. o ' _ - ROobb b
Bh AND ROM OR EEPROM DEVI CE UTI LI SI NG SAME The present invention relates
t'o_a\ di ode and a ROM or EEPROM device utilizi'ng sane. Mre specif- ically,
tfﬁl resent invention relates to afdi ode.which utilizes- an anor phous al | oy

i uding silicon 5 and fluorine. In this respect, reference |s made
to U S Patent No.p#oBk7aARD4ROMaOROEEPROMODEVICEKY and Masat sugu | zu ke )
entitled: AMORPHOUS SEM CORILDSERGRSAMEUN VALENT TO CRYSTALLI NE r

SEM CONDUCTORS and U. S. Patent No. 4,226,898 Stanfor.d R Ovshinsky 10

and Arun Midatheofpridserifnimveérntfon T éistesi tot heabéaesanl khe huge
crystalline sem conductor industry and is the material which is utilized in
subst ant ROM praEERROM cdewiwe iwtil iz ing gsaned cMoreai specdf-pr oduced. Wien
crystalline L5 sem conduct or technol ogy reached a comercial state it
becane t healldyndiher preseant: inwentiomuwelates- tooaddiode device

manuf acturing industry. This was due to the ability of the scientist to

gr ow subWh §anP¢$M¥FQ§ﬁﬁﬂnaWQ&ahQH§rﬂ##qh1bh@196109c81&1¢9n20 silicon

crystals % then turn then1|nto extrinsic_materials with p-type and
ype cﬁﬂau QPPFﬁPQ%% (ﬁﬂ&ﬁPRQ%P?FtﬂTﬁ%f%ﬁsnﬁﬁcbﬁpmﬁéﬁed by di ffusing

|nto SUCEPChé H Ineﬂﬂﬁﬁ;'fHnyuiiiFEEaR} OE O&v ;kgn) or acceptor

(p) dopa
and Masatsugu Izu entitled: AMORPHOUS SEMICON-

y .
DUCTORS EQUIVALENT TO CRYSTALLINE SEMICONDUCTORS
and U.S. Patent No. 4,226,898 Stanford R. Ovshinsky
10 and Arun Madan, of the same title.

Silicon is the basis of thg huge crystalline
semiconductor industry and is the material which is
utilized in substantially 511 the commercial inte-
grated circuits now producded. When crystalline

15 semiconductor technology'reachéd a commercial state
it became the foundation of the present huge semi-
conductor device manufacturing industry. This was
due to the ability of the scientist to grow sub-
stantially defect-free germanium and particularly

20 silicon crystals, and then turn them into extrinsic
materials with p-type and n-type conductivity re-
gions therein. This was accomplished by diffusing
into such crystalline material parts éer million of

donor (n) or acceptor (p) dopant materials intro-



duced as substitutional inpurities into the sub- stantially pure 44
‘crystakline materials, to increase their electrical conductivity and to
contral their being either of a p or n conduction type. 5 The
sen1conduptor fabricatiion processes for ggking p-n junction crystals
~involvevextrenely conplex, time consum ng, and expensive procedures as well

- as hlgh» rocessing tenperatures. Thus, these crystalline materials used in

rectifying and 10 dye Sgeéscgﬁﬁgg%tﬁggbﬁgh I égfﬁﬁéﬁéelﬂﬁedﬂﬁ@dsquer very

careful ly controf | rons Dby gro I Vi single silicon or

. germani um crystal Satﬂﬂﬂi%@&epare bH?QEhMinér fateginley, tby idepeagesuch

single crystals with extrenely small and crit- 15 I cal anpunts of -

- dopants.. These crypbiak @lestrichloeondaetivitycandeltat coaltyodntheicr yst al

_ mafers_upon which the integrated nmenory circuits are form ed. In wafer

~scale integrati on begthgoedghethef2@ pnakl naceadacyival typeer |inits the
overall size of the integrated circuits which can be forned there- on. In

appl i cations requiring Thegeendabaducsar, febricasipn precgssgiSafor

technology, the crystal
v : maklng pP-n junctlon crystals involve extremely

complex, time consuming, and expensive procedures

o

as well as high processing temperatures. - Thus,
these crystalllne materials used in rectifying and
10: ther current control devices are produced under
very carefully controlled conditions by growing
individual sihgle'siliéon or germanium crystals,
and where p-nejunctions are-requi;ed, by doping |
such-Siﬁgle crystals wifh_e#tremely emall and crit-
:15 licalfamounts of depants. These crystal growing |
prdcesses-produce-relatively small crystal wafers
upon which the integrated memory circu;ts are form-
- ed. :
In wafer scale integration technolegy the

20 small area crystal wafer limits the overall size of

L2 4

the integrated circuits which can be formed there-
' on. In applications requiring large scale areas,
such as in the display'technolbgy. the crystal

wafere'can.net be manufactured with'as 1arge areas



\_mafers can not be nanufactured with as | arge areas - as required or
G d. The devices are fornmed, at least in part, by diffusing p or n-type
"d f n s into the substrate. Further, each device'is fornmed between
i&dl gtion channel s which are diffuged into 5 the substrate. Packlng
density (the nunmber of devices per unit area of wafer surface) is alse "
limted on the silicon wafers, because of the |eak- age current in ea

devi ce andathegeu@eaneeea&%rﬂem OM@%alla%sd%\HeC%m%@héﬁ whi ch _
generate heat 1 which is undesirable. .The silicon wafers do not readily

di ssi pate bheast Ahsparthebyedﬂtgasdugr@nbradMQW§@ ﬁc@kﬁﬁﬁgs the battery or
. power cell |ife- time in portable applications. Further, the packing
density isiskor éhel gubStrajtepor Fartheecaeaeh devieed is ZE@rlmédexponent ially
related to the cost of each device. For instance, a decrease in die size by
a factor obetweeneisplstinnachenneisewhichosreodififusedddntaf a factor of
six. A _conventional crystalline ROMutilizing two 20 m cron |ithrography
has a §|poFﬁF EEPFtEﬁEG'ofPQSB&FQ dengity: (fithe sumbewoofcel | size of about

.2 .3
to néev:.ces per unit area of wafer surface) is also

limited on thé silicon wafers, because of the leak-.
age current in each device and the power necessary
s to operate the devices, each of which generate heat
10 which is undesirable. The siiicon wafers do not
'rgadily dissipate heat. Also; the leakaée current
adversely affects the battery or power cell life-
time in.portable épplications.;
| Further, éhe packing density is extremely
15 important because the cell éize is exponentially
:elated to the cost of each device. For instance,
.a decrease in die size by a factor of two results
~in a decrease in cost dn the order of a factor of
six. . A conventional crystalliné ROM utilizing two
20 micron lithrography has a bipolar cell size of
- about .3 to .5 mil2 or a MOS cell size of about .2
tOw.3_mi12;
In.summary,‘c:ystal silicon-reétifiers.and?

integrated circuit parameters aré not variable as



In summary, crystal silicon rectifiers and integrated circuit paraneters (jg;/
are not™¢ari abl e as’ desired, require |large anounts of material, high
processing tenperatures, are only producible only on relatively small area

waf ers amd are expensive and tine consum.kg to produce. Devices based upon

5 anorphgus silicon can elininate these crystal sil- icon disadvantages.

- Amor pho#®” si l i con can be nmade faster, easier, at |lower tenperatures and in

larger areas than &é&féqsteé §iréCP£'r?é\C£ﬁééhE§|df ﬁaﬁ@f@bﬂerﬁ%ﬁ ef fort
-has been 10 nmade to devel op pfocesses readi | y depositing anof phous

: sem conduct or alIgyﬁo@éséihqsteﬂﬁéraiumésphaﬁanoﬁDQOprcaﬁcislatouryy | arge
=areas, 'iIf desire limted only by the size of the deposition equipnent,

and whi ch coul d beonopellat bvéby nsmalyparéd waflenstgpd armécexpéasiveform p-n
“junction rec- tifiers and devices superior in cost and/or opera- tion to

t hose produced by ahéi time ysonsuming cbanprodupes t sPevicesnbasedauposuch
“work was substan- tially unproductive. - Anorphous silicon or ger- 20 nmani um
. (Goup IV) fil Bs. amerpb¢na|syliegn ¢endebam;uahetbueaedcmﬁsbaloana to have

nlcrov0|ds and
2 icon disadvantages. Amorphous silicon can be made

fester, easier, at lower temperatures and in larger
areas than can crystal silicon.
Accordingly, a consideraﬁ@e effort has been
'. 10 made to develop processes forfreadily depoeiting
amorphous semiconductor allojg'or films each of
which can encompass relativelf large areas, if
desired, limited.oniy by the size of the deposition -
'equipment, and Which could“be“dbped to form p-type
15 and n-type materlals to form p-n junction rec-
t1f1ers and devices superior gn cost and/or opera-
tlon to those produced by theﬁr crystalline coun-
“terparts. For many years such work was substan—_
tially unproductive. Amorphogs silicon or ger-

