PATENT SPECI FI CATION  (11) 1285-9563 DRAW NGS

ATTACHED ' t ~ (21) Application No. 42607/ 69 (22) Filed 27 Aug. 1969

1: (31) Conventon Applicton No. 755 —599—632}—F++—eﬂ-—2—7——;&ug—196—8—i—n—}<

(33) United States of America (US) O (45) Congd; W ctiron published

16 Aug. 1972 .:.(521) Intermatjnal GI assifi cat [ o C 7/00// 11/40, 5/02

) _14 (52) Indexat acceprance .:"' _ I F 2JX 2K 3E.5 6

' X. T3J 2T4

3L 33 3N%ﬁﬁm&ﬁ6ﬁ <u>4az&i 95

e ntors JOHN DENNI S JOSEPH . LYNES
i ,.CA .S %Eﬁm (54) BILYg FQRVATI ON

lled ,}}/ 4 h
075 Fllﬁ%ﬂg SRR ELECHG NN ch i s
9 }{ veﬁ N> Br oadway,
e iy, New Yor k

or 45
ford |ine or

Y cel | is detect ‘ 
f 8'8“’ /%ﬁ!ﬁ sel ecti vel A\ §
te]@a@oﬂ% 0’6% A sting ene

0
' "gﬁ‘% ynder the |aws of the: Stat _ rk, or lines
which are gpn o o2 b Sxceba 205 27iUR) wEsk States of do_her eby
decl ar-e Accor iTay) 2To 3Chay BN #C @B1M 482May infor- - “the | nvention for

. which we pray tH48t4X S patent - mtion storage apparatus conprises a matrix
- may  be(7gr karmtor JOHNRONNELL HE IGHELBY, DEDNIS JOSERH st abl e. . storage cel | s each
“including a pai rLY%m‘iWIW% RL FLEMMER. nerforned, .t.o be particul arly

of _cross-coupl gq) b ?&ﬁﬁlﬁuA‘f‘&ﬁtS‘[‘@i{Aéﬁ’Aﬁi’Aﬂ&Uﬁescri bed in and by the

fol | ow ng st at I ne-con tion pat urality of ment: -

di gi t al71) i nave; owdsigin Eis@gich Eoman $hile &NGne:08d to each cell i §.giveyenti on rel ates
~to ap ,aItN Pswm'nabﬂ 22 Bmd;mnljew heolmil’éhelsnmeatﬂwveowllai degdoted MRt ri x to a

for theEk Q%r rgmgedﬁh e ged by Ed Pﬂ #5 ne path,

cash Giakd ! gof State of 2 oﬁcge 511}1 “érﬁxc}i%c xﬁb& f@}m)m' i thic
conneum&d Stmayf ARdefi@s o Raib Geclpani I At&ordngtotraé mil:&nd;mi B@irﬁ'fnﬁd‘- circuits have

advan@e@%mdfor WhlﬂEmethmg makios @ matgf i-nt egrat ed
ci rcufify. E’g%tgj‘ @f‘ﬂ}ﬁgo 6“@%2 el is
| SQb aiesibed m% wsynalel uegsfstaien %6l GRN &fcuaﬁep uralicy QM -t he digit

| i ne petths duri ng stand-by. - S Mn amdemaldmsponand a nunber of

perio @Bﬂ"%ﬂ éﬁagﬂr;?%t*@a‘%rmn{% b ﬁ:’a 2systens. have
been Y VL l’é’ﬁﬁ e oA g i oP’ writing 20
Seusr ateghadt ureéu'tarﬁavbcah Rl lafd t hlﬁblfi&ﬁlﬂﬁ Sugh prifick 4 ftof t he anpl it ude

of t hintegre@d|i dinguit oostsoﬁxa\andecmptd, nurrldxomrnrmaﬂdiu@tthavzehe cefleisrisoly tedand writing

