A PRO \‘VABLE CELL FOR USE IN PROGRANNABLF ELECTRONI C ARRAYS The @\e%gq‘l A
len}is rel ated to a program nable cell fo¥ 'us€ in progranmable

ect ORyC ar - ray I C +3 _ng? A~ rays and -
die H{n.terconnect ar%r ays. In partﬁgt’ﬁo Ig g&h {gre I~"has a rrermry rggi on '
made of a phase ch rally non-

resettable in a highly conductive state froma highly non-conductive state‘m
Thkssinvention is related to the storing of information vith phase 10
change switch devi @ fpredentivimtentbgnSiantelated Gosia rpkggram-f or
exanple, disclosed in U S. Patent No. 3,271,591. Heretofore various nenory
systens have badlepragidsctbminsd amepuoqramamteoeé@@mnxqp@s- ne 15
type is the serial type where the information in the nmenory systemis

obt ai ned seri fAYE Avehvrs PROE dericesmelreicr axdiays a Rk i 2ETar bit of
in- formation in the -nmenpory, i s dependent upon where it is,|located in the
menory. This Fé&ﬂtﬁ?qr¢¥ﬁnkP§ﬁFc RAGCE| ARE ¥ S oﬂ@@ﬂﬂ?ﬁf? ¥ nformation
frommem ory Sych menory systens | deV|ces

i ncl udi ngda &&S g’t lt]agba%ra af“%%\\{u%t ¥ggapgcmlaﬁ 3 r‘?gnqh%s chafggy f1 oppy
disc and mag- md@gfiafnﬂh é%rm¥E§Xtth¥Ecgﬁd substantially non-

resettable in a highly conductive state from a

highly nén-conductive state. This invention is
.reléted to the storing of information with phase

10 change switch devices first invented by Stanford R.
Ovshinsky, as for example, disclosed in U.S. Patent
No. 3,271,591.

Heretofore various'ﬁemory sysﬁems have been

proposed'which are divided into several types. One

15 type is the serial type yhere the information in
the memory system is obtained éerially and where
the read time for reading a pafticular bit of in-
formation in the memory is dependent upon.whete it
is located in the memory. This results in long

20 read times for obtaining the information from mem-
ory. Such types°of memory systems include memniory
devices including a magnetic t;pe or a magnetic
disc including the so-called floppy disc and'mag-

netic "bubble memory" devices.



T ¢ .

:-Anotﬁ r fype of nmenory systemi.s the random access nenory: system (RAM K:::)
wheré.the read tine for. each bit is substaai;ally the _same as for any othe
bit. 5 . Wi le the- storage informati o "bubble" type menory devi ces. '
potentléf\y s educes the size*and cost of nenory systems and provi des_high
informa- tion packing densities, i.e.; small center-to-.center distance
- bet ween adj-acent nenory.regions:10. where the bits-"of information are.
starets such "bubble" systens are linmited to serial reading of- |nfornat|on .
“and &¢ not provide foradcttier eagbe rof-metnor pcspssen ois hehet bardom S
i nfor mation: Al so;-.heretofore,.short.term data: 'storage-has 15 - been :
provi ded by RAM reaEss duenas sys#omht@ﬁM)amhe§¢stb¢sréidcﬁb39|fGFs ‘at the

cross over points of X and Y. axis conduct br s Such a deV| e can- be
_set in-one of tvweaqhﬂbitoh%]S%bsmiﬁtlakhﬁsehﬁeﬁﬁﬂ? a8y EES Yo?Fg -
fairly high packlng -density,. 20 i.e., a'small center-to- center dlstance

-befm?er nenor y Iﬁbbkqons A na{or di sadvant age is that such devices are
areto oM Y MRS R storade' 1nkd marsgnwlah--gugsasaggybr they
- | l memory dev1ces potentlally reduces the size. and |
cost of memory systems and provzdes hlgh 1nforma-.
:tlon packlng den51t1es, 1 e., small center-to-'
center dlstance between adjacent memory reglons
10 : where the bits of 1nformat10n are stored, such
| .b“bubble" systems are 11m1ted to ser1a1 readlng of
_.1nformat10n and do not prov1de for fast read, ran- L
, dom access to the stored 1nformatxon.- | |
| | Also, heretofore, short term data . storage has
lls-. been prov1ded by RAM memory dev1ces 1nc1ud1ng tran-
| n31stors or capacztors at the cross over 901nts of X
and Y axls conductors. Such a memory dev1ce can be
_ set in one of two operatzonal states. These memory
dev1ces prov1de a fa1r1y hlgh packlng den51ty,
20 1. e., a small center-to-center dzstance between
_memory locat1ons. A major dlsadvantage is that
such dev1ces are volat11e S1nce they must be con-.-'

tlnually supplled 'with a voltage 1f they are to



mgYain their stored data. Such short termdata storage devices are ofteﬂ
Tef erred to as volatile fast read and WWIte menory systems.- A fast read
nmory systemis the read only 5 - nenorigs (ROM-.which use transistors and'”_
- rectlfﬁérs formed.in sem conductor substrabes with pernanently ‘open contact_
- poi nts ‘or permanently cl osed contact points for storage of bits of = - :
- I'nformation. Such a ROM'systemis progranned during ‘the manuf acture 10
thereof and has a short read tine and a relatively high packing density s,/
wel | ‘as 'being non-vol atile. However, the obvious' di sadvantage of such aNgOM

' system s thatrdtuiniaie b stskeRrd@tabe ShéR' sHor Aceersi agks, ROV devi ces
are nade to-order for 15 °~ applications involving storing -of the basic

oper-ating. pmmynageﬁdeyxn351qr@c@ét@m vefethed honasawodaédlenformation.
Anot her . rrenory system-used i s -a programmbl e: read only nmenory (PRCN@ systenlv
whi ch can be ;ﬁaﬁt atad andrkil omorengry heystemsand remains’ in that state.

~Once it is programed a PROM system wi || operate identically to a ROM '
system of the same R s ty- IQ#%W%‘PP‘Y system is the read on y

5 ;memorles (ROM) whlch use tran51stors and rectlflers
formed in semlconductor substrates w1th permanently
_open contact p01nts or permanently closed contact

fpoints for storage of blts of 1nformat1on. Such a
ROM system 1s programmed durlng the manufacture :
10 _;thereof and has a short read t1me and a relatlvely
| t; hlgh packlng dens1ty as well as belng non-volatlle.;_:
:However, the obvzous dlsadvantage of such a ROM
system is- that the data stored cannot be altered.
'Accordlngly, ROM dev;ces are made-to-order for:
';S_:fappllcatxons 1nvo1v1ng storxng of the baszc oper-'.
_atzng program of a data processor or other non-
_altered 1nformat1on. ;" f . | |
| Another memory system used is a programmable
read only memory (PROM) system whxch can be pro-
20 Zgrammed once by the user and remains in that state.
_Once it is programmed a PROM system w111 operate
' 1dent1ca11y to a ROM system of the ‘same conflg- ,

uratlon.



4 T nDSt connDnIy used PRONIsysten1|ncor- porates fuse |inks p05|t|oned )4
at- each cross over-pojnt of. an X-Y matrix of conductors.. The. stor age of
i.nformation (logjc one or logic zero) is ob- 5 . tained by blomnng t he fuse
Ians in a given pre-- déternined pattern. Such- fuse links extend Iat- E
era Iy on a substrate instead of vertlcalhy-betmeen cross over conductors
jand “as a result,  such fuse links’ necessarily require a large area. .The
area-10 - of a typlcal menory cell or region utilizing a fuse -2 |ink i's
-aboud1to 1.6 [err; (i.e. 645 t0-1032 nmicrons ), The current needed to -
bl ow the fuse.link Yor progranmming is quite high because of the necessity

of conpletely. bl owi.ng o4t hBat! BoRmonly WMEDLTOM Syidrem Ofndde-i nherently
" high conductivity of the material-of the fuse link.-~ Typical currents are

'50-.m L1i- anps angotfeepotaker 2dunkisehosd thtedXidMicdoh 25fos9 dGEr
'n1II|matts Al'so, the fuse.link which is a narrow porti-on of a.conductor

deposited on a- supo1ﬁﬁ ofsahakeyY mu&txuaw&atqndunturﬂJnemheostoﬁaqesure'
t-he conpl ete and progranmabl e bl'ow out thereof. -In this respect,

-photollthography aﬁd1nfohmag1bacHlagnmuﬂnewunuragheczémmrlnatebsuch a- fuse;'
link re-. quire that such a fuse link be-nade wth very crit- ical - _
tolerances: 5  tained by blow1ng the fuse links in a glven pre—’
h -' -."determlned pattern.- Such fuse links extend lat-
erally on-a substrate 1nstead of vertlcally between
h'jcross over conductors and, as a result, such fuse
.11nks necessarlly requlre a 1arge area. The area
'_[10 'of a typlcal memory cell or region utxllzlng a fuse N
r"llnk is about 1 to 1.6'mi12 (4. e._645 to 1032 mlcrons )
| ‘The current- needed ‘to blow the fuse. 11nk for
-”proqramm1ng ‘is qulte hlgh because of the nece551ty
' of completely blow1ng out the fuse 11nk and because
| }5' of the 1nherent1y hlgh conduct1vrty of the mater1a1
" of the fuse link. Typical currents are 50 m1111—'
1amps andfthe.§0wer requlred_ls,approx1matery'250 to -
400 nilliwatts.”'Also}5the fuse link uhich’is'a'
harrow portlon of a condUCtor depos1ted on a sub—
- 20. fstrate, must have a prec15e dlmen51on to ensure the
-complete and programmable~blow out ‘thereof. 'In
'this respect,'photolithography and etching'tech-
“niques required to'fabriéété'su ch a fuse llnk re-
qulre that such a fuse 11nk be made w1th very crlt- i

ical tolerances.



Anot her maj or problemwith fuse link type PROM devices is that t he "
gap in the bl-own fuse can.becone closed with accunul ation of
jctive ma- terial remmining adjacent to the gap by diffusion 5 -~ or
¢rwi-se. The fuse |ink technol ogy al so has been utifl- -ized in feeld

-~

"-brogrannable logic arrays, gate ar- says-and die i nterconnect arrays.

~These arrays are utilized to:provide options for the |ntegrated 10 )

ccircuit user between the standard high volune, low cost |ogic arrays and_}
. the very expensive hand- crafted custom desi gned integrated circuits.. >
"These arrays allbw a user to programthe |ow cost array, for the users -
specific appl|cat|oﬂmmthemnﬂaganrpﬂdblem|mith fedackinkstybeo®ROM: cost of
a customap- plication circuit. Heretofore it has also been proposed to -
“pro-- vide an EEPR¢DE@eu@bmhaiﬂﬂhﬁeﬁm@lbl@amrugrahaablewneidsenbpnnennry)
device, a vertically disposed 20 menory region or cell in a nenory Circuit
which is vertlbappweCGGQS@@zﬂlﬁhuﬁQR#mk%#ﬁkmnu®§e¢oﬂdagtsveon@Uttor and a

" l'ower X axis -conductor -in. a menory matrix.  Such an EEPRCNIsysten1prOV|des-i7
arel a- . terial rema1n1ng a Jacent to the aap by diffusion

5 or otherw1se. L
_ The fuse link technology also'has been utll-
. 1zed 1n fleld programmable loglc arrays, gate ar-:
L;I.rays and die 1nterconnect arrays. These arrays are'
7ut1llzed ‘to’ prov1de optxons for the 1ntegrated
"th'- C1rcu1t user between the standard hlgh volume, Hluw'
jcost loglc arrays and the very expensxve hand— S
crafted custom deszgned 1ntegrated c1rcu1ts. These:
:arrays allow a user to program the low cost array
for the users spec1f1c appllcatlon at a substan-
.. 15 '.t1ally reduce cost from the cost of a custom ap-
| _pl1catlon c1rcu1t._
Heretofore it has also been proposed to pro-:
_v1de an EEPROM (electrlcally eras1ble programmable
‘read only memory) devace,.a vertlcally:dlsposed
20_"'memory reglon or cell in a memory clrcult whzch lS
vertlcally coupled at ‘and between an upper Y axis
conductor and a lower X axls conductor in a memoryl

'_matrlx. Such an EEPROM system prov1des a rela---

tiuely-hlgh_pacslng_dens;ty.



tl\Nﬂ%’hlgh packlng den5|ty - EEPROM devices are known which include a
ma-: trix of X and Y-axis conductors-where a nmenory circuit; including a
menory re on and- an isolating device is Io&gted at each ‘cross over - poi nt
and 5 éxteMds generally perpendicularly t¥the cross over conductors
thereby: to provide a relatively high packing density. The nenory region
utilized.in such EEPROM devi ces have’ typircally been formed of a telluri.um
.10 \—Ppased chal cogeni de material and nore 'specifically an anmor.phous o
‘material - 'such as -amorphous germani um and tel lurium. O her . material s mhlch
have rather highly rev%EER@Medﬂ%h%$§ aégubnswnnuhmsb inclydebawmarein a i's
between 5 and 70 atonic percent. and, b 15 I s between 30 and 95 atomc -
percent. Sone of ¥h§s%fhﬁt%¥¢a¥53§¥§o°?ﬁéPEH€rﬁtWBF‘SIénEﬁFQrYn various .
per cent ages fromO,to 40 ip a%“$1c percent such .as anti.nony, o
arsenic, sul fur. d%%ﬁ?ﬁ1§EIbﬂ? lﬁﬁn?pﬂﬁﬂngBFQFFQPsaBF Fﬁelﬁ?bétdégcrlbed .
20" -above have reve s ty apd_ have sufficient_ the stability
Zhch that Ctnoy wRHAE VEAVLOLALLY BRCGRBKCCPHEE, SUER' pRTRE BRGT. ™ 1Y

cond|t|ons '”5““'&*%&&5? &éﬁeyaiiyZﬁQrpeE@?eﬁinlgltbn%hgtgrgsssover

conductors thereby to prOV1de a relatlvely hlgh
pack1ng den31ty. ' |
The memory reg1on ut111zed 1n such EEPROM |
dev1ces have typlcally been formed of a tellurzum-
.10} based chalcogenlde mater1a1 and more speclflcally
o an amorphous materlal such as amorphous germanlum.
and tellurlum. Other materlals which have rather'
h1gh1y reverslble memory reg1ons 1nc1ude a GeaTeb
-whereln-a_;s;between 5 and 70 atomlc percent_and_b y
"isf is:between'BO"and 95 atomic percent; 'some of these .
: :materlals also include other elements 1n varlous _
percentages from o to 40 in atomic percent such as
antlmony, blsmuth, arsenlc, sulfur and/or selenlum.
Amorphous mater1als of ‘the. type descrzbed
| éq _above have good rever51b111ty and have: suff1c1ent
-thermal stablllty such that they w111 not deterl-
_orate under the usual temperature condltlons 1n
ﬁ wh1ch they are ut111zed. The crystalllne state is 1-
reset 1nto 1ts amorphous state by a hlgh resettlng

' 25 current.




- bl

i? et into its anorphous state by a high resetting 25 current. B RN
ferred EEPROM mat eri al has (a) good re- versibility.of up to or greater -

an [err] cycles, (b) a maxinum processing tenperature of about [err], (c),; .

- a pexi-num st orage-t enperatur e of about 5 [err], (d) a thresholdbvoltage E

of-8 vol t's,

(e) a SET resistance of 300 ohns and. (f) an OFF resis- tance

" (at 1750C) of at |east approxi mately [err] -ohns. - Heretofore it -has al so
been known to. prOV|de 10 . isol ating devices which are coupled.in series<J -
~with a nenory region or cell between the cross over conductors,  such N
i solating deviceg typlcally havi ng been formed by di'ffusing: various dopant -

ranei stor. or WS Gl petezga SPRRA aReList thag 18] (hBodZger o 1SN

-di ffusion prOc
t he -substrate
_ - prior nenory sy
- sion of the dop

107
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20

ﬁi?s%?sﬁ%&f £ 8 Y e %@%ﬁf%ésﬁgﬁgfte??éeé% "Such

ThS "Bafls gﬁw%%ﬁ*%%@ el 06 ek Cgole! 2t or - ffu-

2009C, (c) a maxxmum storage temperature of about

" 100°C, @ a threshold voltage of 8 volts, (o) a
' SET re51stance of 300 ohms and (f) an OFF re51s-

. tance (at 175°C) of at least approxlmately 104

ohms.
Heretofore it has also been known to provxde

lsolatlng dev1ces whlch are coupled 1n serles w1th :

a memory reglon or. cell between the cross over

conductors,.suchg1solat;ng_dev1ces typlcally_having

been'formedfby*diffdsinghvarious*dopant materials

into a singleccrystaIDSilicOn,substrate.to form a

rectifier, transistor, or MOS device; e.g., a field

| effect transrstor. .Such:a difquion'?rOCess re-'

'-sults 1n lateral diffuﬁmn of the doped mater1a1
“into the substrate mater1al and as a result the
'cell packlng dens1t1es of .such prlor memory systems

l have been llmlted by the degree of lateral dlffu—

sion of the dopant materlals and by the margln of

error requlred for mask alxgnment.