200 manium (Group IV) films are normally four-folad

Ll

coordinated and were found to have microvoids and
dangling bonds and other defects which produce a
_ high.density'of lccalized.staées.in rhe'energy gep

ethereof.'-The.presence of a high'density of local~-

-



The presence of a high density of Ilocal -

ang ihg bonds and other defects which produce a hi'gh density of |ocalized
dtat¢s in the energy gap thereof.

ed states in the energy gap of anorphous silicon seniconductor filns

resulted in such filns not. being successfully doped or ‘otherw se nodi.fied
to shift the Fermi |evel close tdSthe conduction or 5 val ence bands:

t hem unsui tabl e for

giﬁgking
maki ng p-n junction rectifiers and ot her current

syl tan pCng b t
S or enent AE5S) SR tif Yl ¥nerdy Y 6 Hloddhdld AIFfOfC . 10
nium W Egeqiiedindtittds 31 e ied ifauasi #ilmdaige ory of Physics,

Uni versity of Dundee,

I n Dundee,. Scotland did sonme work on "Substitutional.

Dopi ng of beripgd rictedsiully doped apordidteiwi se mwadi £ied!|tehed in Solid
State Comuni cati'ons, Vol. 15 17, pp. 1193-1196, 1975, toward the end of
reduci ng tshd fitothe Red s dieve]l rclidese arerithe gagnduc tadam pous silicon or
germani umto nmake the sane -approximate nore closely intrinsic crystalline
sili cdh ovajemcembanda makiofg dilien iunsuitable fomimaking prwr phous 20.
materials with suitable classic dopants, as in

10

15

20.

junction rectifiers and other current control de- .
vice applications. |
In an attempt to minimize the aforementioned
problems involved with amorphous silicon and germa-
nium, W.E. SPéar and P. G. Le Comber of Carnegie
Laboratory of Physics, University of Dundee, in
Dundee, Scotland did some work on "Substitutional
Doping  of Amorphous Siliconﬁ, as reported in a.
paper published in Solid State Communications, Vol.
17, pp. 1193-1196, 1975, toward the end of reducing
the localized states in the ene:gy'gap in amorphous
silicon or germanium to make the same approximate
more closely intrinsic érystalline silicon or ger-
manium and of substitutionally doping the amorphous
materials with suitable classic dopants, as in
doping crystalline materials, to make them ex-
trinsic and of p or n conducfioh types.
The,:educticn.of the localized states was -

accomplished by glow discharge deposition of.amof-'



doping crystalline materials, to nmake themex- trinsic and of p or n .
conductivon types. The reduction of' the localized states was acconplished

~gl ow di-scharge deposition of anor- - A phous silicon filns wherein a gas
of sil angy(Si H4). was passed through a regction tube where the gas was

deconqug by an r.f. glow di scharge and™le- posited on a substrate at a
"substrawe’ tenperature 5 of about 500-6000K (227-327[err]). The nmateri al

;50 deposi ted On-thghawbg&g%smﬁlﬁg WAEELDA! & agggggpwsn&m(s&hab

“consi sting of siliton an rogen. To produce a anor phous material a

gas of phosphine (Bkﬁ)péeéea-i:uesugan_duséheewh guBaswhbréOtHebgaane (B2H6)
for p-type conduction were prentxed with the silane gas and passed through

the gl ow di schar gewagagetemnpbiba bgdan khE.sglowoatsehapgecandi 8eens. The
“gaseous concentration of the dop- ants used was between about 5 x 10-6 and

10-2 parts-15 perposlited. onTacsubstrate at depubstedtentempedatupposed!y
substitutional phosphorus or boron dop- ant and was shown to be extrinsic
‘and of n or p sondaftaboutyp@0-600°K (227-3270C). The material so
3 | : depoéited on the substrate was an intrinsic amor-
phous material COﬁsisting of éiliéon and hydrogen.
To produce a doped amorphous material a gas of
~ phosphine (fﬁ3) for n-type conduction or a gas of
10 diborané (BoHg) for p~type conduction were premiied
with the silane gas and bassed'through the glow
discharge reaction tube under the same operating
conditions, The gase@us concentration of the dop-
ants used was between about 5 x 10-6 and 10-2 pérts
'15 per volume. The ﬁaterial so deposited iﬁciuded.
supposedly substitutional phdsphorus or boron dop-~
ant and was shown to be extrinsic and of n or p
conduction type. |

. While it was not known by these researchers,

20 it is now known by the work of others that the

L oS

hydrogen in the silane.combinés.at an optimum tem-
pe:atﬁre:With many of.the-dangling bonds of the
siliéon.during the glow discharge deposition, to

substantially reduce the density of the localized



Mhille it was not known by these-researchers, 20 it is now known by the

Wr k of others that the hydrogen in the silane conbines at an optinmnitem
ature with many of the dangliing bonds of the silicon during the gl ow

| scharge deposition, to substaﬁlially reduce the densi'ty of the |ocalized

states in the energy gap toward the end of naking. the electronic <,

properties of the anorphous material approxinmate nore nearly those of the

cor r esponditagesr \igt hiei epergycgiag toward-the @nd- afomaking-E. Spear, P.G

LeConmber, S. Li, and R Martins also worked on preparing.a-Ge:H form GeH4.

usi ng si mther edegsspnien Propesitiess ofrideamorphousmateddafave evi dence of

a high density qf localized states.in the ener ap thereof. 10 Al though
the mat er ARPIPFIMAtE: MAEFe Dedtd Yo those ofy & %Fgéets&?ﬂ B9, reduced from
t hat obtainableiy,th a-%%:H._Ln this work reported in Philsophical Mga-
zine B, VEFYS§alline PAteEdddy (he authors coricl ude that because of the
| arge density af ;gag, te e tLr4 al Inedds.qs . . aless

(,S'? @I BP%%%dnﬁé%i S%%ra:{‘mﬁd. Lemé}'fft sé'ar;:'di ‘possi

attractive mat rial _ “doping experime bl e
applicati ga§ R, Martins also worked on preparing a-Ge:H foérm

GeHy using similar deposition techniques. The
material obtained'gave evidence of a high density
of localized states in the energy gap thereof.

10 Although the materiai could be doped the efficiency
was substantially re@uced f;om that obtainable ﬁith
a-Si:H, In this workﬁreported in Philsophical Maga-
zine B, Vol. 39, p. 147 (1979) the authors conclude
thaﬁ because of the iarge density of gap states the

15 material obtained igj. . . a less attractive mate-

rial than a-Si for i%ping experiments and possible

3

i

applications.“ o i
The incorpératf%n of hydrogen in the above
silane method not only has limitations based upon
20. the fixed ratio of ﬁidrogen to silicon in silane,
but, most importantly, various Si:H bonding confi-
gurations introduce new antibonding states which
: can have delete:;oq§}consequences in these mate-

rials. Therefore, there are basic limitations in.



The incorporation of hydrogen in the above silane nmethod not only has <;g;i
i mtat~ens hased upon 20 . the fixed ratio of hydrogen to silicon in _
‘silane; but, nost inportantly, various Si:H bonding confi- gurations :

i ntoroduge\new anti bondi'ng states which-cag have del eterious consequences in

‘these nQ;,-_rials. Therefore, there are basic limtations in. reduci ng
‘the densfty of |ocalized states in these materials which are particularly

-harnful in terns of effect] @égai Vi LY td ensity
‘-'of states of the Sir|e§¥53&3p§§q0g§%§;$$ iog'lssl rle{alé_&gi,s_st [} aers‘n?zlir.r ow eegl etion
wi dth whi ch in t“!-?ﬁeegpita%é*%i%ft{ i e s U1 AW IR VRS & PRI ON
-depends on the drift of free carriers. The nmethod of naking these nmaterials
by the use of onlyg¥ leffeediven® Rgneaan & 30 dositlg.s iTher desggil wiansi ty of
10 surface.states which affects all the above para- neters. After the
devel oprent of the qen®itl shagterpSitheosilams /depos fteainmd@tieanialgns was
.carried out, work was done on the sputter deposition of 15 anorphous
silicon films i% tHeadsrdple mamdow depdietriomfwidtgowhiiayuin dditny t he
sputteri-ng de- . g _
- - limits the efficiencies of devices whose operation

depends on the drift of free carriers. The method
of making these materials by the use of only sil-
icon and hydrogen also results in a high density of

