2086854 PROGRAMVABLE CELLS AND ARRAYS The present invention is related to
an\i) proved progranmable cell for use in programabl e el ectronic arrays
S as PROM devices, logic arrays,jgate arrays and di.e inteagqpﬂgeb
arrays. 5 In particular each cell has a nenory regi on nade ?‘é?éiése
change material which is settable and non-resettable in a highly conductive
state from a hPGRGRANMARIGHIRLLY AND sARRAYRI S invention is related to the
storing of information with phase 10 change swi tch devices first

i ngented by Stanford R Ovshinsky, as for exanple, as disclosed in U S.

Pat ent No. 3,271,591. Heretofore various menory systens have been proposed
which are divi dehe iPX®senveinvenyion il related tgpeni dm-he serial type
where the information in the menory systemis obtained serially and where
the read PERYIDPFIERRP2R1paceildulfAr Bise oini ptogrammaibrlien the menory is
dependent ‘ypon where it is located in the nenory. This results 20 I n

| ong readeﬁﬁﬁiquﬁco%¥ﬁ?XFn§uF e S ERNhIFONLEESm ABEBEY. Such types of

menory systens, include nenoré gevi%es including a nmagnetic tape or a .
O_

magnet i ¢ 8F§€X%ﬁHQQﬁ%gafﬁgy P F3E FiNRRCANRRCEN TR@gfetic “bubbl e
memyry” dey ¢i¥eAular each £894"%ad yaDemeoxIloggnPQ 134SLEY s the random

of a phase change material which is settable and

non-resettable in a highly conductive state from a
highly hon—conductive staté. This invention is
related to the storing of information with phase

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

Heretoforé various memory systems have been
proposed which are divided into several types.

15 One type is the serial type where the information
in the memory system is obtained serially and
where the read time fér reading a particular bit
of information in the memory is dependent upon .
where it is located in the memory.. This results

20 in long read times for obtaining the information
from memory. “Such types of memory systems include
memory devices including a magnetic tape or a
magnetic disc including the so-called floppy disc
and magnetic "bubble memory" aevices.

25 Another type of memory system is the random



access eIy systen1(RAN) ‘wher e the read tinme for *
subStantlaIIy the sane.as for'any other. bit. Wil e

each bit is

"the storage informati

(4

in "bubbte™ 5 - type menory devices potenti.ally reduces the size and cost
of menory syslens and provides highin- formation packing densities,
smal| center- to-center distance between adjacent nenory regions where the

blts of i nformati on are stored, such 1
readi ng of i nformation and do n provi de for fast read, random

s een provi ded by RAM nmerory devices |nclud|ng 15
capaC|tors at the cross over %OInts of

menory devi ce cﬁﬁcﬁﬁss@FmPﬁyo

. e..

"bubbl e" systens are limted to

ss to the stored information. Al so, heretofore, short termdata storage

devi ces Provi docachabihy ;81 ShoRRANGINGN ciil (dand 5. £0x o

center-to-cent er

anceé. 2 menory | ocations. A maj or

di sadvant age 'SOEHQS g4gh devices are volatile since they nust be

continually supplie
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wth a voltage if they are to retain their stored

dafa Fuch short terFhdaba thleOs3@ RV G0 B L LOd el rebepheg t o ds
vol atile 25°

fast read and wite nenmory systens. A fast read menory
system.ssa reaﬂypé|Memory devices potentlally reduces the size

‘and cost of memory systems and prov1des hlgh in-
formation packlng den51t1es, 1.et,'sma11 center—
to-center dlstance between adjacent memory regions
where the bits of information arelstored, such - |

ﬁbubbie“'Systems are Iimited~t0'serial reading of

- 1nformatlon and do not prov1de for fast read,

random access to the stored 1nformatlon.

Also, heretofore,'short term data storage has
been prov1ded by RAM memory dev1ces 1nc1ud1ng
transistors’ or capac1tors at the cross over p01nts
of X and Y axis conductors. - Such a memory device

can be set in one of two operational states: “These

memory devices provide a’ fairly high packing den- -

sity, i.e.; a small center-to-center distance

between memory'locations; A major disadvantage is

.that'suoh'deViées are 'volatile since they must be

continually supplied wrth'a voltage if they are to

retain their stored data. Such short term data
storage devices are often referred to as volatile -
fast read and write memory systems.

A fast read memory system is a read only

transi stors or
s-conduct ors Such

& SEE™ 31"7"0‘?1 hest%ﬁ% tl“i%e%% menory
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nory device (ROM which uses transistors and rectifiers formed.in

i conduct or substrates with permanently open contact points or '
nanent |y cl osed contact points for storage of bits of in-- 5 -

ymation. Such a ROM systemis programed during the manufacture thereof
.and has a short read tine and a relatively high packing density as well as
bei ng non-vol atile. However, theﬁprious.disad- vant age of such’'a ROM .
systemis that the data 10 stor’ed cannot be altered in the field.. o
Accord- ingly, ROMdevices are nmade-to-order for applica- tions involvin
storing of the. basic operating programof a data processor or other user
non- al t epefloldf QRO ROM) which usd¥IOt @is IBEBEY aMatem used is a
progranmmabl e reéad only nenory (PROV) system whi'ch can be pro- -grammed once
by the usgpcandiee@Rifdrnidd titalse BddhddEsr | §ubstpacgeawied a PROM system
Wil l operate identically to a ROM system of the same configu- 20

ration. ThermaskentaMpeh ussitt RROBSwt£ot nperpanenalegs-f use |inks
positioned at each cross over point of an X-Y matrix of conductors. The

st orage otlbskdr eeintac i lmwinctonBonrs tagage zefobits of- iR5 t ai ned by

bl owi ng the fuse links in a given pre- -

5 formation. Such a ROM system is programmed during .

the manufa¢tqre théreof,and,has”é_shbrtjread_time. . ;
and é'relativel§7high éaéking déﬁsity as Wellfasl_
beihg non—volatilé. H@wevet,;the obvious disad-.
vantage of su@h'a ROM system isithat_the data

10 stored cannot be élteredgin the field., Accord- -
‘ingly, ROM devicés.are_mééeeto-o:der_for applica-.
tions inVolQing storing_of.the,basic_operating_
program of a data .processor or other .user non-
altered information.;-;; |

15 o Aﬁpthef memory system_usedLis_a p;bgramméble
read only memory .(PROM) sYstemawhich can: be prof,;__
grammed once by tﬁe-user and remains in that state.
.Once it is programmed a_PROM systemfﬁill,bperate, e
identically to a ROM sySteé,offthe-Sameicpnfigﬁfﬂ]

20 ration. - | |

The most commonly usedfPROMfsystem incorpo-

rates ‘fuse links positioned at each .cross over -
point of an X-Y matrix of conductors. The storage
of information-(iogic one Qr,logicqzerq);is'obf

25 tained by blowing the fuse links in-a-given pre- . . .



-1'determ ned pattern. :Such fuse links extend later- ally on a substrate
" rtpstead of vertically between cross over conductors and, as a result, such
fuse links necessarily require a | arge area. The area 5 of a typlcal
menory.cel |l or reglon utilizing a fuse Iink i's about | ‘to- 1.6 ml2 (I ml =
.001 inch) .(i.e. 645 x 10 sg.cmto 10.82 x 10[err]sqg.cm). The current
needed to blom/the fuse link.for progra ng is quite high because of the
nece55|ty 10 -of completely blow ng out the fuse |ink-and be- cause of
eﬁénherently hi gh conductivity of the material of the fuse link. Typical
r-énts are Betenminedspantieris p@mnhrﬁqaerédnksaqxxend latieely 250.t0
'400 mlliwatts.. Al so,  the fuse link 15 . which'is a narrow poertion of a
conduct or dep@&hxﬂpnwﬁaSQDBSIﬁaﬁe1nﬂﬁna@aoé s eprteici skl vii behwieem t 0 ensure

t he conpl et e and- progranmmbl e bl ow out thereof. |In this respect, :
phot ol i t hogr agtRpsEhdver - cenduictpriseEmd guas aeqmsuiKIOSﬁabrf@aﬁe such a
20 fuse link require that..such a fuse link be made wi'th very critical

tol erances i nMinks, heéeagshrddy tdegkiessa Aagtdeerar emj or Theolirera wi t h fuse
link type PROM devicesis that the snall gap in the bl own 25 fuse can-
become ilosedQﬁt¢1%Epyﬁﬁﬂamamvnﬁ -@ohl or region UtillZlng a

‘fuse link is about 1 to 1. 6 m112 (1 mil = .001
_1nch)(1 e. 6 45 x lO sq cm._to 10.32 x 10 qu cm. ).
. . '_. The current needed to ‘blow the fuse 11nk for
programmlng ;s qu1te hlgh_beeause of the necess;ty 
10 '.eflcompletely blbwing out;the fuse liﬁk and be-
cause of the 1nherent1y hlgh conduct1v1ty of the
mater1a1 of the fuse link. Typlcal_currents aree_
50 m1111amps and the power required is. approxl-
‘mately 250 to 400 m1111watts.._Also, the fuse 1ink -
15 whlch:;s_a-narrow portion of a eondqctor deposited
| on a eubsttate,fmuSt have.a_precise;aimensiqn to
enshre_theteemélete apdfprbgramﬁable blow out

thereof. In this;fespect,.photolithogrephy and . -~

. &

etching techniques required-tO'fabricate euch-a'.-
20 fuse 1link requite:that such a fuse link be-mede ,
with very critical tolerances in width, length and
thickness. |
Another. majof-probiem with fﬁse'link type
PROM éeVices.is.thet the'smallvgap in the blown

© 25 fuse can become'closed'with'eccumulation of-.con-



e fuse link technol ogy al so has been ‘uti-‘lized in field programsble
ogit arrays, gate 5 arrays and die interconnect. arrays. These arrays
are utilized to provide options for the integrated circuit user bet ween t he

-standard high volune, | ow cost |ogic arrays and the very expensi ve hand-
crafted custom desi gned. |ntegrate§-C|rCU|ts These 10 arrays allow a
user to progran1the | ow cost array for the user's specific application at &i
substan--tially 'reduced cost fromthe cost of a custom application
circuit. One type of. PROM switching el ement is-shown 15 =~ -in U S. Paten
No. 4,146, 802tivet hateziwlofl ehaiining ade’acserD@t&B\tthéwser?eS a polycrys
talline silicon resistor.. The. potycrystalliné resistor ormed by high-a
tenperatur@;fﬁbsmbn?ﬁ@[emmhrwoh&nlcal vapor deposition (CVD) process.

There are several. ap- 20:.-. parent disadvantages to ‘such-a process and
the resulting r@besfose.liﬁkr$ﬁchdbkpgyzﬁ]SmnhaslbeenidEidiode i's
utilized, the processing of: the resistor at-7000C potentially wll destroy
or seri ousl yzednmage £1kd dppaciomanmdi e . 1 ogSer ot 3y s byg@be its very
nature, a polycrystalline structure has- - nunerous and varied grain
bounéarlesa§h€Y§tﬁ§ﬁ die 1nterconnect arrays These arrays

<jg20t|ve naterlal renaining'adjaceht to the gap by diffusion or qtherw se.

are utlllzed to prov1de optlons for the 1ntegrated.
c1rcu1t user between the standard hlgh volume, low
.cost loglc arrays and the very expen51ve hand—
crafted custom de51gned 1ntegrated c1rcu1ts. These
10 2 arrays allow a user “to program the low cost array
for the user s spec1f1c appl;catlon at a substan--
: t1ally reduced cost ‘from the cost of a custom
appllcatlon clrcult.
Ohe type of PROM switohiﬁg'eiement'is"shown. | |
15 | ;n.U.S.}Patent_No;'4,146,902 in- the name_of,Tanimoto. .
This patent'iilustrates a pdlyérYstalline:siiicon
resistor. - The polycrystalllne resistor 1s formed
by hlgh a temperature, about 700°C, chemlcal ‘vapor -
dep051tlon_(CVD) process.: There are several ap-
20 parent_disadvantages to such a process and the
resulting resistors.. First,.ifga élatinum sili-.
cide diode is utrlized, the processing of the _
resistor at 700°C potehtially;uill-destroy or
'seriousiy_damage thetplatinum_diode.. Secondly, by

25 its very nature;-a polycrystalline“structure;has;



defects. This results’in a wide distribution in swi t-ching | evel s, since
"each reS|stor wi Il have different grain boundaries and defects and hence 5
di f f erept. switching characteristiccs. Thirdly, the polysilicon structure
inherently is nmore con- ‘ductive than an -anorphous alloy and hence will be:

(%

t 0o conductive to be utilized with MOS devi ces whi ch cannot withstand high

current levels. The 10 hi gher conducyjvity of the polycrystalline re-
sistor also results in a relatively narPow range of dopi ng and hence
registivity, so that- the re- sistor switching paraneters are not as

flexible as desired. 15 Heretofore it -has al so been proposed to)
pro- vide an EEPROM el ectrical,l eraslble programmabl e - read only. nenory
device, a vertT¢affy a.gﬁésgarﬁﬁ By alagboynsdarias qq@e??ﬁ%ﬁry circuit

which is verti oupl ed at' an bet ween gn upper Y. aX|s 20_ - conductor
and .a | ower i&#%gEBndukng FRSY ﬁﬁnﬁPmeﬁHq%<é) Wt FEPROM syst em

Lyel y K d t | es, of h -EEPROM
il 2323'%% S P EP R 005, b ST i hE o5

These refer encgeetlLuat ka1 FERRONNeeang dalarl Igh Jge X of X and v

axi s conductors ere nory crrcurt,”inc
5 different sw1tch1ng characterlstlcs. Thlrdly, the

polysilicon structure inherently is more con-
ductive than an amorphous”élldy and hence will be.
too:conductive to be utilized with MOS devices
‘which cannot withstand high current levels. The
10  higher éonductivity.df the polycrystalliné're—
siétor also_resulté in“a'relatiVeiy narréw féhgé:
of doping and henCe'reéisﬁiVity, SO thét.thé'tév
sistor switching parameters are not as fIéXible as
desired. | |
15 " Heretofore it’héswalsé-beeﬁ pfoposeé_to pro-
vide'én'EEPROM'(elecﬁriéally'eraSible progfamﬁablé
. _ read ohiyzmeﬁcry)'deViéé,'a vérticailyzdispdsed
memory'region or cell in a memory cir@uit which is'
verticaliyicoupiedJég'ahd-beéweeﬁ an upper Y axis
20 conductdr”éﬁa"a lower X axis conductor in a memory
matrix. = Such ah.ﬁEPROM system prdVidés'éiréia-'
tively hiéh'ﬁaéking:éeﬁsfty. }Exampies of such
EEPROM's are disclosed in U.S. Patents No. 3,699,543
“and No. '4,177,475. |

25 o These references illustrate EEPROM devices



neral |y perpendicularly 5 to the cross obver 'conductors t her eby to

rovide a * . - relatively high packing density. The ‘menory region utilized
in such EEPROM devi ces.have typically been forned of a tel lurium, based
chal cogenide material and nore specifically 10  an anorphous nateri al
such as anorphous gernmani um and pkllurlunl O her materials which have .~
rather highly reversible menory regions include a CeaTeb wherein a i's N
between 5 and 70 atomic percent and b is between-30 and 95 atomic percent\_/
Sone of .15 these materials al so include other elenents in various
per cent ager:fudimd 4 ondfrin 6EOR anpeyCcaRrtsS¢ohdastard nony, bisnuth,
arsenic, sul fur and/or sel enium ‘Anorphous ‘materials of the type descri bed .
20 - abenmrw\e sty eyersubtl, i iyicandihava mehibirgi erigitdier mal stabi ity
such that they-will not deteri.o-" rate under the usual tenperature
condltlommdlaansﬂﬂahewgaﬂevmtelnsedocafbﬂ amyehdﬂldnbsseue Is reset into
its anorphous state hy-a hi'gh resetting 25 . current. = A preferred
EEPROM n&tveti goints drg g:sbelndeveesebaﬂﬂwypefrpepdtlcuclrar@yeat er than 106

cycles, (b) a maxi mum processing tenperature of about
5 to the cross over conductors thereby to provide a

<§§£d an'fsolating devi ce is located at each cross over poi nt ‘and extends

':relatlvely hlgh packlng dens1ty. L
The memory reglon utlllzed in such EEPROM
devices have typlcally been formed of a tellurlum—
based chalcogen1de materlal and more spec1f1cally_

10 an amorphous mater1a1 such as amorphous germanlums
~and tellurlum.' Other materlals Wthh have rather
highly rever51b1e memory reglons 1nc1ude a GeaTeb o
wherein a is between S and 70 atomlc percent and b
is between 30 and 95 atomlc percent.' Some of

15 these materlals also include other elements 1n___
varlous percentages from 0 to 40 in atomlc percent.'
such as;antlmony, brsmuth,'arsenlc,_sulfur_and/or
_seienium.“ L '_; , “:_ _'-: ' T

Amorphous materials.of_the;type_described -

20 above have good.reversihility_and_have sutﬁicient

thermai'stahility:Such_that they.gillmnot_deteriof
" rate under_the_usual;temperature_concitrons_in;

which they are utilized.' The_crystalline state is
- reset into its amorphous state by a high resetting

25 current._.f



200[err], (c)-a nBX|nun1storage tenperature of about 5 100[err], (d) a
thréshold vol 'tage of 8 volts, (€) a ‘SET resistance of 300 ohns and (f) an
OFF resis- tance (at 175[err]) of at |east-approximately 104 ohns.

