 
II 
II 
II 
II 
II 

" " ,\" 
A,. 
.\ ~ 
A.~ 

,\, 
,\ ~ 
A, 
A.~ 
A. 
A>! 
A~ 
A~ 

ImllUrity 
C"""~ntn"iOG (em-a) 

1.6/; X 10" 
I. II X '0" 

1.12 X '0" 
1.0-1 X \0" 
t. 12 X 10" 
9.23 X 10" 
S.8·[ X 10" 
1.1:1 X 10" 
1. 1:\ X lO" 
7.11 X 10" 
i .0:1 X 10" 
I.M) X 10" 
1.80 X '0" 

I.Si X IOIt 
Ul1 X 10" 2.IOXW· 
2. I!IX '0" 

2.30 X lOti 
2.20 X 10" 
:!.I6 X ,O'. 
2 . 11 X 10" 

C.rri~r 
CODCtnlrltioo (em- I) 

1.49 X 10" 

1.1 X J('" 

1.1 X 10" 

the mu~ of avuilable nnd 1I0t lIlrogetlwr ("omp;llible data 011 till' >;UbjN'l. 
'I'h(',.;(' dmn il1('lud(' most of t he prt'\' iou"ly publi:<hed work ( Her", a 12). 
I"('('Cllt , 1I11 1}lIhli~ l l('d rf'"ult~ kindl~' pro\"id('(i by other iuv(,!5tigntol")O,','1 
Ill, \\'('11 u" :'Orne 1l\(>:'l."'Ul'('IllCIiI" obtuin('d ('xp~"I.v for the' Pl'{':«'l1t ~Iudy, 

'I'll(' hls t d:H:t tire :;hown in T ahl(' I, The (' ry",wls im'oin'Ci WCI'(' 1'1111('(1 
from qlmrtz ('ru('ihl('.:; , :tnd h('II('(' ('till not 1)(' eXPN't('(! to 1)(' parti('ul:uly 
low ill OX:\'g£'11 ('01l1(>11t. . \ftt'r di",-()lu(iOIl of till' horoll-dopt'd ('rY:i tfL l:; 
:l lld :,(,PHr:l1 iOIl of 1 he dOP':llll , 14 horoll ('()II('t' llt r:ll ions wert' dctt'rmilll'(l by 
II photomt'lrie ('nrminl' lceim iqll{, (,..;:)('utially "i miittr to puhlishcd Illt'lh

od~. II r\ 1~'lIi(' ('OI1Celll mtiOll>l \\' ('1'(' n1l'1I);III'('d hy ga mma -my "IX'('I ronWI I]' 
MIN p il(' 11(,1111'011 lletj\':ttiorl. Bt'"j",ivity m(,Hl"Ur(,Il1Cll ts Wf'rC dOli(' with 
:t four-poi u t proht', In Ill(' (':Ii'(' of tI few :;:lmpl('8, rcs i:; tivilY and t'a rrjer 
('oll('{'lllr:llioli W('rt' 1ll1'1Ii'1irt'd in i illll -{'lTC'Ct :tppamw", ( wil('1'(' it \\':1.'\ 

1\... ... ~um('(1 ~H ~ - I ) , 
Dr:lwing 1'111'\'('8 Ihrough thei'(' 1l1:lIly I>oints wa.:; :tc('omIJli!<llC'd by :1 

:'<u('I'{'",-",ioll of I<lIloothing pro(-'{'(Iul'{'''', whidl \\' ('1'(' p rimnrily \'i",tllli. ili per 
('{'nl of Ihl' dala points de\' ial(, 1('N> thlll} 101)('1' ('(,Ill from tilt' ('III'\'('.$ thus 
obtuil1('(1. hoth for th(' 1>-1)'1><' and ih(' 11-1,\'[><' ('1\.<:('1<, T he tJlI('('rtainty is 
gl'{'ftt<'St in lhe d('g('n('mtc region , For [>-IYI><' silicon, Hlilahl(' dahl he-



('Oil\(' !«'I1tI"C :1l dopinb"S gn'f!.lC'r tlmn IOI~ em ~, :1lld nOI1(> :ll'{' twnilabl(> 
Iwyond a x IO~ cm-~, For II-Iype m:lINial, til{'l'(> i;; 1111 abundanec of 
mtlwr eonflieting d3tf!. rt'pl'l'l'<'llting donor eonecnu .. ..ttiolls I)('\w{'('n 10

111 

('m I :Uld 6 X 1O~ em- I, In this n-giolJ a 10 pcr ('Cllt \':\ri1ltion in the 
ehoi;'('11 lill(, still indudcs 6i I)('r ('('nt of tht, dlHlt, how('\'(>r. 

.\ ;;inglp pair of {'ur.'c:; ohvioUf'ly ('1m liD!" dlnrtlt{('riz(' wilh the sUlle 
degr('(' of !I('CUrlH'y :III ;:ilicoll material, r<'g:lrdle"" of dopant ('mplo),{'(1 
or d('gr£'(' of ('ompellf<.'ltion, 1l0W(>\'N, 0\'('\' the mnge 1014 ('m -~ ~ .\', ~ 
IO~ ('m - ~, !IIl(l ~lIbjcct to Ihe limitlllion:; di,.;(,ul<.'«'(] hplow, Fig, 1 is ('011-
;;i<lel'ed to bp within 10 per ('('Ill of I'mlil.\', Thill gmph I't'fel';; "1)('('ifi('lllly 
to lllll'om lx'n':;':!ff'd sili('oll ('ont:lillillg:1 dOllor or IU'('PpWI' implll'ity ('011-
(,t'lltr:ltion, LV" eonl'isting of !l1'Sf'nie, phol-phoru;;, or !llIlimony for 
11-IY I)(', nlld aluminum, boroll, or gallillm for p-trlX' m!ltf'rin l. ( AI'IUtllly, 
('\,Nt llinOllg s:unples dOI)('(1 wilh the tlfOl'emenlioned impllritie::, "mail 
bUI ('om:i"tf'nl difTerell('('S in mrri<'r eon('cntr.ltion and mobility, dCIX'nd
ing 011 til<' "I)('('ific ehoief' of donor or of tl{'t'cpWr, hn\'p been !'('porl('(1 
m'ently for s:ili('On in the 0.001 ohm'l'm n>gion. 'o.

,
:) In (':1.<;(' of mod('nlte 

('OmjX'ns.ntioll, the net impurity d(,ll."ilY, ,\'.1 - .\'1) ., "hould bc u:-e<1 
for .\',. lIow!'\'('r, hcn.\"y (,OIllIX'I1$.'\tion r('(lui~ :1110\\":111('(' for the added 
impurity scat wring. 

For impurity deu"ilies nl'Sr or gre:lter than 10'" ('In ~ , Fig, I ('an not 
IX' t"Ollsidered vcry reliable. At such ooll(,(,lltr.uion<;, impurity band 
('()nduetion is prominent and ilS ('fT('('IS are :11)1 to difTpr appt"('('iably 
dC'lX'nding 011 choice of impurity, E\'en more "('rious are the degl'('('S of 
impurity pm·ipiw.tioll :Ind latti('e imJX'rfe<:lion which ()('('ur in highly 
dopcd mll(('riul and which furlhermort' \'ar,\' wilh growth oonditioll.s 
nnd hi"lOry of ill(' cr),,,t:ll. It willll(' not('(1 with !'Omp ('on"tt:'l'nntion that 
thp I>-IYIX' and rHype ('un'csart' shown to ero:;:; n<'llr.\', _ a X 10:>0 ('m .', 
The p:lUeily of d[un, of ('Ourse, (':li<tS oonsidcmhle doubt on this ref'uh, 
lIowever, for whnt thc~' :ll'(> worth, ~u('h are thc indielltions, Perhnps this 
('Ml he understood in light of the ac('cplor :1('lioll of imlX'rf(,('lion .. , 
I'::pl'('inlly \'1lC:Ulcics, which arc abundant in very highly dOlX'd materia.l. 

'I'll(' ca]('ulat ions discuSi5ed in the 1'Cllluillder of this pl1lX'r require a 
mat/I('llltllical l'Cprcscntll!ion of Fig. 1. Simight-linc Ilppr'()ximl1tions of 
til(' form (I p ) = BN," ha\'c heen obltlinoo, whieh dC'pnrt 10 I)('r ("('Ill 
from til(' d~ired curve at the luming points :md rapidly Ilpproo.dl 
('()inl'idpll{'e elsewhere. The pnr.ullelel'8 B lWei a tlrc li!<led in Tuble II 
for thC' rc!<pc<:ti,'c str.light-line regionf', 

III. DH't"USIOX I'RO.-.U;S .... XD C .... LCVL.\TIO'\>; 

The diffusion profiles of (urrcnt pml'ticul intel'CSt tll'(> the romple
nl('ntary f'rror function, ('I = ('. eric (x , 2VI5i ) , and the Gaussian, 
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TAIIl.E II rAI.U.~ OF B A'I) a IX Tin: EQl' ,\T10X- (1 p) = /lX,", 
n.:I'Ut:sE'\TI"O STltAIOIIT- I •• ".: .\I'I'IIOXI:\I ,\'I'[O"" TO Tilt; p \' S 

.\" I ('Un't:.-; OF II-Tl' I'E \ 'W p-THt: 8[1.1('0,," ('I' 300° 1\:) 

lI"sion ((TIl"') , • 

,Hype 
2.35 X JOlt :iii .\'" I.(H X 10 • 0.456 
6.00 X 10" :it .\',, :iiI 2.35 X 10" 1 ... :\ X 10 II O.iH 
9.50 X 10" :i S,, :iiI 6.00 X 10" 2.00 X IO u O.fIlO 
1.00 X 10" :iii X o:iii 9.50 X 10" 6.R:l X 10 • o.1}n 
3.50 X IOu.s X,,:s; 1.00 X IO 'T 6J)j X 10 II 0.83. 

X,):iiI 3.50 X 10" 2.00 X 10" 1.000 
plV~ 

1.50 X 1O":i .\'~ 1.00 X 1011 O.fl(;(; 
2.40 X 10" :i ,\' .. :iii 1.50 X 10" IAi X 10" 0.832 
1.50 X 1O":i SA :s: 2.40 X 10" 3.30 X 10 II O.r..'X.I 

tY .. :i I.50X 10'· i.20 X 10 " 1.000 

('~ = C. (,xI) (- Z: IDt). In tlwi'(' l'xp~ion~, J', I), Iwd t af'(' the depth, 
difTu;:ioll ('()('flkicnt (as<.:swnC'<! il1d<'lX'ndC'nt of impurity d(,ll~ity l, nne! 
timf', rC',.;,X'(>lkrly. ('~ is til(' ('OII{'f'nlr:llion of the difTu~1 imlmrity fil 

depth I :Uld ('. , liUlL at the :<urfn('l'. The former di~trihutiOIl iii expt'etcd 
when diffuf<ion IILkl's pl:1('e wit h Ill(' surfa('e ('ou('(,l1tmtion C. held eon
!<tHntj Ihe I:lti<'r whl'lI the lotal impurity dilTu",in~ is eOIli'lHnt. L'lIfor
IUllate\y it mU~1 he :ldmittt'<\ tlllI! th{' 9,('('U1":.\e), of ill(':=<' <'XIX·ttflliolis is 
opel) to qU{,~lioll in :;ome ",itwI!ion",.t.t1 ,\\:;0, pJ'('('ipit:1tioli :Ind ('ompen
~'\lion of impurilil'S nt':.lr t 11(' :<urf:\('(> m:ly furtll('r distorllhe di"'lrihutiOIl, 
lIow(>\'('r, it i~ :<lill lI"("flll to ~h'e the problem under thl'S(> :tSilurnption,., 
I{'adng ('orl'{'(,tiolJiI for Itlter d(>I<,nnilllltion. 

The ":\\'Nage eonductivity" of II difTu>'('(1 layer ( whidl throughoUL 
this 1).'11)("1' ilol fl.-.,,;ullled to be dilTu::«1 inlo H "ilit'on :<Ii('l' of oppo;;it(' ('011 -

dueth'ity tYI)(" :lnd unifonn doping (,,,) is given hy the expr'{';:.<:ioll 

WhNC q i:-; elettronie ('harge, }J til(' l'Mricr mohility ty p ieal of a totn l 
ionized impurity dell};il,\' of Cz + (,,,, (' = r(Cz - ('1/ ) is the dE'IlHity of 
c:lrriE'r!<, r b('ing the f1":.H'tion of ullC'Oml>el1<:':ltcd dilTu~ impurity IIlOm!! 

which :11'{' ioniz(,d, lind Cz th(' towl density of dilTu:-<'(1 impurity :HOlm; nl 
depth .r. ( 1'0.· .... "iI11(' \':lriation of the mohility llS !l function of the proxim
ity of til(' surf:\('(' i:-; a haz:lrd whi('h "hould 1)(, !,(,l'()~lIb:liJ in l~lR:<ing hut 
is othf'rwiS(' igllol'{'(l ill thf' 1'1'('1'{'11 t ('akulat ion, ) :\1 ultiplyinp: Md dividing 
within 111(" integrand by r' (Cz + CH l. whe-I'(' r ' is Iht' ioni)('(1 fmt'lion 
tls:;oda\{'(1 wilh an u!l("ompl'll"iJI\('(1 dopullt dellsity of ((' .. + ('H ), und 
writing 

,; 



qJ.lr'(Cz + CB ) = (T(t'.-+/" " , = Jl( ( 'z + (',,)" 
Ih(' :Wf'nlf,'l' ('()ndUCli\·it.r 1)(,("OIll(,:< 

U = ( I / xj) [ i (r :r' HC. _ ('B)/l«(', + (',, )" I dx. 