10 surface states~which affects all the above para-
meters. _ _ |

After the devélopment'of-the glow discharge
déposition of silicon from'silane gas was ca;ried
out, work was done on the sputter deposition of

15 amorphous silicoﬁ £ilms in the atmosphere of a
mixture of argon (required by the sputtering de-
position process) and molecular hydrogen, to deter-
‘mine the results of éuch molecular hydrogen on the

characteristics of the deposited amorphous silicon

f"v

20 film. Thi$~research indicated that the hydrogen
acted éé a.compensating.agenﬁ which bonded in such
a way as to reduce the'locaiized-states in the
enefgy_gapg HOWever, ihe degiee-to which the lo-

calized states in the energy gap were reduced in



sfich nol ecul ar hydrogen on the characteristics of the depesited anorghous

i licon 20 film This researchﬁﬁpdicated t hat” t he hydrogen acted as a
conpensating agent which bonded I “such a‘way as to retluce the |ocalized
states in the energy gap. However, the degree to which the |o- calhg;g.

st ates i nthee spoeiay aapowataohe@waeésswwas nivehs ledserthdgposi tion prrocess
was nuch | ess than that achieved by the silane deposition process described
above. Thhatbachideedr bycthe midameddepomilt imat gricsdessal so were i ntroduced
in the sput- 5 tering process to produce p and n doped materials. These
mat er i al sdeadradbedwaboyepi nFhef Abovendescribedh® amdkm adap-produced in the
gl ow di scharge pro- cess. Neither process produced efficient p-doped
naterlalsanFtﬂa§§¢ﬂﬁé§e#ﬂﬁﬁ wegle dadaspdiicedodderthelRYt i ons for produci ng
comrercial p-n junction devices. The n-dopi g ff|C|ency was bel ow desir -

abl e §CceﬁF£BP§ PERFEES P PEF@P§eaﬁHaFﬁe“b °|cularly
undesi rab since it e he nu allzed ates in the band
Gap. 15 Thede" Raterdadse Had o doued ACH NG S ienak Khan

the materials produced in the glow discharge pro-

\s.ition process) and nol ecul ar hydrogén, to deter- mine the results of

cess. Neither process produced'efficient p-doped
materials with sufficiently high acceptor'concen-

10 trations for producing commerciai P-n junction
devices. The n-doping efficiency was below desir-
able acceptable commercial levels and the p4doping
was'particularlynundesirable since it increased the
number of localized states in the band'gap.'

15 Heretofore vérious semiconductor materials,'

- both crystalline and amorphbus,'have been proposed
for utilizatioh in rectifying type devibes such as
a diode. Also it has been proposed to make a semi-
conductor or a photoconductive rectifier utilizing

20 an amorphous alléy including silicon and fluoride.
U.S. Patent No. 4,217,374, issued August 12, 1980 | v
for Amorphous Semiconductor Equilvalent to Crys- |
talline Semiconductor, Stanford R.'Ovéhinksy_and

MasatSugu'Izu-and U.S. Patent No. 4,226,898, issued



A
both;ch;{alline and anor phous, have been proposed-for utilization in 4;;5?2?)
rectifyingtype devices such as ‘a diode. Also it has been proposed to —

a sem - conductor. or a photoconductive rectifier utilizing 20 an anor phous
al | oy &pg! uding silicon and fluoride. ¥ S Patent No. 4,217,374, issued
August 2, 1980 for Anorphous Sem conductor Equilvalent to Crys- talline
Sem conductor, Stanford R Ovshinksy and Masatsugu |zu and U. S. Patent No.
4, 226, 898, i ss@etiober (2t ob28070£18B@ samehbitiee StahfordtBaford R-
Ovshi nsky and Arun Madan. The present "invention provides a diode array
i ncl udi ng di od@vabinskytardchrerodadaner point of a 5 conductor-of a first
group of conductors extending in a first direction over a conductor of a
second group of conBaetBreseRtchaveptianprevidasdardiedenarraversing the
first -direction, thg firéi grou . of conducfors being i nsul ated _fromthe
second group olNELHALRTAL0demeARS cAENCAFBIETREANSVEEi RYIREURFER to and
bet ween a pﬁ%r of crgssin ~over_conductors_at oae gf t he ﬁrOés ovgr poi nts,
sai d di ode aﬁgéﬁﬁﬁ 2t A5 & trbdk FLOMRgo%: cprdue 8rfi PErePeghentlnd a
second region gapdLeo, PR3- EPUL b08rCECloRa8E ok OoEOL ThEcbHACL Rt Ner &
of conductors extending in a second direction traversing
the first direction, the first group of conductors
being insulated from the second group of conductors,
10 and each diode means being coupled to and between
a pair of crossing over conductors at one of the
cross over points, said diode means inclﬁding a diode
having at least a_first-region and a second region said
regions abutting each other to form a jﬁnction there-~
15 between and said'first'regioh being made of amorphous -
alloy comprising silicon and hydrogen and/or fluorine.
The present invention further provides a ROM
device including open or closed memory circuit means
at each circuit cross over point of a conductor of a

20 first group of conductorS-extending in a first direction

ey

over a conductof of a second group-of-conductors.
extending in a second7di:ection.traversing the first
directibn, fhezfirsﬁ group of“conduétors'being.insulated,
from the second group of.cbndudtofs, and each memory

25 circuit means being coupled to and between a pair of



t

.u”bét ween and said first region being made of -arfbrp‘hous al l oy conpri sing

icon and hydrogen and/or fluorine. The présent invention:further-
provi des a ROM devi ce including opgn or closed menory circuit means at each
circuit cross over point of a conductor of a 20 first- group of conductors
extending in a first direction over a conductor of a second group of_ﬁag-_
conductors extending in a second direction traversing the first directtion,
t he firsergesipgopvesndonducsolker a§ PReuPSt &hef capsshovescprdngsoup of
conductors, and_each nmenory 25 circuit neans. being coupled to and between a

pai r of andcingindingyvepctdfyipgomeangy saddorectidyings®egnsr points and
including rectifying_neans, said rectifying neans including a diode having
at Ieast1%¢%P¢§Pgrégﬁéﬂdﬁnhagl§gcéﬁdlﬁéﬁFo%,f&&ﬁ&-F@g?&ﬁsaaﬂutting each
other to 5.fornha#%u9ction tggrebetmeen and said f'rst regi.on being nade of
amor phoud EFFBHT FREIPResEAt i KeIhPRSnaPYLEABE : khexr, terprOM devi ce
i st oo EORROR SBRAKAPE: ERoRePesvaR AOS AR4 FAEECATROLERon over a |
Craver si RELRACuR R b e Bt Bpds BAbg  rr T N o 1 @ second direction
The present invention further:provides an EEPROM.
device having memory.circuit means at each cross over
point of a conductor of a first group of conductors
10 extending in a first direction ovér'a-conduétor of a
second group of conductors extending in a second
direction traversing the first direction, the first -
group of conductors being insulated from the second
group of conduétprs, each memory circuit means being.
15 coupled to and between a pair of crossing over
| conductors at one of the cross over points and including
rectifying means, said rectifying means comprising a
diode having at least a fifét region and a second
region said regions abutting each other to form a
20. junction therebetween and said first region being
made of an amorphous alloy..
| As will be described in greater detail hereinafter,
the diode of the present invention may cpntain thé
amorphous alloy'including~siIiCOn and fluorine disclosed

25 in the applications identified above in a specific



group.of ‘conductors being insulated fromthe second group of conductors, (é}i
“each nmenory .circuit-nmeans being 15 coupled to and between a pair of e
crossing over conductors at one of the cross over points and including
~rectifyi-ng neans, said'rectifying neans‘ﬁgnprising a di ode having at | east

a first(region and a second region said gi ons abutting each other to-form
"a 20 jwhAction therebetween and said first region being made of an

“anor phous: al | 0y. A ik de SIS a%den_h%rvtq%gratdq ide Q%eifa%jitr?g{s the

-di ode of the present invention may contain anor phous al'l oy 7 udi ng

‘silicon and fluogiing Htsqledsqd 2% irfddibh %ﬂﬂﬁ?{f@%ﬂed%:?k%sam\i%g} na

specific construction of a diode having at |east” two regions wth at

| east one regi on jGOR¥GHANAE iloHE wAEH HOM! S ra HEDROM dediltie Aort tidtt.oRM or
EEPROM devi ce constructions. A typical ROM device may include a matrix of X