(>

Heretofore it. has al so been known to proV|de 10 i sol ating devi ces which

are coupled in series with a nenory region or cell between the cross over
canductors, such isolating devices typicg,ly hav- ing been forned by
-ditfusing various dopant ma- terials intda single crystal silicon
substrate to 15 = forma . rectifier, transistor, or MOS device, e.g. a
field effect transistor. Such a diffusion proc- ess results in lateral -

de-fusion of the dopegdygBertgd! EEPRPMOmTaIE%rTéaSWa%t e(éf‘%iddal and -as a

result the cell packihg densities such prior systens have

been | m ted byeydies 9691 eeyobel abetdl of Ghusikan @harha gloRaRiydterials and

by the mar- gin of error required for al i gnnent . Fbretofore an all .
thin fil m EEPR®M devhgeihas ?EGBeBéQﬁ@SQQm%@Qalt%r@ o epghd n U S: - Patent
No. 25 3,629,863 referred to above filmmenory circuit

di scl osed in (2G0OCat ¢o} AbmaRifidf, 8€3drubel iteapedenesid e faddat

bi directional threshold type isolating devices. The devices herein ut|I|ze

for . eacﬁ |scﬂkﬂ09@) (d) a threshold voltage of 8 volts, (e) a -

e . SET resistance of 300 ohms ‘and (f) an OFF resis-

| tance. (at '175°C) of at least approximately 104
ohms.

Heretofore it has also been known to provide

10 isolating devices which.are-couPled in series with
a memory region or cell between the éross over
conductors, such-isoléting devices typically hav-.
ing been formed by diffusing various dopant ma-
terials into a single crystai-silicon substrate to

15 _fé;m a rectifier, transistor, or MOS device, e.g.,
a field efféct transistor. - Such a diffusion proé;-
ess resuits-in'lateralldefusion'of:the déped'ma--'
terial intb.thensubstrate'materiél and as a result
the cellfpaCkingsdensitieS'6f.such.p£ior*memory

20 systems have been limited by the degreerof lateral
difquion-Of-the_dppant_materials.and by the mar-
gin of error required for mask ‘alignment.

Heretofore an'allfthin-film EEPROM device has

been proposed and is disclosed in U.S. Patent No.

25 3,629,863 referred to above. The all film memory



5 device a unidirectional |solat|ng device like-a rectrfrer or - '
33ﬂ.3|stor whi ch provides isolation by a hi'gh inpedance P-N junction in -
onerdirection of current flow thereby to provide very high OFF resistance.

‘ _ It has been proposed to forma P-N junction by vacuum :
depositing, either an N or P type anor- phous seniconductor filmon an’
oppositely doped silicon chip sub ate . In this respect, refer- ence is-~
made to U.S . Patent No. 4,062, 034/which 15 di scl oses such a thin flln¥‘
transi stor havrng a P-N junction. It has not been proposed to use ‘such.
thin filmdeposited anorphous seniconductor filmfor forming an |solat|ng

devi ce Inﬁmydﬁézogaatmhuca BhE@ntNHdEs @ dTRIP§ Y region in a 20
programmabl e array. It al so has heretofore been proposed to uti- lize '

silicon amiﬁlfﬁgérEeﬁ@éfﬁéé|§1lﬂ Bl&@&ébﬂ%@darMHHQEéﬁbfﬁse”t'a'|y a
phot osensitive recti- fier. .In this respect, reference is made to the 25 -

d|sclosur&ypbliébléfﬁﬁ@tdéb1c45217 374, and U.S. Patent No. 4,226, 898.
According to a first aspect of the invention, an- |nproved progr amabl e
cel | conprisesrh@ndev ie®sphereinebikibady, fdie duddy isslaimg a menory

portion having a doped anorphous. silicon alloy therein mhrch s
5 device a unidirectional 1solat1ng dev1ce like a = = '
rectifier or transistor which provides isolation - - 1;
by a_high=impedance PrNajunctiOn;in.ome'direcéion
of current flow.thereby to_proviae very highoOFF
resistance. | |
10 . It has been proposed to.form a P-N junction
" by vacuum dep051t1ng, e1ther an N or P type amor—“'
phous semiconductor f11m on an oppositely doped f_
5111con-ch1p substxate.j In thls respect; refer-
ence is made to U.s. Patemt No. 4,062, 034 which y
15 - -discloses such a thin’ fllm tranelstor hav1ng a P-N
'junctiqn. 'It-has'not;been proposea to use55uch a
thin film deposited'amorphous semiconductor film -
for formlng an 1solat1ng dev1ce in. a memory cir- . -
.cu1t which -also - 1nc1udes a memory reglon in a :
20 programmable array.

It also has.heretofore-been proposed to uti-
lize silicon and fluorine materials in a solar
cell which is essentially a pmotoéensitive recfi-
fier. 1In this'respect, reference is made to the

25 . disclosure in U.Ss-Patént.No.m4,217,374,:and U.S.

Patent NO. 4'226’898‘



Bae

S settabl e .and non-resett abl e, the alloy. 'port ion having a highly o /1“(
non-condlictive state settable into a h1gh|y conductive state. According to
a“second aspect of the iRvention, a progranmable electronic array '

conprkses a .plurality: 10 of anDrph?a cell -bodies, each of

the - bodies including a menory. portion aving a doped anorphous

silicon al | oy therein which . is settable and non-resettabl e,

t ke aIon portion having a highly non-conductive state settabl e.

i n highly 1 CLiv 1§ The vant age he pri_qr
--ar\tk/ are ‘over-cone Iil’? a%:lpc%rdé {58 & ?t& asrpeesentoatldn\a/%éntl 3ve Ettic’nr’owad1 ng

a progrannable é&HIQﬁeQﬂnP¥?ﬁéaﬁﬁ9Pﬁ& aqﬁii\uﬂQﬂﬂq¥§?ﬁgﬂﬁ? amorphous
- non-conductive. celdt &ialy, theebbdpl ¢ncludinty 20 menowy- rpsetiohl ehlalvtlmga

-non-volatile B qubﬁ(sor‘&’xH&i H5us! akg 11k, Celif a“t}li’é’ré'ih' ! éﬁqif‘#-. Ces
at

repl ace he fus I n ranmabl e

"l ogic arrgy taafl?qa ’a‘?ndnaﬁerelsﬁtéﬁ%ﬁf 6%" ¢ & ?/% t8°FF|)(’:Pélas

progr anmi ng rela| duighily ntamrdCOpéulzn:ngez5tatejes@ta}bM| 1 entgbsaamhla}mw
. reduci ng the oWrddct RSt sehtkhe arrays The cells may -have a

more and . conguct Ve 2raresofocR Bl A0 40 o R o

' programmable electronic array _compr1ses plurality
'Y ~10': of . amorphous. - cell 'bodies, ‘each - .of - the = bodies
o including aamemory~portion having a doped amorphous
. : - silicon -allby~ .theréin'f which  1is settable and
' non-resettable, the alloy port1on hav1ng a Thighly
non-conductlve state _‘settable. into- a highly

15;.i conductive state. : o |

3 The. disadvantages of the prior art are over—come

'in accordance with the present invention by providing

a programmable cell :or antifuse having a non-volatile
highly = . non-conductive - state . settable ° and
ZO;..-nonfreseftable into'a 'non-volatile highly conductive
' state. The cells can be utilized to replace ~the fuse.
11nks in programmable ' arrays such -as PROM devices,

. logic arrays, gate arrays and'die interconnect arrays

R to increase the - progfamming reliability and packing
25 dens1ty whlle substantlally reduc1ng the overall cost
~ of the arrays. . R ) '
L The cells may . have a non-conduct1ve state oxr OFF
:a_reslstance of 10,000 to 1,000,000 ohms or more and  a

L | conductive state_or.ON_re51stance of 100 ohms or:
30 '

35



-~/ less.The cells are settable into the conductive state by a-threshold

' 99 Itage of 8 to '20 volts or less;. preferably 10 volts or less, a
pfogrammi ng - current, of about 10 to 25 mlliarps for bipolar uses

ahd 5 programng tinme of 1 to 100 microseconds or Iless -

“particularly 10 m croseconds or Ies#/ For MOS devices the doping and

hence the programming current of the devices can be utilized to result~-

in a range of 10 m'croarrps to 1000 m'crOarrps' -The cells may have™

a 10 . bIe roc t ure olerance f 400

5000 cLREPQRIR. sl SEFEEb 45T meqy ‘é@%lv?en? PhEure O
200[err] cBHt ngtad'@sé\o:'g?e‘éfﬂe?ag¢he°fcelsls Car 20 deteXfed ©For leskirgh -
pr ocessi ngptefeeadilyr Q.0 nmniacwr uees,arad prafiainivy rehkébnki t £1S

and ease pgf, HRAUfACtUE piRGlUging’ dgerhidaling tegLlag  angThe

increase: I'n ’]ﬁi‘ des AT acteris |Pcs over Fhe I?EPROVI
type”~ chaPEBQéﬁn"H@%t%’rW%l S aré Gﬁ’t ait®&y Wr%ﬁ??ﬁﬂ%ﬁ ng% rd®&Ssibility
in the cel partllmﬂmrtlr)asIOtnlcheseewds lod illess. For 10080 devdpelses in

undoped EEBBOM r;ﬁ C§:§d 'REflceCehles PG ARNES al dyrbaye reer sy ity of
to g lesﬁﬁ tihe |§‘t%r oved eI s of .the resent I,nvention

are not &'t ecﬁ{’ :P%o‘r‘ 11 5 gr rc?rﬂren? ’rﬁ Eel Psf a f or med

from- dopedllcyolam tal 1099 291CIQRmR$h- cdhé nctetibs onmayor haver e a of

fl uonione- mAKHQERD ﬁéﬁh%t’ﬁﬁﬁleanﬁrcﬁ%%é ﬂ'a U%mﬁé’f@tutgpuﬂotlle&%nce such *
as oxygen 3 %%H“%b gEBDCSEhingE%e‘%y) oﬂgt aﬁ&angariong term

stqrage,temperature-of 2OQ centlgrade or greater. .
The cells . are designed " for ' - high - ~ processing
temperature, manufacturing andf-operating"reliability
15 and ease of ° manufacture inéluding“F'faCilitating
- testing. - The .  increase. :'in’. thesei“ desirable
characteristics_-over the EEPROM ' type ' chalcogenide
“materials are ‘obtained - by ‘eliminating- -revers1b111ty
in the cells. In contrast to the rever51b111ty " of 106
20  _cycles -in undoped ' EEPROM ‘devices’ ‘and’ cells which
' generally have reversibility of 10 ' to 100 ‘cycles or
. less,. the improved cells of the. present “invention are
not resettable 1n~a-normal.operat1ng environment;
_ _ The cells are formed from ~doped silicon alloys
25 which can include one ~or more of -fiﬁoriné“ﬁfdrogéﬂ
and oxygen and can include some impurities, such as
oxygen or carbon. The.cells are ‘doped  with standard
dopants, such as phosphofus'or*boron7t0'éon£aiﬁﬂabout

30

35



dopants such as phosphorus--or boron to- contain about 30 35 0.11t05 ¢
pertent dopant The cells can 'be deposi ted by.. ‘sputtering, . Tow PY
tenperature chenmical. vapor deposition (CVD), -evaporation (such, as

el ectron bean1ep|taxy) or by pl asma ., deposi.tion . techniques.
Reference can be nmade to the aforenéﬂ:ioned U S. Patents' 4,217, 374
and 4,226,898 for such deposition techniques. Each cell or antlfuse S
déposited. in an array with an isolating device and associ.ated

adqressing 10 ot '5rﬁ(ercjzv%ﬁ's€ dbi%@t"l‘%e A1 ££5 cofdye 24dEe330d

circuitry can b s or

j %B%Ip ar ces  qQr
transistors in KERTE 9 tonf BUraugﬁﬂP%ﬁaEﬁﬁ%lnafh%ﬂécﬁﬂere8ﬁp°rFor
exanple, 'the |Q§HQ§1¢QPMe0¢%E)nayvaberahmqn(ﬁbu¢h> bspoemectaddrebeamg

means 15 formast ggi ) Singt e BFYSt phaghRChnidlisss Tﬂe na%thga g gyl ed
s TeSSi NG oeaAns.
E:(Ca)l :\/DSar Ce)g’ to t e(rakseslI phgg m%ﬁ% %6 Q:he 10%f°ramen Phof‘ V\:ﬁll §3

provides a hlgﬁ4ﬁ§qt§xﬂ%§%b %Eﬁs??? |ﬁv %ﬁﬁay%or Asughur deppgizdon
of the cells mtduhmiqeuked in at |east. two' groups. one upon anot her.