:\ow ( r i r' ) rC'prf':-<'IU" IhC' r:lIio of dC'grt'{'s of ionizntioll eorrt':<I>onding 
to ('r - C/I and C" + Cn f{'",..p('(·ti\'C'ly, Thi" r:uio i" \'Ny !H':lrly tlnity 
uniC':-'" ('" and (,,. ~1r(' ("Olllllllr:lblc in magnitudC', SUI'h i" th(' ('[I,;{' oilly for 
til£' inmiwl 1]('1Irt',..1 til(> jww1ion, whi(·h e01l1rihull'" Iwgligihly to the 
('ondu('tallC't' of Ih£' whol(' layer. 11£'11("<', (r r' ) may 1)(' jll:<1i1illbly l11kcn 
:1$; ('(lUlll 10 uni1Y, and writing ('r = ('4( .r ), whrJ'(' f (;r ) d£'[X'lIds 011 the 
pl'Ofil(' of illtN(,,,t, 

,\ program fOI" thc c\'llln:llion of thi" ('xpl"('.~,.ion 1m" h('('1l elC'viSlXi 
l)r('\'ioll,",ly by O1h('1'!'i and £'mploy('(l in Ill(' tlllaly"i" of difTlI~1 l:iy('n; ill 
gC'l"mtllliulll, 11 With !:<light addition..; 10 futilitulC' :ltItom:lli(' plottillg, th(' 
StlIllC progr:Ull has b(,(,ll u><'d in li](' prt';'('lIt work. ('omplitntion-; \\.('r(' 

IX'rfonned 011 1lI1 IInl 701. and "loll ill!! of I>oint" Wll" ('tlrri('(1 Ollt with 
an EI('('lronic .\ :<...."O('ial£':; "ll.riplottC'r. 

Of ft1'(IUent inl('l'(';;t ill tran:;i:;tor c](',..iglllllld in th£' nmll~'.~i" of difTu:«'(1 
la~'('J'l", :11'(' thc ehllrtl('teri .. "ti('''' of :1 ""ub:<urf:wC''' in)'('r ';Heh 1\" illll,.;lmtl'd 
ill Fig. 2. Thi" In.v<'r, bounded 011 011(' ,..ielC' hy Ill(' JUII('Iioll :1IIe1 011 thl' 
Olll('r bY:I plllll(, P:lf".1I1('ling Ihe jUllelioll:1t d<,pth r , Ill:ly 1)(' eh:lr:u't<'rizc(/ 
hy nn ll\·C'r:lgC ('()ndtH'li\'ity 

If" U = I [ps'(XI - x)J = -( _ -) qp.(' d.r 
.II .I r 

whcl'(' Po' i,.; t il(' "heel re"istfUl(·C' of the ... ub ... urfll('C' lll)'<'r. It willIX' rt'<.·og· 
niZI'C1 lhnt the bnsc region of n difTu!«'(I·haJ',{', :lIlo~'l'd·{'mittcl· Inlll!<i"lor 
is IIIl C'xnmplc of II !<Ub"urftl('C' laycr .. \noiher ('xampl<, i.~ thal l>Ol·tion of 
a difTuf;('(f ltlYCI· rcmllining nftcr I'('mo\·ing til(' top ~tnltn of depth x, 
IIcl'(' , hO\\'I'\'cr, it Illu.-;l be relllcmi)('r('(1 thnt the \'alue of C. I"1]X'('ifying 
thill Iny('r [X.'rtnim; to the origInal surf:U"{' nl .:r: _ 0, 

Rin("C' a ><ub><urfa("c Illyer l)('('Ometi til(' £'ntil'(' difTu:o«llayel" whell x = 0, 
it ill COIl\'Clli!'llt. to di.-;play thC' pro[X.'rtieR of hoth in the :';1I11{, plol by 
introdu('ing thc pammC'ter (.r Xi ). On pagl.'S 39-1 to 110 !illt'h gmphs aN' 
Pl"i"'('lItl'd for n· and l)..ty[X.' diJTu,;('(1 lnyen; of Gau",:,i:lII and 1'0mplC'o 
IllclHary crror function profile, E:.wh graph oontllins the family of U'n 
tUf\'C;; ( .r ·Xi) = 0,0.1.·· ·,0.9, :\I1d l'('i:lt<'S thc a\'cmg(' ('(lllellietidty of 
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DEPTH __ 

Fi/!; . 2 Profile of II. dilTu~{'d !llyN wilh ~ ub!!urraee [ayer ~haded . 

{'llC'h i:lyC'r to til{' ",urfu('(-' ('OI1('f'nlnnioll (ul ,h(' Qriginal ,",urftl('(' ) for:1 
gi\·(,11 nthl(, of C • . . \ :;('par:\1(' gmph i~ r('(luil"('(l for c:U'h mluC' of (,,,, 
wbi('h in Ilw 1)I·('~nt work r:1I1A"(''' frolll 1014 

('Ill I 10 1O~ ('Ill ' III on('
d('(':I(I(' intC'rV:lk III C':1('h plot I h(' r:lJlgC' of :<lIrfuec (,OIl{'Nllnll iOIl~ 
"pallfwd i~ from ('/I to 10:1 ("m -I

. 'I'll(' ~H'nll('(1 " BaekC'nsto",," ('un·c fOI' 

II partitul:lr ('/I i" sim ply th(' righl -rno,,! lifw ( x . Xj = 0 ) ill ('aeh gm ph . 
TIll' wi!{).(I(' in t lw n-t)'!>(' :lw'nlgC' ('Ondu('th·ity for difTtt;o.;ltlt ('Otl(,{,lllm

[ion" 1lC':lr 10" ('Ill I is u:«'rihablC' [0 [h(' mth('r largc d lHllhl"(' in ,.:10])(' 0<'

(·lIrring in tilt' 1l-[YlX' I'('"i,,;tidty plot :It X, _ 101
• em I . 

It i" 11 pl(,II$\l1'(' to uckllmdedg(, Ill(' ('()ntribuliOlls of mUlly ('OI1C'uguei\ 
to thi" in\·C''' lig:aion. In p1lrti('u[ut", Ill(' boron d('tenninatioll", <I('\' i:-(>(I 
and ])C'rfot'lll('d by C. I.. Lllk(', WI'rf' \·N.V vn luubl£', :1.-; \\·Crt' tl](l mdi();lC'li\"(' 
al'l'C'lIi(' d('[Nminations of :'Il i1-" I"':. Wolfstirn and lI al1-('lr('('1 tll('II,;UI"{'
tll(,IH" of H. A. I.oga n and H. L. John:-;\OIl, Th(' :ll1thor i;; in<l('blOO In D. 
1.:1" . .;,0111 for t l1(' growing of th(' horon-do)X'd c-rY"IUI", to D. B. ('Ilttri,.;.~, 
who."f' effort,; brought :1boul th(' p l'('pamtioll of t h(' C-ompll l('r 1)l'Ogm m, 
to ). I ~. W. ~\ l alllm('l, for ~llb~lll('nl :lddi! ion:-; to it, to H. I.ili('ll\hal for 
variou" Ilw:l."urt'm(>nt>', :Uld ('~I)('(·illll.v 10 :'l In<. :'II. S. lIoyl(> for l1('r 
ind('f:Higllble 11 .... ~i"l:UlC(' III m:ll1~' m(':I.~tll'('m(,IlI .'i and Ih(' plotting of 
hlindN'd" of ("ur\"{~, 
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Fi~ 3 - ,\ v('rAge conductivity of II t)pe coml,l('mf'ntar~- ('rror function I,,)"er ... 
in silicon. 
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Fii/.'. 3 (eont.) - A\'crage condueti\'ily of n I~pe comlll(,n1Cnlnry ('rror funct ion 
lnycl'll in lIiJicon. 
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Fig. a (eollt.) 
lay('n; ill ~ilicon. 

• '0' 
"""'OUIOE c;(lNDUC11Y'TY"-'/[~tXJ Xl}eo--OI," 

"\\'crage conductivity of n-tylX' romplementnry error rUlletioll 

! 
I,.:~~~~~~~~~ 

Fi$:_ 3 (couL) - Average rondurth'ilY or n tYllt' CQmpll'm('ntar~' error run('tion 
IAye~ in ~ili('on. 
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Fiit. 3 (cOUl.) 
la",cllI in IIi Ikon . 
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Fig. 3 (eonl.) A \'crug(' conductivity of II type complementary error rIHl(·tion 

I\~·ers in ~iticon . 
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Fi!(. ;J (('onl. ) - A \'crage (,ondnctivity of II tYiIe eQmpieml'utnry Nror flLll('lion 
III,H'rs in ~ilieon . 
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Fig", - '\\'Cr:lge condueti\·it~· of n -tyj..e C,ulI»inn Iny('1'!j in silicoli. 
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Fi lt_ I (conC) Average conductivity of n-I.\'I><' GlIu~~illn layer!! ill ~ ili con. 
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"'j". I (eont.) A\,{'rng~ conductivity of II InK' Call~"illll layers in silicon . 
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Filt I (c:)IlL) 
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.""('rnge conductivity of II typc' (;nu~ __ i!ln Iny("!'<1 in ~ilicoli . 
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,,,-.,rag!' ronductivily of II IYI)(' (;nll,.~illll Jnycl'!! ill OIilicon 
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Fig. (Will.) - A\'crlige conductivity of rHype (;nll''',;un luyers in "ili<'oll. 
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Fig . .') - Average conductivity of p type oomillement8ry error function laycts 
in ~ilioon. 
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Fig 6 (couL) 
Illytrll ill ~i licon . 

MJlItAGE CONOUCTIVITV. ,. V[Pi{:rr :rU(OO--OO)-' 

t\v('rage conduct ivil)' of I) typ'" cOlllp[cmrnlnry ('rrOT funct ion 
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Fi~. I) (conI .) 
tay<'Tl' in ~iliCQn. 

A \'cral«' ('onducti vity or I) -ISIX! N1mplem('ntury I'rror fUII('lion 

Fig. I) (<,onl. ) - AVCrllge COllduclh'ity of p-type complementary error function 
layers in ~ilicolJ . 
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Filt_ 5 (cont. ) - A\'craltc conductivity of II tYlle complelm'lIltlr~· error function 
h .. yt'nI in ~iIi(:()n. 
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Fi~. 5 ((-Ollt.) 
InY<'nI in :<ilit>Qn. 
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A'-N:lge conductivity of pInK' ,'olllllh'mf'ntnr)' error function 
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Fig. 6 - Ih ernge oonduelh·jty of p-type Onu!II!ian lf1ycl'!! ill "ilienl!. 
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Fig. G (cont..) - AV(,TlIgC conductivity of II t~'I)(' Gtlw,~illn luyers in ~ilicoll. 
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Fig. II (couL) - Avemgt' (·ondlwtivity of 1)-lYIK' Gflu~-"illn lsycl'>l in sil icon . 

Fig. G (cont.) A\'crllge c:onductivity of ptype G:l.lJ,,~illn IlIyeN! in @"ilicoll 

• 



• 
• 

• 

• 
• 

! , 

< , 
" J 

i 

CU 0 " 0.3 CU 0.' 0 

r· I) 

Filii . (I (OOIll. ) - Average conductivity of IHype Gnu~.in n III.I"e!"!' in ~ iJi ('o n_ 

r~I-__ -'?--C,t __ ~~~r7~~~--+--r-r~~-=~~ - ., . 1 :. [ 

'··-4i'""'ill;r fi 
. . +. t-.• 

+- ...• 
• _0' -+ .... .j.". 

fig _ (I (cont.) 



= 

• 

,.' .' ,· ... t~ CO>oOUCT""TY. , • V'p; ::rJ ;ltl (OtI"-C ... :-· 

tl , 
• 



• 
• 

• 

• 
• "wed May. 1962 



• 
• 

.. co .. 
~ 

~ • !l ,. 
:: 
z 

BELL TELEPHONE LABORATORIES. incorporol&rJ 

463 West Street, New YOlk 14, N. Y. 

• 
• 

I 



,., ,. 
,.rot-' 
,ror 
'j 
o.Q_ 

't:,.,., 

,.ro 
10" 

-'l 
J.< 

N'txPl 

2 , 4S678g10" 

mono Si licon, incorporated 

• 
• 

It 
""* ... 

4-1 

~ , • r 

1 

UllIT f it iih, j . • 
! !, ,,' ! , , ' 

. , f 
2 , 4651"'0" 2 , • • 67,,'0>0 

Impurity concentration, cm-3 • 
. 'rom en e .. lde by John C. Irwin in the M.ret. 1962 __ Dllh. Bell S~ Tech. Joum.!. 



• 
". • ., . ,,-'" 
" r. 
,, ~ .. .. 

~ I - '" ~ 
'; 

~ 
0: 

" • • , 
• 
• 
' r--" • , 
'i 

LOt ••• 
G.IF-
0 .7 : 

~ 
0 .2 .L4 

. ~ 

• 
••• to" 

-

, 

e:.. 

~ 
~ 

, 4se1"10" , 

These curves, containing the latest data on the properties of silicon, 
have been prepared by i"IlonoSilicon. Inc., who pioneered. the 
growth of dislocation free silicon crystals in production quantities. 
For a revue of the effects of dislocations on device characteristics 
see the article by W. Bardsley, "The Electrical Effects of Disloca
tions in Semiconductors," Volume 4 of Progress in Semiconductors, 
A. F. Gibson, Editor, John Wiley & Sons, Publishers, (1960 ) . 

, 

I 

'-+-

~ ff , 

ltl-l .... L i 
1 

If J ,. IT 

~ "'It':f" 
OJ-

• u....&....I.Io. II ! II'!! ' , 4$67 " '0" , , 45671"0" 

Impurity concentration. cm-4 

Resistivity of Silicon at 3000 K. as a function of acceptor or donor concentration. 