5 and Y axis conduct oms t¥ipichlaReM dEevinieethay Ghciade @ hererand omhixxh have
a nenory circuit at and coupl ed between each cross over of an X axis

- conductor oveis aavidaxi axden duniductorac whistareciinsliatidly fron wdeka nenory
‘region and an isolating device such as a 10 transistor or a diode.
- Typi cal ly, such wotiesi sindr wshich have a memory circuit at and coupled
between each cross oﬁer of an X axis conductor over
ay axis conductor. Each memory circuit may include
a memory regioﬁ and an isolating device such as a
10 transistor or a diode. . Typically, such t?ansistors
and diodes have been formed in semiconductor substrates
with permanently open contact points or permanently
closed contact points for establishing logic 1 or logic
0 bits of infdrmatiqn.which.are'Stored.ih the ROM
15 device. Such a ROM device may be programmed during
the manufacture thereof.
EEPROM (electrically erasible programmable read
ohly memory) devices havé Been proposed wherein a

vertically disposed memory region or cell in the

20 memory circuit is vertically coupled at and between

]

an upper X axis conductor and a lower Y axis conductor
in a memory matrix. These devices follow from the -
storing of'infdrmation with phase change switch devices
first invehted.byasﬁanford R.'Ovéhinsky, as for example,

- 25 disclosed in U.S. Patent 3,271,591.
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devi ce

X axi s
- devi ce
devi ce
di sclo
contaF
i's be

gic 1 or

. Such a ROM device may b

a
s Whexe pnisnbedwepnSBinamdd R aBoiinvercat f @ wxanpl e, 25

seBeittrebnSo Balenb atdhic®

i i i C ' wi th permanent |y
di odes have been formed in sem conductor’ substrates wt ent |
contact points or permanently closed contact points far establishing
logic O bits of .information which are'stored in the ROM 15

rogranmed during the -manufacture

thereof. EEPROM (el ectrically eraSible programmabl e read only nennry%*ﬁ”
~ devi ces have been proposed wherein a vertically di sposed nenory regi or

i Prefienablyi,r dhid amorptidiis atl Moy QRS G Ak bet ween an upper
Ca Incthe : angd ;ﬂ \Mgh‘( ;¥§rc ductgf in a menory matrix. These
s fgl. : 'o%%?‘rom t e cg't St |°ﬁ&’%i9fu% SR Wi Bhdke change swi tch

all oy also

: r.eferahl y,..t.he amrphous
ns, h'&d 8g-en and such anorp ofgeﬁqag)?ldles?agi%ibet[wﬁﬂ C{a b: ¢ where a
weft 83 afR§OB4CaPEXFeMYarcent, b is between 0 and 10 atonmic percent

and ¢ is betwrhe #irsend11B8yare@diend Hagehe d-é%%glf iéf%h%%xlf %

i erial chosen from
“‘&ngﬂthhgggggglnghggen from an element of Group V

doped

1o

15

20 .

25

30

35

of the Periodic Table, e.

9., phosphorous, arsenic

or others by an amount constituting between a few
parts per million (ppm) and five atomic percent and

preferably between 10 to

1000 parts per million.

The second region can be a metal, metal alloy,.

a metallic like material

having a high barrier

regi on may be
oup V

height on the first region so as to create a Schottky

barrier.

Alterﬁately, the second region alsb can be an
amorphous alloy including silicon and fluorine and
preferably also containing hydrogen. The second
alloy region may be doped with a P dopant material

chosen from an element of Group III of the Periodic

Table, e.g. boron, aluminum or others by an amount
constituting between a few parts per million and

five atomic percent, and
1000 parts per million.
could be a P type region
being an N type region.
The packing density

preferably between 10 and
Also, the first region
with the second region

utilizing two micron

lithrography for reference in the thin film ROM and -

all thin film EEPROM may be of the order of .1 mil® per

cell. Fﬁrther, due to the all thin film deposited
structure and the'low leakage éurrént the devices
can be stacked upon one another to further decrease
the packing density. The devices can be formed on
various substrates including irnisulated metal which
is utilized as a heat sink for the devices.



of the_Periodic Table, e.g., phosphorous, arsenic or others- by an anount
. const’i tuting between a few 10 parts per million (ppm) and five atonic
~percent and preferably betweeri 10 to 1000 parts per mllion. The second
region caQ be a netal, ‘netal alloy, a netallic |like material having a high
“barrier /height on the first region so as to create a Schottky 15 barrier.
;Alternaﬁéky, the second region also can be an anorphous alloy including
.silicon and fluorine and preferably aISO/nQntaining hydr ogen. The second
all oy region may be doped with a P dopant rmaterial 20. chosen from an

~element of Group Il of the Periodic Table, e.g. boron, alumnumor others
"by an anount constituting between a few parts per mllion and five atomc
“percent, and preferably between 10 and 1000 parts per mllion. Also, the

first region 25 could gea pRelfbRe e @mbddinieh tish® 5 ahdy imt@nyidiei ng an N
type region. The packing density utilizing two mcron |ithrography for

reference in th;;ot in 1f inow BeMaeatrdlbed hiby fdyndEERRAMpIRY, heittf the order

of .1 ml2 per cell. Further, due to the all thin film deposited
structure and the krefelreflcayece theedr awingde\dcoempany iy Hhrickeapeaicn one

anpther to further decrease the packing density. The devices can be forned
.on fication in which: - -
% | - Fig. 1 is a fragmentary plan view of the de-
posited film side of a.substrate which forms a
'ig support for an all deposited film ROM device in-
cluding a diode made in accordance with the teééh—
ings of the present invention. |
'Eig. 2 is a sectional view through the memory
cifduiﬁs of fhe-ROM device shown in.Fig. 1l and is
15 taken along line 2-2 of Fig. 1. |
Fig. 3 is a schematic circuit diag:am of the
memory circuit shown in Fig. 2.
Fig. 4 is a fragmentary plan view of the de~
posited film side of a substrate fbrming a support

20 for an all deposited thin film EEPROM device in-

€

cluding memory circuits, each of which include a
. diode constructed according to the teachings of the.

present invention.

>



[ heat sink for the devices. The preferred enbodinents of this invention 5
| now be described, by way of ex le, with reference to the draw ngs
acconpanying this speci- fication imwhich: Fig. 1 is a fragnmentary plan
view of the de- posited filmside of a substrate which fornms a 10 “Sypport
for an all deposited filmROM device in- cluding a diode made i n accordance
with the teach- ,ings f the present invention. Fig. 2 is a sectional view
through the nefdBy oi r8uft ?eﬁltlﬂ?@amemé’ugﬁo%ﬁ'q MeBFY 1 and is 15

t aken al ong.li.Re_2- FlOe:k FEigQ. (.S .a,.schematic.circy t di agram of
t he nenorﬁqﬁfzpégﬁt si‘ﬁg'\;/’m J'|hnF|1'| d. 42-%"9?(3‘.5 A:%ikf%a%ﬁ%m;# pl an vi ew of
t he. de- pgsh&eﬁ-%ilg1side of a substrate formng a support 20 for an all
deposited™thin f I'm EEPROM devi ce in- cluding menory circuits, each of
whi ch include g;di oge;jeons s &C QL ' - Wags of the present
e ne #16.06°i808Skthemat i2Celreult Wl dgtant HAC HHY

5. memory circuit shown in Fig. 5. |

‘ rious substrates including insulated netal which 35 is utilized as a

fig. 7.is a sectional view through a second - *
embodiment of deposited thin film ROM device in--
cluding a Schottky diode device made in aécordance
with:the teachings of the present invention.