(=}
D

si gnagrngag ANIETERE & @'ﬂi“%‘fe B d“%‘é‘bgl | e menory
cel | ssyi",%‘tm of hé’e" . m cost . There
shaol d seeral @actors|a{ie GEFertt An dhesads@ct ip&iddd & Rkt 10¢ dS m ni num

nunbeef gk optmuct emwsnduwveambmcmel land evsitivg eighals dre xmm efdthb hr ough a

coupl crg afgade e means to the
di gi tggglm“%jgn i @J;mg,@ %‘% tafh éﬂ%ﬁﬁ“ ﬂﬂ&i&x E s”Eﬂgc§§ the nunber
of 25 cal teduct hie a‘maans co:hple oehtaeracum-ans zedxeb;ignahnes assaciatadumhlﬂm pat h

S g ons %r"é gﬁm?ﬁg‘ E\s p%mg apagetizpd i byokat i ng the cel |
f rom o qg:ﬁ i bng
duri ng;é’f} : suﬁShed erene \gi;,\

. agligit lines
suppl madurywstemmd corivepogdingiyetd: riw- ndlgltdlme&ecﬂ‘hcmupbmt méahow hérn t he 30

nmust be
_nermrg;‘ﬁfé‘ass tebgfm?aé ﬁﬁﬂl‘vh’glllydﬂ"éa ?ﬁi v 8 ‘i"l*tYI rf@ “‘:“Pﬁe coupl i ng
nmeans @le Pﬁe femory sﬁl ﬁFDlﬂa ind : 7§har acterized
by a m&ﬁ&m Towt agst GbnsR-aHGH. infi:g‘ated afiiplithided) sf ilheremem)ry system

culbe g’c’ctlélf foomis #1&?01@10@&& nizefl M?ﬁrﬂ 0 mdﬁ??edeeredrf Istall!’thﬂ mger Supphed to e f or m of
menor f o ﬁ%ng b | ons uch that the
75 cohletih i «%ﬁg c@ww tr&ﬁaa ﬁ%ap@ufgh@ ﬁ%@% A ’Sst ggles of

r eadi ompaﬂxs aateat35he @irrof diofes faplong:. as&hacdmbimhoﬁrganl zed nenory
A ‘ipn@l!te ag:ﬁ nduc s‘ﬂf’pﬂ‘?‘%ﬂ;@% pmwrd or gani zed nenory
i ncl uﬁ‘ %ﬁ’ rag B aﬂ‘%&ﬁt pr Ry g0y jl" nﬂ’g{;%ﬁgﬁ fﬁl'g_ifgpan array of
rows 2 T e -coup |ng neans may i'ncl ude 1ra_ns.|.st_or,s - “colums and

I nter onnected by a first plurality as well as other circuit el enments in
addition to 80 of conducti‘on paths called word |ines, at |least the
pair of diodes as long as the combination 40 one of which is connected to
each cell in a retains the above-described properties. gi ven row, and
a second plurality of conduc- In a preferred enbodi nent of this inven-
tion paths called digit lines, at |east one of . tion, a basic nenory cell
comprises a flip-flop . ' '

..Z'T




2 1, 285, 956
2 i ncluding a pair of junction transistors, the and two, 103 and
104, are-connected—through—base—term nal of each being connected
directly coupling diodes, 105.-and 106, to separate |ines . to the
collector terminal of the other, the col- of an associated digit lLine
pair, 107 and 108. Iector term nal of each being connected through
Each word lin€ is driven by a wor d seI ect. ed1285,956 separate Ioad

%teg ough -

f £‘ lmeé\,&

resi st ances tO a—C'OTT ] |
p g df

70 of elec -', ;‘Eg

timng inputs in thﬁthb'&ﬂ! r hlcb%theother, the Qigin Gikd Fult,

emtter term nal Eatofteanﬂnarofeafchdm:g|cbnnbdte|dels'oug\n tEa¢hnw¢r$ hwisnhcetndﬁ atword selected
of the other and® téeP