[



errd{ required for mask alignnent. -8- It has been proposed to forma
P-Nj unction by vacuum deposi ting, either an N or P type anorphous

~sem conductor. filmon an oppositely doped silicon chip substrate. |In this
respeet, “reference is made 5° to U S. Paterf No. ‘4,062, 034 whi ch - _

di scl-oses such a thin f|In1tranS|stor having a P-N Junctlon 1t 'has not
been proposed to use such a thin f|In1dep05|ted anmor phous sem conduct or
flkgkipr formng an iso-"lating ‘device in a.menory circuit which al'so in-

@

‘cl-.udes a. menory regionin-a progranmable array. A'so, it has®not beeng-fu

previously proposed to utlit has @nemﬂmqﬂnnﬁeiﬂﬂwaQWﬁcﬁl?T%Im6@§t59pléﬂn
and fluorine and which may-al so contain hydrogen to-provide-a thin film.
rectifier or transi yachum Geposising m@idiercia ¥ 1ar of BYRE oBPAFREBIE

array.- It has heretofore been proposed.to utilize, silicon. apd f|yorine
materials in a sol aseddcondwcrr £iddsan an 6998»0%1%%3(&%%%?% icon
rectifier. In this re- spect, reference is made to U S. _Patent
4,217,374 20 . - SEhAPORYBRErALSN nSWY HHE %&%R%%E;u FSfeERRFE é& made

: 5:.-; to U. S._Patent ho. 4 062 034 whlch discloses such a
'.'thln fllm transxstor hav1ng a P N junctlon. It has
e-not been ploposed to use such a th1n f11m dep051ted"'
':amorphous semlconductor fllm for £orm1ng an 1so--
‘lating device in a memo:y c1rcu1L;wh1ch:also in-
T c;udes“a.nenoﬁy.fegdondin a'pfoéxammable,e;rey.
, - ‘Also, it hassﬁotfbeen_preyious;y_ptqppeed to
.:'ntilize an aﬁdfphousialdoy wﬁiChhinciudesfsiliconf
. and flnorinenend which'nay aiso-contain hYdrogenlco
.provideca—ﬁhin'fiin;recfdfiép or transis£6r'in.fhe
N lSL? ..memory Circuits.of:a programmable arraf. it hesdzi'
| ~heretofore been proposed to utlllze sxllcon and
fluorlne materlals in a solar cell whlch is essen--
' .tlally a photosensstlve rectlfler.“ In thlS re-
lspect, reference 1s made to U S. Patent No.-4 217 374

20 Stanford R; Ovshlnsky and Masatsugu Izu entltled



QMANCRPHCUS SENICONDUCTORS EQUIVALENT TO CRYSTALLI NE SENICONDUCTORS an59
B/ Patent No. 4,226,898 Stanford R Ovshinsky and Arun.Madan, -of the
. sane title. The present invention  provides a programmble 5 cell _
conprising an anorphous  cell ".body, said body:-in¢luding at-- | east ~a-
portion having  settable substantially non- resettabl e neans, said neans
havi ng- a highly non-conductive settableée state  .and . bei ng settable into .
a highly conductive state; -and said 10 . means conprising a. - -g}_J g
chal cogeni de - material, -or -carbon, or an alloy of silicon, geranlun1o -
~carbon. The Anmnmmmus SEMEODNDUCTORBrEmHEVAQBNmuTnﬁCRYSEAEDgNEnnabIe -
gggfte ; oni ¢ aL rm:@ém@t'bénscaﬂarUssngpa%aamtuw J Ity4 2t3ﬁs mrp§@aﬁfoﬁa“ )
eac ncl udi n eas ortion avin
settabl e subﬁ%ﬂﬂ?%??&nﬁéﬁ ?Ea gf&ﬁlga§€§H éiJﬁQF ﬁﬁ%ﬁsé.ﬁg %ring a hlghlyg_”
.. non-conductive statBhandpbesagt sénvepitdon ntm'mlltﬂtml yacopyogrampabilate,
“and sai d5 neanselTOosPEpSiBing Chal cagerpldumtarerl, bodyparbatd bodyan-

alloy -of 20 né‘ix&éf&?e ggrmagbg@tor %arb%r@‘%f gpéyinﬁheosggbéglehavé

.a . non- condu Ive s or resi stance ohns
or nore, and swegtambtially BenngeseFsablemeans, %?&¢es¥§?&ﬁcehéV1960
~ohms  or . lessa thhlyelhen—nandubelxﬁ seduitabls o stabe tasd cobeuoglve_

state by a sgt€§ﬁ9ed1nto a highly conductive state; and said
10 means compr1s1ng a chalcogen1de materlal,c or carbon,.
' _or an alloy of sll1con, geranlum or carbon.
' The_ present ' 1nvent1on further prov1des . a
programmable electronlc array of . cells. compr1s1ng ‘ar
- plurality of amorphous cell bodles, "each of said .
15 - boaies'including'at least a- portlon hav1ng settable
| ' substantlally non-resettable means,'sa1d means hav1nghu:
'-a hlghly non—conduct1ve state and belng settable 1nto:-
" a highly conductive state, and said means 'cohprisingf
: . a chalcogenlde material, or - carbon, -or an alloy of
20 5111con, germanium or carbon. :'_": _ ' 3
' _ Preferably,; the cells have_ a 'non—conductlve
'_state or OFF resistance. of 'lO ‘000 - to 1,000, 000 ohms
_or more,. and may have -a ' conductive | state or ON -
reslstance of 500 ohms or less. The cells may he'
" 25 :“.settable 1nto the conductlve- state 'by' a thresholdh--
voltage of 10 to 20 volts or less, _a programmlng_
‘current - of 5 to 25 milliamps .or ‘less and a
_'programmlng t1me of 10 to 1000 microseconds or less.
_ " The cells may have a maximum permlttable processing
. 30 jtemperature tolerance of 200 to 500 'centigrade or
more.

35



voltage of 10 'to 20 volts or Iess a programming current of 5 to
25 N\IIlanps or - less and a programming tinme of 10 to.1000
‘microSeconds or. less. The cells nmay have "a  nmaxinum permittable
processing ‘30 .tenperature‘tol erance of 200 to 5000 centigrade or
more. 35 - 10 - The cells may be ‘designed for the partlcular
-characterlsths desired "~ such '~ as - high processi ng. tenperature ‘or

ghﬂﬁFFF resi stance and - low ' SET resi stance. The -.increase in. sone

desirable 5 . Charabterlstlcs over the FEPROM. ty ,
chal cogeni de materi alGhe ‘H%Jy 5 pBAY BE; adgSdanedyy Ersdﬁ%ﬁ arﬁ?ﬁ'ﬁ ular _
el i mi nating reveﬂaﬁd:’m;/mhlcs hedesdred. smeh corﬂsr asthigh t heProceSSlng

.-_re?/lerSI bi I Ihty @emﬁéﬁat@yﬁl eéf I% hheOF%PE@ﬁl(Et\Hrw dtee Ioraf,ﬁrredz-r
cells may have _a _-reversjbi y 0 cy e

Pr-ef er abl y the - ik %%ré?%s Jd% lﬂgre d’tnfro%lecha gtce}?\e deéés‘1 %‘r’.l%u S,
‘including 3 hﬁ’?ﬂ%\'ﬂ?r%éﬂﬁﬁ uRV&Rd Q%nﬁﬁﬁ YER®DI nARDHSOIERLAEOf .

The cell ' bodi esmatwla]aé so mag fbemed obtainead etr &jedr al sildstantiabiyt s,

such as . sili Co%hﬂfﬁg@ﬂh&%ewﬁsﬁa&tﬁ@ i G nadiads tf&reeénaedstcang}*

include other glenents Sreversibility of 10° cycles in the EEPROM

_ :'-dev1ces, the preferred cells may have a -reversibility
10 of 10 to 100 cycles or less. . o
. Preferably the cell bodies can be formed £from:

chalcogen1de _j materlals, . 1nc1ud1ng . gérhanium,'
tellurium and selenium or comblnatlons thereof. The
_ " cell bodies may__also_ be formed from - tetrahedral
15 - elements, such as silicon)' german1um 'and ‘carbon or
- combinations thereoi_ahd can include other 'elements

such'aS'ongen, ‘hydrogen .or- fluorine. The  cells may-_o

‘be deposited by sputtering, chem1cal vapor deposition
(CVD), evaporation (such as electron beam epitaxy) or
20 by plasma dep051t10n techniques. Reference can be -
' l-made to the aforementloned U.S. Patents_ 4, 217 374 and
o 4 226,898 for such de9051t10n techn1ques.

Each cell may be dep051ted in an array w1th an

1solat1ng device and assoclated address1ng c1r-

- 25 L
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S s oxygen, hydrogen or fluorine. The cells nmay be deposited by -
- S ring, chem cal -vapor . deposition (CVD), evaporation (such as
el*cyron beam epitaxy) - or 20 by plasma deposition technlques ;
Ref-erence. can be. nmade to the afore tioned U'S Patents “4,21%, 374 and

4’?26 898 for such deposition techniquées. Each cell may be dep05|ted in an:':.

farray with "an i'sol ating device and associ at ed addreSS|ng cir- 25 30.35
cuitry. The isolating devices and addressing. circuitry can be bi pol ar e&_} '

- MOS devi ces or thin filmdiodes or transistors in MOS or .V- MOS

? mhlch

configurations or+ combi nat'i ons t her eof . The pre- ‘5 ferred cells. can have
~a cell area of les than 1 square -m | (| -645 square mcrons) which.
prOV|des a high cell packing. density in the arrays.. The.- preferred -

enbodi ments of this inventioh 10 w |l now be descrlbed by -way. of exanple
‘with re- ference to the dramnngs acconpanylng thIS speC| flcatlon tn_

cultry. The 1solat1ng dev1ces and addre551nq
' circuitrylcanhbe"btéelertefhgoshdeficeseorethin
fi;mhdiodes;or tganeiseorshithQS Q#fV-MQS”
h cenfiguratiehsset co@biﬁéttehsfthé:eof). Thé”ﬁﬁé;
_.5. .ﬁerred_celle-eeﬁ have_e_c;ll a:é; o£';ee'th5h.i: a
u_sQuarétﬁi;:(i;e.ﬁ645e5que;eimiefeh35.whieh §fevtdee'

'a'high-cell-packing'density'in'thé'arré?s.* 3

_The Qreferred:embedimenfé of tﬁis;inVention-
10 * will now be described by way of example, with re-
' ference to the drawings accompanying this speci-

_fiCation in which: .



S T :
Fig. 1 1s a fragnentary plan view of the de- posi t ed f|In1SIde of a silicon
chip sUbstrate of a ‘progranmabl e array such as a nennry matrix of a prior
art type ﬁEKL@deV|ce 5 . Fig. 2.is ﬂ‘iSCt'onal V|eM/through one
nempry cifrcuit -of the PROM devi ceé shown in 1 and is taken along line
2-2 of Fig. 1. . Fig.- 3 is a 'schematic circuit dlagran1of a portion of the

PRCNLgiche shown ‘in F|g 1.-10 = .  Fig. 4is a fragnentary pl an view

of t e- posited filmside of 'a programuabl e array such as a PROM devi.ce ~

Wi eh 13 o posi ted oR a1 (s BT Sl ad 4 SOE nd WEM (P

Zelet vt h an | oaonisd Fﬁg“fiééfﬁ ﬁe“%"%a%liﬁ 1408 458 dyplerRErd g9 o 10 |

strate: Fig. 5 |spadaygﬂdyya é”Hfmémory”mé¥%1er¥mEy regi on

and - |solat|ng devi'ce “of a nenory CIrCUIt shown in Fi'g. 4 and i s taken al ong
line 5-5 of .Fig. ;ﬂaﬁ;agi|gy§§5y§gyn§é¢1é§rCUIt dlagran1of a portlon of
4.

the PRCNIdeV|ce shown.in Fig. .
5 B Flg. 2 is a sectlonal v1ew through one memory
| ~circuit. of the PROM dev1ce shown in Flg. 1 and is
-;:taken along 11ne 2 2 of F1g. 1. |
| B F1g. 3 is a schemat;c C1rcu1t d1agram of a
| -_portlon of the PROM dev1ce shown 1n F1g. 1.
;10't. . Flg. 4 is a fragmentary plan v1ew of the de- -
' posited £ilm s;de of a programmable array such asra'_
PROM devxce wh1ch is made 1n accordance w1th the
‘ teachlngs of the present 1nvent1on, whlch is de~
=posxted on a 5111con chlp substrate and whlch in- N
.115 cludes a plurallty of memory c1rcu1ts, each 1nc1ud-_;'
'1ng a ce11 or memory reglon in serles with an iso~ |
_1at1ng Schottky barrzer dlode formed in the sub-
strate. | - '_ _ _
_ F1g. 5 1s a sectlonal Vview through one. cell or .
_20. memory reglon and 1solat1ng dev1ce of a memory |
"c1rcu1t shown 1n Flg. 4 and 1s taken along 11ne 5-5
of F1g. 4. |
Flg. 6 is a schematlc c1rcu1t dzagram of a’

h portlon of the PROM dev1ce shown in Fig. 4.

2)

.



\7is a fragnentary plan vi ew of the de- p05|ted f|In1S|de of a Sh|IC§n
_cﬂﬂp-substrate form ing one cell of a.programmable array. constructed in
ccgrdance with the teachings of the prd'bht in- 5 " vention,.- the array
inclugmg a plurallty of menory circuits each having a.cell or nemory .~ »
~region-in series with a fiel'd effect transistor type iso- lating device
~formed inthe' substrate. Fig. 8 is a sectional view of one menory cir- 10"
~cuit of the array shown in Fig. 7 and is taken alongline 8-8 of Fig. 7. \‘J
- Fig. 9 is .a schematicc circuit. diagramof a portion of the-array shown |nJ

Fig. 7 and shows a gRg0r Yy erQUE&théHtaﬂyqaﬂahﬂGiE% of:-the gefig. 10 is a

fragnentary plan-vi ew™of t he ~deposited fil'm'side of a substrate of an array

including.a pl geakibd 418 Ea¥eCOCY fs319:%h Wi BubSHetdtOr £SBADT Y T egi on
and. an isolating device that are formed with-thin filmdepositing tech- 20

ni.ques in aCCOiﬂgnéﬁe\Nbbhlt oe hemhig&@&uﬁbw&ﬂ@&mnsumedmm Fig,.
is a.sectional view through the array shown in Fig. 10 and is t aken along
I|ne 11-11 Of Ecgordance w;th the teachlngs of the present 1n-

15 1 ventlon, the array 1nc1ud1ng a plural;ty of
| memory 01rcu1ts each havxng a cell or memory reglon-
in serres w1th a f1e1d effect tran51stor type iso-~ .
--latlng dev1ce formed 1n the substrate.
| Frg. 8 1s a sectronal v1ew of one memory cir-
ylb'f-cu1t of the array shown 1n Flg. 7 ‘and is taken |
| ._along 11ne 8 8 of Flg. 7._
Flg. 9 is a schematlc c1rcu1t dlagram of a'z
-',portron of the array shown in Frg. 7 and shows a
]imemory circult of the PROM devzce.- |
:;5" ; . Flg. 10 is a fragmentary plan v1ew of the
.deposited f11m 51de of a substrate of an array
1nc1ud1ng a plurallty of. array clrcurts each havrng';-f
a cell or memory reglon and an 1solat1ng devrce :
that are formed W1th th1n f11m dep051t1ng tech— '
. 20 .nlques 1n accordance w1th the teachlngs of the
present 1nventlon. | o
| | Frg. 11 is a. sect10na1 view through the array
shown in frg. 10 and 1s taken along line 11-11 of

: Flg. 10, _



3 y .
F|g 12 |s a schematic circuit dlagran1of t he array circuits shown in Figs.
10 and‘11. Flg 13-is-a sectional view through an all thin film deposited (gﬁ
array cel | i-m Iudlng acircuit 5 having al%éll and a thin film
field. ef fect {ran- sistor i-sol'ating device cdnstructed in accordance with
t he teachi ngs of the present. invention. Fig. 14is a. schematic circuit- _
di agram of a pIurallty of circuits shown in Fig. .13. 110 . . “Fig. 15 is.a
pl am—uj ew of -a substrate or a portion t her eof upon-one- side of which are ..~ .
de-- posited-array circuits, such as menory. circuits which are all thin film .~
deposi t ed, menory. reg|dnsgan52|tslaisngenatlcee;rcugttdeagmamhoﬁddhe55|ng
15 circuitry which-is formed by thin fil mdeposition_techni-ques: Fig. 16
is a plan view of areayicirceht$ ghowar inoRigaer 387 anfeldin the array
circuits are all or partjally thin filmdeposited nmepory regions_and 20. -
i'sol ating devices togetFitd- 3h1%dﬂr%%§Fh§n€1rV1€HlFF?°PSPn€B 8kl he chip

by doped and diffused r on W thin the si ybstrate. Referring -
now t.o the draw ngsttth t ?P?E}t?éj?r¥ﬂ$r%e££ %PFgga}aﬁea FﬁrFP@§ 1 and

2.8 por- 5 hav1ng a cell and a. thzn f11m, field effect ‘tran-

e

_ s1stor lsolatlng device constructed in accordance
w1th the teachlngs of . the present 1nventlon.-
'_ Flg. 14 1s a schematic c1rcu1t dlagram of a
plurallty of c1rcu1ts shown in Fig. 13.
10 Flg. 15 is a plan vzew of a substrate or a
o -portlon thereof upon one ‘side of whxch are de-'
"__posited array c1rcu1ts, such as: memory circuits
| which are all th1n f11m depos1ted. memory reglons
and 1solating dev1ces, together with address1ng _
15 c1rcu1try whlch is formed by th1n lem deposztlon
'.'technlques. ' |
Flg.-161is a. plan;view of a silicon chip or
'_portzon thereof wherezn the array c1rcu1ts are a11
dor partially thin f11m deposrted memory regzons and
-205'_;solat1ng devicesrtogether with address1ng.c1r-
cuitry formed on.theychipfby:doped and diffused.
'regions mithin'the siiicon chip substrate. -
Referring now to the drawrngs 1n greater de-~ .