10 Fig. 8 is a schematié ciréuit diagiam of the
memory circuit shown in fig. 7. |

Referring to Figs. 1 ahd 2 there is illus-~ .
trated therein a ROM device 10 including two dedi-
cated memory circuits 11 and 12 each of which in--

15. cludes a thin film diode or rectifying device 14
(Fig. 2) constructed in accordénce with the teach-
ings of the éresent invgntidn. The memory circﬁii
11 is a closed circuit which includes the diode 14
which is coupled'through'an ohmic contact regionl

20 “such as a platinum silicide region 16 to an upper X-
axis conductor 18 and to a lower Y axis conductor
20. | | |

The memory circuit 12 also includes a diode 14

which is connected on one‘side to another Y axis

-



Fig. 5 is a sectional viewthrough two nenory circuirts shown in Fig. 4 and (fi%
S tékéqralong line-5- 5 of Fig. 4 ‘Fig. 6 is a schematic circuit diagram

of the 5~*menory circuit shown in . Fig. 5. Fig. 7 is a sectional view

-t hrough .&xsecond énbodi‘ment of deposited thigQyfilmROMdevice in- cluding a
Schot t ky gi ode device nmade in accordance with the teachings of the present

i nventisns 10 Fig. 8 is a schematic circui.t diagramof the nenory

circuit shown in Fig. 7. Referring to Figs. 1 and 2 _there is ill.us- trated
‘therein-a ROM devi EENEYCERE) §8i n@gf’v\BndégP- othersidfols OPERUPAL 11 and 12
: h of which in- 15. cl L\ e | K ect bfyi.ng ' 4
8. "Car U RGP, RSB, B SRR, Bl

i nventi on. e mem S r | e

~di ode 14 which isn?gﬁSﬁgésghgoééﬁbgﬁabﬁhgc%gg%?a%P¥?ggFo%Q2ggshgug% as a
platinumsilicide Lagi @hel® B%i3NcORRACEEr18S 2200419t Pe 4@spde@ anl Over

Y axis conductor 20. The nenory circuit 12 also includes a diode 14 which
'i's connected org ongrgh@gr_t de2adihBel¥wixi S : '
e ' In the constructibn of the ROM device 10,
there is deposited on anylsuitable substtéte 22
having an insulating top surface 25, parallel con-~
dhctors 20 and 20' which form the Y axis conductors
10 . and which form a compatible interface with the
diode 14. The conductors or bands 20 of conductive
material may be made of aluminum, chromium, molyb-
denum,gan alloy of titanium and tungsten (Ti-W) or
the like. 'Also, the conductive bands 20'may in-
15  clude a bbttom layer 23 6f a highly conductive
material like-aluﬁinUm and an'upper layer 24 of a
refractory-barrief-forming material like molybdenum
‘or Ti-W. The conductivé layers 23 and 24 may be
formed by éonventional vacuum deposiiion, photo
¥ 20 resist masking and etchant techniques.
Next, spaced layers 26 ;nd 28 of amorphous
semicbnducﬁor alioy incluaing silicon and fluorine -
are depbsited over the cqnduétor banés-zo to form

the ihinlfilh diodes 14 at each cross oﬁer point in



ductor 20" and on the other side is open‘éLr- cuited by reason of a
ion of insulating nmaterial 21 di sposed between the upper surface of

diode 14 and the X axis conductor 18 as will be described in 5 greater
detai|l below In the construction ofyythe ROM device 10, there is depogsited
on ‘any suitable substrate 22 having an insul ating top surface 25, pargllel

con- ductors 20 and 20" which formthe Y axis conductors 10 . and whfch

of conductife BRERIT £E dbyinih To et Tte r%r? Ml yb denum an
al loy of tjta te rpd ' hgy conducti ve
bands 20 rﬂdﬁ“ﬁ%gf&ﬁa [)%4% n%/g%lgel?' @3:'&*5@1 %fy %oﬁductlve

materi al | aﬂ% éWrN-L

barrier-for rP;é mat er1 al 'ﬁrh ybde?ni[h!‘?rrtli o&éﬁwﬁrﬁ&ég%ingu%t ive |ayers 23

and 24 may ReedLI8ddy FRwedhaGas] vacuum deposition, photo 20 resi st

'nasklng and "et chant techni ques. Next, spaced |ayers 26 and 28 of anorphous

sem cogduct or d-Qyhduld tiHd Al St CI0), afdch | a®TsIEic6R dppresited over the
conductor bands 20 to form
ide, is applied over the entire substrate 22 so as
to form the insulating region 21 above the diode 14
in the memory circuit 12. However, wherever it is
desired to store a data bit which will be indicated
10 by a low resistance conditioﬂ coupled. through the
| diode 14, an opehing 31 is formed inwthe_ihsulating
layer.of silicon dioxide. |
The platinum silicide or ohmic ¢ontact region |
16 can be formed on the outermost amorphous silicqn
15 layer 28, where the opening 31 had been formed in
‘the insulating layer 30, sﬁch as by applying plati-
num over the exposed pqrtions of.the amorphous
alloy layer 28. The rectifier diodes 14 then can
have”a conductor band 32 formed thereover of a
20° barrier-forming material such as molﬁbdenum or the
Ti-W alloy. Subsequently, a band of aluminum is
deposited over the conductor band 32 to form the X
axis condhcto;_ls,_.Alternatelyf the cohductor 18
can be deposited over the layer 28 and the in-
25 sulator 30 witﬁcut the barrier 32.



the'ulin filmdiodes 14 at each cross qver.point in  the -matrix of X and

Y axis gonductors 18 and 20 in the ROM device 10. Each such P-N junction
~diode"14 may be forned from doped N+ and P+ anorphous alloy |ayers 26 and
28 as spQwn. 5 . ‘An insulating |ayer 3Ggsuch as. silicon diox- ide;, is
applied ever the entire substrate 22 so as to formthe insulating region 21
above t¥e diode 14 in the menory circuit 12. However, wherever it is

~desired to store a data_bit ich will. o)l 0 4 OML I esi st

-pond:tion_cFupled throﬁﬁﬁ°?h€ﬁﬁigaﬁggéfggnaggéﬁiégggé'L§p¥g?%%dﬁénefhz anee
i nsul ating | ayer of_sjlj L OX] .Jh abi hhi @ r bgtcont act

~region 16 can be f%?%%dtﬁﬁetgégﬁﬂ e?ﬁgs?egﬁg%p §ﬂ§§§?|?ﬁﬂﬁr 5c99?2§§r 28,

~where the Opeﬂi“g-fi'Q&&-Pﬁeﬂsf9fngdéEe£ﬁfnéaSébaaheaibeyﬁatﬁoorsach as by
applying plati- numover the expoSed portions of the anorphous alloy |ayer

28. The rectifier gigdesesfiihb8Nifist1a68¢ pathnButweenbehd $2aker ned
- thereover of a 20 "barrier-formng material such as nol ybdenumor the Ti-W

- alloy. - Subseqgent éynddcepd20f thtoaghuthesdfedesléectdoothe Khaxisnduct or
. band 32 to formthe X E
o ® _ ' conductor 18.

- Also, it will be apparent that the memory
regions are formed by depositing a thin film of
insulating material 30 on one region 28 of each

10 diode 14 followed by depositing & thin £ilm band
(band 32 ané/or 18) of conductive ﬁaterial to form
the X axis conductor 18. For a conductive path
memory region, the insuiatinélfilm 1ayér.30'is cﬁt

_or etchéd_away such as at 31 in the area above the

15 one regién 28 of.a selécted diode 14 before the
thin film conductive band is deposited so that the
conductive path is a direct contact of the con-
ductive band 18 wiﬁh the first regibn 28 of the
selected diode 14. |

P ' 20 Also, it is apparent, that each memory éircuit
| 1l or 12 coupled'to.and between a pair of crossing -
over conductors 18 and 20- includes not only a con-
ductive_path or_insulatof pafh_memo:y region but

also the diode 14 having a first regién 26 and a

e



AXy\'S conductor 18. Alternately, the conductor -18 can be deposited over the

“4Yayer 28 and the in- 25 sulator 30 without-the barrier 32 From t he
egoi ng description, it will be seegythat the menory region of each

enory circuit -11 and 12 is a predeteFm ned conductive path or a .

~ predetermined insulator path between the Y axs 5 conductor 20 throtgl the
diode 14 to the X axis conductor 18. Also, it- will be apparent that *fhe
NMENDry I egddtnd red IBrEZ8 hyh s st Ndach tdtier | £t £drmngul ating materi al
30 on one region 28 of each 10 diode 14 foll owed by depositing a thin f|Im
band (ban@dﬁbﬁmuﬂ(rhéMEbeﬁweznmhuﬂ|WEthﬁaErlaastctherﬁ1tse X axi s
conductor 18. For a conductive path nenory region, the insulating film
|l ayer 30 ireghon @26 deingl mads oficthesamerphous ahkowrim-above the 15 one
region 28 of a selected diode 14 before the thin filmconductive band is
deposi t ed dding sideumand ifkugrine s Bndthectltesteateds the con-
ducti.ve band 18 with the first region 28 of the selected di ode 14. 20
Also, 5t iephadiment in Ei9cAEhR8eGeRd (gegion 28 is also

formed of amorphous alloy including silicon and

fluorine.
Also, in each memory circuit 11 and 12, the
memory region is aligned with the_regidns 26 _and 28

10 ©of the diode 14 and all of the.regions_are juxta-.
posed and are situated on:a line substantially
perpendicular to, and extending between each pair
of.cross-over conductors 18,end 20 at the cress—
over thereof to provide a very small center-te-

15 center distance between edjacent memory circuits 11
and 12 thereby to provide a very high packing den--
sity of memory circuits 11 and 12 in the ROM device
'10 on the order of .1 mil2.