which are . LEr s %"ﬁf@“ m%ﬁﬁl

storage data and tbﬂmgothama&olmc&ﬁlﬂm word mlﬁﬁ g diguit QN)eet
t hrough a separ ateterlusdal The Shilector. ter@adhofpaactl; @Pplldd geldanase%ﬁm?}lggﬁgt? in the -
di ode to separat ﬁ‘ggmb o §cparal u 1o figis ligganis
digit detection g‘ ngéecmmed‘mesg%mg“ 7Y Qm-&é’i e "E Eqﬁgnmﬁf r; i t
112, to which tim m@mﬂ.gwns of I'vehicB Dip | coiékted to a  and &bmwmhaataw&u@a‘tedvyhlcmeﬂ-s
connected to a gn@ﬂ%eﬁpmm@ ;ssrowmtqdaet ng] fastdemaven- urce
of power, one of' whij F‘g’m%’c?fe‘ﬂ“‘t“om Lrisal fj}%‘ﬁl f.a word TE% g a‘ed 8

\ﬁ% Ewm'i c eved by

l'i ne, _ and two of whayg taéb[uﬁly?%pm ﬂlp—ﬂ lid €snl N g 1in€ to one
associ ated 80 structedtlhra)ug:lnolﬂu@ ﬁrcﬁyﬁl tof chi dﬁdcglcbnnéeteaesseach velll twhil@ the

d?%ﬁl 0| femmoq poyrc @‘%i%m > chighjig sypplied fg;g -76 .

particul ar, -word, i s .achi eved Binking Ebﬂ%? solager Vel |
flip-flop is o'’ %‘@0 Pﬁnﬁﬁjﬁh g;% z%& myeagf e ®
structed in a nonokdpp o @ o@altea(a,guthne Ofwoidnﬁle I o

each cell whil e t heuch that curreni: through one of the on its parucular word line is reduced Then,

word line is helgd duiel the il apdaety thy fip-  informs fpn and g nerlvﬁ&fﬁ%anpged to
witten into a ¢ak wﬁg?wm? % R 81 bfoeaCh m&a g§s§°
85 i ng the \Niniagetenealoaek Q&ie@dl Wyofed" Ihnﬂpauanlilasmu tﬁelsélbdibg woRIliHe S

are applied to oned@#ngﬂfe'oltageonasele%ﬁjw impepndy  dLngWeRta lower ypltags ther jargt thegjother
Wm current flo the

digit line word %%g&ﬁgt@?ﬂ{ﬂg[g“lwges "?"ef“li?ét

i t th fli t 95
that current fl ow t ewm bd B&ter q,gdé.sgogdp ogﬁaté/\@l{éﬁ : tlf Zpst;;e; '
reduced. . Then, from thecfolltpﬁmg‘lgordldaﬁikﬁ desait@iod hehemei Pfiﬁd theetﬂip-ﬂo befB- the
information and ti ﬂ?gnl(ﬁ cong wigh gheficeomganyios - sel e hlgher
appropriate to tge 1 %m?&ﬁ&ltmwoﬁ' r@ link %v %‘;ﬁﬂt 100
is 90 St ObigshiZed &dnfidofiductive memory in accord- coupling- d10des 105 and Ump -an

appropriate one. of awechith cingadvantageous form oNoﬁdeé’tasedctTlvserevmdi@uxtg elerizglyi igved

by re- line pair “’lvg'?g h he sel.ecte vvo praticular cell fromy I'E’gfea |
vol tage on a selgCigg %“gusxa’gs ééh mi % esexcep&ﬁgﬁébﬁpswgﬁg’ﬁ theys

ot her - det ectHIGS. Bhd Foshowiglae 4 s’acu\éﬁhit agmrdh&lﬂe@ﬁ'lﬁﬁiel feadout\@f Ca IsioRR@S
the digit line curVew r¢qu9wslya plt ® potgien of the3@- ' vordhiine plggist is | agaire educed,

appropriate cell aff® %é? Rrghns “mmg Inputs are '°d &l
will be better quer d;;ovg mgogownm thl H'Erefa@on ﬁn mre:l?:ex "110

fromthe foll ow ngwmdrseieotlelrcaitlfadxsdﬁsmé meim@mf WAfht evuptidpedi

are set, the .. i n_conj unc algggl v th]l%@szﬁ%ggh%, we‘grellsé gﬁ%‘
wor d I|ne Is retu ﬂ%ﬁ > Ony. ong