'ta11 there 1s rllustrated in Flgs. X and 2 a por-



n"of a prior art. progrannable array such as a PROM devi ce 10 |nclud|n§'
X-Y menory matrix-in- cluding X axis alunlnun1conductors 12 and Y axis
doped sili.con conductors 14.. As shown, the N+ 5. doped silicon'Y axis:
‘conduetor 14 is.separated fron1adjacpﬁf Y axis conductors. 14 by isol ation™
channel.s 16. = Theal um num X .axi s conduct or' 12. has-short |egs 18 which
extend. in the Y,dlrectlon'to make contact with one side of a netal l'ic fuse
1ink 20. 10 .. As shown in Flg 2, the fuse link 20 is de- posited ORI_)'
| ayer 22 of silicon oxide which in turn is- deposited or grown on a Jaye 23

- of N epi - taxi sionabér aaprilorwairth priegriammaklie e RICH &S A f or med. The
| ayer 23 is formed on a P:type 15 .silicon substrate 24 and N doped Y aX|s
conduct or 14 i BROYr Aewicked8hdnedadings an 3~ MAMPLH mkrin J-‘éach fuse -
link 20 extends:laterally and has a reduced width 26 h nust
have criti cal Qﬂ-ﬁéﬁ§ﬂoﬁsa€‘tllfﬁ advadnu condpchionsh) %0 "&#5‘@ 'Bw de a

f Jink which be W edet ] ne: _ - rent The é
other side of ARPeRUSAILFAR SONANCUTS A B8 ARSIRD The .‘_J;| urf i, ,e_ .
conductor 28 1opld 5111y kis Blhatictol W14 ' deafBled Fof "

"adjacent Y ax1s conductors 14 by 1solatlon channels

16. The alum1num X axis conductor 12 has short
' legs 18 wh1ch extend in. the b4 d1rect10n to make |
- contact w1th one s1de of a metalllc fuse 11nk 20.
10 . As shown 1n Flg..z, the fuse 11nk 20 is de-.f'
| pos1ted on a layer 22 of silicon oxide wh1ch 1n_'.“
hturn is deposxted or grown on a layer 23 of N epl- _'
rjtaxlal mater1a1 in whlch the isolatlon channel 16
.:18 formed. The layer 23 1s formed on a P type
is s111con substrate 24 and N. doped Y.axls conductor
. 14 is formed therebetween.
| As best shown in Flg. 1, each fuse 11nk 20
'extends laterally and has a reduced w1dth portlon
26 wh1ch_must~have cr1t1ca1-d1mens1ons (thlckness o
20_ 'and”widthj in order-to-proride:a fuse iink which
~ can be blown w1th a predetermrned amount of cur-
rent. The other 51de of the fuse 11nk 20 on the
'layer 22 of 5102 has an alumlnum conductor 28 de—i'

'-pOSLted-thereon. The S102 layer f1rst had been cut .



-« "."‘| . N . R . ’
away se. that an alum numsilicon Schottky barrier diode 30 can be .forned at
an exposed surface of the silicon. substrate |ayer -24. Then the al um num

.conduct or~28 i s deposited over ‘the silfcoh'5éfpxide”layeh 22'and_over[the'.;
fo

aluninunfgﬁlF%on.SchOttky-bar?Ter di ode 30 t co _ _ _
one side of the fuse link 20 to the barrier-diode 30 which is electrically
.coupled to the N+ Y axis conductor 14. -The fuse'l'ink 20.and the diode 10
.30 ‘man array circuit 32 here a nenory circuit. Each of the crystal
'silicon substrate ( jces.fo . Lhereon. yLil kze. et i ok litho-
'gfaphy_processLnjﬁgﬁgggggééigtémﬁéggggégﬁi??gﬁaé%hgéﬁfgggy_E%#Qgggnple, in
Fig. 2, the P—typgaiq}f%- 3@[%‘ 'rgéglt e@Sat hgnxeﬁﬁggggt gﬁﬁgéggubfeghgayer 1_4

‘deposited thereon.utilizling phot ogr.aphy to éexpose t esired areas.

rma conductive path from

The layer 14 typigplidon d@sdieats PAPSPhRILS oREnbendi siumeduly heat dur-

ing processing -or can be formed by ion inplanta- 20 - tion. The epitaxial. -
N-layer 23 is thejor@utornns hbs sAbpds tted 2dveretheéhgitpggct ors 14.  The
'so-. | ati.on channels 16 can be junction or oxide chan- nels. For a

junction chargiel dxidié dyaye?R2 sandséverdthedaPunypemfaiticeh is depbsi ted

“and diffused - o — - : S
‘ ' Schottky barrier diode 30 to form a conductive path

”frbmfone.sidé'bf tﬁe'fﬁSe 1ink-207tq”the.barfigf'-
. diode éb'which”is electriqally couﬁied to the.N+ f
axié_dohdﬁctor 14. Theffnse'iink'zd.and;thé diode'l._
10. 30 £ofm'aﬁﬁa¥féy cir¢gi£ §2 heré a memo:y_éi:cuit.
| ~ 'Each of the chS£a1FSilicon”suBstraﬁes énd'
"deviéésifprmed'theredn,utiliie'cdnvenfionai litho-
' graphy p:dceSSing_ste§s ei¢ept'whé:e-specified'
otherwise. - For ekamplé; ihfFig.'Z,_the P~type
'_15'_ subétrate 24_has'the'X.conductdr or”bufied 1ayer 14
| ..vdeposiﬁed thereon uﬁiliiingfphotglifhbgraphy'td
expose thé'desiréd areas. The11aYer.14_t§piéaliy_
afsenié o;;phosphﬁrﬁéléan'bé diffused by heat dur-
ing pro¢essing Sf can be-fdrﬁé&'bj icn imp1antaé'-
20» ;fion;:_The.epitagial;N—laye: 23'is fheh grqwn-on 
| the subétréte}24.over-tﬁe_¢oﬁdu¢t§;s 14. The_iso-
lation channels 16 can be juhCﬁidn-or.oxide'chan-
nels. for.a jﬁnétioﬁféhahnel the laYé:,23 is mask-

"ed.and Pfﬁypé;mate:ia;fis_depositéd"éhdfdiffused'



into the layer 23 down to the substrate.24. For an oxi de channet* tffe

els are masked and then partially etched into.the |ayer 23 and then = ..

- mally oxidized to grow t he.channel's down to the 5 substrate 24. For. .

gkher devices in the array, a base typi- cally P-type'layer .is then o
diffused-into the lLayer 23 between the channels 16 for a diode or tran-
sistor, such as for the addressing C|r4nm1ry'or 10  other prograrmable
elenents Then a resistor dif- fusion step-is perfornmed. To form . "

~transistor then an enmitter step is perforned by maski-ng of f a por- tlon\df

. .the base diffusion areas and diffusing typically N-type material into it.

. The oxide |ayeint® the2layer 23" dqyubitedhs gubstratei 24.) afor 28.in- -
cluding the diffusion areas. Then wi'th photo- 1ithogr an oxi de: cut’

~such ‘as for theXdpgdehapned M@eqhﬂm@ee%m w'w%naeg ¥h

~.contact with the di,odes, transjstors, .etc. ired, Platinum.

pal I.adi um or aPéﬁFﬁ&%ﬂﬁseFﬁ&?@ﬂiﬁ?Qﬁ?ﬂFc*a¥®%p%$a§%@ BE?B £hetoxi de and -
exposed silicon reas i.ch is then heat treated,” suych as at.[err]
- centigrade for™g #Ft?gﬁgﬁ@ﬁést 'ﬁﬁ??f{h?nFQFfﬂﬁbﬁ g?VPc?BeEBFode Wi th the
"silicon bu does
- substrate 24,

- For other deVrces 1n the array,_a base typl-'
.':.oally,?-typenlayer 1s_theh dlffused 1nto the,;ayer'
23 between the.ohanneis:IG for_aioiode-or_tran-'.:
'sistor};sbch.as forfthehaddressihg;circhitry or
- ld 'fother.programﬁabierelehéhts{; Ihenha'resistor"dif—.
| fﬁsion'stép’isjperformedg; Tolfbrmftfahsistor:then
an eﬁitter steb is,performeo'byfhashiné off a'por;-
.tiOnIOf:the baserdiffusioh-aréas_ahdfdiffusihg,
*typically N;tyPe'material ihto it. The oxide Iayer'.
15 22 then is dep051ted over the entzre layer 23 1n- |
| 'cludlng the diffusion areas. Then w1th photo-
"-;llthography an oxide cut such as . for the -diode 30
_hzs made through each portlon of the oxzde 23 where
_'contact with the dlodes, tran51stors, etc. is de—
20 - sired. Platlnum, palladium or aluminum is then
;sputtered orfevaporated'onto-the'okide-ana;exposed.
'siliCon'areas'whioh'is then heat'treated,~suoh as
at 450° centlgrade for thlrty minutes. This*ﬁormsl

a metal 5111c1de dlode w1th the 5111con but does

Snoxide 23 where



-18 not change the nmetal on the oxide layer 23. An etchant such as Aqua
Regla is utilized -to etch away the platinumfromthe aoxide |layer, but the
metal silicides are not affected. .5 - The fuse links 20 are then
patterned an® form".ed on thé oxide 22. The fuse links of about 200
. Angstrons- arg vertical'ly and critically dim@n~ sioned. The conductors 12
“and 28 are then pat.-- terned and | ai.d down upon the OXIde 22, fuse links 10
20\and diodes 30. An oxide layer (not shown) is then dep05|ted over the
whol e~array, which is then etched to make contact with the conductors :
(first netal) V"hegétd%'an% th‘gwmﬁlseﬁpr@m;aidé ND&y §f\om) i anpat t er ned
ont o the oxide and -openings. 15 - Another oxide |ayer. |s then forned over

the second netal, ewahehtosudh ias AqireRépid his secbhilzedt b tochoawayhe
array bondlng pads in.a conventional man- ner.. The schematic circuit

-

- -

~diagramof the prithe @Naﬁﬂhuméﬁﬁom/thenoxnd@ lsyshpmhutntﬁegmeEal Fron1the

foregoing description of ‘the prior-art array or PROM device. 10 |IIustrated
in Fi gs 1, 2 ands3.,11aﬁdlefsr (Hrlearnotnaﬂfﬁcmdof Fi gs. 1 and 2 |t

'5 ' | The fuse llnks 20 are then patterned and form-
.ed on the ox1de 22 The fuse lznks of about 200
nAngstroms are vertlcally and crltlcally dlmen-

51oned. The conductors 12 and 28 are then pat—
_terned and 1a1d down upon the oxzde 22, fuse llnks
iO ..20 and drodes 30.: An oxlde layer (not shown) ls;

_ then dep051ted over the whole array, whlch is then
'etched to make contact w1th the conductors (flrst
_metal) where de51red. Then a second metal (not :
shown) 1s patterned onto the ox1de and openlngs._

15 : Another oxlde layer 1s then formed over the second

R metal, whlch oxrde 1s etched to the second metal to

'-.form the array bondlng pads in a conventlonal man= -
..ner° . : Sl e :

The.schematic circuit'diagram 0£ the”prior arty
20 array . dev1ce 10 ‘is shown. 1n F1g 3._ | .
| From the fore901ng descrlptlon of the prlor
art array or PROM dev1ce 10 111ustrated in Flgs. T[

- 2 and 3;.and from an 1nspectlon ofergs. 1 and -2 it



. factor of two 1s.an

(s readily apparent that the lateral disposition of. the fuse link Zb,“tﬁ%"
yh_éa-for i sol ation channels 16 and the lateral arrangenment -of the Schottky :
barrier diode 30 create limtations on the packing 5 density of the nmenory
circ its 32 (nmenory cells) fornmed by each fhak link 20 and di ode 80 | ocated
at' and ext endi ng. between the X and Y axis cross over conductors 12 and 14
at each cross over. As. shomn t he center-to-center distance between _
‘adj acent 10 - mempry circuits 32 (cells) is typically 40 mcrons utlllzggg}-

_- _.f'svix[”rZLSPy' Iy 2ol ARG ENS' {00 TERGELBIEIAL pfC! L DL
s exponent| aldye 'R e 56 | thd!féed LEor fsaggueghoehaangnée of a

fec-. t1ve cost - reductron .o actor ive or six.

Refer 1ing nowyed dridisne! Pk ral ek fahdenthtSoe! EREeIchBRERYN a portion of |

a progrannable array 50.which can al so” be a -PROM:device, including a plu-.