The cells may.form atgd &aste1 08P aﬁftltfli‘fsef Yse eé@ﬁ@@@iéean anrg ra?%@&gee

ate ra form at east sone -
Iogle array or é% é] 1sg{at¥ng dev1ce and associated addre551ng

. 10 c1rcu1try. The - 1solat1ng devices . ‘and "addressing
circuitry can be bipolar or MOS devices or  thin  film
. ‘diodes or.-transistors in MOS or. V-MOS configurations

or combinations thereof. For ‘example, the isolating
device may be coupled to ' bipolar ,addressing meaﬁs
15  formed “by single cfystal techniques, or . may . be _
- coupled to MOS, or to thin £ilm amorphous addressingf

means. The cells have a cell area of less ~than 1
u _ Ve % _

- square mil (6;45;x 10 — sq.‘ em.) -which provides a
high cell packing density in the arrays. A ' plurality
20 ~of the cells may be stacked in at least two ‘groups

one upon another. The cells may form at 1east' some of
- the fuse elements in a programmable 1og1c_array or . in
a gate array;:o; may form at 1least some:. of the die
inetrconnectien .elements in a set of integrated
25 circuits. o E ' . - '

' The preferred embodiment of _this invehtidn..will
now be described by way of example with reference 'to ..
the drawings-aceompanying the specification in which:

% Fig. 1 is a fragmentary plan view of the -
30
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‘~FdMetrconnection elenments in .a set of bntegrated 25 circuits.” The
‘:rp eferred enbodinent of this invention w !l now be described by way of
xample - with reference to the draw ngs acconpanying the specification in
which: Fig. 1is a fragmentary plan view of the 30 35 - deposited film
side of a silicon chip substrate of,a programuabl e array such as ‘a nmenory

matrix of a prior art fuse type P device. Filg. 2 is a sectional view -~
t hrough one .nenory 5 circuit and fuse of the PROM device shown in Fig. ™
1l and is taken along line 2-2 of Fig. 1. Fig. 3 is a schemati‘c circuit O

di agram of a portion of the PROM devi ce shown- i n Fig. |I. Fig. 4is a :

f ragment ardepb e & e9i Dk -EhaelBf ‘2 sdeRednt @il Igusdwiad & programmble
array such as a PROM devi ce which is made i'n accordance w th. the teachings

of the preseptodnaenable, arwliyCBuch d%p@shﬁe(ﬁiérq;n matsd i @M £hip substrate
and which' includes a plurality of menmory circuits, each 15 I ncl udi ng
an antlfmerrmﬁlant ﬁeseryypegPBOMldesétees wi th an isol-ating Schottky
barrier diode forned in the substrate. Fig. 5 is a sectional view through
one cell Fig. 2. 1s a sectional view through one memory .
5 - c1rcu1t and fuse of the PROM dev1ce shown in Flg.
'._1 and is taken along llne 2- 2 of Flg. 1.
Fig. 3 1s a schematlc c1rcu1t dlagram of a o
portlon of the PROM dev1ce shown in Flg.-l,
Fig. 4 is a“fragmentary planlview:Of'theil
10 .deposited'film sideJof.a érogrammahle:array such
as a PROM dev1ce whlch is made in accordance w1th
ethe teachings. of the present 1nventlon,.wh1ch 1s
'dep051ted on a s111con ch1p substrate and wh1ch
includes a plurallty of memory c1rcu1ts, each
15 lncludlng an antlfuse cell or memory reglon 1n
o series with an 1solat1ng Schottky barrler dlode
formed in- the substrate. | |
Fig. 5 is a sectlonal v1ewlthrough one cell
or memory'reglon and isolating deV1Celof a memory -
20 circuit shown in Fig. 4 and is taken along line -
5-5 of Fig. 4. |
Fig. 6 is a schematic circuit diagram of a
portion of the PROM device shown in Fig. 4.
'Fig. 7 is a fragmentary plan view of the .

25 deposited film side of a silicon chip substrate



or menory regi-on and isol ating device of a menory 20 circuit shown in
Fig' 4 and is taken along line 5-5 of Fig. 4. Fig. 6 is a schematic circuit
di agramof a portion of the PROM device shown in Fig. 4. Fig. 7 is a
fragnentary plan view of' the 25 deposited filmside of a silicon chip
substrate forming one cell of a programmable array con- structed in
accordance with the teachings of the pnagbnt I-nvention, the array including
a pturality of menory circuits each having an antifuse cell or 5 = nenory
region in series with a field effect tran- sistor type isolating device
formed in the sub- strate. Fig. 8 is a sectional view of one nmenory circuit
of the array slfowming long celdndi %tﬁ@kéﬂnable%pﬁayl"baﬁﬁ-'&? of Fig. 7.
Fig. 9 is a schematic circuit diagramof a portion of the array shown in
Fig. 7 and shostractedorin caaandamde twict PROM desackhingsgof18hes a _
fragmentary plan view of the 15 deposited filmside of a substrate of
an array incl u@regeatplinventionof the array cinctudind hapluragyiaycel | or
menory region and an isolating de- vice that, are formed with-thin film
deposi ti ng t ecRAi FEEFSTYn HAESBHdeh@ash thating tamcanhyfuse epdl or

5 . memory region in series with a field effect tran-
.. R : sistor type isolating device formed in. the sub-
strate.

Fig. 8 is a sectional view of one memory
circuit of the array shown in Fig. 7 and. is' taken .
10 along line 8-8 of Fig. 7.
Fig.. 9 is a schematic circuit diagram of a-
portion of the array shown in Fig. 7 and shows a' .
memory circuit ofuthe'PRQM-device. .
| ~Fig. 10 is a fragmentary plan view of .the
15 deposited film side of -a substrate of an érray-
including a plurality.of_érray circuits_éach hav-
ing a cell or memory region and. an isolating de- .-
vice that are formed with-thin f£ilm depositing - .
techniques in- accordance .with- the teachings of the
20' present invention. |
| Fig. 11 is a secfional view through the array
shown in Fig. 10 and is:'taken along line 11-11 of
Fig. 10. .
Fig. 12 is.a schematic: circuit diagram of the

25 - ar:éy_circuits shown in Figs. 10 and 11.



- 20 present invention. Fig.. 11 is a sectional view through the array
SMown in Fig. 10 and is taken along line 11-11 of Fig. 10. Fig. 12 is a
ég ematic circuit diagramof the 25 array circuits shown in Figs. 10
11. Fig. 13 is a secti onal view through an all "thin f|In1depOS|ted
ay cell including a circuit' having a-cell and a thin film field effect
tran--sistor isolating device constfgrcted in accordance 5 with the -
t eachi ngs of the present invention. Fig. 14 is a schematic circuit dlagraﬁT*
of a pIurallty of circuits shown in Fig. 13. Fig. 15 is a plan view of a\_/
substrate or 'a portion thereof upon one side of which are depos- 10

. ited array  cir@ud.s,1 3upbd #SsEBDoMali ¢l Shwbugh ane Al “thin film .
~deposi ted, nmenory regions and' isolating devices,. together with addre55|ng
cir- cuitryhi dil degoeiedy abtayf cémd@aeauwm@ e dIH S -
Fig. 16 is. a plan viewof a silicon chip or portion thereof mhereln t he _
array circhiaving @ atdlbramparaishiy fhim,f EirldepdSiclead vramps y'regi ons and
. isolating.devices together with addre55|ng circuitry fornmed on the chip by
doped and diifsfuggedistil ating edevbsewecohshrubeedi incaccoridamest r at e.

5 with the-tea;hings.of=ﬁhe'presentzinvention.
| Fig. 14 ié'a~schematic ciréuit:diégrémﬁof:a"
plurality.of ci;cuits:shqwn,iﬁ Fig. 13.
Fig.ilS'isaa plan view of a substrate or'a
- portion ihereof upoﬁ Qne:sidé of whiéh;afe:deposé L
10 ~ited array eircuits, such aéLmemoryfcirCuitsswhich
| arg'all"thin film'dépositedi meﬁory regions and .
isolating devices,.together with.addresSingmcif-
cuitfy which is fofmeqaby thiﬁ_filmfdePOSitionir' P
techniqueg; -
15 h -. Fig.*lﬁ'is'é plan view of a éilicon chip or-
portién;thereof'Wherein the array circuits are all-:
-or partially thin filmtdepdsited;mémory“regiéns
and'isolatingfdeviéés'together-withwaddreésing' S—
circuitry-formed-on-the §hip by :doped and'diffﬁséd'* | ‘
20 regions within the silicon chip substréte.ff'
Referring:now:to-thé-drawings in greater
detail there.ismilluStréted'in'Figs.-l-and'2 a -
portion of a prior art programmable array sﬁch*asfff
a PROM -device 10 including an X-Y:-memory matrix

25 'includihg X axis aluminumlcbndqctbrSJIZTand?YTaxis-



Referrlng now.to the dramnngs in greater deta|I there is illustrated in
Figs. 1 and 2 a portion of a prior art progrannable array such as a PROM
device 10 including an. X-Y:-nenory .matrix 25 i ncl udi ng X axi s al um num
conduct ors-12. and Y axi s 16 N+ doped silicon conductors 14. As shown,
the N+ doped silicon Y axis conductor 14 |is separated from adjacent Y axis
conductors 14-by isol ation channels 16. M' he al um num X axi s conductor 12
ha§“5 .short legs 18 which extend in tHe’Y direction to make contact with
ong side of a netallic fuse link 20. As shown in Fig. 2, the fuse . link 20
is Oe- posited on a layer 22 of silicon oxide which in 10 turn is

deposi ted or gNewdoped didyifortToiddt€pisaxhal - ABt @hbah,i #nehingh the
i sol ation channel 16 is fornmed. The layer 23 is formed on a P type silicon

substrate 24 ad@p&ddmﬂddbram saximdeshdicidri 54 osmedphirateldet ween. 15
As best shown in Fig. 1, each fuse link 20 extends laterally and has a -
reduced wi dth foom ad2Gemni ch ariss dav@uctotschll' bgi ireddiaeisn( t hi ckness
and width) in order to provide a fuse link which can be blown with a
predet erm ned &hemmels lfur - T a¥uminumTheavibecosiidetok flehfasse 1ink 20
on the short ,legs 18 which extend in the Y'direction to
« make contact with one side of a'metaiiic fuse link
- 20.
As shown in Fié. 2, the fuse link 20 is de-

posited on a layer 22 of silicoﬁ-dkide”which"in'
10  turn is deposited or grown on a layer 23 of N |

epitaxial material in-which the isblétiﬁn'éhaﬁbel

16 is formed. -The“layér.23'iS”formed-oh-a P type

silicon substrate 24 and N doped Y axis conductor

.14 is formed therebetween.
15 'Asgbest shown ih'Fig; 1, each fuse link 20

extends laterally and has a reduced width portion

26 which must have critical dimensions (thickness

and width) in-order to provide a fuse link whicﬁ""'

can be ‘blown with'a7prédéférmined;amouht of cur-
20 rent. The other side of the fuse' 1ink 20 on the

layer 22 of SiO, has an aluminum conductor 28 |

deposited thereon. The SiO, layer first had been

cut away so that an aluminum silicon Schéttky

barrier diode 30fchn.5e forﬁed'éﬁ:ah'exPOSed:suf4"

25 - face of the silicon substrate layer 24. Then the



er 22 of . Si2 has an al um num conductor 28 deposited thereon.. The Si 2
vier first had been cut away so that an al umi numsilicon Schottky barrier:
igde 30 can be fornmed at an exposed sur- 25 face of the'silicon = .
strat.e layer 24. -Then the' - 17 alum num conductor 28 is deposited

over the sili-'. con oxide |ayer 22 and over the.al um nunsilicon Schottky.
barrier diode 30 'to forma condudt?ve. path from one side of the fuse |ink

20 to the 5~ barrier diode 30 which is electrically coupled to the N+Y =

axi s conductor 14. The fuse link 20 and the diode 30 forman array circuyit,
32 here a mem, ory circuit. Each of the crystal silicon substrates and 10
devi ces f @YHRERHRRRALEEPF 288 dRvBRPPEIdEd. overhddeasid processi hg steps. -

except where specjfied otherw se. For example, in Fig. 2, the P-type
substratqufté%%é?mﬁ?&%ﬁnggc?ﬁ_ Bvepuithed alapdmumy sdddegn ed -t hereon

utilizing ot.al,i.t hogr aph 0 15 .expose the desired areas. The |ayer
14, typi czﬁ%llﬁp%rks%%%{)fe%héégé&-a-g,- tRatkopd d’j..mﬁ’f-%?’%eat “during

processin h Ebs roed by.iopn igplan-.tatian..  The epitaxial N-Ilayer
23 is th r?oéhr own ngnogé)t-%gesu -§t.?§?e¥§z?%o&é?‘?‘tﬁg’n§8n 'C,eE'OI‘-'*S- 14. The. 20

| SOBALT ON KN Sutdad 2o MnidACiOB18EePIA 1y coupled to,

the N+ Y axis conductor lg,hLﬁpe_ﬁpse_lﬁnk_go,and,__

the diode 30 form an array circuit 32 here a mem-
ory cir_c_g_it,___ ! i o .
Each of the crystg;_siligpn_éubgt;afgéméﬁd,::.
10 -devices_fo;med"the%eon u;iligg,¢oﬁyeppiqpq1,;if___
thography processing steps except where specified -
'othefwi$ef Fg;_ekqmpie,:in;Fig,_Zj:the.pftype:
sUbstréte;24_has_thé'xmq§pdpctpt or bﬁried_layer _'
14 deposited thereon utilizing_photolithog:gphy to .
15 expose the_des;;ed areas. . ihe_l;ye; 14, typically .
arsenic or pho;pborus,.can”bé;diffgs§d:by:ﬁéat?;5
during:pr¢cessi§g,9r.ggn.beifpxmeq by ion implan--

tation. The epitaxial N-layer 23 is then.grown on ,

the substrate 24 over the conductors 14. The ”_';_  : e

20 isolation channélsflﬁ can_be jgnctipn_or'oxide
-channels. F9; a junction channel ;hef;ayé;_23_is
maéked gnduP-type material is déposited_and_dif-_
fused into ﬁhe_layer_23 déﬁp;to the substrate 24.
For an oxide channel the channels are masked and

25 _'then partially etched into the layer 23 and then



chénnels.; For- a junctioh channel the |ayer 23 is nasked and P-type
material_is deposited and dif-" fused into the |ayer.23 down to the

substrdté 24. For .an oxi de :channel the channels are masked and 25 t hen
partially etched into the layer. 23 and then thermal |y oxidized .to-grow
t he channels down to the substrate 24.- For other devices in the array, a°
base typi- cally P-type l-ayer is then diygpsed into the |ayer 5 23

. betWeen the channels 16 for a diode or tran- sistor, such as for the
adgressing circuitry or other programmable el ements. Then a resistor
diffusion step is perforned. To forma transistor an emtter step is then
perforned by natiérmplly exidized porgrew ehet BRahase sdigblmsiten areas and
di ffusing typically NNtype material into it. The oxide layer 22 then is
deposi ted over tthe srhistmatay24:. 23 i ncluding the diffusion areas. Then with
pho- tolithography an oxide cut, such as for the diode 15 . 30, is made

t hrough each porti oFfaf aethenxderei@8swher eheoataay ,wat baisee tgipddes,
transistors, etc. is desired. Platinum pallidiumor alumnumis then
sputtered or ewRlo¥atRBtt¥eR olayrr oks dehanddéffused snktcdheadeyerwhich is

then heat treated, 20 such as at_ 4500 centigrade for thirty mnutes.
This forms a malbetiviean dehelickrnaels 1hefer| Rcghode or tran- |
-_;[- sistor, such as for ‘the addressing circuitfy-br

other programmable.elements.. Then a resistor
diffusion step=is:pe;formed; To form-a transistor
an emitter step is then performed by mésking off a
10 portion of the base diffusion areas and-diffusing
typically N-type material into it. The oxide
- layer 22 then is deposited over the entire layer
23 including_the.diffusioﬁ areas. Then with pho--
-: - tolithography an oxide cut, such as for the diode -
15 30, is made through each portioﬁ:of the oxide 23
where contact with the diodes, transistors, etc..
is desired. Platinum, pallidium or aluminum is
then sputtered or evaporated onto the oxide and = -
exposed silicon areas which is.then heat treated,
20 such as at 450° centigrade  for thirty minutes.
-This formé a metal silicide diode with the silicon .
but does not change;the;metél_on the oxide layer
23. An etchant such as Aqua Regia is utilized to.
etch away the platinum from the oxide layer, but

25 the metal silicides are not affected.