f .-
st and- by vol t ageo %}é y, wor ?#gnarﬂg at a gfven e ©he dou \&%T&S‘L‘l,- 115
bl ock circuit form d‘lﬁoﬁobhowsda géhematic nigraml tfage atﬁévvethsﬂlar“en ’étmhsxstohaull tebrduct 00

organi zed semi cond@ C&ﬁﬂ‘bﬁﬂ?quﬂ‘%@db“r&m°%o |"é‘r‘d@ k‘!fﬂ;}@ﬂbei"@ re

rever se- thencl o B8R LRAIERY S %m E‘E&t il @iRoagh thel Do
rever se- bi.asi ng 53| F0G.r 1 el Mnltﬁ@bamc ‘elements ofl 1Y € [diod© B; primarily a dynamic current, i.e, a 120

| ates a particul ar Welé+°rgaweérm¢mm bﬂ At plhrﬁlmesﬁ atcurrent associated withflischargin, %mﬂa

schemati ¢ di agram %2 “\zm% md%ﬁ%dﬁﬁ“ﬁ@“ Jnf“clgﬁf_
40 form of rrermrymcet entfoﬁﬂ fgﬁevn Bk o o DAGHRL | Giied bybheGndl g
changed. 60 is a flip-flop ha&ﬁétwo stable smteréE&en 3 detevtiondci ISlliO‘WZ awdl cycle. The 125

sect i onal For n f@‘ﬂs pg %amt 112 lsv ed deteCtor .
out~

respectlvely, of a 0N, QT
reduced, t Sihete® G bﬁe,ceaﬂama&wﬂ gi%flihé% oae

timng inputs ares aqlﬁphslc@nhett@l eaohssdmagadtword line, ‘pupf menory cells of the kinto
shown in FIG 2; detection circuit -112. -The reduced word |ine 45

FIG 5 shows a schematic diagram of a voltage is in such relation to

ot her voltages in 110 -word select circuit for use in the nenory of
the systemthat the coupling diodes 105 and FIG 1,

106 associated with the selected cells tend to - FIG 6 shows a

schematic diagram of a become forviard-biased. HovxEver onIy one

Y M 4 o, o N T



e

with four termnals, of which one, 101, is caused by the unequal

di scharging of parasitic connected to a source of electric power,
one, capacitance on the digit lines to a hinary ouf- 65 102, is
connected to an assom at ed word line, put.

130 : g 3

1:285, 956 . 3 In
FIG 23%here is shown a f ] ip- flpggs@%)em advant ageous result \@hout
|nchaSeI I%I \' sultcrl ‘Fnl“ se._as t he | 100 In
the{)c M"g& @0 P CSPeCI-- advantageous neﬁbwyhoshmmse dthéc. 1. More

\s’pecrﬁ mahdryshown inly1G. (?%M&p

of abou ﬁ'%%b};ﬂ!gﬂmmof the cell 160 3 swhiyr tmﬂ@qw aldriegt gge of "the

cell 10 T}g% oy dngfta‘Wt U@?mandtalidalsr vome on

i N Fl G hefe illisharively ioPeh ﬁﬂ;ﬁ lcpq:own i J’% éﬁ&% Yo and a
stangs bg foren q omnTo this end the base fasddl gs,ogo gs‘%zr s 20 and 21,
shown™ 9T L 1] %fthrg.}gbetresgtot) mdébYUI‘i&Brfea tubtSehsbles the elimination 75 here

i || ust r-@bougte: ngtt,r gvﬁneo "ﬂ&gf“ea Fureptfrem ghe- digis|lingsiaostandt ps, di odes

105 andtralnéiﬁon/\zlllThetmsef tb021 | ODurid rebdiheSand he | ase 23 be
fqlssoﬂh@rnmmbtvdhgex%rgomisrznch??;g;ésuch onQ?;etranmstor 20

revegs
is conr@cg:mﬁc o5 B et 58 e cpffecto F\U Ipﬁmdfleatbwome dnahdessd he
el i m natioagh load Jesistor 34 to a ‘source of- pow ! Wt;fromsnlllep n turn
connect( agd tefiningc33 is uomnedidd thioGeR t 1Es 01- bﬂéﬁ,g ﬁﬁp g o
Pover etmh:hecmtor tha Seelt f durtny reading . and writi gan5| stor 21.