• 

.' 

LI.~ LOOAIltITH"'UC 35.112 
n· t:; IIIlU""'L ...... co. _ ....... 

II 11:. eTC"':. 

0.1 

• 

1 
mill; ohm.-em 

• 
. '~'~i Llrt' , .' : "; . . l:'"' . . .. 

" 

,,,'9 

10 



• U'E LOGAlIIrT1olMIC 359-\ 12 n •• ""' •• 1. ...... co. ._ , ....... 
IIICY'U:. 

. . 

" 

-!. ; 
. 

~, 

. 
c' , 

~T 

• • , • 
, 

.. 

, , 
T" ..... 

I , , 



• 
Idf-I 

, 

't-- -
, : 

. , 
, 

4 ;:-
r , . I: ';, 

I, 

'" 
'mPU. [fi. I-cr 

, 

K.~ LOG ... It'T~Oo1!C 3.59·112 
C. ~"'.~"''''. l< •• ". 0;0 . .... ,.~ •• 

" .. ~ CYCL". 

, 1 , , 
, ,. 

. 

• 
• , , 

, 

I -tp , 

! : ~ 
" .. I 

I 
' , .. Tj1; 

/ 
' ".,:.. ,- . . ' . 

:.til, 'fl 1 '/ 

6 

I'l' 

, 

~ Ifr. tI itl. .:;'0/£( I~" kJH-
,., . - , , , 

~ r , 
~' " ' ,-

~ I 
;E 
6 

, 

• 1----

,I--

2 

# 
r?' 

,1. I, • 
0.0/ 

t-

. - -, 

~ 
~ 

; ] 

, ,:e 
~~, , 

l/, • 

t-y 
3 

f7 

/ 

.- -, " • 
1 • :/ I " 

' (-: 
., 

1/ I 
1'1/ 1 I 

I 
7 

1/ 1 -. 1/ 
/: .. !/ 

7 j'+ llf(V 
I !7 , 

12'-i7" I- " .-.. 

/ I 

k V· I-
J , 

~v 
I, '1 . , ,--;c , 

, 

--.-
I : 

, 

I 
I • 
, , 

1 I 1 ' 
I I 

2 3 , 
0.1 

7 , I 

/ 
/ 

/1 
-/ -

V 

7' ) iL'4 
/ , 

. / 
/' -t-- . , 

" 

V ~~ , 
.f. , " 

t-
~ .. .,...~ 

, 

; 
" " t. 

, . " 
, , 
i· ---_. "l--

i 
" J 

--- f-. , . 

" h 1/ 
, 
V " H. , , , 

, V 
/ l-. I • 

/.0 

Wft'jht percerlt of u', WJri fl 

• 
4 6 1 , · " / , 
/ 

, 
V 

1 
" ' 

V 
6 

, 

• 
, .. 

, 
, 

.. , 

• 2 
' ' 

I 
, .-I-• 

I , 
j 

1 , , 
" I - . 

.I . 
. ~ 1/ 

, / 
.<; 'h. 
A 

) 

, 

r 

1. 
2 

r 
, 

I 
) I 8 , I 

to 



." ~ 

I. I .. ' 
Inlm 

• 1:.L i 
. . . ;. 

, + 

i~' ; r + IH ' 
1 

I; ...•. . ' . I! I , .' . 

~ J\.' .. . . t ~, 
" 1 '\j " r ,+ H 

1- ' .-. 
1- ' .. 
++ 



• • .r.:- . 
...... 

!=>R,. 
<:::I . ...... 

S J , \ 

..... 
9_ • INn-NAI ,an-3

, ?:, 
.,: 1- I I ! I- .-.... 1 

It'- I... H I· 
; , "I, 

I-- 1-+' -I- ' >'-+ " ,.~ --f- ; ; "r" ' '",' '. , __ 
t ," I : J. ' . , ' L7 . ,~ V .•• :;. 

f-- . 

.1 I I", i , I 1/ " y ,!.;: \ , , 
t ,.i -, ;r .. + . ' • .1.. 'I V ...... ~ 

. I . k ~ ..' -.l.+--~~. f.-. .. ' .J b" -....... , -- .~-.. --. -~-. . t ,v, ,. ~ 
~'" '. ~ 1 ~ i 

. -+---- --1-: 0 
, .. 1'"' f-· , .... , Ii ,~, .. it :: I/ L, :.7 P h ,J 

~ . . . 

i . 1 . , , _' .. 
.. ' >- +- .l /. " . :' T' .1: IL I. ~ .... 

, ' , ,. ,\ V V . . " . I. {' I .. .. • ...... ,_' . r + • ..J ,.... .... .. 'i ... 
. "I "" " _ .... : .. e : • ~ .:, V ' ': u ::: 

L • • I • . .; .. uo i' . . I: :. .' }. 
s 1---. '----' ' r ' . . . " 8 

~,I--' ' , ' • , 
!'-oJI I , 

....... J I 'V _I 1 . ,. f" ' I/' , ~ h- • - ,.', ' 1· ':" " -t. - , v: -r . I +"" +.~ ....'+I.h-- 1.1" 
"'" t- r ~ -+l/ l f-. •. '\ : . L ~~,. L .. . _j .J. ""+~ 6. 

It> ,'" t " ' ., X , 'y . f·' 'I~ "1; ,: 'iI' 
I ~ .. I .,.\ .. , .. -

1 \-. • I- . , A . : I- . I· , I·· .. Mt1 .-; \--'- .. .. .~ 1-----'" . .". 
.. 1, "I ,t . tl+c ' [r . +- 'T J. "'I. ~,t . .~. . ,..j., , .j , • .....j.... " . f j r., , _'..... ,. " _. W~~ );;1 1 

! :. . ~ : ,. ~ 1-'.. V I V . T' ~ T" t'"'" "'"1 : .: : _,: ~, . • ~i s 
;r-.. I- - , t t:r ~, -_ ... r. . ... ++_.A..U I #' 

, .. •• • '.., , J.. • U'; !.o"" ... 

- ~ _ ................. - .• :'T 'Il ""!"+-+-V ... ~ ..I. •• 1--4·:: '. ",' "t11 ~ 'L •• TI 

, , . , 1/ / l' . I- ., .• " ~~J . . ,.. ' . n. iT,. 
,...., ,. .... .. '/ . ., 'I' .. .. . " , .. c~ § I .. _ I. .. , .. , " '~"- . . <! .. _ 0 I: .... '---' . '. c .. 

~ " ... 
, ! .,' .. 17- "t" t- , + .h· - ,. '"TO ':fT " L . .I.. ,. ~ ,I+'-J " . ~ ':r . 

.i-.' '- .... i t : . .1.. t • ~ .. : roI: • .... : -l.:' t-.: .... 
, .. , y v <,' . ,. . , • " ~I N 

, 
., I I .. ,', ""1:"-1 ' . "- .. , .~., .~ . .. ':~ .. , .. I,j':~ • 

"1 \ 
.. -8 • ' / / 

~ 
c:)1 j \ . , 

•• • e"er •• 
LI II=' ".,,~ • .r. r ..... :0' __ , •••• 
n·.:::: rOOYtlUHlI't'C 3:16' J I S 

t ~ e l 

r, 

• 
i 11 a rJ 



/ 6 ,~[ 
~ • ~ ~ - ~ ~--~ --~ ~ - ~ ~-• 

~ ~ , : 

, /" fIJ au 
" I I -, 

" . .. - "(-;p v<' . rf rl . , In • , . 
, 
, 

' JlJ. T 1- I .. " .1 i ~--

-l-,.. , 
.. 1'\.' ,', r "-+ 

. ;;. , 
" 

! ", 
,,!J 

~ 

"'"', " I" " 

, , .' , - - \-. T 

j , 
~ j 

J 
, f\. f'\, , 

t 
, , 

, - , 

f ! .. , 

'" ; .. , • 
I, 

"'"' 
• , 

, + J t 

'd-; 1"'- I\. ,. ,. 
i I -, 

~ 
'\ "-, / 

I , 
, '\.. ~ '\. -I 

I, • , 

~ 
"\ 

~ , 
• f'.-, 1 I 

~ 

n tv · : ,,: l'S.. 2d:fJ1, e • 
or • , 

f- -, F 'r:/- t,v __ j,-. .j,." -,"' ,'\, l:~ .--I' '--:- , - , , '\. I. • : : 

'~~ ! L ! "- c- -, ~ -1- , ~-i-"- , r- -_ ..... - , ." , . i') -,-.~ "" l/. · N-t'w* f~ 
, 

l-.-- , "' . /0" , ~ +-
, 

f',;:"" • 
-. 

t;--- , + '\ 
~ 

• , 
, 

-1-
0_ --+-- i ,,1 \. 
-- ~ 

L, t '\ ; , 
, -- , , 

1 
• ," , , • , i -

.~ .-

, 
. , 

1\ I , , 
I r • 

L 11+ : '\ -- . , -, - .. . " 1.1 
'" , --r- , , 

J i ' • i , 

! i 1\ " 

-r -1--- !- +-+--;-. , . 

I , , 

• 
I 

I ! I 
I , 

t 
• 

I f , 
I -+r---r-- t - -+ 

"-1'" '-'t-t , r-- r -
I ! ' I , 

I , 
..l d , , j I , 

':;-' 
, 

~ N -~ .. -- /. 
-, • ~ ~ - . ~-'. I T 10 



• 

• 

B 1(J.8.<, -2l /7 -2;j 
3.37;</0 z. 1.'18X10 ~/_ At:' 26.98 8.3f x 10-.2 (J.I 8".38 X to Get. 6?72 at.17 )(/0-2.1 0.1 ~./7 X (0-2() 

P 30.9; 9.63 x /o-l:l. 0./2 8.02 X 10-2 / 
As 74:9/ Z. 33XIO-2. I 0.04- s:nx/0-2O 
Sb /21.76 3.78X 10-21 0'()03 /.26 x 10-18 • _ .. -.-..;. -- :~ 



• 
I 

, 
~ , 

I !ilzeor:y- , 
I I 

l?efCQ35 I 

I r ' I 

I 
I 
I -

I 
I j ! • 

J 
I 

I 

• • 

Normalized Length of CrystaL 
Grown. 



• • 

Normalized Distance or Length of 
Cr!Jstat Grown 

• 

'. -



• 
O;OglC~ _<HI. ~, .. .... , " ........... CK"? .. "n .. c"u,~ 

• • • , • , 

• 

• 

I 

J 

~~--~---~~-.. .a.""""'-"'"" ...... r. . l '~ 7 -~ 

NO 

, The attached chart of Temperature Coefficient of Resistivity VB • 
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througb points calculated from thB figur~s of conductance v •. 
temperature shown on page 51, W. W. Gartner, "Transistors-Principle., 
Design and Appl1c.t1ons", Van Nostrand 1960. 

Caution must be exercised 1n the use of the chart because the 
indicated valuee of 0( apply to siUcon containing only tbe 
indicated type and concentration of impurity. The added presence 
of a le88er concentration of an opposite type of impurity may 
result 1n an increase of 0( kg more tban one order of magnitude I 
according to the initial resultl of. study currently 1n progr.aa. 
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INORGANIC COMPOUNDS I 
l'be ,...-:lin!! p.aper t:alalogued .... roo ... I)"-UN data D( 

__ o<..liLIc: oOOAIpound.. ThL. .... ,id .. p..-.,nl . "'.por ~Unl 
c:.. ... fo.- about ::vo ino>"l.ni(' rompouod •• nd _rapt ....... 
th. _~e 01 tht. ft:ld " thl~ lim~. 

""'HE fO!"eiOm, rq'XItt (.:,.41) d.-cu.od the need (or IIoOCImok 
.....L '·"por pr_ure d .. tl\ when certain phyaiclJ I ..... ue put Into 

pn.et.ieal "PVhuWln. Qlle of the GO~~nt cr." of modern I.imM 
II for trIOt'e e~t.t:nIlVfl and lofouu data. Tva (an ('tltnt, • new 
;-:a.nt III no betLer I ha.ll the dAta u.ed in ita dee."". Theoo.e h~'O rt

;xm. a.r. inl.otlldod loll a ltart to ... ard the Lmpr'OftWoIInt of thl. Cll

«UN!taD(II'. 