20 rality, OfhaRAIAC td RV 3TN € | I ot £ &t B8nE08n gheupheding accordance .
“with the teachings:-of the present invention on a P type silicon substrate

54. As shaw' dendity dof mhnancwyuéwaueusews(iaeﬁmeyncamlui Y axis
-conductor 56 in"the substrate 54 and
' - formed by each fuse link 20 and dlode 30 located at
z_and extendlng between the X and Y ax1s cross over -
aconductors 12 and 14 at each cross over. As shown,
_the center-to-center dlstance between ad]acent
10 'memory c1rcu1ts 32 (cells) is typ1ca11y 40 mlcrons -
hut11121ng fxve mlcron llthography.' The packlng
.I dens1ty and hence overall cell szze 1s extremely
1mportant because the cost of the ce11 portlon of
fthe arrays 1s exponentlally related to cell area.
15 A reductlon in size of a factor of two 1s ‘an- effec-"
tzve cost reductlon of a factor of flve or six.
Referrlng now to Flgs. 4 and 5 there 1s illus-
:'trated thereln a portlon of a programmable array 50
'whlch can also be a "PROM dev1ce, 1nclud1ng a plu- o
'20; ral;ty of connectlon or memory clrcults 52_con--n
structed_in acCOrdance with1the'teachin§s_of'the
present inventionyonfa.Pntype‘silicon subStrateh54.
" as shownbin FngIS}'eaCh;circuit 52 extends”between

- an N+ Y axis conductor 56 in the substrate 54 and
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an X |s netalllc conduct or 58 whi-ch can be nade of suitable netal, such. }40

as albm num Briefly, the circuit 52 includes-a diode such as a platinum
SUICIde Schott ky .di ode 60 between 5 |soéﬁctpn channels 62 in an N B
epi t axi dl'. Ia’er 64 forned on“the upper sur g€ of the P type silicon '

substrate 54. Above the epltaX|aI | ayer .64 is a |ayer of insulating
:naterlal 66 which can be sil- icon dioxi de and which may be fornmed by N
;. chkmi.cal 10 - vapor, vacuun1dep05|t|on or thermal oxidation technlques._‘A :

portih of the | aypry Urldpelirg .gaaeJFOPGsasYﬁwﬁha&@x BROH8gkhe

platlnun15|I|CId ayer ase change anor - phous',”

.material 68 is dqusg&f@hbfbtﬁ@{&@ensﬁeﬁcgstQl&ﬁlﬁgﬁn1a cel |- menory
region 68 of the circuit 52. Above the cell 68°is a thin conductlve barrier

layer 70, preferably negefiyp ﬂ@ér@ﬁ@ﬁiztrrsnainenuae*sah alibag kukh Ti-W
.Above this thin conductive barrier layer s the layer  of "highly conductive"

20 metal such aSasalwrpMﬁmmrmléMe)Gehostkyndmoaer668befheeport|on of
t he array 50 shown in Figs. 4 and 5-is forned as described above on a -
sel ect.i vel y cﬁopedlsnystmn sclmameﬂ:lslcszr muantNaeplBaxmailcﬂnayen 64
| formed on the upper surface of the P type s111con
_substrate 54._ Above the ep1tax1a1 layer 64 is a
: layer of insulatlng mater;al 66 whlch can be 511- _
icon. dloxlde and wh1ch may ‘be formed by chem1ca1
'_10d avapor, vacuum dep051tlon, or thermal ox1datlon
o techn1ques.__A_port1on of the layer of 1nsu1at1ng
n.material 66 is-cut-away above the platlnum 5111c1de
'__Schottky diode 60 and a layer of phase change amor— .
phons materiai 68 is deposzted 1n the open space to
ﬂ-iS-F-form a.cell'ot_memory.reglon_ss of the c1rcu1t 52.
| 'hiAbove*the ceil 68 is_aithinfconductive'bar:ieri
Iayer 70,'pfeferablf'made.of'a_fef:aoto:y_metal or
metal alloy 11ke Tz-W._ Above this thinICondoct1§e
barrler layer is the layer of hlghly conductlve
20 metal such as_alum1num formlng the X_axls conductor‘
The po;tion of.theiafraj_soeshown in Figs. 4
and 5 is formedhas'descf;bednabove on a selectively

doped'crystal.semiCOnducto: substrate 54 whiCh.can



»

a silicon chip.. As stated above, the substrate 54 is shown as a betyﬂé _
hcon substrate having the epltaX|aI | ayer 64 of N-type silicon formed on
the top of the substrate 54. Al so.as shown, ex- -5 - t endi ng .t hrough the -
€pi tgxtal layer 64 is a pair of |solat|gp channels 62, one paH’wi each _'g
' rom10f- circuits 52 which serve to divide the epltaX|aI | ayer 64. into
etectronically isolated regions be-.tween which the epitaxial layer 64 .
forms part of 10 the Y axis conductors 56 of the array. Low resistance*
connections are made to the ends of. the- N+ Y.axis conductors 56 in a .»
‘conven- tionabendl [sidisan ey tﬁscﬁtqtﬁﬁrﬁP?Mere§h6n§uPﬁFéaFﬂe epi taxi a
-l ayer dlrectl%iabove t he | ower n

~ be  added over J%ndi@ &hP laileﬁ'spo‘é%%ﬁ’eﬁg%%rs'ﬁhﬁt’éég 8 188own in Figs.
4 d>5 h - d f di ff d
egions (not SMBwap e e 1 ot 0 f%cé'%fﬁa‘éﬂfs‘pgﬁmﬁw Bical row
f Il h F T | h the . =
kel ot hnceor HeD et o iond hdtiheq (3477 ALES AL WRGLEY pRLCLI NS (0
_'to avoi d %Pd“@édalﬂa'éﬁ?dd&htéﬁtf25¥t£9fal layer 64 is a pair of o

'1solatlon channels 62, one pa1r for each row of

-

fc1rcu1ts 52 whlch serve to dlv1de the epltax1al
'layer 64 into electronlcally 1solated regions be— -
tween whlch the epltax1al 1ayer 64 forms part of
10 'the Y axls conductors 56 of the array. | |
c ' 7 Low reszstance connectlons are made to the
:wends of: the N+ Y ax1s conductors 56 1n a conven--
"tlonal well known manner by dlffus1ng N+ reglons
:1nto the epltaxlal layer dlrectly above the lower
| 15 FN+ reglons. Conductors (not shown) may’ be ‘added :
over. 1nsu1at1ng layers deposlted over the sectlons '
shown 1n Frgs. 4 and 5 with conductlve flngers
- maklng connection to spaced N+ diffused regzons '
(not shown) between the varlous cells in each ver-
20 . tical row of cells shown 1n Fig. 4. Thls addi-
Ttlonal technlque for lowerlng the res1stance of the :
'_connectlons to the N+ Y axis conductors 56 are not

shown to avozd unduly compllcatlng the draw1ngs.

‘not shown)” may--



The IaLeraI extent of each menory circuit which reduces the" packi ng, den5|ty(}£;)
i s one feason why. an al |- deposited film menory ‘matrix of menmory cir- cuits

‘to be descrlbed in connection with the de- 5  scription of Fig. 11 and .
ut|I|2|ng a hin f|In1rect|fy|ng devi ce or agtfhnsistor isolating device as-
‘illustrated in Figs. 13 ‘and 14 has-a nuch gréat- er packing density . than
“that readily achievable with the array shown' in Figs. 4 and 5. In.this 10
reépect the center-to- center dlstance betmeen adjacent circuits or cells
.52 |s‘30 m crons.--which is, m crons i.n di stance

for the cells.in the d??%rléP?rﬂ v?EEeEE QEoﬁﬁCF mﬁWﬁEY fl§°u&F|I|Z|ng the -
lith h .

e or e onP oY YRS A8ayebh KGR b5k ERGIARHIED, 1B BhACEHRC WO 10

i nsul ati ng. mateeri g éﬁ] ﬁn%{@gdbhfﬂ ﬁétyvﬁgghgeB?ShEh\BQ Eﬁ‘fu eri ng,

pl asma deposi'tion or oxl dation~tec ues, 1n openi-ng. 72

P 5 TSNTEETES g ueRoREoth o confgsTRS b, soEvag ol
s"”‘t i'oni ¢ 35 r%éEf%tfﬁhféﬁnFi@? Eluahauﬂthﬁiﬂin§05”tﬁﬂnt?Ql%
a .rectlfy1ng dev1ce or a translstor 1solating dev1ce
'as 111ustrated 1n Flgs. 13 and 14 has a much great-
er packzng dens1ty than that readlly achlevable
with the array shown 1n Flgs. 4 and 5._ In thls
.lO-“Hrespect, the center-to—center d1stance between
| ._adjacent c1rcu1ts or cells 52 1s 30 m1crons whlch“
"_1s, however, less than the 40 mlcrons in dlstance__
- for the cells in the prlor art dev1ce 10 shown in
. Figs. 1- 3, utilxz1ng the same llthography tech-
15 'nlques for each dev1ce. S |
Further w1th respect to the formatlon of the
Vmemcry circuit 52 shown 1n_F19.-5, the laye; of
'._lnsulatiné matefiall66lisfforme& by chemicalnvapor
'de9051t10n, sputterlng, plasma de9051t10n or ther—
2o_l mal oxidat1on technlques, in’ an opening B
72 thereln, under the;memo;y :egzon 68 wh1ch is
.formed'dsing'conVentional'éhotoeresist-masking.and'-
'Jetchlng technlques.ti' | _ _ |
The barrier layer 70 serves to ‘limit ionic

25 mlgratzon from the alumxnum layer formlng the X

arrier layer 70 serves to- |



. . L -
X3- axi s conductor 58 which would tend to degrade the non-resettable ¢
or pheus- materi-al form ng the cell 68 as well. as exposed di odes 60
sewhere in the array. 'In-this way bands of aluminumforming the x 5 .
ax s conductors 58- make el ectrical connection through the underl?lng bands
af "barrier layer 70 to esta- blish el ect23cal contact with the cell's 68 of
‘the various circuits 52. The | ayer .70 al so allows a hi gher processing .
“.tenperature for the cells 68. 10 - Setting or read current. pul ses .a
fed through selected circuits 52 by .applying suitable threshol d voltagéséof

D L@ Rl bt s7EpRARCHAE Kem U LU GPVRINA OFS BaPlcPpB0 | 171
barrier diode ﬁgntggggqtgglgh%ﬁ Iayer%ghﬁ%e Om/f§$h€?§oeiétgg Elatlnum

silicide region-and the epitaxial hé cons ructlon

‘just describedggf 18 @efiqUials 5§ﬁ§*¥§%?§?¥%ﬂ£gﬂ? %Jw%éréhfnctﬁgUIt 52 20 ”..:%

.is limted by the spacipg of t ann whi.ch as shown in_
Fig. 5is apprgsiag el ¥n3Q@nTisChnS banld¥ ok S{ANREn R §9rﬁlﬁéotﬁeb9t veen

i'sol a- tlon channefs is -al so the center-to-center distance
- .5 ':axls conductors 58 make electr1cal connectlon through

| . the underlylng bands of barrrer layer 70 to esta-
.bllsh electrlcal contact w1th the cells 68 of the
l rvarlous c1rcu1ts 52. The layer 70 also allows a{_
lhlgher process1ng temperature for the cells 68.
H”ld | _ Settlng or read current pulses are fed through
'iselected c1rcu1ts 52 by applylng sultable threshold
"voltages of pos1t1ve polarlty across the X and Y
ax1s conductors 58 and 56 so that current passes in
a low res1stance dlrectlon through the Schottky
':'15 | barrler dlode 60 formed at the 1nterface between.l _1
ithe assoc1ated platlnum srllc1de regxon and the
-depltax1a1 layer 64 below.*“
Wrth the constructron just descrlbed of a.
'c1rcu1t 5? the packlng densrty of the c1rcu1t 52
20-- is lxmrted by the spacxng of the lsolatron channels
-62 whlch as shown 1n Flg. 5 is approxlmately 30
microns. The dlstauce of 30 microns between 1sola-.

: tron channels_ls also the-centerfto~center dlstancet-"



. * L
- 24 ,\betmeen adj acent circuits 52 I n the array 50. This distance, it _
will be noted, is less. than the 40-m cron di stance between the isolation- ¢
channel's 67 in the conventional prior art. device 10 utilizing a 5 | at er al
fuse on. a bl'poi ar substrate as shown in Figs. 1:3. |n accordance- W|th t he
‘teachi ngs of the pre- sent inventionT #he nenory reglon 68 i's.made of" a
sett abl e- substantial |y non- resettable phase chan 10 . material -having
desired ther nebetngesl adiecent @Hareritsi bRi da - t e aht 20+ al Thésn be
sel ected as desired from:the oup of chal cogeni des,. as descri bed bel ow. .
Preferably, th‘élﬁﬁéé‘seah&ﬁgé’laét e motedsudf deas thhanstheedd body has a
maxi mum | ong tern1stora tenperature of 175, or- even 200, degrees
“centigrade or BieEpp di I’i‘cﬁeﬂetd'ée%“s'ﬁhﬁt |1|$Q]f?e¥t’e9‘? #harpels| 6% egi ons of
cirecuits in an, arrgg vari ous, Ge:Te npterials were devel oped ‘havi ng. | ow
‘reversihility bp t aﬁ&nM&Q&%Qﬂﬁ1 RYLQRd a4y iGeY ire i FQp el haLREl dand - )
el ectrical chaiacterlstlcs Sucq%*on resettable naterlals haye the fornul a
[err]:[err? ptepals fyse omd BBl X pENLSRT Ak 4)'5|§ Nt bno at'om ¢
percent, one ngterlal %elng [err] Such a f|In1of cel |

'In accordance w1th the teachlngs of the pre-'
sent lnventlon, the memory reglon 68 is made of a
"settable-substant1a11y non- resettable phaee change'.
3 16: -materlal hav1ng de51red thermal ang- electr1cal |
| ;characterlstlcs._ These materials can be selected

-tas desired £rom the group of chalcogenldes,.

as descrlbed below. :

- ' Preferably, the phase change materlal is’ such that the

-'_;srccell body ‘has a maximum 1ong term storage temperature of
' ?hl?S, or even 200 degrees centlgrade or greater.'

. Wlth GeTe as a. startlng mater1a1 for cell
'reglons of c1rcu1ts in an array._varlous Ge: Te'
"materlals vere developed hav1ng low rever51b111ty

_20 ' -and resettablllty and hav1ng.des1rab1e thermal and
'”electrlcal characterlstlcs. Such non-resettable
3mater1als have the formula Gea.Teb vhere a is 30 to
100 atomlc percent and b 1s 70 to ) atomlc percent,
-'pone mater1a1 belng Ge70Te3o.' Such a fllm of cell
d2§u- materlal was dep051ted ‘to form a cell or memory

reglon with-a thlckness of 1000 Angstroms._ Such

cell reg1on was set in a permanently conductlve



N

material was deposited to forma cell or nenory region with a * &
<ness of 1000 Angstrons Such cell region was set in a permanently _
souductive  state by a5 nllllanp curre pul se having a width of 7 to 17
n1II|$’eonds This current pul se rai sed~the tenperature of the cel | abové -
its crystalline tenperature which-is [err] cau5|ng a-rapid forma- 5 tion
of conductive crystalline filanent. The bulk material nelting point is in-
~.excess of [err] so that there is no chance of. the mat-erial beconing reseb“_/
_to an anorphous state, and ‘an extrenely ther- mally stable, radiation "\
resi stant cell. siegterby sa 19 mzblbampedurfentapumserhSEIngueruﬂﬂthnd hlgher
OFF resis- tance -than the above material, a cell region can be formed of -
[err]. This rmuoi|1utmab7amibhesecoyés-tawhisacuonenenpeiaeum@h@eqewr]

‘resulting in a 15 lower SET current to_ place.the material of the cel
its crystalI|rmttht#m@E#Q¢$¥e|@fhtbﬁl9eé nabguet i¢s, Céﬁétﬁﬂélﬂenperature
stability théereof is still in excess:of [err]. -The OFF state resistance -of o

~ this material  itenpeFRtureayhigh 1&r340fnt causdng p spPid formisr cel
| narerlal qynrphﬁgfqggrconductlve crystallxne fllament. The bulk '
mater1a1 meltlng p01nt is in excess of 750°C so
that . there 1s no chance of the materlal becomlng
-_reset to an amorphous state, and an extremely ther-
_ mally stable, radlatlon resrstant cell regzon 1s
_flb""prov1ded.- | o | |
- For a lower SET current ana hlgher OFF resls-
tance than the above materlal. a cell regzon can be
formed of GEGoTe40. Thls mater1al has a lower crys-
| talllzatxon temperature of 270°C resultlng in a
15  lower SET current to place the mater1al of the cell_
in 1ts crystalllne form where 1t 1s hlghly con-
ductlve, and the temperature stab111ty thereof is
st111 in excess of 725°C._ The OFF state resrstance.
~ of thls mater1al is hlgher than the Ge7oTe30 mate-
-20 r1a1. N S S
) A further cell material, amorphous Ge45Te455e10
-has de51rable characterlstlcs for use in the pro-
”grammable arrays. - This materlal has a 11m1ted |

number of.reversals on the order of ten or less.



has aesfrébre charaCteriStics for use in the pro- grammble arrays. This _L{L
mat ef.ial” has a |inited nunber of reversals on the order of ten or |ess. \
26 The maxi mum processing tenperature has?Begn found to be approximtely ..
[err] and th® nmaxi num storagé tenperature has been found to be about [err].
Ot h- er: chal cogenide-materials can be utilized.in ac- 5 cordance with the
i-nvention. -Also accordi:ng.. to.the preferred enbodinents of the present =
i n\enfion,. th&hhamaxtnuRgPIPNeSS g ckeBPrERtiLse has heenrafelrdl mte-
rial.%ﬁntaIning at 1east one of silicon, germanium or: carbon-which.also can
“contain hydrode bexgpproxdmatedd #59PGopnfe theomaximymeskaraseal s from -
which the cells can. be fornmed is-silicon_and carbghn with a range of up to
1100 at oni ¢ pertemperatbse das thremafaned P heopbout 2Q§2G.t hOthvorphous
‘material. is 100 atom ¢ percent arorphous carbon, at 15  _least a portion of -
this material €nrehagcrsendde matenhadft €an e A khbFedr 18t 8SCurrent -
pul se with-an appropriate- threshol d vol tage i nposed’ across the nemory .
region, irfto cePH@aNFeevwdtdpiihe inyenpiePerred material from which the
cell or 20 nmenory region can be forned_isf! rr]... A cell
..~ . Also according. to the prefe enbodiments of the present = |
-c;'_inwﬁﬁﬁon,th;phmﬂacmﬁgenhtaﬁaltﬁfaLkwrcaahezatéhmhﬁhalﬁaur-:_
_ :iai_éontaining’at.léast one'of silicon, germanium
| p:;ca:boh whiéh a1s6”¢anfcoﬁtain hydrogen, oxygen
10 '_énd/of fidoriﬁe.l One of ﬁhé_materials.ftom which
" the cells can be fbrmed.isfsiiicbh_apd_catbdn'with,
.a range of up to 100 atomiq_percent.carbon'
" and the'Baiahcé silicoh._;_  When.the émofphous
..materialiiéuloo'qtdmié,petcéht'émprphous carbon, at
15 . least a portion of this material forming the cell
is'cdnverted,'bY'an appropriate current puise with
an appropriate threshold voltage iﬁpgsed across the
";imemo;y_iegion)'into'conducfiQe.graphite;.
. One prEEerred'materialgfrom which the_celi or
20 - memory region can Be:formed'is:Sisocso;' A celi -
made p£5§his.material is-éﬁbéténtiallyiirrgvers-
‘ible, i.e., substan;iallyrnqn4resettable. This cell
.mate#iai.has a maximum processing temperature bf'up