% s ‘not change the metal on the oxide |layer 23. An etchant ‘such as
giais utilized to etch away the platinumfromthe oxide |ayer, but
; the metal . silicides are not affected. The fuse links 20 are then
pat terned and fornmed on the oxi de 23.° The fuse links of about 200
Angstrons are vertically and critically dinen- sioned. The conductors 12
.and 28 are then-pat- 5 terned/ d laid down upon the oxide 22, fuse fﬁ
‘i nks -20 and di odes 30. An oxide layer (not shown) is then dep05|ted over, -
the whole array, which is then etched to make contact with the conductor
(first netal) where desired. Then a second netal - (not 10 shown) is
patterned ontorhae fvgeda jdkE FEMHIWStheMOpaet e Pedeahayer i's-then forned
over the second netal, which oxide is etched to the second netal to form
the arraysbenednenpade iox i@ @wentTimafus@ebhbrks 85 about - The
schematic circuit diagramof the prior art array device 10 is shown in-Fig.
3. From t heof ahggairemsiaency iverically t&wed per btiaal lgrddypear PROM devi ce 10
illustrated in Figs. 1, 2 and 3, and froman inspection.of. Figs. 1 and - 20
2 it is reddned.apTheontduttdte 12itandl 28i apesthenhi patef the fuse-1ink
20, the need for isolation channels 16 and the |ateral arrangenent of the

5 terned and laid down upon the oxide 22, fuse links

20 and diodes 30. An:oxide layer (not .shown) is . .~ -
then deposited over - thé whole array, which is then -
etched. to make contact;with:the cbnduétors*(first
metal)*Where'desired. ~Then a secOnd-metal {not
10 shown) is patterned onto’ the oxide- and openlngs.'
| Another oxide layer is then formed over  the second
metal, which oxide is etched to the second metal
to formjthe'arréy-boﬁding-paGS-inuafconventionalu
;manner.”' |
15 The schematic”circuit-diagram of ‘the prior
art afray_deVide:lO.is shown in Fig. 3.
From the*foregoiné desériptiOn of the prior
art afraylor PROM dévice 10Tillustratéd_in.Figs;' .
1, 2 and 3, and from an: inspection’of Figs. 1 and ~
20 2 it is readily apparent“that.the_latefél‘disposia
'tioﬁ~0f_the5fusé'iink 20, the need for isolation -
channels 16 and the lateral arrangement of the
Schottky barrier diodé 30 create limitations: on
the packing density of the memory circuits 32

25 (memory cells) formed by each fuse link 20 and - -



Schottky_barrier di ode 30 éreate Iinitatfons on the packing density of-the
(menory-cel I's) formed by each fuse- link 20 and

menory

circuits 32-25

di ode 30 located at and extending between the X and Y axis cross over

conductors 12 .and 14 at each cross over.
di s- tance. between adj acent menory circuits 32 (cells) 5.

‘40 . mcrons. utilizing five micron Irthogrqpﬁw. The packi ng density

‘hence over- all cell size is extremely inportant because the cost of the

ceNportion of the arrays is ex- ponentially related to cell area.

reduction in 10 :
duction of a facdiedef3®ilecatedi at Rafieexitendiony bethicgh then 5 there is
il- lustrated therein a portion of a programmable array 50 which can al sobe

-a PROM devi ce, igrdu¥l-axbs.cross omgracphdualtiory df2 amdhdsl iath edchenory

size of a factor of two is an effective cost

- As shown, the center-to-center
Is typically

and

A
re-

circuits 52 constructed in accordance w t.h the teachings of the present
‘invention on a FCA9$R @VeFeonAgubhown; atbeS¢enths ~tioovwenteridis-b,
circuit ‘52 extends between an Nt+Y axis conductor 56 in the 20

substrate 54 andt3FXK Rgtéeqntadipcensnigrrsy Sdrwviidts G@n (welimde of

sui t abl
di ode sodch 1s typically 40 mlc:ons,utilizlnglfive micron

10

15

20

25

metal, such as aJu- minum Briefly

lithography. The pécking dehsity and. hence . over-
allnﬁell_sizé_is extremely impoftant.begause.the
=cost_of.£he cell_portion.qflphe.a;;ays'is ex-
':ponentially_rélated ﬁé cé;i areé. 'A feduc;ion,in
size of a factor of two is an effective qostire—
- ddqtiqn,éf a factér of five or six.
Refe:ring.now_tQ.Figs. 4fapd|5fthere_is il-
lustrated therein a portion of.é programﬁable
'érray_so which can_aiso,bg a PROM device, includ-
ing a plurality bf;conne¢tion_Q:.memoxiﬁgircuits-
52 cohsﬁructed in accordéhce with tﬁe.teachings of
the present invention on a P type. silicon sub-
strate 54. As shown in Fig. 5,:each_circuit_52 _
extends between an N+ ¥ axis conductor 56 in thé
substrate 54 and an X axis metallic conductor 58
which can be_made.pf“suitable_mgtalh such as alu-
minum.
~Briefly, the circuit 52 includes a diode such
as a.platinum silicide Schottky diode 60. between

isolation channels 62 in an N epitaxial layer 64

each

the circuit 52 includes a



a platlnun15|I|C|de Schottky di ode 60 bet ween 25 isolation
_}”ﬁ nnels 62 in“an N epitaxial |ayer 64° formed on the upper'surface of
thE™P type silicon substrate 54. Above the epitaxial layer 64'is a |ayer

i nsul ating-material 66 which can be sili- con dioxide and whi.ch may be
formed by chemcal 5 - vapor, vacuum deposition, or thernal oxi dati on

techni ques. A -portion of the Iaye?t f insulating material 66 is cut away”"
oft ky '

above the platinumsili- cide Scho di ode 60 and a | ayer of phase chan
~anor phous material is deposited in the open space 100 . to 'form an
antifuse cell or nenory region 68 of the circuit 52.- Above the cell 68 is

a thin con- M%a/eo,pagﬁé eﬁrpbgyegAEQacepB%f &4 %plpy ‘%ﬁ%ﬁct 14 gfractory.

met'al or netal loy I1ke ove this t arrler | ayer

is the layergyfstdPate .54. 00 ﬂBbVeCQB@UE?ﬂE%x'I%tlall ‘@6 £4 un num formng
t he X axi s-conductor 58. The portion of the array 50 shown in Figs. 4 and 5

is formed asi gaserépeinahvyeing Masekreal 66 WRlieHRa vd Vsip -

sem conduct or substrate 54 20 which can be-a silicon chip. 'As stated
above, the stwstdbécidd hRdShRMBhamag Bet Yo med isorerdbicst rate having the

epitaxial layer 64 of N-type silicon forned on the top of the substrate
54. 5Al so as o, ea¢eud|agpbhiﬁmgh t be emaﬁmakﬂoxldatlon '
technlquesf A-portlon of'the“layer of-rnsulatlng o .
material_66"is=Cutiaway’éb6ve'the’ﬁlatiﬁumZSili—
cide Schottky diode 60 and a*layér of5phase chanéé
amorphOus~material“iS'depoéitea in the open spécé |
10 . to form an antifuse cell or memory reglon 68 of
' the circuit’ 52. ‘Above ‘the cell 68 is a thln-con-
ductive-barrier_layer 70}_preferablyLmadé}of a
refractory metél or metal alloy like Ti-W. ”Abové.
this thin conductive barfiéf layer is the layer of
-15 highly conductive méfal”éuéhﬁas aluminum forming
the xfaxié*coﬁdhcﬁor’sa;‘ |
. The -portion of"the]array 50 shown in Figs. 4
and'S-iS"fdfmed“és'deséribed~abOVe on a selec-
tively doped crystal SemicondGCtor'substraté'54
20 which can be a silicon Chiﬁ.'"As stated aboVé{'the
subStrate754“is'shOWn”§s a P-type silicon sub-
strate having the epitaxial layer'64 of N4type.
silicon formed on the top of the substrate 54.
Also-as“shanf"exféhding“thraugh'tﬁeIépita#ial

25 layer 64 is a pair of isolation chanriels 62, one



25. - l'ayer 64 is a.pair. of isolation channels 62, one pair for each
row of ;chuifs 52 which serve to divide the epitaxial layer 64 into
el ectronically isolated regions between which the epitaxial |ayer 64 forns
-part of the.Y axi's coriductors 56 of the .5 array. - Low resi st ance
‘connections are nade to the ends of the N+ Y axis conductors 56 in a
conven- tional well-known manner by difb®@ing N+ regions into the epltaxial
l-ayer directly above the | ower 10 K+ regions. Conductors (not shown)
e added over |nsulat|ng | ayers .deposi ted over the sections.. shown in
Fi.gs. 4.and 5 with conductive fingers making connection to spaced

N+ di ffused repadnsiénotashonsy bet waerdite \ou vt edd svd egach 15
vertical row of cells shown in Fig. 4. This addi- tional technique for

| owering the r@svsdentheoépﬁhaxdann&ayben$4xidﬂuédﬁeéﬁﬁﬂhﬁt&PﬂﬁUCtOfS 56 -
are not shown to avoid unduly conplicating the draw ‘ings. 20 - The
lateral extentisdlabed negmoyscbe¢uememhﬂ¢h%ﬂhﬂx§pi&Ex1Emk1§&pﬂens|ty i's
one reason why an all deposited filmnenory natrix of nenory circuits to be
described i n cohnBermsnParthofhshed¥sexiist icomdafctRins SI6L @dchi i'li.zi ng a

thin film25 “rectifying device or a transistor isolating device
' 5 = array. _ o : g .

pr.resistance connections are made to the
ends of the N+ Y axis conductors 56 in a conven-
.tional wgllenQWn manner by diffusing N+=régioﬁs
into thé epitaxial 1a§er diréctly.above the lower
. 10 N+ regions. Conductors;(not_shown) may be added
over.insulating layers depositeé over the seééions.
shown 1n Flgs. 4 -and 5 with conductive flngers
maklng connectlon to spaced N+ diffused regions
(thfshown)_between the_varlous cells in each
15 vertical row of cells shown in Fig. 4. This addi-_
tional technique for lowering'the.resistance_of
the connections to the N+ Y axis conductors 56 are .
not'shéwn;tq;a§qid undp;j_compligatingzthe draw- ‘
s ings; o
jo _. _ .The lateral egtént of each memory circuit
which reduces the paqking density is one reason
why an all deposited film memory matrix of memory
circuips to_be_dégcribed_in_conngction with the .
descriptioﬁ_of Fig. 11 apdzﬁtiiizing a thin film-

25 rectifying device or a transistor isolating device



-_ilfustrated in Figs. 13 and 14 has a nuch greater packing density than

t readily achievable with the array shown in.Figs. 4 and- 5. In this re-

t, the center-to-center distance between adja- 5 cent--~circuits or
‘cells 52 is .30 microns which is, "however', |ess -than.the 40" microns in
‘distance for the cells .in the prior art device 10 shown in Figs. 1-3,
utilizing the sane |ithography tecq%ﬂhiques for each device. 10 - -
Further with respect to the formatién of the menory circuit 52 shown in 4

Fig. 5 the layer of insulating material 66 is formed by chem’cal vapor \/

deposi tion, sputtering, plasna deposition or ther- mal oxidation

techniques, in an openin t here in, - under. the. menory region 68 -

which is faf rfécﬂ‘b%*f’f@t%%n%@nﬁ-ﬁﬁal 15h6f’§ Adshas r@aé‘kﬁcﬁ’g HRRRLCh- ing

t echni ques, he rrie _ serves.| ionic mrgration fromthe

al'unmi num | QQwék?@ %%e Zga 5??? g@n&&@ﬁﬁY %MW%__would tend to

2292_3835é&%?ﬁ}eéa‘e%oé*i?@éﬁhﬁ”g 5“°“ﬁe”§té‘?§'ya' TF S ARy bands of

e LT 44 S5 CAIELLe STRLHRKE i dagammect on 25

5 . cent circuits or cells 52 is 30 microns which is, '

however;.less~than“the5405mi¢roﬁs ih’diétaﬁde'fbr _ ?_.
the cells in the prlor art dev1ce 10 shown in |
Flgs. l -3, ut11121ng ‘the same llthography tech—'
nlques for each device. - _

6 Further with respect to the formation of the
memory circuit 52 shown in Fig.'S}fthe'IAYér:of'
insulating material 66 is formed bY’ChémiCal'Qapor
debosition,'sputté:iné,'plésﬁa;dePOSitioh.6r'thef-t.

" mal oxidation'ﬁééhniqués; in'én openihg'72 there-

15 - - in, under the memory region 68 which'is fofmed |

_using coh&entional photd-reSist masking and etch-
ing techniques. o
'Thélbarrierfiayér 70 serves to limit ionic
migration from the aluminum layer- forming the X

20 axis conductor 58 which would terd to degrade ‘the

| non-resettable amorphous material forming‘thé cé1i“'
68 as well as exposed diodes Gb'élseWhété'in'the'
array.- In this way bands of élhmihumfforﬁihg'the
X axis conductors 58 make electrical conﬁe¢£ioﬂ

25 through”the*underlying'b%ﬁds of barrfér"iAYer'70 



to establish electrical contact with the cells 68 of the various circuits
52. The layer 70 also allows'a higher processing tenperature for the cells
68. 5 - . Setting or: read current pulses are fed through sel ected
circuits 52 by applying‘suitable'thresh-'oId vol tages of positive polarity
across the X and * Y axi s conductorzéSB and ‘56 so that current passes
i'n-a |l ow resistance direction through Schottky 10 barri er di ode 60
forfed. at the interface between ' the associated platinumsilicide region
and the epitaxial |layer 64 below. Wth the construction just described of a
ci.rcuit 52, the packing density of the circuit 52 15 Is limted by

“t he. spaci ng of tbhesitablldtshore lettairicrel scoftadit chiels shewselbsFeg. .5 i s
approximately 30 microns. The distance of 30 microns between isolation
channei s i's al 8§ the &éﬂkQuﬁ(Fkﬁﬁﬂk#S 53i stBheeclapenced alipacent.circuits
52 in the array. .20 This distance, it will be noted, is less than
the 40 micron BtdPHScE 9&3ﬂ%ﬁ1RQRFQ%ﬁﬂQﬁ|€#WE%éhtuﬁ%I§°V0the' o

i n-the-conventio ? %rlor art device 10 utilizing a lateral fuse on a

bi pol ar substr&?g §s®8own-in-Figs. 1-3/ 25 I'n accordance with

the_teacglngs Of'th%thlhg or,read current pulses are fed through

“ - eeleqted circﬁits-sz by applying suitable thresh-
old voltages offpositive polarity across the X and
Y axisreonductersbSS and 56 so that current passes -
in e_low resistance direction through the Schottky
10 barrier diode_60 formed at the interface.between -
the assoc1ated platlnum .silicide region and the -
epitaxial layer 64 below.
With the construction just described of a
circuit 52, the packing density of the circuit 52
15 is limited by the.spacing of the isolation chan-
nels 70 which as shown in Fig..5 is approximately-
30 micrdns,_ Theidistance,of'30,microns.between]
isolatioh ehannels,is-elsq the center—tofcenterg o
T '  61stance between adjacent c1rcu1ts 52 in. the array .
. 20 50. Thls_dlstance, it will be noted, is less than:
the 40 micron distance,between.thezisolation chan-
nels'70 in;thexepnventional-prior art device 10
utilizing a lateral fuse on a bipolar substrate as
shown in Figs. 1-3.. | |

25 In accordance with. the teachings of. the pre- -



..invention, the.antifuse or nenory region 68 is 'nmade of a settable

resettabl e phase change naterial having desired thermal and el ectri cal
Avaracteristics. Plasma or glow discharge silicon 5 . alloys fornmed from
conpound gases such as silane, silicon tetrafluoride. and hydrogen can be
utilized as one enbodi mrent of the phase change material. Such all oy -
mat eri al s-deposited 'at tenperat? Séé bel ow 4000C, in accordance with the -™
teaching's of. 10 "U.S. Paterfs. 4,217,374 and 4, 226, 898 provi de anor - '
phous cells having the desirable PROM character- istics. It has been W
- discovered in accordance with the present invention that the silicon
anor phousenk| apvention,cdites ageni fhese ngw awemboby - degiog @8t h conventi.ona

dopant$. In a ptasma deposition systemthe mx- ture, for exanple can be
20 to 150s0medgpmiofa sledsistiilee nqrPHysertabbborphasé B2hBhgen an argon
carrier or dilutent, with silane (SiH 4) or silicon 20 tetrafl uoride

(Si F4) amatrydpdgdvingndasidiad theimal mdoebeatoicahe dopant is nixed
with argon to provide about.fifty percent of the gas mxture. A preferred:
gas m xt GherpEtegiishigs -apflliasma ais Jkowrdisahapgecail ipavsphi ne, -

" forty-nine.(49) 25 - ercent argon and fift 50) percent silane which
.-Fg y aflgys)formedi romthmpoé%d.gases sucg-aé{s}lgne/. : :

,siliqon tetrafluoride.aﬁd*hydrogen.can bé'utiiizEd. :
as bhe;embodimehtwof the phase'changefhaterial.“"'
Sﬁch éi1oy materials ‘deposited ‘at temperatures

:bélow 400°C; ;n3acchdan¢e'with'fﬁe.teachiﬁgs:ofL

10  U.S. Patents 4,217,374 and 4,226,898 provide amor-
| phous cells having the deéi;able'PROM7charécté¥—f-
isticsfﬁ
It has been: discovered in accordance with the
present.ihvention that the silicon ambrpﬁbuéialloy -
15 cells cthbe improved by-doping.with’conﬁentiohalf-
dopﬁnté;,ﬂln-afpiaéma deosifibn-sYstem‘the"mix;

- ture, fdr exampleﬁéan"be'20'td-150;000 ppm'offw
phoéphine (PH3) or.dibo:ane (BZHG)-in'an argonfa.1. s
carrier or;dilutent;“with-Siiane“(SiH@) or'silicon~

20  tetrafluoride-(SiF4)~and:hydrbgenz Typically |

| .about 15,000 ppm of the dopantﬁisimiXed withférgon
to provide -about fifty percent of the gas mixture.
A preferred .gas mixture for bipolar applications:
is one (1) percent phosphine, forty-nine (49)

25 percent argon and fifty :(50) percent silane which



resukts in an-alloy having about two (2) percent phosphorus, ninety-three
(93)- ‘percent silicon and five' (5) ‘percent hydrogen. The addition,of the
dopant /feéduces the resis- 5 tivity of the cell alloy. The doped alloy -
resis- tivity. is about.104 ohmcm Further, the dopant reduces.the optical
and electrical band gap of the cell alloy, typically about ten percent.