TIle methodu::&! exNuJaUon of the lOurotoI of vapor prent\lN d.ta 
W~ be!;Un IiOIM ax yean. II.CO. C~ A~ '-&.5.e.rthed 
\hrough 1942. but t.ba oo\~ "OCIII ~n hu boon incoalpjete. 
In the vut ma;ority oi c.-.- the ontinal dooummta .-crt cotI

.uted. ExM:tiac d!act.w~ of v .. por ~ dAta (I, 1119, 1+9. 
U6) ... ere oi &J"f*t help. In t hil ooooeetMm !!pedaJ &ll.entkMI 
al-.ould be roeu.Md OQ the c:xoellent oompil.t.Uon ot Kelley (tt9), 
... Iueh Iv.. botatcred OIZl' .-ork &o:h:rur.bly. 
Th~ tnoatmellt of data follow. the .ty., format. aM ,entraJ 

pla., of the p~lnc p809U. The a.Daiytioel t:rlMbod .-... re
t .. med MC! Wloa ba..:i OD ..:niloprithmic eb.a.rtt meuurinc 30 X 
ot2 indoM (where 1 1lUD. - I-C.) and oolored map t.ackI ~~t.
l.l'I: the plott.cd pcMU ovw .-hieh .. taut Lb.road ..... Itret.thed, 
Th. t'CII'ul~ ill t.bI1I:IlI'oduction of .. rentle eurv.wre to the va
pur p~ !J.ue,.but.wficient t.aeb wuc: In&erted ItO t.M1 the 
C'.1."'v. Wloa V'Jtua1iy ooaUn\.lO\ls and ... ILhout &I:Ig)ea. For the~
m .. , ... , t ~ (thaN materi&ll below -100· C.l. the tu- "'"' 
.... ·r,c..:1ld in wi~h the belp oi .. Freaeh ~ but, La V'W'w of the 
U! ...... .rt&lntiCi 10 tempen.t.ure meuuremect above 500- C. (tor.. 
comw, 1_ conaio with i~ of LempeBtun!), It w .. felt that 
tt.e pencilifli ot the eurveI'-U unn-.ry. Where the tealpcra-

ture fell ..... tJwt the! raqot - UO· C . to + «100 C . .. c.o ... cloal' 
pt'l'VM,HlBly ,.f~ to 11'''' u.ed 

So ,bat I.IZI h lqUlty wUl blllIDI.II.imutd.. \be Dt.me ~red t. 
C.\.tm1oeOl A~ haot t- uaed. Tbe ~t In 

tallb " .-Jpb~ &l!«lldiDc to U. DUM Dr ~ OOn:l~ ., 
~ Lb.t formula iI ..... ~ 10 ~ u-e will b1...., Ooubt .. ~ ~ 
the INb.WM:e __ '" ) 

T&ble I eont&llll j)IO'II!UfW (In ID1I1uIMc.n ol1lJef'DQ/')') LU1dw 1 
.. t.mosphe~ • ..00 Table It OODt&lDl pre>eW'M (In ~)~, 
over ODe ,,~, All w-mperawrea an 1.0 - C. au.c. tbone ; 
M '" diecoaunu!ty i.e • ",.par prNWre ~ at tb.1IIItit1Dc pcU:it, .. " 
thI' meltln, JlOI.nt 01 Lbe 'Ubn&oOll. WMn~. M M.Ikd ... Tal)&. ~ 
I. &noe the va.por prcIIIure eut'V'e c:ndI .. , Lbe c:ntia.l.1 poult., Ta.bI. I.~ 
II hilLs the trlt.ic&l woperaWte a.od ~ ~ 

Aaelnbtiq u.. rMWw ol many worker.. u b..u t..1 done t.n. ~ 
Ie.d.t to unoeI"\&ltIty u to the &OC\U"&OT 01 the daU.. 'nit W:tIlplRo- ' t 
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• Thickness in 

Order Color Angstrom Units 

Brownish white 685 

Clear brown 733 

Dark brown 795 

Red brown 850 

I Dark purple 884 

Dark violet 925 

Dark blue 959 

Clearish blue to greenish 1120 

Still clear blue 1610 

Pale blue green 1680 

• Pale green 1760 

Clear yeLLOW green 1860 

Clear yellow 1930 

Golden yellow 2060 

II Orange 2410 

Red 2550 

Deep purple 2650 

Violet 2800 

Blue 2980 

Clearish blue 3180 

Bluish green 3360 
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APPLICATION REPORT . 1961 • 

DEFINITIONS 

. The various voltages and resistances appropriate to this discusSion are defined by the circuit dia

gram in Figure 1. The example illustrates the polarities appropriate lor an n-p-n transistor. The import

ant consideration is what values can be used lor Vee and RL lOr given values 01 V BS and RS without 

endangering the transistor. As examples we illustrate the points by showing typical curves for a Fairchild 

2Ntl97 Double Diffused Silicon Mesa Transistor. 

For grounded base operation the collector current-voltage plot with open emitter is shown in 

Figure 2. No apprf'clable current flows at voltages below the collector-base diode breakdown voUage , 

BV COO' Used In this manner there is negligible negative resistance region (neglecting thermal effects, 

which are small In the operating temperature range for the device), so the device can oe operated at peak 

voltages up to the order of BV ceo' Tnis IS the important limit in many amplifier· and oscillator applica

tions. It IS, therel ore, a reasonaole parameter from which to establish a voltage rating for de\ices used 

in this sort of application, 

Figure 3 IS a v-I plot for grounded emitter operation with oase open. In this case, a negatlvere

sistance region will exist at normal temperatures. The peak voltage, BV CEO' Is a function of BV
CBO 

and 

current gain at this point. As tne current Is Increased, the voltage drops and continues through a minimum, 

The exact current at which tne minimum Is located depends upon variation 01 current gain with collector 

current. For the 2N697the broad, flat minImum occurs In the vicinity of 50 rna.·· ThIs minimum \'oltage, 

called the lower limiting voltage, LV CEO' for n-p-n silicon transistors Is related approximately to 

BY CBO and hFE' the large sIgnal current gam by 

where n Is a function of BY CBO. 
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In uSing a transistor as a switch with a resistive load and allowing the base to open, it Is Important 

that the load line remains at all times below and to the left of the curve In Figure 3; otherwise, the tran

sistor will not return to the "off" state when the base is opened. "This mode of operation puts the most 

severe restriction on the maximum voltage that can be used. Essentially. in this extreme case, when 

switching moderate or high currents where RL is small, the voltage Y CC cannot exceed LY CEO' For

tunately. LY CEO is a bulk property of the device not subject to degradation with life. 

Flgurp 4 shows the case for a short between base and emitter. In this case, no appreciable current 

[lows below BY CES(cBY CBO" The current then increases at about the same voltage until at current ICI 

the voltage drop across the internal base spreading resistance (r
BB

,) causes the emitter-base diode to 

become forward biased at the pOint farthest removed from the base contact. The voltage then drops to 

LYCES with Increased current because of the avalanche multiplication assocIated with current flow through 

this new path. On reducing the current the voltage remains low until It reaches IC2 where the \Oltage 

again returns to the upper curve. In general 'C2 is below ICI' The hysteresIs Is r elated 10 the diflerent 

current flow paths which made r SS' effectively higher approaching from the high current side than from 

the lower. 

Because S(lme of the current flows out thebase lead inthiscase, LV
CES 

is 10 general Significantly 

higher than LVCEO' The difference is a function of r BB " h
FE

. and r EE" theemilter spreadmg resist ance. 

• 

This case (of V BB = He - 0) is of conSiderable importance since It closely represents many 

practical situations. As an example, in core swltchingcircuitry where thebase drl\'eis supplied by cores. 

the d-c impedance from base to ground is that of the core winding which is essentially a d-c short. In • 

this case for RL _ 0, the use of a V CC less than LV CES is a necessary condition for a conservative de-

Sign. Other conditions such as additional voltages induced in the collector circuit and the exact value of 

RL will determine the final value of V CC in the particular application. 

Other examples where LV CES is the proper rating would be in a transformer Input Class B 

grounded emitter power amplifier where the d-c resistance of the winding from base to emitter is negli
gible. 

In place of a short (or near Short) between base and emitter, a resistor R may be included. In 

this case the appropriate ratings are called BV
CER 

and LV . The values of BV and LV are 
CER CER CER 

between BV CEO and BV CES or LV CEO and LV CES' respectively. For R - IOn the value of LV
CER 

Is 

typically equal to LV CES' This value of r esistance also guarantees that all units will be "locked" on the 

low voltage leg of the v-I curve with lao rna of collector current. 

In Figure 5, a curve of LVCEH at Ic - 100 ma Is plotted for a typical 2N697 tranSistor. For values 

of R > 5 K, LV CER Is very nearly equal to LV CEO' For values of R < lOOn , it is nearly the same as 

LV CES' 
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By holding off the base, it is possible to use the transistor at higher voltages . Figur e 6 il!ustr ates 

typical results with the 2N697 for the base held ocr through several values o~ base resistance. No simple 

method to relate the voltage to transistor par ameters under these conditions is known. Appropriate data 

should be taken before using this manner. In this case, the breakdown voltage Is BV
CEX 

and the minimum 

voltage LV CEX' 

A general statement one can make regarding BV CEX for a negative value of V BS is that It is 

limited to less than (BV COO - V BB)' since at this voltage the collector-base diode breakdown occurs . 

The lower boundary of BVCEX Is BVCEO for Ves negative. The lower boundar y of LV CEX is LV CEO and 

the upper bound is BYCBO - Yes' Another practical limit occurs when the current pulled through the base 

is so large that the voltage drop across r bb , causes the emitter base diode to br eak down at the point 

where the base contact comes closest to the emitter junctton. Ratings for BV CEX and LV CEX are non

conservative. since when used near these maximum voltages in this manner. a power failure in the hold

off voltage with collector voltage still applied can allow the transistor to get into the negative resistance 

region and burn out If the collector current is not limited. 

• Linearity considerations may dictate a lower value for amplifier use. 
•• Measurements made on breakdown voltages at high currents should be made at a ~ry low duty cycle 
with short pulses in order to keep the dissipation and temperature rise low. 

MEASUREMENT 

BV cao can be measured by forcing a collector current and measuring the collector - to- base 

vnltage . For use as an absolute maximum rating, one need only be sure that the power dissipation of the 

device not be exceeded, although it is convenient 10 measure at a much lower current - of the order of 

mlcroamps . 

Using the same techniques as for BV
CBO

' BV CEO must be measured at a sufficiently lowcurrenl 

so that the device Is not in a negative resistance region which will cause oscillations. This requires cur

rents of about lO~amp for the 2N697. 

BV CES can be measured at currents considerably higher than used in tbe measurement of a 

BV CEO. The same method of measurement is used. 

LV CEO and LV CES are high power dissipation measurements and ordinarily must be done on a 

low duty cycle with short pulses. A circuit for measuring these parameters Is shown in Figure 7. In order 

to be sure of getting on the right region of the characteristics, a current pulse into the base turns the 

device "on" in each case. For LV
CES 

a switching core Is used as the base pulse generator. Inserting a 

diode with the proper polarity in the base leads makes this a LV CEO test. Paralleling the diode bya 

resistor R makes It a LV CER test. BV CER' BV CEX and LV CEX can be measured in similar ways. 

To illustrate typical magnitudes and differences between these various breakdown voltages, Table 

I summarizes the data on a group of 2N697 transistors . 

3 



CONCLUSIONS 

Voltage ratings of transistors as switches require close examination of circuit conditions. This 

refers to both d-c and dynamic conditions. 

The highest collector voltage rating is that of the collector-to-base breakdown \oOltage BV COO. 

This is a useful rating In many oscillator and amplifier circuits. 

The lowest collector voltage rating in any practical switching circuit is the lower limiting \Oltage 

LVCEO· This corresponds to the case where a \'ery high impedance path lies between the base and emit

ter and no turn-off current is used (RB-oo; V
BB

- 0) . 

For many practical applications of Fairchild 2N696 and 2N697 Diffused Silicon Transistors, the 

conditions of RB-- IOn Is very nearly met. Then the appropriate collector voltage rating for switching 

currents in the order of tens and hundreds of milliamperes Is LV CER' Hence, Fairchild Semiconductor 

has Inaugurated this as one of the voltage ratings for the 2N696 and 2N697. 

For the case where the current switched is small so that the load line passes completely under 

the second part of the v-I curve (for the 2N696 and 2N697 this Is in the order of milliamperes) the rating 

BV CES could be used for the case VB" 0 and Ra Is negligible. 

For the variety of other conditions that can exIst where ~> 10 n or ~llOC, the appropriate tests 

should be made if the most conservative rating is not used. 

TABLE I 

Conditions TlElcal Value (volts) 

BV
CEO Ie - 10 p.a 75 

BVcoo Ie - 100 p.a 120 

LV
CEO Ie - 100 rna, 167 }.IS pulse, 35 

1% Duty Cycle 

LV
CER Ie - 100 ma, R - lon, 167}.1s pulse 70 

1% Duty Cycle 

• 
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• • • 
Square loop core RS 

PULSED material 

A }oJ CURRENT 
~ CONSTANT 

~ ~ High ;p'eed silicon 
'!:"I GENERATOR 

r J I~ ~ 
diode 

L A' 

-

Transistor under 
LVCER test 

PULSE GENERATOR 
J I }Js pulse delay 167 jJJ pulse 

1% duty cycle 

! Feed back signal 

R t (sets current leveli 
10-150 mo.) 

-=--

At terminals A-A': open circuit voltage 
is 2 .5v P-P. with 2IJs 
pulse duration. 

RS is normally Ion 

Fig. 7 A Block Diagram of LV CER Tester for a NPN Transistor . 
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HP • at2 • UcMyexp(E,/I!) where Mc - eDlrer .tate de.llt7 i. conduction band 
and MY - • ... Taleace " 

2. Eia.teia eguattoD' or .obilitl 

~n - "o,J,kT 
~p - "D;.'kT 

3. CODductiTitl equattoa. 

Jdrlt~ _rE - E/P - qE(l'\lp + lIiI n) 

J d1tt - ,,(Dn,,11 - Dp'flP) 

J - Jdrlt~ + J dtrt 
4. Rectifier equation or ... 11 current equatioD 

J - J.[oxp("V/kT) - 1] whoro 

J. - ,,(Dppn!1> + n...yt,,) ... d 

L _ (D'I' )1/2 and 
p p p 

L. _ (D -r )1/2 _ n n 

6. Back 8ta. curreDt near aTal.ncbe breakdown 

J _ ~. whe" 1.0 <. < 4 for _Uioon 
1 - (-VJDI'D'· 

e. Cap.cttance per untt are. 