"of this material is substantially irrevers- ible, i.e., substantially.
‘tesettable. This cell material has a maxi num processi ng tenperature of
-27- to 5000C and a nmaxinmum storage tenperature of from[err] up tq -
spproxinately [err]. ‘Devices made .fromthis material’ can have ‘a ® hreshold -
“voltage of eight volts. The SET resisjance can be |ess than 500 5. -ohns
and an OFF resistance of up to [err] ohms. Silicon or gernanlun1alloys -
- produced. by glow1d|scha e or . plasma: deposition technique, have propertle$,/'_
and charactert@t5@@ i @ RAXHBYR Storpge damperatireof EreMsych '

material is a_si i.con oxygen material mhereln I he oxygen s up to 5
“atoni ¢ per cent0@ g PEetSMQQR%g'§m§FP Ebﬁo Q*1cﬁﬁykﬁ%§eﬁgaﬁ AFEOB i al”

being [err] O her materials or. alloys e f from onpo nd gases
such as sil ankbisi maEes iad (can Bavef% Hvafﬁﬁ%ﬁ Ofner8ft ng cel |

amor- "phote phg Ezchiﬁger?#&ﬁ“?%??ﬁ - GRS (LSP hEBRRnS bﬁén.'n??o'thé;‘
?ﬁsbrgd t |ckngss an engOrespo%gHagmgfwhlqggefogan be those descrlbedy
| | B Slllcon or german1um alloys produced by glow.
drscharge or plasma dep051tlon techn1que, have _
propertles_and characterlstlcs,srmllar to those.of
"dtﬁe SiSéCSb material;-'Oneﬂsuch'material.is a silf'
-:10. icon oxygen materlal where1n the oxygen is up to .
| 5 atomlc percent and the balance y |
is. szllcon a w1th ‘one preferred mater1al be1ng
sig505._ Other materlals or alloys can be formed
from compound gases such. as sxlane, sxllcon tetra—“
- 15  fluoride and hydrogen.r" |
| - In formlng cell 68, the openlng 72 is first
.nasked by a conventxonal photoreszst.._The_amor-'
phous phase'change-material-ls*then deposited into,
the-opening to the:deslred.thickness.:yTne de- h
“20 position techingues.can-be those'describedﬂin'U.s;
| :Eatent Nos._A le 574vand'4“226'8§8. One exemplary_-
'deposition . process is’ a plasma deposztlon from
- 81H4 whlch can. 1nclude a d11uent such as argon gas

;n about a one_to one rat1o.- The substrate is



. »

Patent~hbs ~4,217,374 and -4, 226,898. One exenpl ary deposition process

'S a plasna dep05|t|on f.orom Si H4 whi ch can. include a dil uent such as argon - q‘
gas in gbQut a one to one ratio. The substrate i.s heat ed to beIOM/the o
mel ti ng'terrpér ature of the photoresist, fﬁ%xanpl e less than 150 B
centlgrade Bet ween 500 and 2000 angstrons of cell nmate- rial is dep05|ted'ﬁ

at an Joperating frequency of 5 about 30 kilohertz, wth about 800

.ang oms pro: ducing a threshol d.voltage of ei ght -volts. The

Bopost o6 na preietSRS SbEPed AL ROECLRG Behpely bELCLUR LR 10
varies the 10 —Ipkseboldiyel!fop coaubisd1besseh ahfsabagene'igwaemt erial
he silico

into the conducti state mat er1 al escrlbe esséntially can

f“Ot be reset. Setting ﬁ@@w@@ﬁr9@@uanaateooahn§eﬁabﬂg bhecE§h|m&%QL0” 68
into the crystalline-conductive 15 state for. the Ge: Te: Se alloys or the

Si conpound al | oyﬁxalsmy@ep@titeacsanahlébedab!naafsegueacqublfent t hrough :
the material having a value of between 10 microanps and 10 nillianps - with a: .

t hreshol d volsageabéuabwtkBlabéttzapwithdabbatesoozangstcbms pebn-od of
bet ween 1 n1crosecond and 1 ml-
: ducxng a threshold voltage of elght volts. The
'-'photoreSLStance 1s then strlpped off and the bar-
rier layer 70 15 depoSLted as preV1ously descrlbed.
Varylng the thlckness of the cell 68 varies the.
'lO ;threshold voltage requ1red to set the phase change '.
| mater1a1 1nto the conductlve state. The 5111con
mater1a1 descrxbed essent1a11y can not be reset.
| . Settzng-the amorphous materlal formlng the
-cell reglon 68 1nto the crystalllne-conductlve
15-'-state for the Ge Te: Se alloys or the 81 compound
alloys, is typxcally accomplxshed by pass;ng a
cutrent'through'the;material having a value of
'between 10 mlcroamps and 10 mlllzamps w1th a.
threshold voltage of about 8 volts applzed thereto
20 .for a perlod of between 1 mlcrosecond and 1 mil- -
| llsecond. | | |
The materials of-alloys described-above .pro-
f'v1de cell or memory reglon materlals whlch have a

._:stable, hlghly conductlve state and . a stable, hlgh-
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% "

"lisecond. The materials or alloys described above pro- vide cell or nenDry
region nmaterials which have a stable, highly conductive state and a stable
hi/g! | y non-conductive state. The non- ‘conductive state is '
ttially non-resettably switchabl to the 'stable, hi ghl'y dbnductlve
stut€fby applying a cur- .rent |linited voltlage pul se or a voltage limted 5
nt- pul se across-the cell region exceeding a predetermned 'threshold
| evel . - The celtl remains in the highly conductive state even in'the abseny
of an applied vol'tage or current and. under -all oper-_ ating conditions. '
Referring now 1g hogscondactie. state i s Te namqenductie St ot her L
enbodi nent of a program -mable array 100 made in accorgance with the teach-
i ngs of the preseﬁubﬁmﬂaﬁﬂﬁdﬁy'ﬂﬂ??ﬁQQﬁF?EP}Xrﬁwkﬁ iRt 18902 each
of -whi ch includes.a cell ‘15 104 nade. of -anorphous éiyx) material of the
type descrlbedséBééévaﬁdgdﬁy'§QQQHQﬁjWﬁaﬁ§i§%. Y9 RiFU T effect

transistor device 105 Qf the | pe.which is ype silicon. B
substrate 106 &8Nkhildmiked: af(% PP ocfrma% Jo%gae&e PJ'IihlEeecaarray 100
-|ncludes ag X aﬁ&%eﬁﬂﬂgdlse across the cell reglon exceedlng a

predetermlned threshold level., The'cell remalns in
" the h1gh1y conductlve state ‘even 1n the absence of
“dan applzed voltage or current and under all oper-
_ at1ng condltlons. | '
'_1d: d*' : Referrlng now to Flgs._7 and 8, there 1s 11- C
| .'lustrated thereln another embodlment of a program-
mable array 100 made in accordance with the teach-
1ngs of the present 1nvent10n. The array 100 in-
o cludes c1rcu1ts 102 each of whlch 1nc1udes a cell
- 15 ':104 made of amorphous alloy materlal of the type
-descrlbed above and an’ lsolat1ng dev1ce 105 whlch |
Els a fleld effect trans1stor device 105 of the MOS
type wh1ch is formed in a P-type 3111con substrate.
106 on wh1ch c1rcu1ts 102 are formed._'
20 - The array 100 1ncludes an X axls alumznum
Conductor 108 which is connected to one 51de-of_the
'cell or memory region 104. ‘The other side of the

cell 1s coupled to an N+ d1ffused dra1n-form1ng



* * ’
conduct.or- 108 which.is connected to one side of the cell . or nenory region
104. ~The -other side of the cell is coupled to an N+ diffused drain-formng -
r egi on 11Q in the substrate 106.  The supsigate 106 has ‘a Y axis conductor
111 thereon dbove a source region 112. of Yhe field effect transi'stor 105
dif- fused in.the substrate 106. In addition, a Y axis 5 'gate forning
conductor 114 |s dep05|ted on an insu- lating layer. 116 on top of the- )

trate 106. As.shown, .in the- construction of :the array 100 |nclud|ng t he

'Cell 4 and f'9|£’e§fiéﬁcim/0§rxtvﬁe suB8Erater 1865 i Theosubdtiratehdos |
substrate. 106. 10 "~ Spaced apart parallel N+ conduct|V|ty bands 110 and-112-

are diffused in thesupperaxbgi condictbe 3LD- theraba ab6vehar sburce form
respectively parall'el MOS-type device source-forning regions 112 and
drai n-forning regientod 1012208 thewfiehdi effiectl tnatnSistoomidn diiflr a
circuit 102. Continuing the fornmation of the circuit 102, parall el gate
‘insul ating regi onfused inrwke. ahbsheatab%95ateImoaddsGénnasatNeagase :

i nsul ating |ayer 116. - Such. i nsul ating | aye ‘be silicon oxide or. 20
si'licon nltrlﬁe !S?%gf%F@HFGa%P%dBﬁB?é iiéléﬁ apRPASedng@n an insu-.

1at1ng layer 116 on top of the substrate 106.
_ " as shown, 1n the construotlon of the array 100
'-.- :"'.' 1nc1ud1ng the cell 104 and f1e1d effect MOS-type
| " transistor 105 is. formed in the substrate 106._
':10__ Spaced apart parallel N+ conductlvity bands 110 and
”:"112 are dlffused 1n the upper reglon of the sub—'
_'strate 106 thereby to form respectively parallel
'MOS—type dev1ce source-formlng regxons 112 and |
.draln-formlng reg1ons 110 each of whlch is used 1n -
15' common w1th a c1rcu1t 102.
) | Cont1nu1ng the formatlon of the c1rcu1t 102,
' parallel gate 1nsu1at1ng reglons are formed on the
'substrate 106, such as the gate 1nsu1at1ng layer
.116. Such 1nsu1at1ng layer may be sxlzcon oxlde or.
_20. _sillcon nltride. | | | A
| Uszng a suztable photo-res;st masklng and'
'etchlng technlque, the Y-axls conductor 111 is
_formed for maklng e1ectr1ca1 connection to the

-source-form1ng reg1on 112 and the Y-ax1s gate—



et chi ng technique, the Y-axis conductor 111 is formed for neking el ectrical
ection to the source-formng regiron 112 and the Y-axis.gate- form ng
ooductor 114 is formed by vacuum deposi -- ting or. ot herwi se on the :
\NS! <}"‘tl ng | ayer 116. Such conductors Tél\ and 114 can be forned % .var-.
~ious-paterials and are typlcally formed of poly 5 silicon. Lom1re5|stance

.connections are made to the Y axis conductor 111 and:Y axis gate conductor"
114 in a conventional nanner. Continuing with the fornatlon of- the array
.100, an insulating l-ayer 122:i S now vacuum depos- 1 ited or otherws

formed on the ggpnsHg aeﬁaattbte gub%.tsr Hog med b f%&mféé {her eof iS.- )

cut away to | eave an“open area above the. drdin regions A layer of

- platinumis thegn eaesbtﬁérwiiseh%nol%% %%%ﬂa&tl N LR 1108, of the | ayer
of ‘insulator 122:15 and on the top surface of t'he’ substrate 106 which i's

then heated tostehnmcongbatorsniail apdda 14e@aen be‘fcerﬁéB QE apphim c (rather . .
than a .Schottky bar--rier diode) region. - An etchant l:ike Aqua Regia is -
then. used to reansemaheréadesandlaten&wpﬂmﬂayyﬂfdﬂhedtdﬁfpﬂrylnuntsllICIdef
‘regi on 124. A | ayer of the nenory material 104 is.then deposited in and
“about = 5 5111con.' . Low resxstance connectlons are made to '

'the Y axls conductor 111 and Y axis gate conductor'
| 114 1n a conventlonal manner. | | |
Contlnulng thh the formatlon.of the array
| 100, an 1nsu1at1ng layer 122 1s now vacuum depos-
10 ':1ted or otherw1se formed on" the top surface of the
| 1dpsubstrate 106, and a portlon thereof 1s cut away ton
-'leave an open area 120 above the dra1n reglons 110.L
'A layer of platlnum 1s then dep051ted 1n the open '
area between portlons of the layer of 1nsulator 122
115:. and on the top surface of the substrate 106 wh1ch
| :f is then heated to form a platlnum 3111c1de reglon
'124 formlng an ohmlc (rather than a Schottky bar- :
';rler dlode) reglon. An etchant 11ke Aqua Regla is
then used to remove: the excess platlnum, but not
20 the platlnum 5111c1de reglon 124. A layer of the
memory materlal 104 1s then deposxted in and about
each openlng 120 1n the layer of 1nsu1at1ng mate~ -
| r1a1 122 so as to make good electr1ca1 contact w1th

the plat1num 5111c1de region 124. A thin barrler _.



each gpenlng 120 in the Iayer of |nsulat|ng mate- rial 122 so as to make
good €l ectrical - contact- with the.platinumsilicide reglon 124. A thin
barrler'ky |l ayer 126-i's then deposited over the insulating Iayer 122 and
the drai‘n redton material’ 104; such "t hi n Hai er- 126 preferably being nade.

of a mate- rial-like Ti-W Then a'thicker Iayer of conductive 5 netal

such as aluminumis deposited to formthe X axi's conductor 108. AS shown in
Fig. 8, this-array 100 Yncluding“a ceII regi on 104 nade of anDrphous _
matert™dl of the type de bed and e field effect 10 ' :
transi stor 105 fo?!l : |1s°’ol %flgs‘@g g?*c’tﬁq 102 has a -
| at eral extent of ,2: | C v 40 n1-
‘crons of ‘the pr| orl &Ftr I :‘Iglg"seequﬁs)in %ﬁ%m VI C€ {{) ﬂﬂ | n Fi gs. -
and 2.. 15 h gfgg | t | shown |n:
. Fig. 8 is.illust r?}’ & l%reg‘lﬂ er reltgégg wset%i |l€€d& %g_t here is.

_|IIustrated therelq fuifgglfiuw1amyﬁgd ék§5¥3gé¥j1gyékféfrgéﬁd@yf§@g made
i n accordance mnth ahe 20 teachi ngs of .the present” i nvention which -
eI i mnates the pr ﬁl\ét%‘l5|s\udh‘35a@ 'él%ld'hfm L!Es Cdbp‘d@i‘lﬂﬂi Sto fﬁrm the X
| --'axzs conductor 108. - o |
: As shown in Flg. 8 thzs array 100 1nc1ud1ng a
- cell reglon 104 made of amorphous mater1a1 of the
ftype descrxbed above and a MOS-type f1e1d effect
_lo“.ltran31stor 105 form1ng the 1solat1ng dev1ce of the
memory c1rcu1t 102 has a lateral extent of 21 mi-
. crons whlch is very much smaller than the 40 ml-'
crons of the prlor art lateral fuse-type PROM de— ;.
vice 10 shown in Flgs. l and 2. - :
115"': A schematlc equlvalent circuit of the c1rcu1t
'102 shown in Flg. 8 is 111ustrated 1n Fig. 9.
Referrlng now to Flgs. 10 and 11, there is |
1llustrated there1n two - cells in an all-dep051ted
tthzn film array 154 made 1n accordance w1th the _
20 teachlngs of the present 1nventlon wh1ch elzmznatesl
-the prev1ously descrzbed d1ffusxon channels. As’
shown._the c1rcu1ts 152 of the PROM dev1ce 154 are

;formed on a mazn substrate 156 1llustrated in Fzg. _"

[




ftrate 156 illustrated in Fig.

\f\ﬂ, the circuits 152 of the PRQOM devi ce 154 are forned on a main * ®
)

deposited a | ayer of an insulating nate%é%> 158. In this re- spect, the
mai ysubstrate materiab 156 can be a substrate and. the i nswating.