In accbrdance with the teachings of the pre-

20 - sent invention, the amorphous allqy including sil-
icon_and fluorine also preferably contains hydrogen
and is preferabiy an a-Sié:Fb:HC alloy, where a is
between BOIend-Sa atomic peréent, b;is between Q’

and 10 atomic percent and c is between 0 and 10



11 or -12 coupled to and between a pair .of crossing over conductors 18 and
20 incl'udes not only a con- ductiwe path or insulator path menory region
‘but al so the diode 14 having & first region 26 and a ' second region 28
which ah each other to forma junction therebetween and with at |east the
first r ron 26 bei ng made of the anorphous Ploy in- cluding silicon and
fluorine.- In the illustrated 5 enbodinent in Fig. 2-the second regi on 28
is also forned of annrfhous aIon including silicon and fluorine. Also, in
each nenory circui@tamiggesgentye nennry region is allgned with the

-regions 26 and 28 10 of he e o ] a-
-posed and are situated % f*%g % ?€a+?§ Zé geéd?%u é%%? ggg
.extendi ng between h o] ve o] 1 e
.Cross- over thereo §§ ZQa%QQd%ngéggémQ 6 % ggﬁ?%ﬁéﬁg gﬁgfggﬁge?ééﬁétance
‘between adj acent npgg§ Y. 11 and 12 thereby to provide a very high
‘packing den- sity o?eﬂeﬁg §€§?$§UIIS 11 and 12 in the ROM device 10 on the

order of .1 mE2.. In agrergapee veglohher! 2aghings ehntbe aoped with

¢ _ an N type dopant material chosen from an element of

Group V of the Periodic Table such as phosphorous
or arsenic in an amount between a few parts per
million and 5 atomic.peréenf and'prefgrably in an

10 amount cdnstituﬁing 10 to 1000 parts per million.
Alternatively, the first region 26 can be doped _
witﬁ a f type dopant material chosen from an ele-
menﬁ-of Group iII'of the Periodic Table such as
bordn or aluﬁihum-in an amoun£ coﬂsﬁituting between

15 a few éarts per'millibn and 5 atomic percent and is
preferably doped in an amount constituting 10 to
1000'par£s per million.

Alternatively, the-second region 28 can be a

metal, a metal alloy ok a metallic like material

20 having a high barrier height on the first region 26

=

so as to create a Schottky barrier. There also can
be an insulator layer forming.an MIS (metal insu-

lator semiconductor) interface.



o preferably contains hydrogen and is preferably an a [err] alloy, where
s between 80 and 98 ‘atomi c percent is between-0 and 10 atomnic percent
and ¢ is between 0 and 10 atomi c ‘percent. The alloy 1ayers 26 and 28 can
be between 500 and 20, 000 angstromns, one thickness utilized being 1QOG;.
—angstrons. 5 The first region or layer 26 can be doped with aiif N
type dopant natPuitherhoasnahobthernattemnative,Gtbepsecohdi he Peri odic
Tabl e such -as_phosphorous or arsenic in an amunt between a few parts per
mllion anﬂeEﬂQMOﬁgcc§Erben@°ﬁﬁé.ﬁiéhe#aﬁ??eFha&nckesﬁﬁnﬁﬁpmconstituting 10
to 1000 parts per mllion. Aternatively, the first h&gion 26 can be doped
Wwth a P t?%eeﬁ%m%ﬂF @bt Greup dfdsef FPénPSﬁlgﬁéQ AeRE€oPEG oup 111 of the

5 " few MTHE SRenenert S8 Bral 0t kbR BRr R4S 2383 cr abl v doped i
an amont SpOFE!EELAGE 100h8 S808nB°ELg1BRE EbbkOBe Mhlr BRI vely. The

second

'4”<§§§ sent invention, the anorphous alloy including sil- icon and fluorine

a -material dissimilar to the amorphous-alloy such-
as to form a_heterbjunction rectifying device.
In any event, wi#h the thin film diode 14
having at least one region made of the amorphous
10 alloy included in the memory circuit ll_a ROM de-
vice 10 is provided which has a;low resistance and
high donductiﬁity in the forward biased direcﬁion '
" and a very high_resisiénce in thg teverée biased
direction. | | | |
15 - A schematic circuit diagram of the closed
memory circuit 11 and the open memory circuit_lz is
shown in Fig. 3 of the drawing.
Referring now to Figs. 4 and 5, there is i1-
lustrated therein an EEPROM device 50 and more
20 - specifically, two memory circuits 52 thereof which
are méde-in accordance with the teachings of the
érgsent invention. As shdwn, each'memory-ci:cuit
52 includes a memory-fegion 56 made of a tevé:siﬁle

resettable memory mate:iai as:Will be describéd in



~nmetal, a nmetal alloy or a netallic Iike material 20-having a high barrier (g;&
hei ght em the first-region 26 so as to create-a Schottky barrier. There >
al so can be an insulator layer formng an MS tal insu- lator

sem congs¢tor) interface. Further, as anoth alternative, the second
regi on & 'can be doped with a material chosen from an element of Goup Il

‘of the Periodic Table or with an elenent of Goup V of the Periodic Table.

"5 Still further, one of the regions could be nade of a material dissimlar

“to the anorphous- amPs¢ despidshesepsteracrrnerspdndni Sariest WiFhngd device.

~In any event, with_§he %hin fL%H]déng %4 having at | egst_one regi on nade

" of the anorphous 15RingELLR Aiefgq R EVREPBROPHPEL SupELE1CRD de-

Yice 10 L Do degubbiloind haer s skIRCEoRAlcUbRs, R AHELBEALY, 1 L1

“ forward birased dir € reverSe *bi ased

direction: 15 A ReBeERthG Ebr ¢d5l d)29Eameh gagrg_%a%igf ZppREL

.circuit 11 and the open nenory rcul I's shown
drawi ng. Referrg ngefeWehatFtfa- mém8PY PegiBR 66! ankll the diode 58 are

s _ - juxtaposed to each other on a line substantiaily
perpendicular to the crossing over conductors 60
and 62 such that the memory circuit 52 formed by
each of the memory region 56 énd diode 58 have a

10 minimum cell area thereby to provide a maximum
packing density of memory ceils or memory'circuits
56 in the EEPROM device 50.

In the-constrﬁctidn'of'the-EEPROM device 50, a
substrate 64'suchias a metal substrate is provided.

15. on which a layér of insulating material 66 is de-

positéd'such as by £hin film depositing technique.
Then parallel bands of éonductive material such as
'metal are laid down to form the Y axis conductors
g 62.
g : 20 In accordance with the teachings of the pre-

sent invention, the P-N junction diode 58 is made
of layers of amotphous allqy_conductive film 68 and
70 deposited on top of the Y axis conductor bands

60. The isolating diode 58 is formed from success-



Wstrated therein an [err] device 50 and nofe 20 - specifically, two nmenory
‘ cuits 52 thereof which are made tn accordance with the teachings of the
esent invention. As shown, each men®®y circuit 52 includes a nenory
region 56 nade of a reversible resettable nenory naterial as will be
described in nore detail hereafter connected in series with a thihfilm
di ode 58 between an upper X axis con- ductor 60 and | ower Y-axis conductors

62 and 62', ferrin Fig. .5, ..t will _be readily,a r-,> ent that the
négnry regf%£?$6&%ﬂ tﬁg ﬂ?gdBES%aX?ﬁsjﬂﬁtﬁﬁgégﬂstéseggﬁ &Pher on a line
substanti y ' L C to T LRJ1 9 c C 60.and 62 such
that.ihe ﬁ%ﬁn?@gégﬁgg%tgggé¥brn%gggg g§§h30%9¥ﬁgsn§%ggyb§égion 56 and di ode
58 have a L ) C r e Ol ' acki ng density
of memory SERPRTLGNTE Fatef 178 bRCLGRULRRIAGChaLer 2aT0bUEN BB T 0,
constructigm péoh h@ibRidé MsveseaPOisaaepbsitalcobérsenl as a metal -
substrate is provided 15 on which a layer of insulating material 66 is de-
posi t eg . suslibger et 66 nahd! thdechagetsng2, e68nande70Thherponal | el bands of
conductive material such as _