t hro ‘Fiﬁéq

The %&g@eaé ﬁﬁ%f‘%ﬁzf snfgl Pt adfoney thncbiewr of havisgaperast i ons, the

| S connfepdirad dighttliaeqby aldrmg;sg g “}1‘% and, | Sl?-ﬂgeﬂllsatlons are
“g?ﬂ connected to

ingl ude ‘a
the ¢ gmmuwlmsicdebmh&héokmm{n sdpﬂy e( \’ﬁg vo‘;(:vol tage (+V)

chang edhfs%b Nm!iﬁaIOS ond 105 mpecuvely, d%g Mo

t he ;gol g‘iﬁ 05 and Pm@ulbmow m {+V dfor
of tramhsﬁﬁoprzo p eﬂ& ".

nahﬂdwmﬂdnet igonal current
fl ows fswlcdntanﬁtor 21 " on * ‘and u'ans1st 1paul§1’1802%050ur ce of

power |11tle l@rmsllimleaiumd c&loéddnaé Ostztn asmuch as (+V)
and 3‘oet;,m (‘!Bb fl'¢¢rr51ta‘, dat:s;rrezdmé axhlrwﬁigg,ng addi ti onal

a, or
currenis supphed with a current wlncfl dog;'power dissi @0@!35,8(9& ce. into
t he celdiodqjmﬁ rtem’i’ialn almswchtals ng0 be o be a3 low ow as des dem Eﬁh rs 24 and 27
of trafs % ! u J@c'&heo W,Ng the 85
21 35€2£ 00 téﬁ'z Tﬁ"% <o %E?Fd “FtF le@'cmt a i thowkse, Otheseeadi ng and
Wr it | Nnehravglgfesister 28 increases the: voltage o Sagdhfmtpp H}ggalgm yﬂ'g;slm i's

81 patl o

connec?a%: %derpeqmnt quﬁrﬂdysib@n ysﬁowafm
thr ough B r gmehmpol wédnect 'M'%dgfm";wmdf' po
40 uﬁﬂ"'@‘{nsl t6H 218 on », In the eneran %ﬁd‘l‘ %ow its mndbom oo ' Y

parti cuhmer  rhamteriidpRF Y fiip ﬁ% alyt"‘l‘% - 15 exenplify
writin tg%g;e@& floping: laes:hﬂfmaseaf paﬁdlosusafsedstm 5‘3.913 on the word
li ne r21, s collector vo rl’%mcscapagmnée digthdlge &nﬂu& gésired to 109,

ﬁ@

ly th

e T S Ay e, on * ane
t r ansi Whear ﬂﬁoswmctohsrmqmpﬂm‘dercﬁtdﬁe id thpBéNﬁ 110

" of f gilein:: l“}enlé” vord: fiper ssmqsenshoaadi thEeﬁdm rmng Co'it and- by.
I nasm&m “ﬁm %y vO

wge,or |1gé{ e,me@prgerlovolt to a
| OWBY fird retarning ﬂ(éWochliHeSvolng ’f"an , ﬁ'ﬁ‘ﬁﬁfe g er o 30
voi tad®, for exarrpl e, 0:-2 volt.  Dibf tetirh daeto stand o8f v ¥Ar ough

resi stygrg ‘°n iy eﬂ 100' °°u1d may" be a suScessivp MiritecGpedati &nhmﬁ #dir rent which
flows: Zshzgpgﬁdgnd 3153,@‘ ;ﬁ gfpg’tﬂ?"ﬁh ﬁfgﬁmﬂe@ gwesdd line

di offe’ ak@&;e depéndenteeds n on tlibas amggea(?f ow as desired w t hout
af f ectgP‘H #pgistors’ 20 and 21, These raistoanswlﬁdhﬂfasﬂéaa ST o uﬁp"iﬁ% réht initially

resi stoy be Sypadany ‘ga? monohﬂmm however,

t hefOe and 31 maybe typRally 300 olgds. tIﬁ:ﬁiﬂﬁthtt@lFIéﬁ) ﬁnﬁﬁnw may be an
upper ”jcﬂjjﬁt “’E‘fgegf stipce gt pipally S tezample §Gilan and secnonal reS| stor 28

i NCT e afEBasd tI 2 “mwﬁ? ‘ﬁnd‘@b#ﬁ%ﬂﬁvcm@rmdrmmmzmwhe physi cal

resi Sﬁlﬂim&ﬂhthﬁ ﬁ:% e pf Ag clircuit.