J.brupt Janctiool 

CAJ - dQ/IIV _fhp + Xn)- [,,£II ... II!Y"2(IIA +IID»1/2 VD- 1/ 8 

Graded Jancttoal 

COJ - dQ/IIV _ e/~ _ E/~ _ (.t8nl/12~)1/3 v
D

- 1/ 3 

1. Depletton Relioo width. 

J.brupt juncttOllI 

x - regv J 1/2 
P I.! A fl .. IIA/iI.~ 

X. - tj~f 1 + M!)TIiJ 1/2 ""oro V D - VB - V 

VB - •• n~&.~ p~o.~I&l - kr/" lD(II~A/DI') 

Graded janctloot 

... d 

when 

Xp _ Xn - (Vn3t~ eqDI)1/3 ""oro ~bo ~r&d.d jaD~IOD d.tlDI~I .. I. 

liD - 11.1. - Dix/ L ... 
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PHYSICAL DIMENSIONS 

.in accordance with 
JEDEC (TO·S) outlin e 

(15 'm" kova r) 

ll~OtA L 
)1°01A. m 

,)0' " 

",I -,. 
I 

26. 
• 09 , .. 

Snt'~1 
L 

""~t 
, 

1 lEADS 

~ ~ ~~IH. 
.01' OIA 
.OU 

I . 100...,.....- l tld Ho. 2 

Cnt 
Lu d Ho. I lud No. 3 

NOTES: All dimensIons In rnches 
leads afe go!d-plated kovar 
Lead No.3 internally connected to case 
Package we ight is 1.11 grams 

PHYSICAL DIMENSIONS 
in accordance with 

JEDEC (TO-S) outline 
(60 mil kovar) 

. )lSOIA _I~, ====!'.L:~~o,,, 
l05 ' r .~ 

'" 1
26

• 001 240 

s ...... ~'".~L.=~~=;==~ " 1'1~;'. ' -t 

) lUOS 

01'01. ... 
c' --~ ,oo 

IOO~ lout Nt 1 

NOTES: All dimenSIons In inches 
luds 8fe eo1d·plaled kOllar 
lead No.3 Internally connected to elSe 
Packaee we'ght Is 1.23 g18ms 

A 

c 

PHYSICAL DIMENSIONS 
in accordance with 

JEDEC (TO·18) outlin e 
(8 mil kovar) 

NOTES: All dimenSions In Inches 
Same as "CS" except tor lead length 
leads are gold-plated kovar 
lead No.3 internally connected to case 
Package weight Is 0.44 gram 

PHYSICAL DIMENSIO S 
in accordance with 

JEDEC (TO-72) outline 
(Similar to packages 
"F", "M" and nAV") 

(8 mil kovar) 
) , HOD; .... 

. 195 01A " 209 

'" 5W,' i--r _010 i ' lID 
MAli I ' 170 

sultftl L' -4 
1'1,", I I 1 

4 l(AM n n n 5OOi lol iH 

:::01.1. U U U---.i 
100----' 

--.osa 
hid JoII 1 

ltte! No I 

~-+, ... ~ 
\ '. -, . 

,- lud~ .. l 

'\~ '>." 1::: ... _0.' < _0" 
_036 011 

NOTES: AU dlm~nsions in Inch~s 
Dimensions similar 10 JEDEC TO·18 except 

4 lead 90 · spilcing. brid£e type 
leads ere goTd·pl.,tt'd kOller 
Internlll co!!ector lead It'ngth Is 110 mils 
CoUt'clor club he.,d len8th Is 75 mils 
Paclulg8 welr.hlls O. !>ogt.m 

D 
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P;-;YSiCA:" Dl,ViEi\SIONS 
in accordance with 

JEDEC (TO-46) outline 
(45 mil kavar) 

1----1-'" .20,0IA. 

lud No. 1 
Cne 

NOTES: Al1 dimensions In Inches 
lead No, 3 Internally connected to ensa 
Leeds are gold· plated kovar 
Pnckege weight Is O.3!5 gram 

HYS CA DII E '510 S 
in accordance with 

JEDEC (TO-52) outline 
(8 mil kavar) 

--'- 100 

.oso-..J I 
I ludPI' •. 2 

lud "'" I lud No. 1 
CI'It 

~O~ES: AI! dlm,."~,orrs I" l!'c""s 
L"ads Me St"'~"o'i"~"~ .~t". 
L .. .,d ~o_ 3 l/1!emal:y co .... ,.<:::t'~ ~o <::~s~ 
P;:'C\IIC!: W"":;'1t is 0.31 S;~;:~ 

E 

2 

?HYSICAL DIMENSIONS -f 
in accordance with 

JEDEC (TO-72) outline 
(Similar to packages 
"D", "M" and "AV") 

(8 mil kavar) 

'19~orA-AB' I-:~J~O'A . 118 I 

')0 I '" Mt :,110 

019 0lA I 
016 -1 

lud No 2 

lud No I 

NOTES: All dimensions In Inches 

'" 

Dimensions Similar to JEOEC TO-18 except 4 
leads 90· spacing 

Leads are sold-plated kovar 
Package weight Is 0.47 gram 

P:-1YSICAL Dll\lENSIONS 
(15 m,l kavar) 

'" 00. 

/"lUrS 

'" '" 

'" '" 
!:.'~~'" -:~:c!:~,;==;=:;;=:!r_1 

I III"",, 
-~ ~ ~_l 1 lUOS 

.019 01A ,016 

lead No. 2 

NOTES: AU dlmenslonlo In Inches 
Le.:lds MO r.old·plattld !.over 
lead No. 3 In~l!rna!ty connected to c/l~e 
D;mensior'ls s'milor to JEOEC (TO-S) except 

for s!lort he'ght and lens top 
Pacl(.'cc weight is 1.34 grams 
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PHYSICAL DIMENSIONS 

Similar"to JEDEC 
(TO·61) outline 

"'"-"'
DIA ." 

NOTES: All dim~ns'ons in inch" 
Header and stud a're gold-plated cop~r 
Cap is kovar 
Disc is ~ry!lia 

J 

· 'dentical to TO·61 with exception of lead solder lug 
Package w~'ght IS 14.10 grams 

PHYSICAL DIMENSIONS 
(60 mil kova r l 

_---20' 
'00 ::=:;,. ",("---<eo II Ho 2 

. -2-, 
I r"'-'" \r-lUdHO 3 lUll "'0 I 

.' I ". /- en! 
.--1.'.:-.-10"-" '. /' , ; " ').::.. . ..;,..,/ , 
.," .< / 
w-~.-' 

03 ' ,,"'" O'~ 
0211-" 1 on 

NOTES: All dlmens,ons in inches 

\ 

O,mens'ons sim,lar to JEDEC TO·S except for 
overall hercht • 

Lead No.3 .nternIJl1y connected to case 
LeIJds are gold-plated kovar 
Packag'! weight IS 0.98 gram 

3 

PHYSICAL DIMENSIONS 
(15 mil kovarl 

r-r---,- '" 
"'-r-j ·1 

NOTES: All dimensions In inches 

NOTES: 

Bleads, 45· spacing. omitted pins are 
spKII,ed on individual s", .. ocllications 

OimenSlons are similar to JEDEC (TO-S) except 
for 8 leads and short heIght 

Leads an: gold-plated kovar 
Peckag!' werght i50.95 grams 

PHYSICAL DIMENSIONS 
Single island pac ka ge 

in accordance with 
JEDEC (TO·72) out l ine 

(Similar to packages 
"0", ifF" and "AV") 

~==j'~ ~~~ DIA. n~ol",' ,I 

'" 
'30 Sir· 1,';, "'U 110 

SUM, J..... '-t. 
1'1.", i 

_~~::~ 0 n n ~OO. "IN 

.016 U U U--'-

lud "'0 2 

lud No I 

All dimensions in Inches 
Dimensions similar to JEDEC TO·18 except 4 leads 

90° spacing. single island type 
leIJds arc Sold·plalt(! kovar 
Kovar Isl"nd Ihickne~s _ 15 m ils 
Package we,cht Is 0.47 Bra,.., 
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PHYSICAL DIMENSIONS P 
In accord with JEDEC 

(TO-59) outline 

lull No I--,'--.a,,=,~ ----, 

. I~ O!A. 

.079 

LISO 

'" 
10.32 U'lf 211 11'0 

tco~TEOl 

NOTES: All dimensions In inches 

,131 ., . 

, 
.'68 ", 

'" .• " 
j 

S!ud and header are Sold·plated copper 
Cap Is bold-plated kavar 
Disc is silver tungsten 
Pac karl' weight is 5.65 grams 
lead No.3 eledrically connected to case 

PHYSICAL DIMENSIONS R 
in accordance with 

JEDEC(TO-33) outline 
(15 mil kovar) 

• u ... os AI 
019

014
- U 

'" 
~ ~---i" I·" 

~-~"o 
IOO~ 

lull 1'10. 2---:>,,,,,",,,,, 
.... ",-: -...... 

lull No I ...... 'G......, 
; I' , 'I' 

~--j~ . ~, 

\ 
:;- \/:-0; 

\,... . ...... 0.. .......... /.' lull no. 1 
.~. ..... ... _._" ... 
\ 0'-" "V '-Cu. 

'\.). luelNO' 
,OH __ ~_ _ _ '" 
021 029 

is 1.22grams 
, 

PHYSICAL DIMENSIONS Q . 
in accordance with 

JEDEC (TO-50) outline 

lUll No 1 

lull No )7 
Lac== 
Il.- 2~O-J 

.02e MIN 
,01) 

__ 028 

'" 
O~O ." 

eOTTOM VI(W 

NOTES: AU dimenSions in inches 
leads IIrc gold-plated kovar 
Base matenal is ceramIC and is 10 mils thick 
Package weIght is 0.126 gram 

PHYSICAL DIMENSIONS 
in accordance with 

JEDEC (TO-70) outline 
(45 mil kovar) 

~--Ul rl> 
011 TP 

NOTES: AU dmlcns'ons in 'nches 
Lc;!ds arc (:old·pl;!tcd kOYiH 

T 

Olmen~'oros <HC s.ml'ar ~o JEOEC TO·47 ellcept 
8 IC.ld 45' spac,ro& 

Om.tted leads are spec,fled oro indwidual 
SPl'C,j'C.1t.OroS 

Packasc we';;:lt It; 0.67 gr;!m 
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• 

• 

• 
PHYSICAL DIMENSIONS U 

(8 n111 kavar) 

-100 

ltd No 2 

llleS No. J 

NOTES: All d'mensiOI"lS in inches 
lead NO.3 interl"l"lry connected to case 
DJmens'ons s'milar to JEDEC (TO-IS) except 

lor lens top . 
lead No.2 omitted for 2 lead package 
Leads afe go!d-plated kovar 
3 read packaE;e wt"ght is 0.43 gram 
2 lead package -,'ght is 0.38 gram 

PHYSICAL DIMENSIONS 
Epoxy package 

.21~OIA. 
.las 

,---
,12'0 ., 

~100 

.~- -- lud No. 2 

tud No. l 

NOTES: All dimenStOI1S In Inches 
CeramiC Sase 
Inter",,1 col:eetor lead length Is 110 mils 
Collector club head lensth is 85 mils 
Emitter and SilS .... leads are Sold·plated nickel 
Coltcc::or le~d I!: Cold-plated kevar 
Pack.at~ we;£~: i~ 0.31 ,~m , 

PHYSICAL DIMENSIONS W 
(Typical) 

~lud NO.2 
r 
T 
'-'I~ --,-,,-,-----;- -' 

[I'()n P~Ol(CIIV[ COATING 

"Tl,--("7-:J..~: 1 

too. 'cOld ~ll'." stul 

NOTES: AU dimensions in Inches 
Leads art 1 mil diameter gold 
Package weight 1s 0.004 gram 

PHYSICAL DIMENSIONS Z 
Epoxy package 

lead No. r ~ --- .... , ~Lud No.3 

NOTES: AU dimenSIons in Inch~s 
Leads are (;o'd·plated koy.,r 
Ceramic b,'se 
Intern:li co'I('C:Clr I~.,d 11'"&:11 Is 110 mils 
Co::ector c:'Jb h~ .. d :I',.,t~'" is 180 mf1s 
Pac~l!;;:e wt;g'lt 1$ 0.68aram 



• 
PH YSICAL DliV1ENSIONS AA 

Adjacent two 
island package 

lull No 

lud No 

lUd .... 0 

~-~'~200 

-100 

, 

NOTES: All dlmenStons In Inches 

• 

• 

Dimensions simIlar to JEDEC TO·S ellcept 8 lead 45 ' 
spacjnr;.I~!lds 4 end 8 omitted 

lead NO.1 interl'lally connected to one island, 
Lead No.7 rntNMily connected to other island 
leads Ife gold·plat'!<:l kavar 
Kovar island tnlck,. .. !;!; = 15 mils 
Packege weight is 1.23grams 

p;-:V:;'CAL DIMENSIONS AC 
HERMET ™ package 

'" .040:= 2~--=-0~5--1-250--1 
tiL 1."'1 , .075, ~''1 I 

" I" I + 
Tl.030 .005 

_018 _003 

l··~If02 

.050 
~_030 

-'0 
'--i '" 

all I ..... 011 .050 
011 'm'_-,-":,--,'L~ -Of' ,m r., I 

I I 005 
-.., ---- ::1-...... ,075 

l~~NO I J I..--;--J--'t-Cl-'~-C:"C.'::, 3 
ToP .... £W 

NOTES: All dimensions In Inches 
leads are bold·plated nickel alloy 
Pack;"!['! w~ight is 0.015 gram 

, 

PHYSICAL DIMENSIONS AS ' 
Opposed two 

island package 

100->..-..1 
lfur No 3 .. L.050 
LUd /fo 2 
lud No I 

NOTES: Art dimensions in inches 
Dimensions similar to JEOEC TO·18 except 

8 lelld 45' spacing. leads 4 and 8 omitted 
lead No.3 internally connKted to one island, 

Le:ld No.7 internally connected to other 
,slaI'd 

Le2ds art gold·pl"ted kavar 
Kovar Island thickness - 15 mIls 
Pacluise weIght is 0.60 gram 