Next, an open space 74 is cut or etched out of

the layer of insulating material in the area above
the upper layer 70 of the diode 58. .Preférably, a
piatinum silicide or.ohmic contact region 76 is
10 formed in thé upper layer 70 which is exposed through
the opening 74 in the manner described above for
forming region 16 in ROM device 10.
Then, ‘a thin f£ilm of phase chahgé reversible
amorphous material is deposited to form ﬁemory
15 tegion 56; Nexﬁ a thin layer 80 of refractory
| barrier~forming material like molybdenum or a Ti-W
alloy is deposited on the insulatihg layer 72 and
over the memory region 56. Next, a thicker layer
60 of conductive material such as aluminum is de-
20 posited in a band over the refractory barrier- |
forming layef 86 to form the X axis conductor 60.
The platinum silicide'region 76 can form an ohmic.
contact or a Schottky barrier interface with the

doped outé: layer 70.



netal -are laid dowmn to formthe Y axis conductors 62. 20 . I n (:%é/
O K]

accordance with the-teachings of the pre- sent invention, the P-N juncti
diode 58 is made of |ayers of anorphous all oy&¥pnductive film68 and 70
deposi teghon top of thé Y axis conductor bands 60. The isolating di ode 58
i s forned-from success- fully doped N+ and P+ | ayers or regions 68 and
70 of anorphous alloy. After these | ayers have been deposited a layer 72
of insulating material such as silicon dioxide nmaterial is dep05|ted over
‘the 5 substrate 66 andAshproujded &n, tbe genstouckieBoRf Kbet ROMh open
space 74 is cut or etched out of the |aye insul ating _material in the
“area above the uppéﬁvla9el°7@e§¢¥@h§ddﬁg98953naP#BféF&QFﬁanﬁepPéthum
silicide or ohm c contact glon 76 is 10 fornmed in the upper

‘which is exposed tﬁFSu§ﬁaFH3 Sﬁeﬁﬁnﬁh?4PFﬁsFH§ &ﬁﬁﬁ@FlﬂgscFPSeﬂlagﬁve f or

Teverernl e an #Bhﬁm aE: LRat rasuEtset: Ehodon 'erniﬁx%aﬁlen g on 56
Next ‘a thin 'a%er 8c8ha' $b536hob¢ BabekeYa’ GhTLATaBELCEER bihE Ry Pdenum

or aTi-W

form a Junctlon therebetween with the first region
68 being made of the amorphous alloy."
The second region or layer 70 can also be made
of the amorphous alloy and which can be doped with
10 a different dopant méterial than the material with
which the layer 68 is doped. Alterdatively,-region.
70 could be made of a metal, a ﬁeﬁal alloy or a
' metallic like material having a'high barrier height
on:the fi:st’regioﬁ-ds.so as to créate a Schottky
15 barrier, when the first region 68 is doped with a
dopant matefial chosen f;om an element of Group V
of the Periodic Table. _Sudh-a metal can be from
'the group consisting of gold, platinum, palladium

or chromium.

L}

- 20 | Also, the second region 70 can be made of a
material”dissimilar.td'the~amorphous material of
the firsﬁ region 68 such aé to form a heterojuncé'
tion. The first region can be N or P doped and the.

second reglon can be P or N doped.



Loy |
/  Nex

de- 20

s deposited on the insul.ating |ayer 72 .and over the nenory region
t, a thicker |ayer * 60 of conductive material such as alum numis
posited in a band over the refrgctory barrier- formng layer 80 to

formthe X axis conductor 60. The plathumsilicide redgion 76 can form an

ohmc c
70.

and in

has at

70 whic
regi on

can als

ontact. or a Schottky barrier interface with the doped outer ~{ gyer
As provided in the construction of the ROM device 10 descri bed above
accordan&e?yefékféa_aﬁa@ahaeﬁ 91169ei§rsssmnggva§glon, the diode 58
| east the Tirst region or layer 68 and a 5 "second region or |ayer
h alhérensha oidcbetweénr 80aandngsi atoimber peetenen i iB the first -
68 bei ng made of the anorphous alloy. The second region or |ayer 70
0 Heetwelen o0 amdé hOvapbwic pérogntndndhcchscbetheedoped with 10 a

different dopant material than the material w.th which the layer 68 is

doped.
a met al

68 so 8s terrrkeitchesenhfromyelenentsiof Grpun Vhe

with a

10

15

- 20

Al tandhal0 vatgmic cpéoven®. cothe dopanticmateniadt alsoa netal alloy or
lic like material having a high barrier heigp;hggpéggrghrgé {ggggned
p

odic Table such as phosphorus-gr arsenic and can

constitute between a few parts per million and 5

atomic percent of the region 68 or 70 and prefer-

ably 10 to 1000 parts per millidn. |

The second region or layer 70 can then be the

amorphous alioj as is the first region 68. Then,

such material can be doped with a dopant material

chosen from an element of Group III of the Periodic

Table and can constitute between_a-few ﬁarts per

million and 5 atomic percent of the region 70.

Such a dopant matetiai can be boron or éluminum and

constitute 10 to 1000 parts per millioﬁ of the
"region 70. It will be.apparént, of course that the

doping of the regions 68 and 7b'can be reversed if

desired. Also, in accordance. with the teachings of

the present invention, the regions are laid down as

deposited thin films. o

. The ﬁemq:yfreéioﬁs 56 are aligned with the

regions 68 and-?OIOf-the diode 58 and all of these

[}



dopanr material chosen froman el enent of Group V of the Periodic Table. 4::}9

- Such’ a ‘fétal can be-fromthe group consi sting of gold, platinum palladiu '

“or chromium 20 Al so, the second regl?\ N, 70 can be made of a materi al
dissimla( to the amorphous material of the first regi on 68 such as to form

a hetergjunc- tion. The first region can be N or P doped and the second

. region can be P or N doped. A preferred annrphOUS aIon I s a-Si a: Fb: He,

~Wherein a is between 80 and 98 atom c percent, i s between 0 and 10 atonmic
percent and c is DRGNS AEHDUXEIRRILE ?)‘E‘?c%h?uat%@%lo?)a%’t“?ra?'é‘?l al al so

-ShOSSRo?ﬁsCQ?SSPSL#%%%{’@:E%%&?%{’ Ap iRt SFERPEERd PREYSRR I Fi on
~and 5 atomic percent f°£ régﬂlg‘geegéi S ‘;‘g‘g g{lg %e;xeé G%OA 0 % s‘&000
ca

. parts per- mllionP ron or |ayer en be the

sanDrphous alloy a t t ;@¥¥ an be doped
"with a dopant mat Z?‘l}é'l' ﬂﬁe{s%c?]fft% ‘?emen %r‘%ﬁlpr?#ﬂé?l ﬁe Peri odi c
Tabl'e and can gonsdddide d)féi‘.’f‘r%e abéf%éé’@raéji’@ént memory circuits 52

L thereby to provide a. very high packing density of

At

such memeory circuits 52 in the EEPROM device 50.
Also, both the memory regioh and the.diode region
are thin film'depositions. | |
10 Further, the memory regions-56 comprise a
reversible; phase_Change material which can be set
in a highly cOnductime state'or a highly non~-con-
'ductive state. More sPecificaliy, the memory re-
gion 56 is formed of a material which is 1n1t1a11y
15 amorphous and whzch can be changed by a set voltage
and current to a crystalline conductive state and
then reset hy a reset voltage and current to an
'amorphous insulator state. One.preferred material
from which_memory.regioh 56 can be made includes

20 germanium and tellurium such as GezgTegg. This

&)

material has a good reversibility_of up to 106
cycles, a maximum prooessing temperature of approx-
'1mate1y 2000C, a maximum storage temperature of

100°c, a threshold voltage of 8 volts, a SET resis-



mllion and 5 atom c percent of the region 70. ‘Such a dopant nateri al

be boron or al um num and constitute 10 to 1000 parts per mllion of the
egion 70. It will be apparent, of course that the doping of the regions 68
d 70 can be reversed if 20 desirees Al so, in accordance with the.

teachi ngs of the present invention, the regions are laid down as depo j ted
thin films. The nenory regions 56 are aligned with the regions 68 and 70 of

the diode é%n@@do | 306  ohil€S&na ofﬁgtegﬁseascéu§aap9$sdcansfsI tuated on a
|l i ne sub- tially perpendicular to and extendi ng between a pair of

Cross- overap§f5h¢m5f§1§01@ﬁdoﬁﬁsat a cross- over thereof to provide a very
smal | center-to- 5 center distance between adjacent nenory circuits 52

thereby to provike memory béglopacanngomipriséyaohemoey sepacry circuits 52
in the EEPROM devi ce 50. Al so, both the nenory region and the di ode region
are thin ftﬁmedsbbuate@nbetﬂéen one oEutheecondhetaEsns9 andi ons 56
conprise a reversible, phase change material which 'can be set in a highly

' conducblveﬁ%tandeQnealﬂ9§mnyﬁﬂoﬂrcbﬂ Oﬂubhevélgﬁatéa whbtb thecifically, the

menory re-
memory structure comprising flrst.-second and third .