di ViSdaailenedy fol cmpduter dhghabpesiesnm 3rinﬁﬂﬂitli1 ed Ffbits! @E ‘}:‘ 14 ve r eadout
of data from - t he base 26 of tranS|stor 21 uStending to
the cell -in FIG 2, the voltage on word line turn transistor
21 " on ". In the regenerative 109 i s reduced bel ow |ts st and- by val ue,
and 105 manner . characteristic of flip-flops, once the
vol tage difference between digit |ines 107 . current conmences
f|OWI ng |nto the base of and 108 |s sensed | f tran5|stor 21 |s "on" , a

o o o, . I L o

- dynamlspnot Eﬁéﬁ:g %’f}%’,’m e of cheund toelllwﬂreaddypenmts fabricationf | OWs t hr ough
zootdn-i FEcborfy f@%




I's not desired. However, resistors 28 and 30 of at least the basic cell
array in nonolithic may be typically 200 ohns, and resistors
29 integrated circuit form With reference now 60 and 31 nay be
typically 300 ohns. Inasmuch to FIGS: 3 and 4, there is shown by way of
125 . as these magnitudes of resi'stance are usually  exanple a
pl an and sectg®nal view respec- i ncurred as paraS|t|c

col l ector ser 4 esi stance t| veI Y, of a lnzgglgjd t h| C i nt egrat ed circui t 74

show T .
di screte cell. %ﬂﬂﬁ j b PNﬁe e
In the manner. kn i ’% L}e'é
t he above-descri. o Nidhide t wa{,igayimq,

5 Before growth of thc ep:tamal layer, mq 28’@;’i Q&&ety of forms.. -However, for pur:

4 cells is %eP@‘fs of cillustyation, %%I’"L‘il E%G?sﬁlbﬂ% 70
repl aced by PNP JH@% fcéiiman ik 0T T o Lot Thstnatie.

material transi stonecﬁn&gl yof fhi BIP! s&mt Afte Nt @lofic. fofm: of word selecf dirclic 110
P-type conduct: |1Q/| nﬂﬂtaem@hdthmh)}owhmeetst thati_cpint Beowsedrindl thenmenmey - describad

word sel ect Jo her eof cuit, an®
reading and writi g!l me‘cg;ﬁﬁd& ow%ﬁs@lagrmlgaﬁ éﬂin&gb& }on gyer

the take a var isdnywhefnefemsums Thisodoliewsd Byor il digit of the HpiicybiRrySid stsreFtneals

di ffused sel ecti?v f -uwdsxsm;rcgrrmopqlm asix- -
descrhea” 70" oty tmz@ﬁt?ﬁwm% B iz B
exenpl ary forns 0§+ {4obs 143, Bach:of tReSloMP aﬁresﬂit GZC&nﬂls

of the - In FI fEsxstor534 hﬁdeﬁexslpsovslhd)mﬂwa shqer csuutcesi:éiemc power (e-oa)J éEhbcbnseof

regi ons of the2fPrpistange, pis the : Iga A tHE@E'TC@tt

cireu T 110 10 gr&yv@ﬂmti mmtatiatzsr etpfﬁéz:ttf&we o ot 19

be used in the nmespmy 3068 Qescrited! pw ORtol 83 RFcorinBdted 'Vh)‘lﬂﬁrélﬁﬁl@ﬂé; 45
whi ch her ei nabovgdg‘*})y appropnate deszgn tothunleﬁthe the the p({cwer source/ G-V), and permuee_teé
conpl etely t he® PRARE 3T AT 00t ey ok E{\ﬁsﬂ g pPRgistor
junction ou Gy erteﬁb;arsﬁ\fd fs‘tﬁf&s% é’&mﬂ{e%f%t &
61 havi ng nul t| le&tv@m trteaihs co@e  &udl the epitaxial rd NENE @S S wfiose bdBiiS.cons
fol | owed by a %é\a sy Schotily harrisp) diopes et v n“?fﬂé?é’ falﬂtsirieéﬁ Cﬂb@ﬂa'lﬁw zed
diffusion to f ‘En es g&‘lfsﬁou isiieh i‘ggs
to a six- zo;a@ad4 e transi stors. -