- This reduction reduces the magnitude of br eakdown 10 field of the
~cefl alloy. The lower field allows a tHrcker deposit of the cell al oy

wi Nagut raising - the breakdown or ‘threshold voltage of the result- ing

cell alloy. The thicker cells can have a | ower defect or 15 . pin hole
~density, i.e. uhsqmﬁﬁ1inﬁannu£fayv@a@gﬁésabgutngagaqgg.peIggﬁthcker cells
also pro-. vide a nore uniformarray of threshold voltages, i.e. each cel

wi || breakdown Bhesphess , meirvety -+ @mgee 0{ 9¥pl pagesnt. sTheéconuagdaped silicon
alloy 0 20 cells are deposited to a thickness of 500 to 1500A to
breakdown at a ftiffieesiidl dPegicert: thydegeits or: | ess, vihile the doped cells
are deposited.to thicknesses O of 1000 to 2000A to have the sane breakdown

volt- ages. 25  ~The additicnuef rthe sdopany peduaesdbpedresiisi-con
5 tivity of the cell alloy. The doped alloy resis- -
. , tivity is about .104 ohm-cm. - Further, the dopant -

reduces the optical’ and electrical band gap of the.
cell_alléy,.typically.about ten-perceht._-This-'
reduction reduceé the magnitude of the breakdown

10 field'of.the céll alloj. The lower field.allows-a
thicker :deposit of the cell alloy without raising -
the breakdown or-threshold:yoltage of the result- .
ing cell alloy. - |

.The .thicker cells can have a lower defect or

15 -pin hole density, i.e. the yield.of operative
cells is_increasgﬁ.erhe~thicker éells also pro- -
vide a more uniform array of threshold voltages,
i.e. each cell will_breakdownwin a more narrow - - -7 .

e : " range of:voltageé;u_The,undoped.siliconrailoy o

20 cells are deposited to a thickness ofaSOO_to:lSOOX--'-
to breakdown at:a-thresholdiof 10 to 20 volts or
less, while the. doped cells: are deposited to thicknesses
of 1000;to;zooﬂg'tozhaveathe:samé:breakdown-VOlt- |
ages. | |

25 ' __The_lowet resistivity of the doped silicon



ra% oy cells results in an increase in the | eakage or pre smntchlng current

: ch can be passed through the cells. Al though this would appear to be _
_ rimental, it instead allows for significant:-advan- tages in testing

~and utirizjng.the cell devices. Between about .1.and ' 1.0 ma of current
~can be passed through each of the cells 68 to test that the circuits and
cells are functional. Referring %g,gh schematic diagramin Fig. 6, this
includes 10 - checking the |iness56 and 58 for an open circuit s
condi tion,.and passing reverse current through the cells 68 to check t he \

cells and the di odes 60. The doping levels for cells utilized with MOS

devi ces i allleys dellas treasulisedin oin bi per@asdeyhcenelleakagled reduce the

- magni tude of the switching current to the desired range o? 10 to 1000

. m cr oanps orFprichawi tohimnuiwict evit Nghi bR 6ahape, phBseAoEhirdugrOoCcCcur rence of

. pre-switching the cell's because of the exposure to static electricity 20
* subst ant i &hley.ceild sal i Mlndtedgh Thei slopedl di hppear cebl bal dets al so-- make _

. ohm c contact to netals and nmetal silicides and hence the resistance of the
progr amred igdented s its ingstgadinzl hove. fonsségnaficans advan- '

Furthernore, the addition of a dopant, such
5 tages 1n testlng and utlllZIDg the cell devices.

Between abqut;;l,andtl;o ma:of .currént can be’
passed throughfeachﬁof.the cells. 68 .to test that
the circuitsrand-celis:are functiOhal;u;Referring
to the schematic'diagramlin-Fig.¢6f thisiinciudes
10 checking . the llnes 56: and 58 for.an open c1rcu1t
condltlon, and pa551ng reverse current through the
cells 68 to check theuceIIS“and-the'dlodes 605
The dopiné.levels'for.cells utilized uith MOS
deyicesﬁis}leséjthan-thatlused'for*bipolarideviées
l15 tc reduce the.magnituderof-the suitching=current
fto the:desired‘range of 10 to- 1000 microemps.-i
Further; in. manufacturlng ‘the arrays,. the
.1p0551b1e occurrerice of - pre-sw1tch1ng the cells o .
because cfathe exposure.to statlc electrrcrty - ;;
20 substeutially.is:eliminated.
fhe doped silicon cell alloys'.also:make Ohmic
. contact to-ﬁétalsvand metal silicides and hence
the resistance.cf the programmed:devicesfis lower
‘and more consistent.

25 ' Furthermore, the addition of ‘a dopant, such



as phosphorus, to the silicon alloy makes the alloy nore pliable and_less (::)
susceptible to crack- ing during subsequent high tenperature processing.
forhinéTEeII 68, the opening 72 is first 5 ° masked by a conventional

phot oresi st. - The anor- ‘phous phase change alloy then is deposited into the
opening to the desired thickness. The deposi- tion techniques can be those
dgscribed in the above referenced U.S. quent.hbsl 4,217,374 and ‘10

4,226,898. One exenplary deposition précess is a plasma deposition from

Si M~ whi ch can inc)ude a dilutent such as argon gas in about a one to one
ratio. The substrate is heated to below the nmelt- ing tenperature of the

hotoresist, f 'éyggﬁm 15 .o LEsszthan 150[err] centigrade. Between 1000
gng 2000 Angsta%) ) C‘gﬁg’él ?%yl-:iﬁ%' 8285&0{%8&39 aﬁ'agﬁé"r eng Lrleguenlc:%/ of
about 30 kil ohgr .t L 09, An OQs.. hng,a threshol d vol tage -
of eight VoLtEﬁA hgﬁﬁéhéﬁééﬁég %Eé gég%sgﬁﬁgﬁgggﬁﬂﬁpég 8?_%%hdhthe .
barri | ayer j i ﬂmﬂg n , eMk QHs Y] e .
tﬁ{LLﬁ;ss gf t%ﬁ?(ggl 6 %egfgigé?ﬁg.¥%§gshéwgssgﬁngePFeSﬁ%#%ﬁ%i%a set- the

~phase change materig| #4Wpiddec nggggiggesggﬁgig fpar§%i%4%g% dis- 25

cussed. Setting the anorphous 5?

rm ng
5 masked by a conventional photoresist. The amor-
. phous phase change alloy thén'is:deposited into

‘the opening to the desired thickness. Thé'dePOSi-'
;tion.téchniques can be those described'in the
above referenced U.S. Pategt.Nos}'4,217,374 and

10 4,226,8986. Oné:exemplary-depositiOn'procéss is a -
plasmé'déPbsition'frbﬁ SiH4'which'¢an“inc1ude a
dilutent SUCh-aS'argoh'gas in about a one' to one
ratio. The substrate is heated to beélow the 'meit<
ing temperature of théfphbtoresist)'EOEiéxémpie

15 less than '150° centigrade.

Between 1000 and-ZOOO’Aﬁgstroms'of7céll alloy

Y | isldepositéd"at:an dpeﬁating~frequenéyiof'éboUt“30
kilohertz, with about SOO'AngStromé producing a -
threshold voltage 6f eight volts. ' The photoresist

20 is theﬁ stripped off aﬁd“thé”bérriérjiaYér'70 is -~
déPOSited-as'préViOdéiY“descfibédf Varying the
thickness of the cell 68 varieé"thé~thteshold"
voltage required to set-the phase changé material
into the‘cbﬁductiVéiéﬁate; as ﬁrévibusly dis-

25 cussed. | ;

Setting the amorphous alloy forming the cell



= gi on 68 into the crystal line- conductlve state. i's typlcally acconpllshed
passing a current through the mat eri al having a value of between about
/i croanps and 25 millianps with a threshold vol--5 . tage of about 8 to
10 volts applied thereto. for a period of between 1 and 100 ‘'m cr oseconds.
The -al | oys descri bed above provide cel'l or nmenory regi on materials which
have a stabl e, high- Iy'conductivezz te.and. a stable, highly non- 10
conductive state. The non-conducti state is non-resettably.swtchable
into:.the stable, highly conductive state by applying a current |imted
voltage pul se’or a voltage limted current pulse across the cell region

exceedi ng, %ﬁ%ﬁd%tae '?i‘t%ecthjeS clrr}, 1%] %I&Ag l:lve ggag_gl ghemains in the

B J

hi ghly conddctive state even nce o an applre voltage or
current apgpipden alalcdaaﬁﬂqtswsqsyl as$iffSa &Heteehtn@nhewgho Figs. 7 and
8, there |gp20 Y | l'ustrated therg?n adg?her enbodi nment o? a pro-

gr ammabl etﬁérﬁﬁtéQQaﬁadﬁvﬂhg AcLWanse Méthebheabeaehilogs  of the present
invention. The array 100 includes circuits 102 each of which includes a

cell 104 mﬁdeoampsnamﬂhd&smﬂﬂkmampﬂewlth af thhesholtflypeldaescri bed above
and an isolating device 105 which'is a field effect transistor deV|ce 105
of 5 tage of about 8 to .10 volts applled thereto for a .
perlod of between 13§nd.100 mlg;oseconds. e e
The ailgys descgibed;abové:pfoVidé cell;qr
memory,rgéion-ﬁaterials”which have a,Stablé,,high-
ly conductive:Statg_aﬁd;a stable,;highly non-

10 conductive state. . The non-conductive state is =
non-resettably sw1tchab1e 1nto the. stable,-hlghly
conductive state by applylng a current. llmlted B
voltagg_pulse or a voltage 1;m1ted current pulsé_ 
across thgﬁcell_region,ggceeding.a3pfede£ermined

15 threshold level. The cell remains;in,thé highly"
'conéuctivé_stateveveniih_the_abéence of an applied
voltage o£ CUrteqt:and;qnder'all opérating_condi—.
tions. = | I  .__ e

Refer;ing,noﬁ to Figs, 7 énd 8, there is

20 .illustrated;theréin angtpé:aembodimeqt of a pro--
grammabielairéY‘lOO made inm§cco:dance1with the-
teachingé_qf_the_present.invehtién. The array 100
includes ci:cﬁiﬁs_lQZ_each of which,includes-a

cell 104 made 6f_amorphous alloy materiaiwof;the '~



the}NCS'type whi ch is formed in a P-type silicon substrate 106 on mhich

circuits 102 are formed.” 5

aluninﬁﬁiconductor 108.which is connected to one side of the cel

region 104.
drain-form'

The other side of the cel
I'ng region 110 in the sub te 106.- The sub- 10

-1Q6 ;has a Y axis conductor 111 thereon ove a source region 112
field effect transistor 105 diffused in the substrate 106. In *

adh#fron, a Y axis.gate form ng conductor 114 is deposited on an

| ayer

of the array 1

116 on t

The array 100 includes an X axi s

or nenory

IS coupled to an N+ diffused

strate
oflthe

i nsul ating

f the 1 ' bst 106. t t
55 AT TP A EEPF 108 aRaTePlRyiBe derifesiogpe

‘transi stor 105&

conductivity bad%ghgdﬂ?d Iﬁi% §E§§§£ aaggfﬁ SpggﬁqFﬁgq&%béﬁg?Lg?hnhtf
the substrate 10 hitssehypla {,j?gm £gs Ssrnuﬂehx gapatlgl. MoTpe

sourcé-form ng Tegi ons

ral n-: orm ng regions

devi ce
which is

used in CO”WDnsﬁﬁstfhﬁérf@$toﬁoahlgﬁ- ircuits 989tk le@%f%g%'fornatlon of

the circuit 102, = paralle

subst
l-ayer

rate 106,

gate insulating regions-are

ormed on the

such rmet@ersyteoonsa&@baeg bayﬁ ex11=,6a1u§umm nsul ating
.may be silicon oxide .

conductor 108 wh1ch 1s connected to one side of

the cell or memory reglon 104. The other 51de of

.p_the cell is coupled to an N+ dlffused draln form—'

10

15

ing reglon 110 in the substrate 106. The sub—

strate 106 has a Y ax1s conductor 111 thereon

above a source reglon 112 of the f1e1d effect

trans1stor 105 dlffused in the substrate 106. In__

addltlon, ay axis gate formlng conductor 114 is

dep031ted on an 1nsu1at1ng layer 116 on top of the

-,substrate 106

As shown, in the constructlon of the array

100 1nc1ud1ng the cell 104 and f1e1d effect MOS-

-‘type tran51stor 105 1s formed in the substrate

20

25

106. - Spaced apart parallel N+ conduct1v1ty bands
110 and 112 are dlffused 1n the upper reglon of '
the substrate 106 thereby to form respectlvely

parallel MOS type dev1ce source formlng reglons

used in common w1th a c1rcu1t 102.

Cont1nu1ng the formatlon of the c1rcu1t 102

_112 and draln formlng reglons llO each of wh1ch 1s



\silicon nitride. 5 Usi ng a suitabl e photo-resist maski ng and
gdhi ng techni que, the Y-axis conductor 111°is forned for making el ectrical
ymection to the source-forning region 112 and the Y-axi's gate- forning
-dnductor '114-is formed by vacuum deposi- 10 ting or otherw se on the
insulating |ayer 116. Such conductors 111 and 114 can be formed of vari -
ous materials and are typically fo.g2@ of poly silicon. Low resistance
connections are made to the Y axis nduct or and Y axi s gate conductor
15 - 114 in a conventional manner. Cbntan|ng with the formati on of -t hen
array 100, an insul ating layer 122 is now vacuum depos- ited or otherw se

formed on ghex41%18ng@&elﬁéuiélelﬁgbﬁég%ﬁslgée 2B¢madPen! itg thereof is

cut away 2 I'eave an gpen area 120 above the drain regions 110. A

| ayer -of plsfjsipates 106 slepesiseghbnghbe 9RGN1AEAGDAR ?een portions of
the layer of insula- tor 122 and on the top surface of .t Substrate 106

which is tham.heassh tind@rat ang! Bayedmmay! be 231iconCiodddeegi on 124
form ng an ohmc (rather than a Schottky barrier diode) region. An

et chant Ilk&-équadanyﬁnt51d@en used to renove the excess plat- inum but
not the platinum silicide region 124, A layer of the nenory material 104
s then dep03|tenk1ng a su1table photo re51st masking and
etching technlque, the Y—ax1s conductor 111 1s: .h.. .
formed for maklng electr1ca1 connectlon to thed
source—formlng reglon 112 and the Y—axls gate-"
formlng conductor 114 is formed by vacuum de9051—
10 ting or otherw1se on the 1nsu1at1ng layer 116 |
Such conductors 111 and 114 can be formed of vari-
ous materlals and are typlcally formed of poly |
silicon. Low re51stance connectlons are made to
the Y aXis conductor-lll and Y axis gate conductor
15 114 in a conventfonai manner. | |
Contlnulng w1th the formatlon of the array
100, an 1nsulat1ng layer 122 is now vacuum depos;'
ited or otherw1se formed on’ the top surface of the
.substrate 106, and a portlon thereof 1s cut away
20 to leave an open area 120 above the draln reglons
110. A layer of platlnum is then dep051ted in the
open area between portlons of the layer of 1nsula—'
tor 122 and on the top surface of the substrate ;
106 Wthh is then heated to form a platlnum sili-

25- c1de reglon 124 formlng an ohmlc (rather than a.