‘| ayer-158 can be 5

- .

~On top of this main substrate.is

- very thin so that heat. generated in other portions of

“the menory circuits 152 deposited on the insu- |ating | ayer 158 can be _
di ssipated in the heat sink forned by t he netal substrate 156. Such - =2

i nsul ating | ayer 158 can be - i 1icon di
| ayer -of - i nsuldgkdi n 9&&%9 HB%BS g
160 which for

"154. |In accor

~ P-N junction
all oy are dep

i sol ati ng rec
| ayers 20 16

mat eri al
naterial

10

157
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of the memory circuits 152 deposited on the insu-

ayer I nsul ati ng

" of thbr-i
ScrpBs 3 9PBeiEBAaRct or bande.
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N+ and P+

of

latlng-layer 158 can be dlssxpated lnithe,heat_s1nk_

 formed by the metal substrate 156. Such'insulating'c

layer 158 ‘can be made of silicon dloxlde. -On top

"of the 1ayer of 1nsu1at1ng mater1al 158 .are depos—

. 1ted parallel conductor bands 160 whlch form the Y

axis conductors 160 of the memory matrlx of the

harray 154.

In accordance w1th the teachlngs of the pre-

- sent 1nvent19p,_a_P-N Junct1on:dev;ce made of lay-

_ers'of amorphous semiconductor material or alloy

- In this respect,fan isolating'rectifier'deVice 162,f

are deposited on'toﬁ of the cOnductor bands 160.

is formed from succesSively'doped”N+ and P+ layers
164 and 166 of amorphous alloj; ‘Then a 1ayer of

insulating“material-170'isldeposited_over_the sub-

- strate'iSS and the layers of material'lso 164'andﬁ .

166 thefeon.- Next, an open space 169 is cut out in

the area where the platlnum 5111c1de reglon 168 is. |



166'thereon ‘Next, an open space 169 is cut out in the area where the
platlnun1S|I|C|de region 168 is = -34 to be formed and such platlnun1.]
silicide region 168 is fornmed in the manner described above. Then a film

. pha§é-change®subst anti al [y ndn- resettable anor phous material is dep05|ted
to form5 - a cell or memory region 172 ih 3he~manner described above.

~Then, a-thin layer ‘of refractory barrier- formng material |ike mol ybdenum
or.a TiWalloy 174 is deposited on the |nsulat|ng Iayer 170 and the:nenory.
re 172. . Next.,. a thicker layer -176 of 10 conductive netal such as

alun1nun1|s depbelbedfovaedthedreﬂcbnphqtnnﬂm|swl#aﬂdﬂrnpqr9@r1&84 to form
an X axi s conductor 176. The platlnunlslllc1de region 168 may form an
ohni ¢ contact olsséﬁémﬁﬁy1Baﬁhﬁemamﬂﬁérﬂ@ﬁ?ﬂmhﬁﬁ Q¢h¢ | y doped out er

- anor phous 15 . alloy layer. As_shown in Fi 11, the center-to-center’
di stance between theTBPD-ﬁlﬁ#ﬂ@eﬁééP@é§QH naes supstantial Ly gh@nwhi ch -
provides a very high packing. density,:- a, mepory  cel’l density. of

“approxi- 20 “nmafesglyablpepMPropOUS m§$q§%§ﬁ)1s deﬂﬁ%ﬁ?%daE%oﬁﬁFFshed as'_'
shomn |n Flg 1% ggglagrdﬁngrge%e%g%mff@& Tﬂ“éﬁ%‘ﬁ%ﬁhé} descrlbed |
above. Then, a thin layer of refractory barrler-'
formlng mater1al llke molybdenum or.a T1W alloy 174 -
is deposxted on the lnsulatlng layer 170 and the'y |
, memory reglons 172ﬂ Next,'a thicker layer 176 of
r10 r.conductivelmetal_auch'aelaluminum is deposited °V¢r_
the refractory.barrier—forming'layer'174'to'form an
X axrs conductor 176. The platlnum sxllczde reglonl
'~168 may form an ohmlc contact or Schottky barrler'
.rnterface w1th a llghtly doped outer amorphous
15 - alloy layer._; | ' |
_ As shown 1n Flg. 11,_the center to-center
d1stance between the all fllm dep051ted c1rcu1ts _:
152 is 8 mlcrons whlch prov1des a very-hlgh packlng.
,densxty, e g., a memory cell denslty of approxl-

-zof_.nately 0. l mi1? (1 e. 64 mlcrons ) Thls is acccnp&ished as dmmmnln
Fig. 11 and as descrlbed above by hav1ng each cir-
__cu1t extend substantlally vertlcally between the X

~axis conductor 176 and the Y axls conductor 160.



cuit extend substantially vertically between the X axis conductor 176 and e

- thte_YNaxis conductor 160. °~ -35- The diode 162 utilized as.an isolating
dayiee} can have a first region and a second region the" regions abutting.

' other to forma Junctlon t herebetween and the first region baing nade

' ﬂ an 5. -anorphous all oy including SI|ICOﬂ and fluorine. Preferably, the
annrphous mat eri al "al so cont ai ns hydrogén 38nd i s anorphous [err] where a is
be- tween 80 and 98 atomic percent, b is between:0 and 10 atonmic percent

~.and c is betmeen_O'and 10 atom c 10 percent. The anorphous- et eri al

Nos. 47217574 and 4. 55 Bisre fﬁfe%t1Sé@?@a%‘ﬁi%ndﬁégéﬁi‘?%aggs#a?errﬁf‘éﬁ.”tal s
f high - ,
a1 octing 1 ho. afrDIeRte Of e 2P fh atdC B?%E%QSE%EP?‘S& 5 ahedral

h h I -
Poet st anceand. A Mt %?%“ﬁ%?ﬁ?ﬁiéﬁ.g B B MRS STl o diode

162 dggigg al | OW%EM&&@%M b&éehmhpealahf Beihigo nblde fdrvaard bi- ased

5 amorphous alloy 1nc1ud1ng 5111con and fluorlne.
'.Preferably, thegamorphous mater;al also contalns__
hydrogen:. and is ..amorpho_u:s' s'i-a_rbn'-c: where a is 'be“_-'
'-tween 80.and.98 atomio'percent, b'is between”b and
.10 atomlc percent and o 1s between 0 and 10 atomlc |
:ﬂiO '_percent.: The amorphous mater1a1 or alloy of the
-diode'162 can’ be formed 1n a manner-descrlbed in
iU'S. Patent Nos. 4 217 374 and 4, 226 898. rItfap* ‘
'pears that the chalcogenlde materlals form a’ h1gh
resxstance phase change cell 172 whlch can ‘be set:
15 w1thout affectlng the amorphous diode 162 ' When
| ;the plasma deposxted tetrahedral phase change cells
'172 are utlllzed 1t appears that they have a large
re51stance and also form:one or more ‘reverse b1asedt
diodes to“that'of diode 162 again allowing them to
'dzd | befset Without'affecting the forward biased'diode'
162, ) o
The flrst reglon of amorphous alloy in the
rdzode can be doped w1th a dopant materlal chosen

'from an element of Group V of the Perlodlc Table'



The f7;§t regi on of anorphous alloy in the diode can be doped w th a dopant (Eé
mat erial chosen froman element of Goup V of the Periodic Table &  such

as, for exanple, phosphorus or arsenic, and an anmpunt .of dopant material- °
constituting'ﬁetmeen a few parts per n]lllﬁgh. d five atom c percent.
Preferably, the first .region is doped by a ~of 5 -dopant material

constituting 10 to 100 -parts per m}lion. Thé'second regi on can be;a-netalhf
-a mg;al alloy or a netallic like naterial having.a high barrier height on
the TIvst region s0,85 10, CEGAlEx g@g&%ﬁ{syuea&flQESfﬁachaﬁ\amal can’
‘be chosen fromthe group consistfn at1 num- pa dium or :

chrome. The a”UrpﬁﬁM§u§t|65’d%?aﬁE*ﬁatéfianc@ﬂsﬁﬂﬂutﬁhéebé&%é&ﬁ'! be doped
wi th a dopant -material “cho- sen froman elenment of Goup Il of the -~

Peri odi ¢ Tabl e sucfevispit®rpex milliconand fiveaLohicopersentuting
‘between a few parts per mllion and five atom c percent. Al so

al ternatively, theemetarablegitie ciirde Pégionuis dbpedrrbyeamohndl'sfl mlar
to the anor phous alloy material such as to forma heterojunction.
5: dopant mater1a1 constltut1ng 10 to 100 parts per
- mllllon. ' |
- The second reglon can be a metal, a metal
-alloy or a metallxc-llke:materlal_havxng a hzgh '
- barrierﬁheight.on thehfirst:recion_so.as-to.create‘
't 10 a Schottky barr1er._-Such a metal can'he chosen
from . the group con51st1ng of gold,. platlnum, palla—
dium or chrome." _' o '
The amorphous alloy of the flrst reglon can.
.alternatlvely be doped w1th a dopant materzal cho—-
- 15 sen from an element of Group III of-the Perlodlc
| Table such as boron or alumxnum in an amount con- .
--stztutlng between. a few parts per mzlllon and f1ve
”atomlc percent.
o AISO;alternatively,.the secondaregion can be
20 made ofda;naterial dissinilar to.thelaﬁorphoUs
B alloy.material such as;to_form a heterojunction.
Referring now to Figs;{l3 and 14, there is
"'1llustrated thereln another programmable array 210

made - in accordance with the teachlngs of the pre-



ring nowto Figs. 13 and 14, -there is illustrated therein another . ¢
ammabl e array 210 nade in accordance with the teachings of the pre-.
_ i nvention and which includes a circuit 212 extendlng between an X axis
.netak*conductor 214 and a Y.axis conductor 216. -*As. shown, in this enbodl
‘menty the circuit 212 includes a cell deﬁﬂnDry 5 region 218 having an-
" anor phous material therein and an i sol ating device 220.which is a thin -
- film field effect transistor 220. As shown, the conductor 216 is a band.of :
~con- ductive material forming a_so 216 for - %Pe t-hin fllnr~J
" transi stor whi 8RNk iBVERLiER.ENG d’?‘dﬁi‘ rlé'&ld’%efz? éﬁcF"a“ Zonduct or 224.
In formng the_¢

dovvn on an- i nsﬁ?"’a’ I’-hﬁzﬁﬁ&‘j%&?‘g:;dsgoﬁ%ag gne{%.ft %’dﬁ?eu‘fﬁqurer#% '3 i ;[/vh: ?hdt he

‘band of SQ“?CExQFtEbhﬁbF%bQ [ 6wad%§xgh or 4 é@gmer'an N_=_

doped sem condlc ; opedsem cond t he
.~ band of source er jl i?gmg th qaéﬁ e 226,

- regions of drallngakat g?ka%igfgqgrleﬁ ep(l)‘glsl on %llﬁ] su "a*ate 226..
" Agai n, thg regeeﬂénZQZBOBa%ﬁb“an Mpt@uscadamfwetm:@mesﬁé (as

'shomn)

_an 1solat1ng dev1ce 220 wh1ch is a th1n lem, fleld -
effect tran51stor 220. | | | : |
" As shown. the conductor 216 is a. band of . con- |
:jﬁductxve mater1a1 form;ng a source reg1on 216 for
10 the th1n £ilm trans;stor=wh1ch_also includes a
U drain"region'ié2 and a'éate conductor 224, |
. . In formlng the c1rcu1t 212, a band of source:
g mater1al 216 1s fzrst la1d down on an 1nsulated or'
j1nsu1ator substrate 226. The materzal of wh1ch the
15 'band of source materlal 216 is made can be a metal
" (as’ shown), an N° doped semlconductor alloy, or a P
doped semiconductor alloy. After the band of source
dmaterlal 216 has been la1d down on the substrate-'
'226. reglons of dra1n material 222 are dep031ted on
20 “_the substrate 226. “Again, the_reg;ons 222 of drain
| material'can be made:of:a'metal-(as.Shown);fan N
-'doped semiconductor alloy materlal or a P doped
: semlconductor mater1a1. Nexr; a layer 228 of amor- h. )

phous 3111con alloy whlch preferably conta1ns hy-



doped sentconductor aIon material or a P doped sem conductor material . (:ij
Next,“a- | ayer 228 of anor- phous silicon alloy which preferably contains . '

_ hy- drogen and/or fluorine -is dep05|ted,.:b the sub- strate 226 between -

t he sou”“e bnd formng ¢on--"ductor 216 and e drain region-222. This

-anor phous si | i con alloy is preferably 5. - anor phous Si aFbHc where a is:

betmeen 80 and 98 atonmic percent, bis betmeen 0 and 10 atomi ¢ per- cent -

‘and c*is between 0 and 10 atomic percent After the anDrphous S|I|con | ayer

22 “been’lai d down; a layer of gate |nsulat|n terjah . as a

__%Ztte ox: de 230 i sdregendanh/ex fb\s%tnehelanéﬁpﬂé ed; Pnc &he 228 |
xt a layer.of" gate con mat er 224 i s omn Ln nd -

tending parallel . r?ﬁ% ggﬁdgﬁiﬂeﬁﬂ #gﬁ 3Pufﬁ8 ﬁEﬂPEﬁl%ﬁghatefﬁal

e e Sonract chuged: SAPsukud raeALELE! r%ﬁe%ta'zgtf‘iyéi“’ﬁ?). ol ating
material 232 is laid d@ﬂgﬁzéﬁa§§gsu§ugzgigge 8 2180 ?&@Qe rce

material 216, the |ayers and scri bed abdve an t e 20

regions 222 0§ df&h&:g@bﬁ&' étanﬁeXt’the a"q¢: ue%wees. #t @iglggabove the

_draln reglon S reno
| atomlc percent, b is between 0 and 10 atomic per-'

cent and c is between 0 and 10 atomxc percent.
After the amorphous silicon layer 228 has been
: laid down, a 1ayer of gate 1nsu1at1ng mater1a1 suchl
| 10 ° ;as a gate oxlde 230 is. 1aid down on top of the
amorphous s111con layer 228.' Next a layer of gate
conductor mater1a1 224 1s 1a1d down 1n a band ex- '
tendlng parallel to the band 216 on top of- the gate
1nsu1at1ng materlal. The gate conductor 224 can be.
'.15  made of a metal (as shown), an’ N doped semicon-
.';ductor or a P doped semlconductor.. Next, a layer.
.of 1nsulating mater1a1 232 1s 1a1d down over the
'substrate 226, the band of source mater1a1 216, the
layers 228, 230-and 224 descrlbed.above and the
:"2dh 'regxons 222 of draln materlal. Next, the. 1nsu—"
| © lating materlal above the dra1n reglon is- removed :
to form: an openzng 233 in. whlch is depOSLted a |
.t'layer of cell mater1a1 218 Lastly, a band of mate-

'r1a1,_typ1cally a metal such as alumlnum, is laid



La , a band of mate-.rial, typically a nmetal such as.alumnum is laid
- down over the insulating -material 232 and in con- tact with the
nennty region 218 and parallel to the X axis to formthe X axi's comductor ~
2147 " A barrier |ayer-(not shown) can be %%p05|ted before the con- 5.
ductor 214. A schematic circuit diagram of sone of the circuits 212. of the
“array ‘210 is illustrated in Fig. 14. It w.ll be noted that the circuit 212
of the 10 ar r@awalevebythea?‘.neuotatthg sRaErigof23Neasdui secorgi on ZIW
fromthe drain region 222 has a greater lateral extent than the circuits-
152 wherei n thetaeglwnthlﬁheanemeQ mhgmmn(ﬂlﬁkanﬂxbamaﬂlelltoethe st acked .
inline with the nenory region 172 between 15 '~ the X .axis conductor 176
~‘and the Y axi-s Xoaglist bo £60m thenﬁthauauconduntDmK214ypeAfbatdletfect :
transistors are desired for use as ‘the isolating device, the-array 210 s -.
preferred. anﬂaherfénegoshgwdéscBMpmemdegostieﬂuhainmethhe cbe-cel | 20
- of the preferred enbodlnents of the present |nvent|on haV|ng an o
_ ductor 214 LT T '

_ toé;%Lntan opening 233 in which.is .deposited a |ayer of cell naterial‘218xl.