address, six emt e slesacémtattrphmdent areaﬁneved oﬂ narsx cmnbcmlaiyl mcbf two

di ffusion to for n§%meaticisgrysleverying r digdes i6
NH- type em tteras %&ﬁ :‘24:‘: %ﬁ&;’;ﬁ’&éa ord §70 gﬁhﬁ‘"ﬂi%

posi tive tern nal posie layers 1nc1udii1§§laﬁﬁuﬁ!’d‘nd disdotly foca Wr@\lihd y the sheet’
source of el ectr isrppiaess ' rﬂ'WGﬁ@aE%enoﬂ\TOQO Ine@mt«an@ansmor tﬁhesee'pﬂ s al

N-type |ayer 42, m ﬁeﬁc@ a “SB;‘ e?ﬂ’r? ec@@“%te otnl %’B@"e of ﬂl%nd
appears as the nmeg th gaf ot pf %ﬁu

anot her 85 FlA@shoﬁn tBawedlﬁm lomhheddamr mnstsﬂscGBsis ﬁlﬁg:on ng wmanslsmr

transistor 63. T egtyigghegnnection to 397 dh@oms d-]iy
her ei nabove, - S0y s oy od’& % ° gmy |

vided by appr Op“ﬂﬂﬁmﬁ@ﬂb&‘ibﬂt&n:ebﬁo;%i}m& @ t R ex: R, RIS 68 SO 65 Gre 110
and the emtter b€ adle si a&hbﬁ&eé@m@m@m b@anc@dsvmmmmgtphénmmMn

ol Stor o3 Lo @m%ﬂ g SRS s AT 0.

provi ded as SChOtél&y'xcal ctrtelthe(iheﬁﬂaﬁ'es: st 48 2O am;ed)tmarwaﬂt QD voigd 1S
connected to the : @ % shogm.in FIGhbeseen et al IW’é@ﬂ n;lﬁeargnfete % sm mgnals
epitaxial third %7 d %&%‘g&:@?eg t‘,’_ %ugh
Schottky barri es € Sicdical - caa ' RO 630“dnt”5 é}é

to 30 included |fac:hth|es}us,lahm§tmtmwd crassundet | kurisat &‘mdetransx rmMmkml

saturation of trapsbesies %?ltﬂ‘ﬂaﬂ"diétao??d“"t‘h‘éx t‘{{d@§
sted " operan | RNt L Al Rk mpﬁgﬁ e
¢/6<7 4rRCT Qbrd fine current: Sebltage of

connect ed di re%ﬁ'bbpﬁﬂmgraﬁph
I nt erconnections Narl@071a4)h| eved of transi st oter@igal 76 dmttmamﬂa vvaljagoflzs

t wo by et al | iltshped by ap Ft‘%l"ffl P'aﬁf"ﬂnft%‘m%ﬁs'r bout £8 and
use mt e ce £ T
69 in series to ﬁﬁﬁa ex 131 lit esabout
Advant ageousl y,- ‘term nal. 7’0 Term naI 70 IS the -out’ put 0 ft .
metal i c interconnections rray be com word select circuit 110, and as

3

such, connects 100 posite layers including platinumand gol d, _f or

di rectly to a word |line 109. exanpl e, as described in British Pat ent
No. I n operati.on, transistor 61 serves as an 1,082, 319. The
insulating layer, for exanple, "AND' gate, and in the absence of the 40

may be of al um nium oxi de 5| I | con OXI de, appropr| ate addre55| ng vol tage

L " e



position 55, shown in FIG 3 only. When the appropriate
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