5 -~ .in and about each opening 120 in-the Iayef of insulating materi al
122 so as to make good elec- trical contact with the platinumsilicide .
region:.124. A thin barrier-layer 126 is then deposited over the insulating

| ayer 122 ‘and -the drain region 10 material 1'04, such 'thin barrier 126
preferably being nade of -a.material-like Ti-W Then a thick- er layer of
cohductive netal such as alumnumis-'d dsited to formthe X axis conductor
.108. As shown in-Fig. 8, this array 100 including 15 . a cell region 104

made~of anor phous al loy material of the type described above and a MOS-type
field effect transistor 105.forning the isolating device of the nmenory
circuit 102 hasS@hPhtky aPaekientdbpdel KPeiens whincletichapdy likeh smal | er
"than the 40 20 mcrons of .the prior art |ateral fuse-type PROM device.
10 shown in Fi 8343 Begi3d 1A ERRBnHERE EQuIrGRPIS: the eaaasofPkate circuit
102 shown in Fig. 8 is jllustrated,in.Fig. 9. .Referring nowto Figs. 10 and
11, there is 25 um'-??*ug?Ea%88~?ﬂéFéPHgtﬁ61&EPF§ f§ 9Pl 24repdsi t ed

ph M e, Ao ol BEDRL 2Bl B YGTS oS dEd 4 (st on
TR TS 8 ARSHELATLE BTG 13b 520 sy (S T
e : insuléting material 122_so as to make good elec-
tficé;;gpnﬁactiw1th the platinum silicide region
124. A thin barrier layer 126 is then deposited
'ovér”thiinsulating iayer_lzz aﬂd the dﬁain rggion
10 material 104,_such thin barrier 126_pfeferab1y_
| 5eipg made.9f a material-like Ti-W. Thén a thickf_
er layer of conductive metal suph_as_aluminum is |
_depqsited“;o;fcfm_Ehe X;axis_¢onduct6r_108.
|  .5$_shown.in_Fig, sf,this array Iho incluaing.
15 | a cell region 104 méde.quémqrphous.alioy méteriél_
~of the typg_désqribed;above-and_g MOS-type field
efféct“tranéistof 105-forming the_isdla;ipg device
of the memory circuit 102 has a 1aﬁéra1:ex;en£:of:'?
s 21 micrgns_whichﬁisivery_mﬁch_§malle£_thén:the_40_ 
20 microns of ;he?priof_a;tllate;a; fuse-type PROM
~device 10 shown in Figs. ;nahd 25.}-
;.A_schematicﬂequivalgh;,cirqﬁitjéf.the_circuit
102 §hoyn;ip fig. 8_is_i11ustra£ed in Fig. 9. |
f ,Refe;ring_now to Figs.,lo_and 11, there is

25 illustrated therein two cells in an all-deposited



N nsulating material 158. 1In this respect, the -main substrate materi al
®jcan be a netal sub- strate and the insulating |ayer 158 can be very

so that heat generated in other portlons of 10 the nmenory circuits
152 deposited on the insulat- ing |ayer 158 can be d|SS|pated in the heat
sink fornmed by the netal substrate 156. Such insulat-.ing |layer 158 can be
made of silicon dioxide. On top of he | ayer of insulating material 158 .J-
are 15 deposited parallel cond or bands 160 whi.ch formthe Y axis
conductors 160 of the nmenory matrix of the array 154. A P-N junction devived
made of |ayers of anor- phous seniconductor material of alloy is deposited

20 on EﬁﬁanlﬁH?d¥¥%§“¥SK Rl éf@mlnaEeEht er§5e§ﬁ%ﬁEh an isol ating

rectifier device 162 is formed from successively dopéd N+ and P+ | ayers 164

and 166 OfIQWG@@hQu%éﬂ|d$ffu§1&ﬁléhé@ﬂélsof ABSHhowh, ithe material 170 is
_ deposited over the substrate 25 158 and-t he Iayers of material 160,.164

and 166 cliltendas 1596f tie @ROM spectcd 6954saeut fortiedn onhe area wher e
the platinumsilicide region 168 is to be formed and such platinumsilicide
regi on 168a|maﬁmrmmbsuraﬁuaIﬁﬁwm&lmmtnateédlabﬂug. Then Ome phase change
non-resettabl e anor- phous alloy is deposited to forma cell or nmenory
5 top of this main substrate 18" dep051ted a layer of
'an 1nsulat1ng materlal 158.- In this respect, the B .
main substrate mater1a1 156 can be a metal sub-
strate and the 1nsulat1ng layer 158 can be very
th1n so that heat generated in other pertlons of
10 the meﬁdry cireuits'152 deéosited'oﬁ*the5insd1at—bd
ing layeralséhcan'be'disSipated'in"the,Heat;sink'
formed by the metalﬂsubstrate"ISG{”_Sﬁeh'inSGlat—'”
ing layer 158 can be made ¢f'siiicon'aioxide;* on
top of the.layerfof ihshlating materiai 158 are
15 depbsitéafparailel'conductof:baﬁd; lso.yhich form
the Yanis-ccndﬁéiars=1so'¢f"the'mehéri'matrii“bf
the array 154. |
- A P=N junctlon device made of layers of amor-'
phous semiconductor material ‘or alloy is depesitedﬁ
.20 on - top bf-the conductor band55160.~”in“this-fe¢"
spect, an iSolating.rectifie:-detice-162'is'fOrmed'
from suceessiveiy'doped"N+ aﬂd'P+*1aYefs”164 and
166 of-amerphous alloy. Then a layer of insulat-
-ingimate:ial 170'iS"deposited over. the substrate

25 158 and the layers of material 160, 164 and 166



Yegion 172 in the manner described above. Then, a thinlayer of
refiractory barrier-formng material |ike nolybdenumor a TiWalloy 174 is
deposited on 10 ~ the insulating layer 170 and-the nenory regions 172.
Next /~a thi cker layer 176 of conductive metal such as alunminumis. deposited
over “the re- fractorybarrier-fornng I?zer 174 to forman.X axi s conductor
176. ~ The platinumsilicide region 15@ . 168 may form an.ohmc contact or
Sehottky barrier interface with a Iightly doped outer anorphous all oy

| ayer. ‘As.shown in Fig. 11, the center-to-center distance. between the 3
al I -filmdeposithededrd CUINSxt 20an opki? d5afe M 650RS WHClH Y Oyhdes a vefy
hi gh pack- ing.density, e.g., a nendry.cell densrty of approxi- mately 0.1
miferr] (6.45phelQrh whHere thRi p1dtSiapnpiishedeaseionn 16gFig. 11 and
as described above by having each Circuit -extend substantially vertically
be- 25 tweaid Hee Pornéd aAAJEUCY pi/dt pRdmt BE1Ycddes et 068160.

The di ode 162 utilized as an isolating device can have a first region and a
second region, ithEomgedninabhe! mahmAchaesbeibed aboRe, j unction

ther ebet ween and the first region being nade of an 5 - anorphous all oy

i ncl.udi ng silicon armrhéhuthenpha¥eeichimbgy, nbhe reseytable n@het+al al so

cont ai ns : : ' - ' o ' '

' phous alloy is deposited to form a cell or memory

region 172 in the manner described-above. Then, a

thin iayer 6f iéfractory barrierffqrming material |
iike'molybdenum 6: a TiWﬂalloy.1?4.is-depésited on
10 éhe insulating layer 170 and ﬁhe_memory regions
172.;_ﬁegt,_a thicke;.layef 176 of conductive
meﬁai éuch-és_aluminum is'depésited over_the_ief_
fractory:barrier-fprming.layef_174 to form an X
; axis conductpt 176. The platinum silicide region
15 168 may form an ohmic contact or Schottky barrier
intérface”with_a'lightly dopédzoute; amofpﬁous-
alloy layer. |
As. shown in Fig. 11, the center—;é—center
LI ' distancg“between-the.alléfilm'deﬁosited'circuits.
20 152 is 8,miérons which provides a very high pack-
ing density, e.g., a meméryaqellsdensity-of-approxi-

7sq"cm.)-- This is accomplished as

mately 0.1.mil% (6.45 x 10~

sﬁown.in Fig. 11 :and as described'above‘by having

each.circuit extend substantially VertiCEIIY'be—
25 ' tween-the'x.aXié'cbnductqr_lVG and the Y axis

conductor 160.



ogen and is annrphous [err] where a is be- tween 80 and 98 atomic
ent," b is between 0 and 10 atom ¢ percent and c is between-.0 and 10

f;lé{

ni c 10, percent. 'The anorphous material or alloy of the diode 162
can be forned in a manner described in U S. Patent Nos. 4,217,374 and
4,226;898. It appears that the silicon alloy materi al cells 172 have a

Iarge resi stance and al so forn1omgﬁx nore 15 reverse biased diodes to P
that of diode 162, allow i ng 't he 0 be set W thout-affecting the forward
bi ased di ode 162. The first region of anorphous aIon in the di ode can be
-doped -wth-a dopant material chosen 20 . .= .from an:.elenent: of G oup V-of -

the Periodic Tae $iksde aB62 - aen%aapbg th(iM%rtli%gordéVﬁ?em c-, and an
anmount  of dopant. material constituting between a few parts: per. milion and

five atomcamaanta FLeEer2bhYont BRAT bl Secbad Yodibionask by amount of 25
dopant mat eri al constituting:10 tao: 100 parts per - m.llion. .- The second.

region cartémcaasramttm@EéathabtnarOtoafmmlal Ijarldtdenmat eri al having a
‘high barrier height on the first region so as to create a- Schottky barrier.
Such a nettHe resbe thvee @l osed Sheffmnstheegﬁoupbamug:Madq;dﬁ ;nﬂd pl ati num
pal - | adi-umor.chronme.
5 amorphous alloy 1nclud1ng 5111con and fluorlne.
' Preferably, the amorphous materlal also contalns B ' “-;
hydrogen and’ 1s amorphous SlanH where a 1s be-' |
_ tween 80 and 98 atom1c percent, b ‘is between 0 and
10 atomlc percent and ¢ is between 0 and 10 atomlc )
10. percent. “The amorphous materlal or. alloy of the |
| diode 162 can be formed in a manner descrlbed 1n:-
U.S. Patent Nos. 4,217,374 and 4,226,898, It
appears'that'the Siliconfalloy:materfal cellsdl72
have a- large re51stance and also ‘form ohe or more’
15 -reverse blased dlodes to that of diode" 162, allow—i'
| | 1ng_them-tojbe set "’ W1thout affectlng the forward-
biased diode 162. |
The 'first reéion'of-amofphouS'alloy”in'tHE' -
diode can be dopéd“with a5dopént"materialxchosen?::"
20 'from'anlelement of GroupfvﬁOE'the PeriodiC'Tahle R
such as;'for'example,-phosphorus-or-arsenic7~and :
~an amount’ of dopant material coristituting between - .
a.few;partslper million and'five'atomic:percent;
Preferably,-the'first'region is doped*bﬁ'amount of
25" dopant material constituting 10 to ldo5partsiper'J"

million.



k3

The anorphous. alloy of the'first.region can alternatively be doped with a
dopant material chosen froman el ement of Group Il of the Peri- 10

odi ¢ Tgbl'e such as boron or alunminumin an anount constituting between a
few parts per.million and five atonmic percent. Also alternatively, the
second region can be nade of a material djssimlar to the anorphous 15
aljoy material such as to forma -heterojdgction. Fig. 12 illustrates a
schematic diagramof the circuits shown™n Figs. 10 and 11. Referring now

210 20 which includes a circuit 212 extending between an X axis netal
conduct or 214 and a ¥h@xFecepdduesdem t@n bes ametal. e thesaknbodi nent
the circuit 212 [ncludes a cell or nmenory region 218 having! the anmorphous
all oy materi al ?#g?ﬁiﬂraﬁdeﬁaﬂééﬂ Ad ke mateyigg dwming 2 0highch is a thin
film field effect tran istgr 220. As shown, the conductor '21'6 is a

" band of conduct?@ﬁrhﬁfeﬁ?éﬁ'FOPHiﬁaeaf§6ﬁFCéQQﬂﬁﬂn§QM§§f§9 QRRAkdin film

transi stor whic Lpcl udes.a drain regi on 222 and a gate conductor 224.
5 In ?o@%ﬁ%‘gbkgﬁegéﬁéﬁfr pPych 3 Peid Cabhe LRI i al 216 is

first Ia%d do““f?&maghénapbgbegoggisting_of.gold, platinum, pal-

o ladiuﬁ or .chrome.

| The émorphous:élloy.of the first region can
alternatively be_ddped with a dopant material .

'chosen_f;pmnan_elemen£ of Group III of the Peri-

10  odic Table such as boron or aluminum in an amount
constigutingubetween a few“parts per-million_and__
five atomic pefcent,

Also_alterpaﬁively, the second region cén be ..
made of a material dissimilar to the amorphous

15 | alloy material such as;to_fofm a heterojunction. .

Fig. 12_iilust;ates.a-schematié“diagraﬁ of
the circuits shown in Figs. 10 and 11.
-Referring now to Figs. 13 and 14, there is . -
'lillusggated the;einmaqqthef prog#ammabiq,a;:ay 210

20 which includes a circuit.212 extending between-an ..
X axis metal conductor 214'and'a Y axis coﬁductoﬁ-
216. As shown, in_this”embodiment, the circuit
212 ihglu@es_aycell Oor memory region 218 having =
thefamqrphou;ﬁallqy hagerigl?;hg:éiﬁ and an iSOf.

25 lating device 220 which is a thin film, field

effect transistor 220.

toN¥gs. 13 and 14, there is illustrated therein another progranmble array



rial 216 is nade can be a netal (as shown), an N doped- sen1conductor-ﬁ*“
\ y, 10 or a P doped semni conductor alloy. After the band of source"
mat eri al' 216 has been | aid.down on the substrate 226,. regions of.'drain o
material 222 are deposited on the substrate 226. Agai n, the re- gions 222
of drain material can be nade of tal 15 (as shown), an N doped '
sem conductor alloy mate- rial or P doped seni conduct or material. ' Next,
a layer 228 of anorphous silicon all'oy which pre- ferably contains hydro
and/or fluorine is de- posited on the substrate-226 between the source 20
band forni ng corduKdwn 216hangondtet 8f aber ¢gi-anbaad. ofgai n, this anorphous
silicon alloy is pre- ferably anorphous SiaFbHc where a is bet ween 80 and
98 at oni ¢ coRIRRItived hstdpiabefoPming d0setiode 2Bgion i2aépercent and ¢ is
between 0 and. 10 atomic per- cent.  After the amorphous silicon |ayer 228
- has been Ifaird thevthin | 8/bn of agaistonswhathnglset dncludds such as a gate
~oxide 230 is laid down on top of the anorphous-silicon layer 228. Next a’
| ayer 5 draﬂngpﬁgn@mﬁﬁblt@mdnatgatalc@ﬁduc$oka964domn in a band extendlng
parallel to the band 216 on top of.