PHYSICAL DIMENSIO, 'SA 
in accordance with 

JEDEC ITO-18) outline 
(8 mil kovar) 

-t==~'[ 230 OIA "',rA I, 'I .209 
118 t 

,,-
030' '210 

,\lAX, , 1,70 

Sul'~, L • 
"II~' i -r 

-.1'l0 

050---- CU' 
l •• ~ "Ie, 2 

l"~ Ne l 

NOTES: An d!mcn$io~s in Inch'!s 
leads are ~old';lI;ott'd kovar 
Identical to O;lC~;"lr"(" "8"' cxceot that !ead No.2 

is in:"rna IV co"ncc:cd to c;'ls'! 
Pack,.'EO Wl'i ", 0" 4 rom 

• 
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" 
PHYSICAL Dliv1ENSIONS 

in accordance with 
J E DEC (TO -89) outl i ne 

Network Package 

070 ',"~ ___ ' gg",_...J'_ 010 r.'IN 

NOTES: An dimt".,s,o"s ,n Inches 
L~ads an! c:o'd-p!ated kovar 
Base mate"~I 'S Gold·plated kovar 
4 mrls In I~ickness. Chips are mounted on II 

4 mIl thick gold-plated kovar slab which Is 
5t'parated from the base material by II 6 to 
7.5 mIl cer<lm,c Insulator 

P6ckase weIght Is .09 gram 

PHYSICAL DIMENSIOI SAG 
(15 mil kava,) 

in accordance with 
JEDEC (TO- IOO) outline 

230'''----
-lnT~ 

, , , 

NOTES: All dimel'o;ior>~ In ,nches 
l'!'"ds ar ... 1:("d pl:!ted kOVM 
Olm"n!:lo~ s.mllM to 10·5 ('Mcept 10 reads 

36' sp HlJ! "nd ',"ort heigh! 
Package W it! IS 1.02 grams 7 

PHYSICAL DIMENSIONS At 
Similar" to JEDEC 

(TO-18) outline 
(8 mil kava,) 

1--1-.100 
.o~o...-...../ 

Lud No.1 

Lead No I ,~~.~~ lud Ho. 3 

T---f''X~~ ellu 

'''' ' \y'''''~ , 

WW,/-.~, 

,.~ ';2:-". 
036 .021 

NOTES: AT] d;..,ensions in inches 
OBSOLETE - For informatron only 
leads a'e So'd·plated kovaf 
Lead 1'100. 3 internany connected to case 
P3c~~::e weig"t is 0.34 Gram 

·'dentical to packace "B': except that Il!ad 
lengtll is specif1!!d O.S inch nominal instead 
of 0.5 inch mir"mum 

PHYSICA:" D:ME 'SiONS A 
in accordance with 

JEDEC (TO-47) outline 
(45 mil kava,) 

:'II01E5: All d,rl1"ns,o.,<;; In '~Cr-c<;; 
Leo1ds iI"C r.()ld·p·,~:rtl kOVo1r 
ltad /'1:;). 3 m:crn.,l:Y connKtcd to case 
Packll[ weight IS 0.55 s~"m 



• 

• 

• 

rl-'VSICI',L Dil E 'SIO 
(45 n,,' kova r) 

-'00 "'-lu6 No. 2 ........ 

Lead No. I..... .... 

'4/:6.. -
.5' . '-lud No. 3 
~_ /' CUt 

,"'_~ I' 048 
.036 028 

NOTES: All dimenSions in Inches 
TO·46 header with TO·IS cap 

PHY 

r 
.O~') 

lC:Jd No.3 Internally connected to ease 
le"ds a~o:" gold-plated kOV.1r 
P~c' age welS;ht is 0.43 sram 

iCAL;)1 .ENSIONS AY 
(Typi cal) 

c::::llud Ho. 1 

c=:::llud No. 2 

L,L. _____ ~ c:lLud No. 

_.060_ 

• 

NOTES: All dimensions In inches 
Leads are 2 mil diameter gold 
Pack:!gc weieht is O.OOGgram 

PHYSICAL DiMENSIONS AJ 
Adjacent two isla nd package 

(8 mil' kova r) 

:.===i 2J

() 0)" 195 _ _I 2" 
118

01
" 

M01~1ij?: 70 
Sul'''1 L ' I?O 
PI,", i I~ -. 

6lEAOS~OO 00' SOO,MI~ 
.019 01" . 
. 016 ---1. 

Let" No 2 
Lud No. I 

NOTES: All dimensions in inches 

'DO 
Lud No J 

Lud NO 4 

Dimensions Similar to JEDEC TO·IS c)(cept 61'!ad, 
60° spacing 

lead NO.1 Internally connect~ to one ista~d. 
Lead No.6 intern1l!ly connecletl 10 other isl<!~d 
Packef;e v.'cighl ,s 0.60 gra-n 

FVSICAL DIME 'SiY·S· 
(8 md kovar) 

AL 

NOTES: AU dimensiMS i"'l inches 

• 

·Identlcal to the "H" p<lckar.c JEDEC TO·52 except 
minimuM lead len~th 

Lc"d!; OI~ ~oTd·pl.~tel ~ov.,r 
L.O:-!ld !\lo. 3 n·err:.I' y c?nnectt'd to case 
p:I(::~,:\! ~ .".~; ,t IS". 1"1 gr;,m 



." 

• 

• 

• 

PHYSICAL DIMENSIOI'S AWl 
Adjacent two island package 
in accord with JEDEC TO,78 

'" ." 

--~-200 

lud No.5 

P;-;YSiCAl Dir.:c. 'SIONS p, , 
in accordance with 

JEDEC (TO,76) outline 
(15 mil kavar) 

'" - ~ 3J5 D1A-

-'lQ:;I 

, 
. r' . '-'--, . . 
'., • ..': ,60 

j I '.0 
.~" .• ./", I I ., , , . 

, , 
03. ,; "~ 

02& u.~ 

NOTES: r,' """'O:O"S'O"~ in incnl"S 
<:'OI~'" .~<; K pi'lck"'&e eltcept for standi'lrd 

TO·5 h(,iell! 
n 11l-.'r!~.1,5· 50'3';;"1', om,t:cd pins .ut' 

:)("1 ,I'rd on !rod'v,(lU;)1 :SP('C'~Ic:.':ton:s 
'JII ·(·~:St('On", arc <;iP Ii:!( to JEDEC (TO-S) 

c. • If" k.lC:!~ 

l' l°t',? Jr~t'!d kav", 
f' W'~ '$ 1.22 &'''1''1''5 

, 

PHYSiCAL DI~nE~!SIONS 
in accordance with 

JEDEC (T0-3) outline 

L. 
I 

I lJ~~'~ 

gg I ..L 
~,L-_[~::::;:::=~i_ 

J 
"J • 

311 ... ," - --- J)8 -'.1 ___ _ 

! \0" ____ ----, In-

, .. , 
'" 7~ ','AX 

..... '1'0 I 

NOTES: AU dimensions in II'1C!,es 

AI 

l~ads 1 & 2 el'!Ctrlcally '$Olated 'rom case 
Case rs third electrical connection 
leads are M:Ckel-a:~oy 
P."ICicaSI" weight B.7l G-!!""'s 

P:-;YS'CA:" DI, :CI '::'i21'S 
in accordance 'vit~ 

JEDEC (TO-:') ouiJile 
(15 mil kavar) 

,)l5
0rA .305 ;=====: .370 "_ 

.llS ". 

I~ 

NOTES: All d'mcnsions ," incl""~ 
Sam!' liS "AS" elCc{,p~ lor lead diameter 

TtltS p.o.' k -0 .~'·o used.,s p.:lrt of 
"J\R' !;lly 

COil 'r I rr aly co'l'1t'c!t'd to C<lS(, 
Pac' ~ .. "V! ·;50.75 Era":'! 

AQ 



• 

• 

P;-:VSiCA:" 

, .. ~ 
-j.)-

'';.'0-
.~~ .. ~ ... ) 

--~ 

':'---' 

NOTES: All diml!nsio~s in inChes 

m 
~ 

I 
I' 

~:~ .. 

Same as "AQ·· (',,"c{'pl for addition of flange 
Leads aTC gold-p!ated copper 
Emitter and Sa:>'! flanr,1! holes countersunk 

to 0.141 :to.OOS on sl'atinc plane 
Con ector internally connected to case 
Solid kevar header 
Pac~,ar~ we:!;ht 3.84 grams 

mo .• n: 11" 

: I: '" ." 

, J 
,I I 

I I ~ 
.~ 

.~ 

" 
, ~ t""S 

"LJ 1 1 
, • • J 

U 
I ~!~ 0"" 

/l"~ ~~ l 

,~ .. ~'.,! 

I ( 

l • ..,~~17' 

All dimensions in inellcs 
Sllme as "AS" except lor addition of flOInce 
Leads arc gold·pr.,tcd kovar 
Flange is nickc:·platcd copper 
[moUN "nd Base fl.1"GC holes countersunk 

to 0.141 !!; 0.005 cm "''''.:It,nEt plane 
Collector inter".,lIy connected 10 case 
Solid kov.1r ht'ado:-r 
rack-lee wcit:,t _s ro.l grams 10 

Pl-iYS·CA~ D:;v.;:I'SjOI S 
(15 mil kovarl 

-l_ 310 0lA m 

__ ~_~C'J 

100- ...---r 

. v 
L'> ' O"~ 

'29 

-l~~(1 No 2 

NOTES: All dImensions in inches 
S.:Ime as "AQ" exc"pt for leild di,~""'e·'" 
leads afC gold-plated kevar 
Solid kevar header 
Thi~ p:lckar.e also used Its p"ri of 

"AT" assembly 
Packag.c weight is O.g'" .... ;"'"" 

AS 

..,·_·V~·,..,,,· '/"'<· .. --"\· ..... ·n-· .... AU "'" vh_ IJ u .... JI .:J 

in accord,,:lce w;th 
JEDEC (TO·3) out:'ne 

;~=~_:..-===~'._ 875 VAX,01A 

ll!l "' .... \ I" --r 
. -'~ '-:====:;=====JI·2,')0 

~ c'~, 1- .?:2 
1o':''Ii, --

, ..... -- .... , , . 
'0' \ 

\ 

1 

,675 ." 
_ \61 

'" 
'0 '88 ',lAX 

NOTES: All djmcnsion~ in Inches 

I 
/ 

IdentiC:)1 to "AN" {')!.ccpt for b;,sc thicknes 
Leilds l <,!nd 2 ci('ctr'cally iS01;,,:~('d from case 
C~sc is II- rd electr'C<'ll conncction 
leads <Ire .,ld·p',Jtcd nick.el ;!1!oy 
P.Jck.li'" wt'l hi 8.8 tra."s 
SteeT fl':ln"'c 



I 

, 

• 

• 

• 

PHYSiCAL DliViENS;O, 'S 
in accorda~ce with 

EDEC (T0·72) outline 

:00-

l~ld ~o 2 
--oso 

lud 1\'(1 '~ . "- . 
'-~-,'-~ 
, , 

Lull /'fa, , 
'" 

... 

" v'- '--lUd No. • , , > , .. ~('cS 
.036 '21 

NOTES: A'! d'f"1~"s;O"S In inc"''!s 
Icen:'C3: :0 "A'N" excl'~~ for lead h!ngth 
S,mila" to "",c~af,es "0;' "F" and "M" 
Nail head col:ector 
l('lIds arc r,o~d·platl'd kavaf 
lead No.3 e!ectrica'ly Isolated from case 
PacJ.:a,;:e w~;&"1 is 0.36 gram 

AV 

Pi;YS:CA:' 
EDOXY 

i~~;':, '$10 
package 

Sf?" 

'7 .220 v,,,, 

""" -'--- ' 

3 trA."'S ............. J " J 

flO'l ., • , 
. " J j 

-2':10-
_.100 

-<:~'-

NOTES: All dll''''-:O'''$10''5 In inch .. s 

"" 
4J)f!I \'~ 

Intern;>' col:cctor :l"3d :t'!'IEth 's .080 
Same as "Z" o,'ckl'~ c~c<:,pt for /'!fJi:;ht 
leads I "I"~ 2 are t:~id·pl(1:rd nickel 
lead ~o. ") '0; r:oI1·pIOltcd kOV.lr 

"'-'V~'CA' D"'-; 'S'ONS ... _ h. _1 I I 

" 'ccord with 
JE~EC 'TO·72) outline 

I.. __ 230
01A 

,1 '35 OIA ____ '" 

II. ~'T 1':>(1 .210 
UAX .110 

Su:'n~ J : ' • 

PI'lIe- T J ,." 
, J 15\"' .. 

',,<OS ~ ~ 1 
.0.9,11.1. U 
.016 ---t. 

lUd "10 2 

lud Na 

_.050 

NOTES: All di'T1ers,o!"s in ir:Cht"5 
Ict"l"ttical to "AV" e.~Dt fo~ IeI'd length 
$mii<!r to pacitaS'!s "0: .~ .. 2~:! "'0'\" 

Nail he~d col~tor 
leads ~re g:o·d·p1at('d kova~ 
lC;Td No.3 e!cctrically isolated from caH" 
Package we,cht is 0.5 l;,~m 

ISOlA~ED COllEC-Orl 
A 

in accord w'th JEDEC (-::>59) outline 

• , 
.,w..,-

\ 
.- - ...:1.-.., . 

. ~ trA-' 

r -:-:6. ,. 

Ail dim'!~sions i., illc"t"! 