LA schematlc c1rcu1t dlagram of some of the
c1rcu1ts 212 of the array 210 1s 111ustrated in _..
Flg 14. _ _ | '_ _
It w111 be noted that the c1rcu1t 212 of the
10 array 210 by reason of. the spac1ng of the source
: reglon 216 from the draln reglon 222 has a greater
" hlateral extent than the c1rcu1ts 152 whereln the d"
.reglons 164 and 166 of the dlode 162 are 1n llne or
' stacked in 11ne w1th the memory reglon 172 between
': ;5”' the X axis conductor 176 and the Y axzs conductor
.'160. Nonetheless, where MOS-type fleld effect
_trans1stors are deszredffor use as the Lsolatlng
| deV1ce, the- array 210 is preferred. B
. From the fone;xur;descnnﬁﬁcn:uzls qqxnrmt'ﬂxﬂ:the cell -
- iO " of'ﬂrapmeﬁanrﬂ.eﬂxﬂumxms oﬁtme gnﬁmntznmaunonluwumgam
amorphous phase change materlal whlch is settable_
in one state and then substantzally non-resettable,

and wh1ch has des1rable thermal and electr1ca1




annrphous phase change naterlal which is settable in one state and t hen
substéﬁtlally non-resettabl e, and whi ch has desirabl e thermal and -

el’ectrical . characteristics as described above, in conjunctlon wi th one
of sevefad |§blat|ng devi ces, 'provi des progra | e arrays which can be
easily set in.a m ni mum anount of tinme and whi depending upon 5 the

phase change mat eri al chosen, can provide. a CIrCUIt whi ch has | ow set
current, a fast setting time, a relatively high processing tenperature, a.

‘rel'arivel y high SERBEERETREIELIES gRsEOULSBT obRVES! AR eohibrbdici OFF

resi stance. - 10° e isolating devices can bé of “conven- tiona

&

single crystal siyi€RNohk: 8¢l Beveehlt ikp1ditady HERAce's,bigravalae®d N junction -

type. Alter- natively, such isolating devices can be of the MOS--type,

ei ther the' pl anar phSSrampable EHEaYSNEﬁlbhpeanlbe edddily eedd lin aand
preferably, the jisolating devices are formed by a thin film depositing

t echni que and in mlnmmUmpambentedfftumethaddmmdehordhp@nﬂuﬂbfeqxntran3|stor

form.ng the isolating device is made -of an anorphous vacuum deposited
silicon al I oySwhi the2phasel cbavget mpteripdr c@oisehnd/c@n mrlgmmdee a The pre-
fewedaH-HnnﬂImcwcwtfowmdawaw;me L
circult which has low set current, a fast setting
t1me, alrelatlvely h;gh-processxng temperature. a
_relatively hiéh storage temperature;-a lom'sET'
're51stance and a hlgh OFF re51stance.
:10 : . Also, the 1solat1ng devzces can be of conven~
.':txonal 51ngle crystal sxlicon b1-polar Schottky
diode type or b1polar P-N Junctron type. Alter- N
nat;vely, such 1solat1hg devrces canibe of theIMOS—_v
_ type,_either the planarfMOS typeaor'the'V?MOS type;
“15 Additzonally, and preferably, the 1solat1ng dev1ces
are formed by a th1n film depos1t1ng technique and'
in a most-preferred form the dlode or fleld effect
tran51stor forming the isolatlng device is made of
.. an amorphous vacuum dep051ted 5111con alloy which
720 -also conta1ns hydrogen aho/or fluorine. The pre-
r"ferredfall-thin film_circuft:formed arrays are
. preferred since they have'the higheet paching den-

Sity;and_at-the'same time provide an arraylwith a



prefeNred since they have t he hlghest packlng den-.srty and at the same ¢ o
' Qﬁ ovi de an -array wwth a .- 41 - substantially non-resettabl e phase
-material cell and thin filmdiodes or transistors that are o
rcally arranged bet ween crossover X and-Y axis conductors at the . *
 crossover points.... 5 © -In addltron,_rq wiJ | be apparent that the. '
“preferred various arrays haV|ng the various cell configura- tions -
“illustrated in the previous figures can be utilized with addreSS|ng o~
citcuitry which select a-particular. X or.‘Y axis conductor for supplyrng\_g_i
setting or readlng currents and such addressing circuitry can be forned by
~deposited fil msubstantsallypdon-resesithabdepphiased dhangeramtsr halrix for
exanpl e- and addressing _circuitry may be depositéed on the .sane substrate-as- -
il lustrated di #gkheandathinifi muﬁlpﬁgs o8 tapaPdphaRs Jetat #Efory matrix-

~ . or array 250 with associ ated addressing circuitry 252 de-- posited on a

' substrate 254. Veg&icallysarpapgedobedvera: ctrl?ésaﬁ’cﬁres)gﬁfggc\{r%}try 252.

and the nenory matrix 250 can be deposited on .the same S|de of the 20

substrate 254" GFORAUGERES| BE §h8e§‘8PSPN@rs@&ﬂﬁQﬁe 254. Addrtlonally,-fhe
array and té‘e ”E”%xyadéa “X it wn.llbeapparent tnatthepreferred |

' varlous arrays hav1ng the varlous cell conflgura-
"tlons illustrated in the previous flgures can be |
utlllzed w1th addre551ng c1rcu1try whlch select a
partlcular X or. Y axls conductor for supplyxng
- io :'settlng or readlng currents and such addre551ngl
| 01rcu1try can be formed by deposxted fllms. In thlS
'respect, an all dep051ted f11m memory matrlx for
l'eﬂmpheandaxkuesshm;chxmruarmaytnriquuted on.
E the‘same”substrate aS‘illustrated diagramatically
15 'ln Fig. 15 and ray mclude a memory matr:.x or array |
"250 w1th assoczated addresslng czrcultry 252 de- -
'tposxted on a substrate 254. Also 1t ;s to_be noteé'
that t5e addressing circﬁitry'252 anazthe memory
Tmatrix:256'Can_be;deposited cn'the-same side:of-thej
20 - substrate 254 or cﬁ.opposite sides-ofethe SQbStrate
254.7'Additi°naiiy; the arraY-and-the'memory matrix_'
" 250 can be pa'rtially or all-thin 'filrrl"depcs'ited in
the mahner:described*above; .Preferably, howeﬁer,'

in addition to'forming the'memory'region of each



. 250 éan be partlally or all-thin fllntdep05|ted i n the manner descri bed (i:;)
abof{e. Preef érabl y;. however. in addition to formng the newnry regi on. of

each - .42 - menory-circuit in a thin-filmmnner from an . anor-" -phous -
aII@yxnaterlaI t he isol ating devices and the: addreSS|ng circuitry 25 2may

al so-'be formed by a t-hin- filmdepositing, t Ehnlque : . Since nost
presently utilized data stor age: and handllng systems operate through

,1nn\qrated cir- cuits.forned in silicon chip substrates, it is -believed
Yhe initially -narketed arrays made according to the preferred

'enbodlnents of the present inven- .10 - tion, would probably have nenory

mat ri ces where sonmempyy icirafit hien rmnﬁuynﬁﬁilmxmannervédosuan amorte . .

i sol ating devi ce and/ or addressing circuitry utilized therewith will be

fornmed wi thin a sipghousi alliqy swakariak. e isolatingdevieeshand ithe

”dlagranatlcally illus- trated a silicon chip substrate 300 with an all or

partially depositedidnegsing mimgmitr el ? mayr absa ke Suweddu agthiamor y

circuits therein and asso-- ci ated addressing circuitry 304 mhlch are |ncor-

20 porated into ﬁh@msktxanwnehhyhmwmﬁtate 300 by

5. Since most presently ut1llzed data storage and

hahdllng systems operate’ through 1ntegrated C1r- o
' CUItS formed in 5111con ch1p substrates, 1t is -
-:belleved that the 1n1t1a11v maﬂ«ﬁnd.anﬁms - made
-auuxxhng-uathe pnﬁ%mnaienbodhmzﬁs of-ﬂrapmesaﬂ:inmar-_
10 tlon, would probably have memory matrlces where
ﬁsome portlon of-the memory matrlx 1nvolved such as
‘the 1solat1ng dev1ce and/or addresszng c1rcu1try |
;utlllzed therew1th will, be formed w1th1n a gilicon
chlp substratec _ . | |
'e15:- : In Flg. 16 there ‘is dlagramatlcally 111us-'
.trated a s111con chip. substrate 300 w1th an all or
partlally depos1ted thln f1lm memory matrlx or
;array 302 having memory c1rou1ts-there1n_and asso-
-_ciated'addressimgtcirouitry 304 which. are incor-
20 fporated into_the'siiicon chip substrate.360 by
- forming the various elements of.the cirodit.fromi
.dopant—dlffused artas thereln. _ ” '
E It 1s to be noted that an all- th1n f11m array'

"includlng c1rcu1ts formed.ln accordahce w1th_the



f.ogyri ng the vari ous el enents of the circuit from dopant -di ffused ar eas

thgrein. It is to be noted that an all-thin film array |nclud|ng circuits
med i n -accordance wi.th the - -43- preferred enbodi ments.of the present

“imvention and utilizing thin f|In1dep03|ted i solating devices, td@gether

W th.addressing circuitry formed by thin filmde- positing technlque

. provides substantial advantages 5 since a nunber of such ‘menor-y systens .

can. be stack- ed one.above the other Mkth3|nsulat|ng | ayers sepa- ratlnggdl '

- the sane. Also, thin netal, heat sink- formng substrates can be provised

bet ween i nsu- Iaflng Iayers and have heat radiating fins on the 10 outer .

edges thereof. Foeféiwed cemodimgentscofpthenpresent| invsstigrpanditilbzing he o

arrays 50, 100, 154 or.210 dis- closed herein having incorporated therein.
.con- venti-onal othnemﬁthmndepbﬁuaeﬁoﬂsniﬁhkngeﬁevxpaﬁy togetbes and
uti-tized wi th conventional or new thin- film deposited addressing circuitry.
‘provi de a num- U@Ltbfaé@vaﬁﬁaglschﬁﬂﬂiﬁﬁy\ﬁﬂ&ﬂﬁdﬁh&e%bbh fétm derbed above

and others of which are inherent.in the arrays of: the, present invention.
Most im . .positing technlque provxdes substantlar advantages

'5 s1nce a number of such memory systems can be stack-
‘yed one above the’ other w1th lnsuiatlng layers sepa—
'ratlng the same. Also, thln-metal- heat—sxnk-
form1ng substrates can be provided between xnsu-
latlng 1ayers and have heat radlatlng flns on the
'lob’_outer edges thereof. |
From the foregolng descrlptlon, 1t w111 be'
_apparent that the arrays 50 100 154 or 210 dls-
closed hereln hav1ng 1ncorporated thereln con=
'ventlonal or new-thln-fllm dep051ted 1solat1ng
.y is _dev1ces and utlllzed wrth conventlonal or new thln- h
" £ilm deposzted addre551ng c1rcu1try provxde a num-
ber of advantages, some of Whlch have been des~°
'crlbed above and others of Whlch are 1nherent in’
the arrays of the present 1nventlon. Most im=-
_2oﬁl'portantly, such arrays can be made w1th a mater1a1
havrng.des;rable thermal_and electrlcal charac-'
fteristics vith,extreme;y high packing densities of

‘the cells and with a very high OFF resistance.



portantly, such arrays can be made with a nmaterial having desirable (EEZ
the(ﬁal and el ectrical charac- teristics with extrenely hi gh packi ng _ I
‘densities of the.cells and with a very, Plgh CFF resi stance. - - 44-. The. .
anmorphous cetls such as 68, can'have “nt® Terous sizes. and shapes “and coul-d
be deposited in the formof the fuse li-nk 20. (By the term "anor- phous”
S meant an al l oy or naterial -which has long 5 -range di sorder, -al t hough

it h hor t =t di.a ' -
e ret ot oney . e BT RS el Hudl ol GO BemdhapeTROCY.
deposited on top °%§5§%d%59%%'5ﬂ€i§ﬁ§§gﬁ 'éﬁﬁﬁﬁdb@adéﬁéEEEEdtﬂﬁ two -

metal 10 Iayers thesecon ayer (not shown).. Also-the cell -

218 coul d_be. betw% Q %Q& ?Ft%%4fﬂgethhQ(@@ndUPE?rtﬂé4teIhe“am6Eerred

devi ces di.scl osed ereln utitize for each i1solating device a unidirectiona

i sol ating device Sh'é%slﬁ s helefil 1dd o1 Wy l62ANHa6éPLaPhwRlchr Raisd@sng
"isolation by a hi e&ance N junction i.n one difrection of .current flow

thereby to prgVIdgamgr ddEF, rasi s wgie ei t Thgn dhaadvehbagesrofinthe prior
art are overcone ccor ance- Wit h preferred enmbodi ments of .the present
In- o L termediate order or even contain at ‘times cryf'
| -'-stalline-inclus1ons). Further,.the cells.such as
68, do not have to be dep051ted on top of ‘the diode'
'layers but can 1nstead be between the two metal.'
_lbl; layers 58 and the second metal layer (not “shown) .
| Also -the cell 218 could be between the gate 224 and
ythe X conductor 214.

The preferred devices dlsclosed herein utilize for each
ylsolating device a unidirectional isolating device like-
.15 g a-rectifier or transistor which_provides_isolation by
| a”hiéh impedance é-N-jnnction in one direction of )
current flow thereby to provide very hlgh OFF res1stance..
The disadvantages of the prior art are overcome 1n
accordance w1th preferred embodiments of the present in-
.20 'vention by prov1ding a programmable cell having a non-
'volatile highly non-conductive state settable and sub-
'stantially non-resettable into a non—volatile highly con-
dnctive state.. The preferred cells can be utilized to'
reblace the fuse.links.in programmable arrayszsnch_as
25 PﬁOM devices, 1o§ic arrays, gate arrays and'die inter-
.Sconnect arrays to increase the programming reliability
:and packlng density while substantially reduc1ng the'

;overall cost of the arrays.--



N'vention by providing a‘progrannable cell "having a non- volatile*higﬁly
aonductive state settable and sub- stantlally non-resettable into a-

Ypl atile highly con- ductive state. - The preferred cells can be

Yzed to replace the fuse'links in progrannable arrays such as®25 PROM
devices, logic arrays, gate arrays and gie.inter- connect arrays to

i ncrease the progranming reliability and-packing denS|ty whi | e .
substantial |y reducing the overall cost. of. the arrays. - - 45 - CLAI M5S£l
A programmabl e cell conprising ‘an annrphOUS cel | ‘body, said body
including at  least - a portion 5 . CIkIM$g settable substantially -
non-resettable neans, said neans haV|ng a hi-ghl'y non-conductive - setttable

~state and-bei.ng settgb conductlve state, and_-said -
‘means conprisrng i 3 %%gﬁ%%%@thé ¥ al COPRF 1 2aPHon2 oPm°5BV°u%uloy |

- of - silicon,cabl bog¥rngaigm &odyar @mpltzdmme atl | lggstr dang pantidmi m 1

“wher ei nb saldhanang rse&&hhﬂd(3suustanﬁﬂahly0nﬂdﬁ#t&€et&h&h§ Mkaﬁt

threshold vol 398 AEahWenhawiold s £ ettaﬁﬁly Snonsoﬁghkt% O i a :

~claim 1 whereipn said.geans I's s conductive Ste
by a = state and eing settable 1nto a hlghly conduct1ve.

state,' and sa1d means comprls1ng a -chalcogenlde
' material, or 'carbon, or . an alloy'a of siliconm,
‘10 '_germanium or garbon, o ' '

2. The. cell accordlng to . c1a1m 1 whereln said .
.means is settable into said conductlve 'state by a
- threshold voltage of twenty volts or less. o

. 3. The cell accordlng to cIéim 1.'whe:eih .said'-'
means is ‘settable ;nto sa;d conductive state by a .
_ threshold of ten volts or less. L ' o
20 .4, The eellfaccording to - claim 1 wherein said

. means is settable 1nto - said - conduct1ve state 'by a
programmlng current of twenty-flve m1111amps or 1ess.

| -2 The~ce11seccording'=to -claim Il'wherein' seid_
25  means is settable into said conductive state by a
‘ - programming current of - five milliamps or less.

30 .
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thredhol d of ten volts or | ess. " 20. 4. The cell accordi.ng to- C|ﬁ(§%}
~1 wherein said neans is. settable -into said conductive  state by a\-—
progranmmng current of twenty-five n1II|anps or less. 5. The cell according.
to chﬁ“n1 1®* wherein said 25  neans is s%ptable into said conductive. -
state by a progranmng current of f|¢§- mllianps ‘or |ess. 30 35
6. The cell according.to anyone of clains-1 to 5 wherein said neans in
saLgrhlgth conduct.ive state has a re5|stance of. five hundred ohnms or |ess.
' Toe cell according to anyone of clains 1:to 5 wherein said-means in

Sa' d_highly conductive gtat gnpaged)’ %%b%tra%@ o AMyIHE GEEEws o | ess.