5 . In forming the- c1rcu1t 212, a band of source

_“ggiglator substrate 22'6. The material of . whi ch the band of source

material 216 is f;:st lald.down on an ‘insulated or . ‘.
iﬁsulator*subétrafé 226} “The ﬁafériéi“of”which.
the band-of'sou;céfméterial'Zié“ié“madé'can'befaf-
metal (as shown),”én:N doped semioonduofof"éiioy;m
10 or a P doped-sémfoonducfor“al;oyﬁ' After the band =
of source matérial“le-has;beeﬁ 1aid?down*d¢’the““””
substrate 226, reéiohs_of drain material 222 are -
deposited’ on the substrate 226. Again, the re-
gions 222'of'drainimaﬁéfiél7oaﬁ'be maaeiof,a metal
15 (as shOWn),.an NidoﬁédosemiCOn&uotOr‘aiioy mate-
rial or a”Pwdoped*SemicOﬁddctdrﬂmatefiai;"Néit, a
layer 228 of amorphous slllcon alloy “which pre--
ferably contalns hydrogen and/or fluorlne 1s ‘de- -
p051ted_on~the substrate 226 between the source ?
20 band]formiﬁg'conduotor'216'aﬁd"the~dréih;té§ionf'
| 222, | |
Again, this amorphous‘silicon alloy“is-ore-
ferably'amoréhouS"Singﬂé”whérera-is'betweén'§6;
and 98'étomiC'percént}'b-is'beEWeéh'0 and 10 atom-
25+ ic percent and ¢ is betwééh-o'énd_lO‘atomié“pé:4

. cent.



ﬁhé;gate insulating material. The gate conductor 224 can be nmade of a
netal (as®shown), an N doped sem conductor or a P doped..sem conductor.

Next ; é“lo -layer of insulating material 232 i.s |aid down over the
substrate. 226, the band-of 'source. material * - 216, the layers.228,
230 and 224 described above and the regions 222 of drain material. Next,
the insulating material above the drain“ ﬁ@ron s 15 renoved to form an
~opening 233 in which is depos- ited a |ayer of cell material 218. Lastly.,
a id of material, typically a netal such as alumnum. 'is |laid down over
the insutating material ‘232 and in contact with the nenory region 218 and
paral |l el 20 t 0. tAft et i amofphous heiXicani 3agend@lBohasdld. A barrier

| ayer (not shown) can. be deposited before the conductor 214. A schematic
circuit.di agramesm davidl sfowe aikaygrsoflgaté iheudatapg2m@tes illustrated
in25. Fig 14 . It will be noted_.that the circuit 212 of the array
210, by reason Ik FOShAS Ry AL Hexkder 230y &gi daididownrom th® drain . -
regi on 222 has % reater |lateral extent than the circuits 152 wherein the 5
regi ons 164 an® 1%§%ﬁaW9ﬁP YRS hbCoR el f¥eri AdBor VestkadiAMerine with

th? nEnD%y"regE&ng%Q%té%ﬂ%ﬁ%kéé“ﬁﬁ%g%iglqggguggoia}36dgag Eﬂan gxis
band extending éafalléi_to thé.band 216 Sn top of ..
the géte.insulating_material."LThe géte conductor

__224 can-be,made1of.a metal (as éhown), an N doped-
sémicén@uétor or a P-dopéd”;eﬁiconductof. Next, a

10 layer of insulating material 232 is laid down over
ﬁhe-substtate:ZZG, the band of s6urcehmateria1 §

216, the 1aye£s)228,,23o and 224 described above .
‘and the_rggions.zzz of drain.matgrial; Next, the
insulating material above thé drain region:is.

15 ’removed.;p.fqtm_an_opening 233 in which-is'depos— _
ited a layer. of cell méterial.ZIQ. Lastl&,_a'band'_
of material, typically a metal such as alumiﬁum,.
is'laié_dpwn”oyer_the in#u;aﬁinglmateriaJIQBZ and -

R é_ N - in contact with.thé_memqry.region 218 and parallel.

20 to the X axis to form the X axis conductor 214. A
barrier layer (not shown) can be deposited before

. the conductor 214. |
- A schematic circuit.diagram of some of the
circuits 212 of the a;f@y 210 is illustrated in

25 . Fig. 14.



ctor 160. Nonethel ess,. where MOS-type field effect transistors are

ed for use as the' 10 i solating device, the array 210 is

eXerred. Fromthe foregoihg description it is apparent t hat the cell of

t he.present invention having the ‘silicon alloy anorphous phase change

mat eri al which has desirable thermal and electrical charac- 15 :
‘teristics as described above, in qp?}unction with one of several isolating
devi ces, provides pro- granmmable arfays which can be easily set ina =~ 4
m ni mum anmount of - time, provide a circuit which has |ow set current, a fasy/

setting tine, a high 20 processing tenperature a relatively hlgh
st.orage terrpergfyr‘gllf Law §E;Fr &Rt qrﬂ(éecq "2 SF él st ance. Also,
‘the isolating devices can conven- tion S|ng e Crys silicon
~bi-pol ar Sehwed¢ kylo25by reﬁb@ﬂeotEYRQeorsp@diQJgaroﬂD thhd’ Lg&irélé' type. _ :
Al t er na- tively, such, isolating devices can be of.the MOS- type, either
t he pl anarré«jﬁ:myzesofrbhetuewasanyxpeegMﬂlzzzanadd Ya dehpeef erably, the

i solating devices are formed by a thin filmdepositing tech- 5 ni que -

and in a|ﬂxmemabfextedtfhhanthhedcadewmté|k§21ﬂﬂé&§inttb@3lstor form ng

the.isolating device is made of an anorphous vacuum deposited silicon alloy

whi ¢&h aJscrasnmmﬁnbﬁhydndgéﬁGand/ame ‘diode 162 are in line™
or stacked in line w1th the memory reglon 172 |
between the X -axis bonduct0r4176 anq'the'Y‘axisr
conductor 160. =N0nethelees,-where MdSFtype7field"'
effect transistorS'are“deSiréd'fdr3ase'as the .

1b' 1solat1ng dev1ce, the array 210 is preferred.
| From the fore901ng descrlptlon 1t 1s apparent

that the cell of the present 1nvent10n1hav1ng the
silicon alloy aﬁorphdus phase change material
which has desirable.thermallandteléCtrical charac-

15 teristies as described above, in COnjuhctiop7With o
one of*severai-isolatiﬁg.devices; provideS"pro-
grammable'arrays which can be easily 'set ina-~
minimum ‘amount of ‘time, ‘provide a-circuit which - =
has low set current, a fast setting time, a high-

20 processing temperature, a relatively’high sterage
temperature, a low SET resistance and a high OFF
resistance. |

Also,'the-isciatihg"devfceS“éah'be"df"EOnven-
tional single CryStaI:sflicoh'bi?polar'Schottky“""

25 - diode type or bipolar P-N junction-tYpe; Altérna-

T XY



. _ S . : _ _ .
fRuprine.” 'The all-thin'filmcircuit formed arrays 10 are preferred
since they have the highest packing density and at the sane tine provide an
arr ay ﬁf}h a non:-resettable phase change materi-al. cell and thin film di'odes
or transistors that are verti- cally arranged between crossover X and Y
axi-s 15 conductors at the crossover, goints. -In addition, it-will be
apparent that the various arrays;havidg--he various.cell configura- tions,
il!ustrated in the previous figures can. be utilized-w th addressing

~Ci i'try which select a 20 particular X or 'Y axis conductor for
supplying setting or -readi ng,currents and such addressing circuitry can be
formed by depostteRity:| pRch| hsehrsipgspevicesn cam ped@fodineediS+ m nenory
matri x for exanple and,agdresgin circuitry is deposited 25 on the sane
‘'substrate as il tXREt a8 LEPRF afPanBLanar MP§| typen ox Fhe1¥-MRB incl udes a.
menory matrix or_array % 0. with associgted addressing.circuitry, 252 =
deposi‘ted on a' S(BStr gﬁ%ﬁ?“ﬂ&i&'i?n spfﬁ%ﬁé -§ﬂbd 1 SHAYERG essi ng -
circuitry 252 and the_5 menoLy. matri "25%. an be deposited qn the sane
Side of {he sulttTAES 2858 of SERCaBESP: E1ePasd 10r SERe A heFosg.

" Addi tionally, ﬂg r d_t j=Ju(0]8 trix 250 can he partially or
all-thinilm cftﬁap. %‘?té i %‘qt.ﬁegﬁﬁgﬁg‘#}eﬁ%ﬁﬁ% 8‘_3‘05\65’5.. dodd or )

e o field effect transistor forming the isolating ' o
deviée_is_made of an amorphous;vacudﬁ“deposited
silicon alloy which a;sb cqntaihs hydrogen and/or
fluorine. .The all-thin film'gircuit formed arrays

10 ' are-preferfed since~they_have_fhe highest pécking
density and at the same time pfoﬁide an array with -
a non-resettable phase change material cell and
thin film diodes Or.transistqpslthat are vérti_
- cally arranged betWQen;CIOSSOVer X and-i axis
15  conductors-at the crossover points.
In additibn,_it will be apparent .that the
'-various,arrays haviﬁg the varioustcéll_qonfiguraf
-tions,@llﬁst;gted,in,the p:evious_figurés_can,bé o
utilized .with add;e#sing;cifcuiFry which select -a.
20 particular X or ¥ axis-cépducto:-for supplying
setting or reéding currents and such addressing
circuitry can be formed by deposited films. In
this respect,.an-all deposited film memory'matrix
for example_and addressingmcircﬁitfy is deposited

25 on the same substrate as illustrated_diagramét-a.

"



Preferably, however, 'in addition to forming the nenory region of
gé; menmory circuit in a thin- filmmnner froman anorphous alloy =~
keyial, the isolating devices and the addressing-circuitry 252 are also
d by a thin-filmdepositing tech- 15 ni que. Since nost .presently
“utilized data storage and - handling systens operate through integrated

circuits formed in silicon chip subgtfrates, it is believed that the-
initially marketed arrays nade 20 ~according to the teachings of the
present inven- tion, would probably have nenory matrices where sone porti
of the menory matrix involved such as the i sol ating device and/or

addressing tcarlytiy Bigli 26dahdernewiidacy |d mandof sk M hop a silicon' 25
chip substrate. In Fig. 16 there is diagramatically illus-. trated a

silicon chiarsapskbat wisboawsbliated laddr eariniqld yraieposyt2s2t hin film
menory matrix or.. array 302. having nenory. circuits therein and asso- 5
ci at ed addr@%B‘Pﬁgteél PBURL FPDSEL aklel &P 4ar e Almmorit pios atedbénto the silicon .
chip substrate 300 forn1n%rthe various elements of the circuit from

dopant - dlff%%E%daFéﬁé ther adfressing od navidotleRahandintb@ (- thin film

array_ 10 |ncluding circuits formed in accordance with the
5 memory matrix. 250 can be deposited on the same

side of the substrate”254_6:'Onﬂopp031te'5iaés”of
the SubStraté-254L~'Additionally} the-érfay'and
the memory matrix 250 can be partially'cr.all—tﬁin'
film-deposited in the manner descfibed above.

10 Preferably, however, in additiénlto forming the
memory region of’eaéh memory circuit in a_thiﬁé*'“’
film manner from an'amOrphous'allby'materia1; the
isolating'deviceS'and the addfessing'ciréuitry 252
are also forﬁed by a thin-film depdSiEing'téchb'

15 nique. | | | .
'Since most presently utilized data storage
and handling Systems-operaté'throﬁgh integrated’
circuitsfférmea ih silicon Chip“SUbsffatéé}'it iéi;
believed:thétfthe*initially;mafketed afraYs'madef"

20 accordiﬁg'to'the=teé¢hin§s-of'the present inven-
tion,-would'proﬁably have memory matrices where
some - portion of the memory matrix involved such as
the isolating device and/or'addteséing-circuitry
utilized therewith will ‘be formed within a silicon -

25 ~  chip substrate.

“1ag



téaching§_of t-he present inventionand utilizing thin film deposited ' -
isolating devices, together. with addressing circuitry formed by thin. film -\
deposifrhg t echni que pr.ovi des substantiial advan- 15 tages since a
nunber of such nmenory systens .can be stacked oneabove the other with
“insulating |layers separating the sane. so, thin nmetal, heat sink-
formng substrates can be provided betygew i'nsu- |lating |ayers and have
heat radiating fins on the 20 out er edges thereof. Fromthe.foregoing
deseription, it wiil be apparent that thearrays.. 5.0., 100, 154 or 210
di s- closed herein having incorporated therein conven- tional or new
thin-film depositedIfsdli&i n dders is diageamahicallyi iddudrth
conventional or _new.thin-,.. filmgdeposited addressing circuitry provide a
number of advaﬁf&%@é Fmﬁiﬁ?ﬁﬂnvéﬁiﬁr$ﬁ9§¢5ééﬁ a%chFgédaabGQé &d ot hers
of -which are i rent,.in the arrays .of the present invention. Mst 5

i mportantly, sg%%tgﬁﬁ sdgﬁ?ﬁﬁ§é§;ﬁyﬁﬁi Llm memery; BAtRi¥i RY desirabl e

t hermal and el LLC&ln o aracteristics., with extrenely high_packing densi -
ties of the ce ?éagnggﬁ¢ﬁ$%}§§;§?¢§%ﬁi%ﬁip?égss%éfﬁﬁ&é;aﬁg*a?§9'- ~ Many
g?dLL;caglons éﬁﬂt%@“daéﬂ¥g%ng¢$¥%éﬁf§EP‘36&Y§Hié9”a9é6188%itbfe,F” Ilght
' porated into the silicon chip supstiaﬁe 300 by -

. '..:'
forming the various elements of the circuit from .
dopant—diffused,a;easfthereint_1;_, |

It is to be notea that an all-thin film array
io' including circuits formed in accordance with the
teachings_oflthelpresentainventiph,aﬁd utiliziﬁg
thin_film,deposited_isola;inéﬁdevices,.together_.-_
with_addfessing ci:cﬁi;ry forméd by,fhin,film _
depositing teghnique provides Subétantial ad?én¥
15 tage§ since a number of such memorj sysfemé can.be
stacked bne,gbove'the,other with insulating layers
separating the same. Also, ;hin-meta1i_heat_sink__
fofming.substrg;es_can‘be_prév;ded.bétﬁéen ipsu—f .
. . - lating iayer;land havg;h§a£4:aéiat;hg fips,op the |
20 outer edggsitbg;eof. | B |
From the. foregoing description, it.wili be
apparent that-the arrays.50, 100, 154 or 210 dis-
closed herein having incorporated therein conven-
tional or new thin-film deposited isolating de--

25 vices and utilized with conventional or new thin-




e teachings. For exanple, the anorphous cells such as 68, can have
rous sizes and shapes and could be deposited in the formof the fuse
15 . 20. (By the term anorphous = is neant an.,alloy or material
h has |long range disorder, although it can have short or internediate

order or even contain at- times cry% al I ine inclusions). Fur- ther, the
cells such as 68, do not have to deposited on.top of the diode
| ayers but can in- stead be bet ween the two netal |ayers 58 and the second /

nmetal |ayer (not shown). Also the cell 218 ' coul'd be between the gate \o

224 and the X conduct or 214. CLAIMS . - 44 1. An .

i mproved [Bidgr atepds tted! AdeoeBsingneiran vy Prowsgeeld body, said body
~including a nmenory portion having a doped. anorphous sili- con alloy

t herei n whiunbers cetaddet agelsposome- 03 wheichallave brieth al 1oy portion
having-a highly non- conductive state settable into.a highly conductive
stat'e. 2. deBurided atwor damd obhekai oflwhtieheiare dahdraidtoy portion is
settable into said conductive state by a t'hreshol d of. ten volts or. | ess.
3. The cdin thﬁxﬁnhaxﬁtQﬁcthﬁnpresentzlwheneunn Most’
5 . 1mportant1y, ‘such’ arrays can be made w1th a ma-
terial having desirablé thermal'and electrlcal_
charaétefistice With"ektfémelyiﬁigh'paéking'deﬁéi;”“zr
‘ties of the cells and w1th a 'very high OFF re-”fp
sistance. | | |
0 - Maﬁy'mOdificaEiOhs_ahd_vafiafibns.bfjthe3:h
| present inﬁeﬁtion.are"poeéible.in"Iighifof the ¢
tabove teachings. For examble,ftﬁe amoréhoﬁs'eeile
such as ss;zcanfhave numeroiis’ sizes and shapes and
could be deposited in the form of the fuse 1ink
15 20. (By the term "amorphous® is meant an alioy or-
| material whiéh”hae'iong randeddiébrder,ﬁalthdugh
iﬁ can have'shoft"df intermediate order'or_even'
"'eontaia atdtimes'crYSialiine inCIUSiope).w'Fur;"f-;t
thef, the“eells such as 68, do dot'have to'be._
20 deposited on top of the diode layers but can'in-'“'
stead be between the two metal layers 58 and the
second metal layer (not shdﬁn)ﬂ”'Also the cell 218 -
could’be'between"the'éaﬁe'224'and'the X conductor