.. 
" • 

Stud al"td h ,'d~' tlrt" So drl.~:('d copper 
COlD is col;:: P Jtr-J kovar 
All It''ilcfs e: ~c:' :ally sc';Ttee' from case by bt"ryl i8 

disc 
i'OICk..,£,'! we tJt s '-,6'.1 gr;'lMS 



• 

• 
PHYSICAL DiV,ENSIONS 33 

in accordance with 
JEDEC (TO-56) outline 

, 
~IO ..... x Jl0 

s~",~~ I _:::::;;;:=:;:01; . 
p;.-r;- - r- JJ II 

L 
,050---

,eo 
~~ad No.2 

L~ld 'jo. 1 

NOTES: All dimensi0l'15 :" ,'-cl"><:'$ 
Lends afC t:oh:l·::'·"~!!'d kav:!, 
Coilector il"ltNn, J c ..... l'!ccted to C3!"'! 
Packtge weight IS 11 (;J t':lrn 

• 

• 

?HYSICAi.. Di::':,-:;

HERMET ™ pacilzge 

NOTES: AU dimensiOllS in inches 
leads arc Cold-plated nic~el <'Illoy 
PackllGc wt'i6N is 0.03/ r.r<lm 

" 

, 
PH.YS:CAL Dii'i12NSIONS Be 

In accordance with . 
JEuEC (TO-55) outline 

(15mil kovar) 

100 -
- 200 

HI) " .... . -

tud'i 2 

lead No 

e4~ ", 
NOT':S: All eimensio"s in inches 

Le.,t"" .re Ijo!d-p'ated kava" 
_!'<ld ~o. 3 il'1tl'rnatly c('nne,:~'!~ to case 

P "'iota.c ""CleM is 1.23 gr,,-s 

i-iYS'CA:' Di:'-I'SiONS B--= 
in °r.cord with JEDEC 

(-0-39) outl ire 
115 mil kovzr) 

• ,,-
",~"'" 

T 

j~O'- ; 

"'-...~'" rtud 1'00 ) 

.... .0'- .. . , 
'- \"._ ...... ,-. .' 

""''''''5: All d,"'rl1<; Hlo;. In inc~e5 
Id~".: cal to o.~ck,,"'e "A" except for tr.'<ld length 
leads arE' 'cI·p"'t.d kOVM 

('.ld 1':0. 3 ,tern~!y co"n('ct{'d ~o case 
P"~k<! ... W "ht IS 1.1' &r~"""'S 



· . 

• 

• 

• 

•• P1-:YSiCAL Dl'1i;:,'3'O~'S 
11 accord wit~ J EDEC 

(TO·39) outiine 
(30 m'l kov;;') 

'" 3~~OJ.l. :- J50 0lA 

'" ,~ 

H~ 20;, ". I 2,'0 

s~s.: L"i:; I 
~ I"ll"~ ---.-

~ " J "5 "'.,. J HAOS-

~ ~ 
, 

·g;:o:. ,-->. 

NOTES: All d;-e"~:CI"s r'" i"'c~{'5 

Icentical to paC~~i{' "C" eKtt':'~ 'or lead lenff,h 
leads are bold·plated kovar 
Le:!c No.3 in!ernally connected to case 
Pac!,,;l.;:e we,&ht is 1.23 <;r3~S 

I 

'" ,110 

..L, 
(m) 
.11 .. , ,-

ii 
• 

NOTES: All di""~~5io"'!' :., 'roches 

:--. 
_J~5 

• l~~ 

'l 2rJ:! w.., .. 

-. 

·Atterno'c "",;>.~:"g of do: :" U;lP(,f !e!! ha:'ld corn!;'r is 
aiso accc· able 

P.;lc%."~e we'-~ "pjfo)(:mately 0.71S Stam 

" 

E=.
' ~\ 

"\ , 
-, 

.CO>O 
""35' 

'1ry 

'" 
L .... __ --==:;::=-==_'_ I , 
\O~8 _~SO_ 

.032 .2~ 

~07ES: AU di'l'lt'"S;o"S '" i"c"es 

( 

r 

'(,0 
2~O 

.Ai:e'na~e mar;';'" of dot in upper :t'~ ha"d cor"e' is 
a'so ;:u:ceptab"c 

P."Icil.a;::e we -~: Is npj:'rOll:;""1:!~::'y 0.7 ... , .. .., 

, .. ~,~.f'" ~ ...... ~ .. - ................. , .... r r1 ,.,J 'vI- _ LI I :, __ . ;,;) 

. •. I-"'-C 11 accoraance WI"n _ '-v~ 

(-0-54) outl'~8 
"-t ... 

.-
, --,-

.1'" 
.OW , 

I 
, .. , '" , 

.-1 rad" ~ 
-'-,. 

I 

~-

- "'-• 

-""'> 
.. ... $C 

, 
.< 

1'.,'0;[5; A:I dr~('n' M 
Ano~ t:'" .. 

S:~d at a 
c.~" is n 

rare n' ~,!':."T:'!t{'d cop~r 

.~ !Cte<"1 
... - - we 5_ r~~ .... 

..., . 



, 
""c'YS:C/IL Di::'c~SIOl'3 S 

' . ISOLATED COLLECTOR 
~.-.,~- to jEDEC :-0-61) outline· 

• ... _l"'~ N~_ 2 

rl:~
-L... ,~ ... ~.) ~~ 

,,,'" ,J ~ J~ 

\/'·2t.:"V·~ _ 
(C01."t: 

c' lo.d N",) , 

r-;OTES: All dimens'of"s .j,., ,,=' '''I 
Stud 8'1d hcacer :O"@ copper 
Cap i5 kOV:lf 

• 
AI! :<:,,<'!ds e:('c~r'ea:ty isolaled from case 
D;sc is bcryllra 
Pac~"$~ we'f;ht i'i li..l gr:lms 

.rder:,ic.,l to "'0·61 cKcep~ !or It':!d solt'er lup 

P"y,,-co- " .. c_ ''''0 '" ,-I .;" ,.\/... ",II L..:.l.,)1 I:';;' 

. " 
'"' 

T 
-r-r-

.on 

.023 

.,ro ... , , .. - DO' 
c'. ~ T 

'" - - .. ~ 
lU'''C' ,1 
(" '1«:.,. 

..,. ,. 

_o:?~ 

• I 
-'-
T-C 

.on 
w:o '«). 2 .0:, 

,~~ 

NOTES: All dimensiOrls in ht"l's • le.:lds ar~ go!d.p::'!to::d nitkcl·'·on 
"Similar to JEC(C TO·51 

t""\·_'Y,...·("\ r,' 
~'I .... v/",_ D'" - W-- 10 N ~ II~I~ 'Ii;;;' I':' 

.018 
.Il 
J_ 
T ." TYPICAL ., 

T .. 

:=~ , 
= .. 

= 
= 

'" . 0110 " . 
VAX . 

.I. ~ ,--, 
.040 
.014 

'" 

.. . 

, 

= 
, 
, 

? , 

NOTES: All dimensions in irches 
Ll';1ds arc ~oTc!.p!att'd KOVAR 
Pack<'!gl" w i&ht is 0.5;; --am 

:c,YSi::A-c i)i. .. : 

.~~ ,. .~~., 
~ , 

"' ~ 
"/':".' < 

D-
.. , 

'10 ,>,,"0-
'" ~ ',' 

L. "' v,~"\ : ~.,. , 
"00 

~OTES: A:I di'11cnS:O:1S i, inc ~es 

, , 

Silmc .:IS ""Q' ~lC~e')t or <ldiilio., o~ '~I"'&':' 

1C:I''1tical to 'AR' _ : ;:t 'or .'·c of nl'~":1' o:cs 
'.c;lds Ire ('':I!d 0 ,,:cd copller 

,. tcr lind 
toO.14. _ 

C?II for 
co it. kov,., 

• 

.. f nile h.,!('s cOI..'ntl"rsunl-: 
) . -, ,,-

• , C.1S(! 

• 



• 

• 

• 

• 

PHYSiC,\:.. DIY.cl 'SICi"lS 
'de1fcal to (TO ·66) 

except fO" ;i':Z1~e t;--;'ckness 

,., 
~iO 

~'S 'I: ~ 

L :::::::::::::::::::J1 + 
r . ~ ... ,~ /j ~"; 

, < 

." -;.,;-
l~~t:~ _5~_ 

•.• ,Sl~ 

:-;OT~; ,"'! r::""t'''~'O'''S ; .. inc1-",s 

!.t'>!>;:S 3re gold cr "ic"'el·p·~~ed nickel ..,::oy 
1!~"!'C1!: n "CU " e~ce~~ d't' mOUr1!in!; ped!'stal 

s sl! 
'.C3CS J ."'d 2 e'ec!r:c:!!ly so:~:ed fro~ C~$,! 
La$!!! is ~h rr' e!ec·r'c~1 c"""t'c';O" 
f':Ick..'!&:'!: we r.t t os 6.~92 £',:0"'5 

~"''{M~A ' D"- - 'S'O 'S r ~I\" ... 1..,':1 • • 

i~ accordance with 
JEDEC (,"0- 101) 

• , 

.. , 
, , 
~, , . , 
" 

'" • 
" '" 

J ~ ,~ 

" . " , . 

'" • 
I 
0) , 

r 

~"~.::t 

1:5 • p 

r-. 

'y':' .' 
'10""'" , "'-5 , ",' 

11;0-"'5: • 'J c me"sPo~s in j"cnt'S 
... ('.'1' ,Oil C:l'd·r:mtcd KOVAR 
'.ea' ). 6 ter"a1:y co,,"C'cted ~o c.,se 
Pac .~ is 1.03 ,.~: n':S 

'" " 

.... ·,V"" · .... •· ~ ·- .. - "I·f"!O 'C' 
•• -, oJ ...... AL \.II 1::'1..> ,;:) 

i1 accordance Wltl'] 
'''JcC ' - 0 - 60' ........ L.... \ I I 

LEAC ',. ~!'1. 

I 

:r., 'J'~--
3lfA:)S 

" .. ' "4~O'" 

.. 
v~x 

le-!:' •• ~ _,'" -
• 1r L , I.:...-.J 

, 
'" 

r 13 I 

" &: • 

NOTES: Ai C::i~I'''sio.,s in i"o:: .... :; 

• 

leads 'He gcld"pla~ed KQV;';R~o C(\.;..~,;., 
AI le-~s c"cc:r:c;"!:ty... ~ case 
Pl'c~'ie we" '1t 54 e ·5 

. "'''''r-A' ~'''''I:=''' ' :--"O' n I ...... ...., _.... __ 

- I;~"""""'~ , 

T ............ 

'" '" 

L 

'r 

• ~ ~ 

'" • 

• '"-: 

------, 

-" 
oJ 

, 

, 

, 

r-:o":"£s: A:I C:i ""5 '" i""chc~ 
-AI'eft! mllrk"<: or (!o~ ,I' ""r't 

~t rnl"r is also ae :{'- '{' 
"-r- (' It is ::'!ppro:tim • yO: P'I I"f:>m, 



. , 

• 

• 

• 

• ?'JVSi::AL D;;,,;::NS'ONS 
n ~ccordance W:Ul 

j 

!J; 'I' 
'-
, " 

L 

':"1 

_ EJEC ~TO-3) 

".---

I 
-=--'-'-~ 

,:~l 
lSi 

l~!! \'All 

~25 '/~~, 

l~'d '10 I 

NOTES: NT dimc"s'ons in inches 
lM~S 1 t. 2 e'cctric~lly isoi3:cd from c<'!se 
C.lSII '$ thi-d electrir:t11 connection 
leads "rt" r'lC ~I aJrov 
P: ck ~ If: '.) trams 
C:)p; "!r e 

- '-- '~'''''A' "'"":: 'S'''''<' <'"'--, r .... '-' '- VII ..... , v,~ fi-

<: mlar to JED;::C 
'TO- J 8) outline' 

S mil kovar 

". 

. , ...... .. ." '. 

.... 

\·o~ .. s~ f. ",." n lO"O: In I'Ich('s 
I.~- J=o re ,11· 'Iale!] kOVM 

ClI j N, , n·"'·MJllly conl'lcc:cd to c.~~t! 
""1" •• \ ,t 1=0 0.44 :;r;J."l'1 

~~ ... -:'c J ':Jlk;tl~'!"3" ~c(';,~forl:l:jnch 
rll Ir U'" ,. n.oll 

-

" 

D;-;YS:CA:" DINI:::NS 'ONS 
Similar to 

JEDEC (TO-5) out'in" 
lo\'.' RTrl pac{;:,e 

.. .~:. 
,~, 

II .. ~ '."', 

• • • 

In- ~o ' o .' 
Il 1" 'N' , 

NOTES: A cjrnt'Tlsiol'ls in i"~"t 

le :Is IIrc J!olt!·p'~!('a ""M 
L at. :-':0. 3 .,:C~,,- .. cr~"('c·'" 1 c:!se 
PJII:: • ... e we _. t 'S 1 r~r1'S 

:de"tica' to (,0· "6) 
except for 'lange t'1 t;~roE'SS 

'I 

~7S"~X 

!:=-====:::'::::::::::;,- • 
• 

• 
-, 
~ ... " 

. . 
\l:OT[S: 1\' , '" , 

l • 0'" :~ .. 'y 
Id"" v , , cr cst.'; .. -
" " . :I 2 ell" trir,J' Y :I rrc , ~,JSC 

~"S" • rd .. e ~"'-"l 0- , 
I~ac .. • Is 6 " 



• 
• 

• • 
~ ' ") " VC:!C"' D"--"S'O 'S - .. H_ \1C.\\ I I 

• 
i!'1 z:.ccc:""oC''1ce \'Jith 
,=~~~ '-0- 60) .J_ ........ \.I , 

• 

• 
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Productlnfc)rnlatinn 

• 
SEecification Parameters 

.. 
Parameter Test Conditions Meaning of Specification 

(must be specified) . . 
BV

GSS IG VDS - 0 Breakdown voltage from gale 
to channel. Drain and source 
are shorted, and a reverse bi-
as placed across the gate -
channel junction. 