8. The cell according to anyone of clains-1"to 5 wherein said neans in

sai-d - hi ghl y nonconggcs yheeeihaka ilameanise iisisaide iighlan domiwanivehns or
greater. -9. ‘The cel |l according to anyone of clains 1 to 5 wherein said

means ‘in said hi ghhiaaenhasdacice@meanw ofhfive rtﬂmds:tezhccdms ane million -
_omm or meMer ' .

less.'y

7. The' cell accordlng to: anyone of claims 1
_to 5 whereln sald means in saxd hlghly conduct1ve

-state has a reszstance of one hundred ohms or less.:

-8,' The'cell’accofding'to anyone of"ciaims'l
to S wherexn sald means 1n saxd hlghly nonconduc-' >
'.'tzve state has a reslstance of ten thousand ohms or

-_greater.

9y The cell accord1ng to’ anyone of clalms 1
to 5 whereln sald means 1n said h1ghly nonconduc-'
5_'tive state.nas_a re51stance,of.one m1111on ohms or

gteatet;n' |

| 10. The_ceii aoco:ding.to.anyone of-claims 1
to 9:wherein'said ceiifbddy has.a maximum permit-
table processing temperature'toienance:offtwo_hun-

d:ed'deg:ees centigrade'or;greater*

P



- ‘Yhe cell according to anyone of claims 1 to 9 wherein'said ceII bodf
‘s%@ maxi mum permt- table proceSS|ng tenperature tol erance of two hun--
e egrees centigrade or ‘greater. -47-, 11, - The cell according to
yetie of claims 1'to 9 wherein said cell body has a maxi-mum per nt - _
tiabl eprocessing tenperature tol erance of five hundred degrees centlgrade or.
~greater. 5 12. The cell according to. anyone of claims 1 to 11 wherein sald
cel | body has a maxinumlong. term staryjyage tenperature of one “hundr ed , d

- seventy-five. degrees centigrade or greater. 10 13. . The cel |l 'according &
~anyone of clai.ms’111Q 1fTheherediln smwatdisld twdnyese cofrealaims| bng term -
stor- age tenperature of two hundred degrees centigrade or greater. 15 14. -
The cel | accotdlﬁgwm@ranwomand=Qﬁk%rhpﬂythﬁﬁjﬁvWﬁﬁtmﬁmsaﬁdmhbans is

settable into said conductlve state in one thousand n1croseconds or. [ ess.
table proce551ng temperature tolerance of f1ve ' -

.

hundred degrees centigrade or greater.

12, The.celi-aocording;to_anyone_of claims-1 
etofll whereinisaid.céil body'hasda'maximum:iong_term storén
age'temperature'of one hundred'and;seventy-five_ '
-_degrees:centigrade‘or*greaterg. o |
10 | ' o
| - 13.. The- oell'aCCOrding to'anyone of'olaims'l.to'
11 whereln sald cell body has a max1mum 1ong term. stor--“
’age temperature of two hundred degrees centlgrade
or greater... = | .
15 o
| | --114. The cell.according'to anyonefofaciaims 1
. to 13 whereln sald means 1s settable into sa1d “
conductlve state in one thousand mlcroseconds or

less.
15.'1The-ce11 accordfng*to anyone of claims 1
to 13~mherein-said meansuispsettable=into_said '

conductive state .in ten microseconds or less. -

.25 _
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20 18. The cell according to anyone of .claims 1 to 13 wherein-said means (EEE?
is s¢ftable into.said conductive state in ten microseconds or |less. 25 .
48 - '16." The cell; according to anyone of clains -1 to 15 wherein said = .
means is .resettable less than one hundred tines. 5 - 17. The
~cell according to anyone of clainms "1 _tqgly wherein said neans is-
resettable less than "ten times. 18. The cell according to anyone of N
CKELHS‘ 1 to 10 .. 17 wherein said means. is an. ‘anorphous phase change ’
mat€n-al which is settable into a ecrystalline highly conductive state.

~19. The cel | accord|ngetommmyamaxﬁaéﬁd&d$ngltot@nﬁéne o#8 whasqisn sai do

freans | s non-vol 8! bhkxe39) sdil 0 noiid! M oM yofOPEUSIL V1 BRE Crndl TR

cell according tg a H? c aims .1 to erern sai cel |l _
conprises -a R é& naterlal f. |nclud|ng 5 teIIurlun1 .. or -
-selenlun1 25.30° _— :
.5 __;-_ l7 The cell accordlng to anyone of claims l_ to
15 whereln said means_jis resettable less' thén ten
_tlmes. ' o '

" . 18. The. cell accord1ng to anyone of claims 1 to

10 . 17 wherein said means is an amorphous phase change

mater1a1 which is settable 1nto a crystalline highly
’conduct1ve state..]-ﬁ L . '

s 19. The cell according to anyone of ' claims 1 to
15 18 wherein sald means is non-volat111y - set 'into.'said
' _ hlghly conductive state. - - '

20. The cell aééordihg to ahyone'of' claims "1 to
19 wherein said cell body ‘comprises a . ch;lcbgenide Ll

:'29.- nmaterlél '_ 1nc1ud1ng ' tgllunlum ”' o;_ _gelenlﬁn.
25 | .
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9 - 21. The. cell according to claim 20 wherein said ) *
ide material includes germanium 22.. The cell according to claim

_ clain1.21 5 - wherein said chal cogenide material is forned
by sputterlng .23. ‘The cell according to anyone ‘of clainS',l toe19°
-~ wherein said cell body cOnprises__cgrP n_or an 10  alloy of’
~silicon , germanium-or carbon and ‘alSo includes. one or'-nnre

‘the .group consisting - of fluorine, hydrogen and oxygen. 24. The cell ;é' '
according to claim 23 wherein said 15  cell body is formed by . \J\"
pl asma - deposi ti-on21f.r Mhe &l lAHEcoLdThG BbNE1adn. |2©asﬁvhe'i‘él'rporbaiad‘d
hydrogen. 20 gﬁaigo%%nlde méﬂer1é¥31J@fu&§§|QQQEQEQHEq to claim 24~

wherein . said cm

_ 22. The cell accordlng to claim 20 or _claim 21
5 wherein saia °h31°°genlde material is formed by
' Isputterlng. . : o .

. 23. The cell accordlng to anyone of _claims 1 to .
_ [19 whereln:_sa1d cell body comprises carbon or an |
. 10 . alloy of silicon . ~germanium or _carbon and also
~ includes. one or more of the groupf’consisting of
fluorlne, hydrogen and oxygen." ' ' o ' '
. 24. The cell accord1ng to clalm 23 whereln said f..

: 15_. 'cell body is  formed by plasma dep051tlon from a
plasma conta1n1ng :at least silicon and_ hydrogen.::

a0
25
30
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body |d forned by plasna dep05|t|on ‘froma plasm contalnlng at | east <§£i

sili-¢én and fluorine. 5 .26: A programmable electronic. array

of cells conprising a pIurallty of amorphous cell bodi-es, each of said
bodi es inclu®fng at least .a portion "having settable substantially i
non- resettable nmeans, . sald neans haV|n% a hi-ghly. non- ‘conducti ve state
and belng 10. settable into a  highly ébnductlve state and ‘said
nea\§\conpr|5|ng a chalcogenlde material, -or carbon, or an alloy-of

si'licew - gernanlun1or carbon. -27. The array according to ¢taim26 wherein
each 15 - of SI&Bﬁefﬂeb@ﬂlﬁsatéof@i@dtéeb\lﬁﬂﬂn@4|Qﬁfére1a1 ps?é{aofcen

conductors on, ubst | y- cu fqya -
substanti al ly planaf %§£$§ée b %gggﬁﬁ EQ%QSEQiEPF pa ng dé%gg?y on
sai d substrate. :&PntalnanZ%t #ﬁ%sﬁrF&}lseeoﬁﬁﬂhghﬂ9§ﬂ%ﬂTn26 wher.ei n -
each of said cells i ncl udes isolating: means -for. cisolating said cells

bodi es fromgat |east aggaira. %roﬁ?&ﬂﬂ&b@és eleciohic arE\.—Jay 2%f£ Thee B £ aY
according to claim 28 wher ei efu EeLy o%ca%691 éﬁg(%éf¥ﬂeb°£@eneangac S

3 ceII comprising a
of ‘'said bodies 1nclud1ng at  least a portion hav1ng
- séttable substantlally non—resettable means, said
means having a highly non—conductlve state and being'
10 .settable into’ a_.hlghly conduetlve 'state;- and said

means comprising a chalcogenide material, or carbon,
.or_an alloy of silicon, germanium;or carbon.

_ o 27. The array accordlng to claim 26 where1n each
15 ‘~"of siad cell bodles 1s formed between at least a pair
of conductors on, and’ substantlally perpendlcular to

'the'plane of, a substantlally planar' substrate to
' prov1de a high cell packlng den51ty on said substrate.
20 : - 28. The array accordlng to clalm 26 where1n each

of 'said cells includes 1solat1ng ‘means for 1solat1ng co-
_sald cells bodles from at least a pa1r of conductors._ o

25
30
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' _mhereln

aa 'of less than 645 square microns. 5 . 30. The array accofdin®
4l ai m 28 wherein said isolating neans include bipolar rectifying means
ed by. single crystal techniques. 31 . The array according to cIa|n130
Rer/ein 10 said bipolar rectifying neans include a- Schottky di osle. ‘32
The array according to claim28 wherein said isolating means include
f._rectlfylng means hav- 15 " ing at |east first and second regions, said
r.egi ons -abutting one another and form 6y < Junctlon there- between, at
least one of said reglons bei ng' f ormed from an amor phous nateri-al . |ncluqﬁﬁgi
at least sil- icon2920 Fhe aneayr aggoadinglitey chainai2® gBewedrei n the”
‘'second one of said regions is forned froma netal, netal alloy or a - -
metal l'i c- 1 i keeRgheFedl riNel wdingserdek Ksalating meahsshas @ icstll egion.
25 -52- 34. The arra accordlng to claim26 wherein each .of said cells
isathin fllﬁFﬂép&ﬁi: ﬁmﬁ an 3645 Sqnénﬁwmgcnmmmxdlng to cIa|n128 '

5 o 30.”-The array'aCCOrding to-claim 28'wherein_zl
'-sald 1solat1ng means 1nc1ude blpolar rectlfylng

means - formed by szngle crystal technlquesf

31..3 The array accordlng to c1a1m 30 whereln'

--5;6 | sa1d blpolar rect1fy1ng means 1nc1ude a Schottky '

"dlode..

d 32 . The array accordlng to clalm 28.where1n
sa1d 1solat1ng means 1nclude rectlfylng means hav-”
'lSl'd 1ng at least first and second reglons, sald reglons-
| l_abuttlng_onefanother and forming a Junctzon there-
_between, ar least one'of'saidiregions being,formed
- . 'efrom.an,amorpnousrmaterial inoluding at_least silff_
icon. - . | |
20 o
| 33.’ The array accordlng to clalm 32 whereln
'the second one of said reglons is. formed from a
-metal, metal alloy or a meta111c-11ke mater1a1

] formlng a SChottky barrler w1th ‘said flrst region.
25 |
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array”accordlng 'to claim35 wherein each of. 'said field effect transistors
is-a planar- MOS type transistor. 37. The array according to claim35
wher ei n . eacl®of said field effect transi.stors i's a.V-MXS type transistor. .
'38." The array according to cl.aim35 wherein eich of said transistors. is a
thin film anorphous transistor forned fégnlat | east. silicon. 39 .: The array -
accor.ding to clai'm 28 wherein said isolafing neans are coupled to bi pol ar-
ad-—deessing means formed by single crystal techlnques - 53 - '40.. The
array ‘according to. cl aBf28 Thihearray agcording ate r\glhean36aweecet;m ed to.
MOS. addreSS|ng means.. 4L, The arra agcording, to_claim 28 - wherein: said- 5

i sol ati ng means aﬁ@chxﬂﬁﬂﬁﬁﬁ t$e1lgi As A& tHimnblbRoderpeiksAscedl. )

- addressing nmeans.  42. The array according to anyone . of clains 26 to 41
wher ei n satd.phurality of cells -are stacked in 10. lat | east tmo groups

one upon anot her. 43. The . arpay accordin anyone
S P e o I 'ihg array ac %ordlngyto clalm 58 w ereln

each of sai d isolating.means include a fiekd effect ‘transistor. 36 . The: (:%%;5

-

_each of said 1solat1ng means include a f1eld effect

tfanSLStor.' I _‘;

36. The array accord1ng to c1a1m 35 whereln
:_ceach of sa1d f1eld effect tran51stors 1s a planar--
MOS type tran51stor,_ |
' 37.. The array accordlng to cla1m 35 whereln”
each of sa1d f1e1d effect trans1stors is a V-MOS

_ type tran51stor.

_385'-The-array'acCOrding to claim 35 wherein
" each of sald tran51stors is a thin f11m amorphous.

.tran51stor formed from at least 5111con.

39. The array according to claim 28 wherein
_said'isolating meane are'coupleﬁ to bipolar ad-

dressing'meanszformed by single crystal techingues.

|



2 wherein each of =said ¢ell bodies is forned ffon1a chafcogenfhe ®

al rncluding at | east- oné of the 15 group consi.sting of
um telluriumand selenium- 20 25 30 35  '-54- 44. The array
ng to anyone of claims 26 to 43 wher ei n said cells forn1thb
programmabl e cell's in a PROM dévi ce. 45.  The array accordlng to
anyone of clains 26 to:44 wher ei n sald %%|TS forn1at | east sone of the fuse
el ements in a programmabl e logic array. 46. The array according to anyaag/
‘of clainms 10 26 to 45 wherein said cells format |l east sone of the fh!e

“elements in a- gate4@r%e ‘57rr &féynﬁgggr giggmt Qaanﬁ,% g 3 clsac{ g 26

45 wh d .cel | -
oot 013308 a‘i?wgnt?neearaa 81 ST PEHFfoEosHOS addsiEs ﬁa%négaéfsﬁg??e“"’-” |

SUbstantlaIIy as hereinbefore described with reference to and as -
_Jllustrated in F'QWﬂﬁSTiefirréﬁ-é&c&ﬁdﬂﬁgthé claim 28 wherein said
5 1solat1ng means are coupled to thln f11m amorphous- _

'f'tran51stor addre551ng means.

- -

a2, The'array'acédrding to anyone.  of ' claims Jzéf"
, to 41 wherein said plurality of cells are stacked in
10 at 1east'two'g;oups onefupon'another. o h

43. The array accordlng to 'anyone of claims"26
to 42 wherein. -each’ of said cell bodies is formed from
a chalcogenlde mater1a1 1nc1ua1ng at least one of the

,i 15_ aroup con51stang.of;germanlum:. el}u:;um and. Selealqm.
.:20
' 2$e'
73@

| ._'3'5 |

"a>~;;;;_\<;;%;\‘;;;; '. ;..
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20 5%conpany|ng dramnngs 49 . A programmpbl e el ecironic array =~ . . GEEO
substahtlally as hereinbefore described with reference to and as S

illustrated in Flgures 4 to6 7to9, 10 to 12, or 13 and 14, of the

'acconpanylngrdramnngs 25 +565- 50. . A fllnlnennry matri x and addresélngx'
circuit conbination: substantlally as hereinbefdre described with reference
to and as |IIus;rateq in FLgures 15 or. .16 of t he acconpanying - dr.awi ngs.

54i"rThe array acoording to anyone of claims
26 to 43 ~wherein. said cells 'form_ the programmable

 cells in a PROM device.

5 ;45,.'The array accoroing to anyone of claims
26 t0t441wher¢in'said_cells form at’ least some Of

the fuse elements in a programmable logic array.

46. The array accordlng to anyone of clalmsn.
10 1_26.to 45 whereln sald cells form at least some of

the fuse elements in a gate array.

47.. The array accordrng to anyone of.claxms
26 to 45 whereln sa1d cells form at least some of
15 the die 1nterconnect1on elements 1n.anset of inte-
grated eircnits. o
| 48 ;f A programﬁable ceil eubstantially_as.
- herEinbefore'described with;referenoe”to and as
‘illustrated in'fignres:s,'a;:li or:13 of the
- 20 -accompanying drawings; - _
| 49 . A programmable electronlc array substantlally as
_herelnbefore descrlbed with reference to and as B
, '1llustrated in Flgures 4 to 6, 7 to 9, 10 to 12 or 13
~ and 14,_o£_the.aecompany;ng_drawings.'f e |
25 : _ : - : S

R O o -



- 55 -
'Sb,' A film.memory matrix and addressing )
circuit combination substantially as: hereinbefore described
with reference to and as illustrated in Figures 15 or.

16 of the accompanying drawings.;