214.



said alloy portion is settable into said conductive state by—a—p+regranm ng § 

current of twen- ty-five mllianps or Iess. 4. : g to any’
one of clains 1 to 3 wherein: said alloy porti onﬂmmmkj!ﬂﬁm&monductive
stat ghas a resistance of one hundred ohns or 5 +['esS.L5.n weel
accokding to any one of clains 1 to 4 wherein: said alloy portion in said
hi ghl'y non-coggputmsti ve state has a resv;uﬁnce of ten thousand ohns 5 or
gﬂgg}er. 6. Lhe cell according to any one of clains 1 to 4 wherein:
sai@all oy portion in said highly non-conduc- tive state has a resistance
of' one mllion ohnps or 5 greater. 7. The cell according to any one of”
claims 1' to 6 whekei nAlalEPEEVEGHRAPIAMBARARI FehlpaonPT &8ABgar ocessi ng
tenperature tol erance of four to five 5 _hundred deqrees centigrade or
greater. 8. The c8M aRRLPAPHE C&ldnpoeM¥: ofadfabedyl ineleddfsrein: said
cell body has a | ong term storage ten : e

_ - a memory - portion having a doped amorphous sili-

con alloy”therein which is séttable and non-re-
5 settéblé, Said alldy poriion having a ﬁiéhlf pén—'
" conducfive stét? sét£5b1¢ into a highly conductive
| state. . o
2.-'The'ce11 according to claim 1 wherein:
said‘ailof bo;tion is settabie into said
éonduetive.state by a threshold of ten volts or
less. |
3. The cell accordihg to claims 1 or 2 wherein:
 said alloy portion is settable into said
conductive ‘state by a p:ogramming'cgrrept-of twen;'
ty-five milliaﬁps or less. |
4. The -cell accérding to_any'one of.c1aims 1

P to 3 wherein:

-

said alloy portion;iﬂ-éaid"highlj COhduétive.
~ state has a resist$ncé of“one*huﬁdrea¥05ms“6r
5 lesé. | | |
5. -Thglcell accordihé’té‘ahy one of claims 1
to 4 wheréin:' | |
~ said alloy portion in said highly non-conduc-
five.state”haS'a‘reéiStaﬁce of ten tﬂ§h$aﬁd ohms

-5 or greater. | B . )

-~



e

| e

or

said all oy portlon is settable in

i ng

| ess.

state. 12.

The cel

al so includes 8ne Fhemsied bfaqqer Gindipt@ oRRY seRagosf CLRIBSI Ae;
oxygen.
“'to

p ragure of '"two hundred degTéés cehtigrade or 5 ‘greater.. 9.

'The cel

to any one of clainms 1 to 8 wherein: said alloy portionis

: Ie -into said conductive state in one hundred m croseconds. or- 5
_ . lmﬂlﬁmumummnﬁg to any ‘one of claims 1 to 8 -wherein: said .
al | oy port| nto said conductive state in ten mnicroseconds

the"cef | accordlng to any one of clainms 1 to 10 wherein:

2 crys- talline h|ghly ‘conduct i ve

The cell according tc y one of clains 1 to-11 wherein: safﬁ‘/
all oy portion includes one tenth to five ‘percent phosphorus dopant. 13.
according.to any one.of clains 1.to°12 wherein: said alloy portion

4 where1n°

said alloy portlon in sa1d hlghly non—conduc—

tive state has a re51stance of one mllllon ohms or

greater.'

7. The cell accord1ng to any one of clalms'l'

to 6 where1n

sald cell body has a ‘maximum permlttable

proce551ng temperature tolerance of four ‘to flve._‘

hundred_degrees centlgrade or'greater.

8. The.cell accordlng to any one of ¢;aims.1;'

" to -6 wherein:’

said cell body has aﬂ10ng'térm“$torage tem—
perature of' two hundred*degrees'centigradé or:
greater. |

:é. The cell accordlng to any one of claims 1
to 8 where1n. |

-said. alloy portlon is settable 1nto sald
conductlve state 1n one hundred mlcroseconds or
less.

10. Tné.oelllaocording touany‘one-oi_olaims
1 to 8 wherein: | |

. said'alloy.portion,is_setteble;into;Said'

‘conductive state in ten microseconds or less. ..

hydr ogen and

14. The cel I’ accordlng to any one, of clains 1 to 13 mhereln

U



. sald aIon portion is fornmed by plasm depo- sition froma plasma

contdining at least silicon, 5 hydrogen and 20 to ,MHM'"’U"H , "ﬁgant .
15. A progranmbl e el ect roni c array conpris- ing;: I , r phous
-cel | “bodi es, each of sai-d bodies including a nenorly por ti of hvithg a 5

doped anDrphous silicon alloy t herei n waj i s settabl e and non-resettabl e,

said alloy portion having a -highly non-conductive state settable into a

3Egh4y conductive state. - 16. The array according to claim 15
erein: each of. said ceII bodles is formed between at |east a pair .-

conductors 1lon, The gell aﬁmﬂﬁdﬂﬂgaFPyaﬂyrQ&ﬁhQin%&a%Esthe pl ane
of a substaptiall pl-anay 5 substrate, to provide a high cell -
packlng densit §° &%:&h%F%b%strate 17. The array according to clains
15 or 16 mhereln each of said cell bodies includes mnmeans for 10
i solating said cel Isallﬂ)d%/l PY oRPI4ion chstSehtablier infio BHrgkEEors. 18. The

array accordin n 17 wherein: each cell body including said
isolating ne& ﬁg %§h£; C°B@H°§%¥§16F3Féss than one square mil

4 1 . 19. Th | 1 l 18 -
(645 x 06 sq iﬁ? é%e elirrgéo 3958'”%‘é%§:é¥é“o c ginf aim 18

l_fo'll_wﬁéxein:
said allby portioh includes one tenth.tp_fiﬁe
- - percent phosphorus dopant.
13. The cell_adcb;aing_to'any one of claims
1 to 12 wherein:
said alloy portion alsolinciudes oée or more
of the group coﬁsisting of fluarine, hydrogen and
5 okygen:"w S |
J 14. The cell éccording to any oné'of.glaims
1 to 13 wherein: . |
said alloy portion ié fprmed by plasma depo;
sition from a plasma_containiﬁg at least.silicon,
5 hydrogen and 20 to 150,000 ppm of dopant.
y - 15. A programmable electronic arféy coﬁpris—
ing: -. | |
a'piurality of.amorphous gell bodies, each pf-
said bodies incluaing a méﬁofy- portion having a
5 doped amorphdus siliéonlalloy therein which is
settable and non-;esettaﬁlé, said alloy portion
having a-highly noﬂ—éonductive state settable into -

a highly conductive state.



\herein:" said i sol ating means i ncl ude bi pol ar 20 rectifying 3
ans forne crystal techniques. *20. The array_  according to :
I

laim 19 . sai d bipolar rectifying neans:include a Schottky di ode.
25 21. Th m;z&@”’ ”‘H to any one of «clainms 17 to, 20 - wherein:
sai d I SO *a ml I.ncl ude rﬁfﬂi fying neans 30 35 havi ng at
least first and, secorid regions, said 5 regions. abutting one another. a

formng a junc- tlon t her ebet ween, at | east one of said regions being =
formed froman a us mat er.i al St,.si ]

array accordi ngre m ﬂmreﬁﬁcofﬁéngec%ﬁd Sﬁ'«?lcﬂ‘ B d %%ﬁ%ﬁ% Ls '
f or med. f r on®&c 9§I Saﬂfét geld (Ikgdies ispfeamefcbeteamiak i aledstnidg a
‘Schottky bapaier w off sai edrdwdtsegi on. oas Tlaelaarrawmmﬂtngny any

one of clai gk 12,59 04 ‘Q.h‘i-_roe'& n8f o%a' Qaq{teisa Rékt ed
&E;pe$h!n1 é%bs%ﬁateﬁha%i%¥§¥1 deVa h1 cegqe paéﬂlng §§§Sg§§§ 8£

sald substrate.

17.  The array éccbrdihg to claims 15 or 16
wherein: each of said cell bodies includes means for R
10 isolating said cell’ body from. at least a pair of %
conductors. | B '

18. The array according to claim 17 wherein:
each cell body including'éaid3:isdiating means has a
15  cell area of less than one "square mil (6:45 x 1078
sg: Cm. - ' '

19. The a:ray,according-to“claim”17  or'f¢1éim 18
wherein: said isolating means include bipolar
20 rectifying means formed by single crystal techniques.

20.'Thé array accordlng to ‘claim 19 wherein:
said bipolar rectlfylng means include a Schottky

diode.
2]1. The.array’according”td'any'one_'6f ciaims 17
to 20 wherein: said = isolating heansw ihclude_
. rectifying means - ' ' '
30

35




® , .
each of .sai d i.sol ating means incl ude a field effe The _L)
array according to claim?24 wherei'n: each of said. f@}“@ I stors
i's a planar-MOS type transistor... 26. The array glm |I|“m]Fn
mheréln each of said field effect transistors pestren3|stor
- 27. .The array accordlng to any one ofbnglns 24 to 26 mhereln
L M S * each of said transist is athin filmanor- phous
t rendi stor forned. fromat |east silicon. The array according to any
one of clains 17 to 21 wherein: said |so]at|ng neans are coupled to blpolar'

ZSSLFZZL‘S%SEQEWS&”‘“#’ Wafhe 15 <, 5 refena. & m%brw Seniraai‘yarfe
cla e 1751 o BeSaper A €61 8 Shie. Aher HEE B s ot TR T
. amor phous tra@ioﬁt%% é%?éé @% m%?“ﬁeast one of said reglons

belng formed from an amorphous material 1nc1udlng

at 1east.silicon‘
22;r'Th¢ a:ray-according to claim 21 wherein:

the second one of said regions is formed from

A

a_metai.lmetalﬂalloy,or:a-metallicélike;material |
forming'a Schbttky.barrier with-saidjfirst region.
23. The array,aécording £o_any one of claims

15 to 22 wherein:
._-. each of 5315 cell bodles is a dep051ted thin
fiim. |
o 24. The array accordlng to any one of- clalms
17 to 21 or 23 whereln._
each of sa1d 1solat1ng means 1nc1ude a f1eld
effect transistor. -
. : .: -; 25. 1he:arFay_acéq;éinggto;ciaim 24 wherein:
| each of Saidiiield@effectzt;ansistorS-is a
-plana;-Mbs_type,transistorQ”-
26. The array according to claim-24 wherein:
_ea;h’éf_said fielg;effect.transistors is a v-
MQS tYP?-tF§DSiSt°:-* |
- 27. The array according t§ any one of claims

24 to 26 wherein: o ' .



\31. The array accordlng to any one of claims 15°to 30 wher ei n: sald

| urali stacked in at {east two groups one. upon - :
not her. . The arr cording to any one of clainms 15 to 31 wherein:
Aach of s U‘“Hu@éﬁmncl udes at | east one of the gr.oup consisting of .
fluorine, gen. 33:. The array according to any one of

¢clains 15 to 32 wherein: said cell%ggdies'forn1the. progrannable cells \n
PROM devi ce. 34. ‘The array accord to any one of clainms .15 to 33

- wherein: said cell bodies format |east sonme of the fuse elenents in a
programmabl e | ogic array. 35. The array accordlng to any.one of clafns 15

to 34 wherein: esath ofl salidlitsansistard dasta sthenofilke amese- el enents in

a gate array. 36. The array according to any one of clains..15 to 35

wher ei n: $&Qﬁ$mﬁtab§ds&9ﬁ(ﬁ¢wmtdléasml§mmﬁeﬁsth§1dﬂsqnuenconnect|on

elenents in a set of integrated 5 . circui.ts.

28. The. array accordlng to any one of claims

.17-to 21 wherein:

said isolating means are.couéled tbibipslai':
addressing means formed by siﬁgie ééjstai tech-
5 niques. . |
29. :The'arfay.aCCording'tc"any ohé”bf‘¢1aims
17 to 21 wherein:
said isblatinngeans aie"doupléd'to MOS ad~- |
dressing means. - | | |
| 30. The array accordlhg to any ‘one of c1a1ms
17 to 21 wherein:
said isolating”meané-afeﬂébdpiéd'td thiﬂ film
amorphous transistor-addresSiﬁé'méans;'
- 31. The array accordiﬁé*fo-aﬁy'oﬁé-éf“éiaims

SR 15 to 30 wherein: . ) S :’~_-*'-'”g. Sy

-, .

saidiplurality'éf céll'sbdieS'aréféfadked ih a;_'
least two grouPSQOne'uéon ahothérl'fi |
32. The array accordiné £67any56ﬁe:6f“ciaiﬁé
. 15 to 31 wherein: -
each.offsaid-ceilxbodies'includesiat:léast
one of the group consisting of;ilﬁbtfﬁe; hj&rbgén

5 and oxygen.



37 The array according to any one of claims 15 to 36 wherein: said al | oy
portlon i ncl udes one tenth to fiverpercent dopant"—38———41my4u44nL4m;_0rd|ng
~to any one of clains 15 to 37 wherein: sai d allo i-ncl udes a
phospfiorus dopant. ..C: L - S 39. A pro M’ "M’
"substantlally as herein- before described with refe 4 to 6
Rb/p 10 to 12, .13 and 14, 15 or 16 of acconpanyi ng dramﬁngs 5
A progrannable el ectric array ‘substantially as hereinbefore described

'mnth reference to Figures 4 to 6, 7to 9, 10 to 12, 13 and 14, 15 or 16 of
the acconpanying draw ngs. 41. - - Electronic data processi n apparatus',HJ

conprising 10 a cetd- asTEPaPrﬁ?(FX rﬁ%@@!@hégoft%lam}fmometg 1¢1@nn&9 or an -

‘array. as clalquign ff Q%e%% cl ai ms 15 to 38 or . 41.

sald cell bodles form the programmable cells in a

PROM dev1ce.

34. The array accordlng to any one of clalms

215 to 33 wherein:

; ~said cel] bodies_form at least some of the fuse
N :elements in a programmable logic array.'
3$'l The array according to any one of clalms
15 to 34 where1n°
sald cell bodles form at 1east some of the fuse
'_ elements in a gate array.
36. The array according to any one of claims
15 to 35 wherein: .
said céllrbodies.form at least some of'ﬁhe die
interconnection elements in a set of integrated
. : 5 ._oirouits. |

37. ‘The array according to any one of claims

M

- 15 to 36 wherein:

said alloy portion‘iﬁcludes one tenth to five

percent dopant.

38. The array acoording to any one of claims

15 to 37 whereln-

said alloy portlon includes a phosphorus

dopant. ' _ o - -

<
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39. A programmablé éell substantially as herein-

v

before described with reference to Figures 4 to 6, 7 to
9, 10 to 12, 13 ahd_ld, 15 or 16 of'thénaccompanYing_

drawings.

40. A programmablé electric array substantially as

hereinbefore described with reference to Figurés 4 to 6

r

7 to 9, 10 to lé, 13 and 14, 15 or 16 of the accompanying

drawings.

41. Electronic data prOCeSSing'apparatué comprising

an array as claimed in any one of claims 15 to 38 or 41

i

k) L A e T
LT
ko) . o * -? /
\ﬁﬁ"" o

a cell as claimed in any one of claims 1 to 14 or 39, or

Aaangh

2

i~