BV
GDS IG VDS ' - 0 Identical to BV GSS' 

BV
GDO ID IS - 0 Breakdown voltage from gate 

to drain with source open. 

BV
SGO IS ID - 0 Breakdown voltage from gate • .. to source with drain open . 

BV
DSS ID V

GS -0 Breakdown from drain to source 
BV

DGS 
with V

GS 
- O. This is nor-

mally specified for enhancement 
MOS devices. It represents 
breakdown from drain to sub-
strate. 

BV
DSX ID V

GS Breakdown from drain to source 
withVGS'O. It represents 

breakdown from drain to sub-
strate. 

BV
SDS IS VDG - 0 Breakdown voltage from source 

to drain with V DG -0. 

IGSS V
GS VDS - 0 Gate-channel leakage with 

VDS ,-O • •• I
DGO V

GD IS - 0 Drain-to-gate leakage current . 
with Source open. 

. .. / 



, Product Informatio~ 

• 
Specification Parameters 

Parameter .. Test Conditions 
(must be specified) 

VSG ~. 0 

. , V
DS 

or V
DG 

V
GS 

• 

V
SD VGD·O 

V
DS .v GS .0 

• " , , , 
" 

• . . 

" 

" " 

, .. 

" 

, . 
, ' 

" 

Meaning of Specification 

Source-to-gate leakage current 
with drain open. 

3. 

Gate leakage current Wlder cer
tain operating conditions. 
It is usually somewhat lower than 
IDGO since ~GO is the limiting 

case of I
G

. 

Source-to-drain leakage current 
with zero gate-drain voltage . 

Drain saturation current, the va
lue of ID measured above the knee 

of the V DS -I
D 

characteristic curve 

where VDS ~ Vp~ ' , ' ", 

lOSS is actually defined as 10 at 

the V DS required for channel 

pinch-off. In enhancement MOS 
devices, lOSS is essentially the 

drain-substrate leakage plus any 
residual drain-source channel 
current. 

Drain current Wlder specified bi -
85 conditions. 
Specified for enhancement MOS 
devices as a max intended operat
HlS drain current when V GS is 

biased for max channel conduction • 

. .. / 
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Specification Parameters 

Parameter 

ID (OFF) 
I 

VGS(OFF) 

Test Conditions 
(must be specified) 

V
DS 

or VDG 

VGS ~r VSG 

-' 
'. 

.," '. 

.. 

.. 

V
GS 

VDS 

IVGSI-VGS~- . VDS 

" 
. ~, .. ~ 

, ., 
" ,- . 

.-, 

.. ;' 

4, 

· Meaning of Specification 
· . ' ~ 

Drain-source current under certain 
specified operating conditions .. 

Drain-gate leakage current with 

V GS ~ VCS(OFF)' ID(OFF) is 

slightly lower than ~GO' 

Gate cut-off voltage. Gate-source 
voltage required to cut-off channel 
current . 

Pinch-olI voltage. interchangeable 

with V GS(OF.F)' 

Gate-threshold voltage. Gate-source 
· voltage reqUired to initiate channel 

conduction in enhancement 'MOS de
vices .. 

Gate-source voltage. at any given 
operating point, 

, 
Magnitude of gate-to-gate differen-
tial offset voltage in differential 
(matchod) pairs, 

lncremental change in V GSI - V GS2 

- expressed in IUV I'e, 

Match in IDSS _of differential pairs. 

expressed as a fraction .. 

.. ... / 
-,' .- , 
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Product Informatioh 
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Specification Parameters 

Parameter 

rnS(ON) 

-~i ., 
, " 

,. , 

,. 

,. 

, 

Test Conditions 
(must be specified) 

V
ns 

and V
GS 

V nG and/or ~ 

TA 

In 

v ns and/or V GS ., 

VGS·O 

, 

.. .. . 
• , 

" 
, r. 

.. 
" • 

,. ' 5. 

", '. , .. 

Meaning of Specification . 

Magnitude of match in IG for dif

ferential pairs. Usually speci
fied .at an elevated temperature 
near lOO·C. 

Static drain-source resistance 
when biased to full ON conditions 
(maximum operating In)' 

This resistance is defined in the 
ohmic region. 

Minimum value of the r nS(ON) for 

V GS .0 (only for FET devices). 

. , , 

,." 
• ~t , 

,. 
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~roduct Informatior 

Small Signal Characteristics of FET's 

Parameter 

Y 
1 .. 

", 

• 

..... .' .. 

, . 

, .. 

'\ 

, 

, 

Test Conditions 
(must be specified) ' 

Ves VDS·OorIS 
frequency 

V
DS 

V
GS 

frequency , , 

VGS , VDS 
frequency 

" . . 

,. 
, 

\ 
,- " .. 
" .' , . 

·i.: ' 

: 

.. 

• 

V
DS 

V
GS 

vd• • 0 
., 

frequency 
" 

, 

~.' . 

.. 

, 

" 

• 

. . 

, 

• 

" 

" " 6 • 

. ". 

" 

Meaning of Specification 

Drain-te-source resistance 
when the gate is 'biased to full 
ON conduction. 
This resistance is defined in 

, the 'saturation region. 

Common-source forward trans
fer admittance. Measured at 
V GS.O Wiles! otherwise speci-

fied. 

Common-source forward trans
fer conductance. 
This is perhaps a more inform
ative term than Y fs' At 1 KHZ' 

Yfs "'" gfs' However. at high 

frequencies, Y fs includes the ef

fect of gate-drain capacity, and 
.. ' it may therefore be misleadingly 

high. 

• 

:rhe term gfs should be used for 

all high frequency measurmcnts •. 

Same as gm' but spectficaUy at 
aVGS·O . 

Common-source input admittance 
with output shorted • 
Important for high frequency 
operation. 

'.' . 
. '. ' """ .. 

- " '-" 1, 

, , ... / 
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Small Signal Characteristics of FET's 

Parameter 

GiBe 

gass 

· C 
iss 

C gsa 

, 

;. 

" 

• 

-~ .. 

" . 

, ' 

• 

- , 

, , 

, , , 

" 

Test Conditions 
(must .be specified) 

V
DS 

V
GS 

. ' 
vds 
frequency 

V
DS 

V
GS 

V .0 
gs 

frequency 

V
DS 

V
GS 

V .0 
gs 

frequency 

, 

V DS • VGS 
-, vdo·O 

frequency 

frequency 

V
DS 

V
GS 

, frequency ' , 

,, 
. '.~ 

.'. , , .... ,~. 

, '. 
.' , , ... ,,' 

" .' .' 
f 

" 

" 

, 

,. , 
" . " 

" 

l' :.. 

.' 
.' , 

, 
," 

, . 

.' 

.' , 

, 
.' -. , 

" 

, 
-.. , 

.,' '. , 
,,<, , 

• 

• 

.. ! 

7 . 

Meaning of Specification 

Common-source input conduc
tance with output shorted. 
This must be specified for high 
frequency a~plications, as 
8iss 52 l/W. ' 

Same as Q , • 
""ss 

Output admitt8Jlce, input 
shorted. 

. Common-source output conduc
tance) input shorted. 

Common .. source input capacit
ance. output shorted 
C • C +C 

iss , dg gs 

Gate'':'source c'apacltance. • • 

Reverse transfer capacitance. 

Actual value of drain-gate 
capa'citance. . 
,- -J . 

, , ' ... / 
" 

• 
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Product Informatio1 

Small Signal Characteristics of FET's 

Parameter "; Test Conditions 
(must be specified) 

... 

." 

, ,\, 

" . ,,'; 
. .. .. :' 

. ".:-, 

: 

. . , 

" 

" 6. 
'; 

Meaning of Specification 

Actual value of gate-capacitance. Value in equivalent 
circuit ") 

'. ': 

Cds 

C oss 

C os 

", 

C dgs . 

" 

>.' " , , 
" 

" 

. , , 

'0' .; ~ 'I 

• 

, -do-

, 

V
DS 

VGS 
V .0 

gs 
~ \ frequency 

V DS .:' GS 
" V ' .0 

gs 
frequency 

-do .. 

'.: 

• , . 

" 
, . ',. • " ,".,' I '. 
, 

" 

, . , ".; ~ 

.. · , 
t> .. , 

· ~ .. ' 

':( 

, '.11 
, ' . ;, , 

... . . , . 
'. .. , " 

'. ' 

, 

, , 

, " 

': 

" 

" 

.. .J. 
~.'.". l..'ji 'h' 

......... 1: :. , 
...... ~ 

) .'. .. 
" .. , • • 

, " 

( , 

': ;; -;~.-; . 

"', ' , '.., 
I ... ~" i'i • 

.;' I I'. 
--~ . 

~:~' . .. '.' , 
, " , .: 

.' 
, , 

• 

. , 
, 

" 

.' 
.. " 

" 

" 

, . :. .~ 

" 

." 

, . 

", 
"e ., 

, , . " 

" < 

•• ,J.' , " 

. , 

. 1 

, 
• 

Actual value of drain .. source 
capac;:itance, essentially header 
capacitance. 

Common-source output capacit
ance, input shorted • 
C .C +C os. res ds 

Same a. ,C if VGS • O. 
0 •• 

Same a' C • OS8 

' . 

.. .. 
1 . 
" 

" . • 

, . 
" ~ <, 

. ·r. 

. . \ 

• 

" • 

'.'. 

• ',J . . 

, . 
' :.l r 

'j • 
• , . 
. ,.t.!, 
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FET Performance Parameters . ' 

Parameter Test Conditions Meaning of Specification 
Cmust be specified) 

, tdelo,y(on) Delay time before turn on 
V

DD when pulsed from OFF to 

IDCON) 
ON condition. 

, 
t 

VGSCON) Rise time when pulsed from rise 
OFF to ON condition. , pulse characteristics 

t 
t rise + tdelay(on) on 

t Delay time before tum off 
delo,y(oII) 

VGSCON) VGSCOFF) 
when pulsed from ON to 

'OFF condition. 

tfall 

V
DD ~on) 

Fall time pulsed from ON to • input pulse charac-
OFF condition. , teristics 

," 

toff , t + t 
fall delayCon) 

, ., 
, 

V
DS Common-source equivalent e 

n , 
short-circuit input noise ' V

GS ID 
, 

or 
voltage. Measured at the out .. 

" frequency bandwidth put with the input shorted, and .. frequency referred to the input. Ex-
,. , .. , 

pressed 8.5 nns volts per root , 
cycle, IUV IVH;;. A function 

" of frequency, so frequency va-
• lue must be stated . 

1 V ' CommcfI.-source equivalent n DS 'i I open circuit input noise curr-VGS , or ID 
. 

• , 
ent. Expressed as pA/~,a 

frequency bandwidth function of frequency • 

• • ... / • .' , 
, .' .. , ' . .. .' , 

.' , . ' , . " 
• ,. .. .. 
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FET Perfonnance Parameters 

Parameter 

PG 
..... 

NF 
'. 

" 

, , 
" , , 

" • 

'. 

'. • 

, . 

~. " 

• 

, , 
• 

Test Conditions 
(must be specified) 

frequency 

VDS;P,~ 
\ 

1 I,' 
D 

VIis 
VGS ~r ID 

R 
generator 

. frequency 
bandwidth , 

I . • 
, 

. 
, , 

''-.: 

.'. 

'" . , 
• 

" 
'. , 

, . .' 
/ 

'.'.' 
• 

• 

,. 

~ 

, 

, 

... 

• 

'. 

'. . ..... 
" 

! . ' . . 
•• 

10 . 

Meaning of Specific!l~ion 

Neutralised Power Gain. It 
expresses the power gain of 
the device when its reverse 

.:. transmission is neutralised 
by an equal and apposite ex
ternal circuit <neutralisation 
circuit). 

Noise figure. This represents 
a ratio between input signal 
to noise and output Signal to 
noise. 
NF is a function both of fre 
quency and generator resist
ance R . Both must be stated 
or the ~pecification is mean
ingless. When properly qUali • 
fied, NF includes the effects 
of both e and i • 

. n n 

, 

, 
'-

. -_. - , 

.: 

,I 



• 
Our FET and MOS-FET Characteristics 

YFS(gm) lG S S lOS S R V or ds(on) p 
Line Type 

(max) (max) at 1 KH V
T H (min) z (max) 

(max.> 

0028 BSX 83 0.5 nA 400,umhos 1.5 KOhm -6v 
BSX 84 0.5 nA 700, umhos 1 KOhm ··6 V 

. 

0049 BS X 85 1500 ,umhos 500 Ohm -6v , 
BSX 86 2500, wnhos 250 Ohm I ·6" 

I 
\ , 

0057 BFX 78 10 pA 25 rnA 6000,umhos I . 
I 
, 

I , , , 
1 

0030 Not oJ et 1 nA 30mA 4000,umhos 350 Ohm 
, 

~.) . 
announced 

I , 

• 

Structure Notes 

P - Channel MOS Enhancement Mode 
P - Channel MOS Enhancement Mode 

Dual P-MOS Enhancement Mode 
Dual P - MOS Enhancemen t Mode 

N- MOS Depletion Mode-
High P

G 
(20 dIll and low 

noise 
(2 . 7 dB)at 100: 

. 

MHz 

P - Channel F ET Very lov.· noise 
(1.5 dB at 0.1-

100 KHz). 

~ --
. , 

• 
, 

" -., 
o 
Q. 
C 
n 
~ -= -0 ., 
3 
!II 
r+ _. 
0 = 

I 
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