3
regions. The first region is adjacent to the one
conductor 60 or 62 or to the one region 70 or 68,
whichever is adapted to be coupled to a positive

10 voltage source.

The second region is situated between the
first and third regions and the third region is
adjacent the one region 70 or 68 or the one con-
ductor 62 or 60, whichever is adapted to be coupled

15 to a negativé line of the voltage source and com-
pietely separates the second region from the con-
nection to the negative line.

The second region.is formed of a tellurium
based chalcogehide which hss higher electrical

20.. resistance in its smorphous state and lower elec-
trical resistance in its crystalline state and can
be switched from one state to'another upon aﬁpii-
cation to the conductors of an electrical 31gna1 of

~ appropriate value.



gion'56 is formed of a material which is initially 15 anorphous and which (%g

can be ehanged by a set voltage and current to a crystalline conductive T
state and then reset by a reset voltage and current to an anorphous
i nsul at oesstate. One preferred material from wligch menory regi on 56 can be

made inchdes 20 germanium and telluriumsuch'as [err]. This material has
a good reversibility of up to 106 cycles, a maxi num processing tenperature
~of approx- imtely 2000 a paxinum storage rature e a

t hreshol d vol tage of 8 §Bﬁt§}r§£sE79F§§iig fggﬁgﬁcgko% g%%eéggé Q%SBCFF
resistance (at 175keLrL) i PLAX] 4 . The el &di-QN can
conprise a nenory éﬁéué-h?épggspgéggggsbétégeﬁggggrégﬁtﬁggggﬁéﬁc?%Fs 60 and

5 62 and one regi8ﬁ56ﬁgg&o§9 OfrnkNendradeeqdon 4 EBEmERTBEY aShakelur e
conprising first, second™and third regions. ~ The first region is adjacent

'to the one conduct g5a0navifig Betweehh@s50aadr 46 aromdcope@enthigeltever is:
adapted to be coupled to a positive 10 - voltage source. The second region
is situated beBieemahlianmf with ghe remadningi matezidlt beinbi substanen is
5 | tially tellurium. | |
Preferably, the third region contains approx?
imately 33 atomic percent germanium and the éecOnd
region can contain between 10 and 25 atomic percent
100 germanium and preferably between 15 and 17 percent
germanium. |
Also, preferably, the first region contains at
- least 90 atomic peﬁcent.tellu;ium. |
| Alschématic circuit diagram of the EEPROM
15 nmemory circuiﬁs Sé'is illustrated in Fig. 6 of thé
drawing.
'Fig. 7 illustrates a ROM device 100 similar to
" that illustrated in Fié. 2 with a Schottky barrier
reétifying device in a clbsed cell 102. . An open

20 'cell 104 can be formed substantially indentical to

£)

the cell 12 exCept.fqr the dibde 14 as shown in
Fig. 8. The device 100 is formed.on a substrate
106 which has an'insulating~1ayer 108 fprmed there-.
on. Bottom og,Y_axis conductors 110 are-formed on

S P,



.djacent'the_one region 70 or 68 or the one con- ductor 62 or 60, whichever
S adapted to be coupled 15

to a negative line of the voltage source and

gom pletely separates the second region fromthe con- nection tao the

negative line. The second region is +#8Qred of a tellurium based »
‘chal cogeni de which has higher electrical 20.. resistance in its anorphous

- state and lower elec- trical resistance in its crystalline state and-can be

swi t ched f,ram
an electrﬁaﬁ

a material hav f& ' rﬁml_er Nt aae Of s tikd A1 ¢ Mad the sec-

Re régﬁ'?ng'{b: .orrr‘%? Bt A‘H *lr%]a I ng between 25 and
_ D LYoy EoHLHB N 1dyd a1 T2 N NESEmER S | ehe bei Ng subst an-
tially tellurium Preferably, the third region contains approx- imately 33
atom ¢ pelcofiductormaloim A it i by el ightlhyn dspédi n bet ween 10 and
25 atom c percent 10 germani um and preferably between 15 and 17 percent

regi on.

The thir
46 at om C aaf;

of a mate-. ri1a

ger marg:umalloy layer 114 of the same conductivity type is

10

15

20

formed on the layer 112.

An insulaZOrllayer 116 is then formed over the:
cells 102 and 104 with an opening 118 etched or cut
through the layer 116 for each closed cell 102. A
Schottky barrier 120 is then forméd on the alloy
114, such as the barrier 16 described in Fig. 2. A
top X axis éonducﬁor-lzz is formed over the cells
102 and 104 as previously described. The Schottky
barrier 120 then forms the cell recFifyihg device
instead of the P-N junction described in Figs. 2 or
5.

A schematic circuit diagram of the ROM closéd

'cell 102 and open cell 104 is illustrated in Fig. 8

of. the drawing. The open cell 104 does not have a

rectifying device 120 since the insulating mate;ial

116 is deposited on the alloy layers. _
.'Both thé ROM device 10 and the EEPROM device

, Sb“can be deposited on an'insulating IaYer of mate-

rial which has first been deposited on a metal

St t er li- cation to the conductars of
1%’}§r¥all%gs$ 4 ¥ )

appropri ate val'ue. ‘The first region is fornmed of

ond

L 48



Al so/ preferably, the first region contains at |east- 90 atonic percent
tellurium A schematdic circuit diagramof the EEPROM 15 nenory circuits 52
is illustrated in Fig. 6-of the drawing. Fig. 7 illustrates a ROM device
100 sinidsr to that illustrated in Fiig. 2 with &g3chottky barrier
rectifyiipng device in a closed cell 102. An open 20 cell 104 can be formed
substantially indentical to the cell 12 except for the diode 14 as shown in
Fig. 8 The device.100 is formed on a substrate 106 which has an
insulating | ayer leabktrate,t which metalBsubstrateycan fogmmaubeats 110 are
formed on the. layer 108 as ,before described. Referring to the cell 102,
a heavily doped an§iplodsdafpsildsatecstagking and hepdr Aisdpation
‘conductor 110. An intrinsic or,  slightly doped 5 alloy | aver, 114 of the sane
Conduct i vity iype PE PBRTEOMACHIEY QRotoh of AROtASH JON deXice OFs | s

then formed ovel e Serhoud 240 19 el bRl e WL O

LR _f or med PN E\E‘Eoe}l li%yde'si,red;- the edges of the metal substrate

e or substrates can have a heat radiating fin for-
mation thereon for further facifitating heat dis-
sipationQ
- Of course, metal'substrates are not essential

10 and the ROM device 10 or EEPROM device 50 utilizing
same héve.a'number of advantages, somé of which
héve been described above and others of which are
.inhefent.in]thé_invention. Such diodes and memory
regions that fo:m memory dircuits in a ROM or EEPROM

15 device can be'e;sily'deposited by thin film de-

| position techniques on a substrate and the devices

can be stacked to maké a three dimensional memory

sysfem. Also, a diode made of two regions of this

material, one N doped and one P doped, has a low

&)

20 forward bias resistance ahd_a high reverse bias
resistance.
--The;diode.takés;up a minimum of space in that
it is made by thin film deposition-teéhniques with

the amdrphous alloy. Such a diode in combination

P i




as the barrier 16 described in Fig. .2. A'top X axis

conductor 122

\}
‘u(g£24, such
; formed over the cells 102 and 104 as previously described. The Schottky
20 then forns the cell rect "s\yl ng device 15 i nstead of the P-N
described in Figs. 2 or 5. A schematic circuit diagramof the ROM

barrier 1
junction
cl osed ce
The open
~i*nsul-atin
devi ce 10
of mat e-
met al sub
dissipatl
devi ce on

|1 102 and open cell 104 is illustrated in Fig. 8 of
ceII 104 does not have a 20 rectifying device 120 si

t he dr ng.
nce- t

g. terlal 116 is del_ggtmte h‘Eei’é%lols‘(?) &Pgﬁ%oﬁoth t he RC]\/I

nsul ati ng | ayer

g#er%atcg‘ t%?@%iﬁé £ Neg¥ & rﬁiﬁ FPAH, el A g SUboLrae, AT eh

aRiey 3 M S ey St G S dEL O

an EEPROM
he edges of

‘the netal a%“lhmlr i DD o it rCAibaift & PRt drickh Ad0g fin for- mation

t hereon f
subst rft e

10

15

20

or further facilitating heat dis- sipation. O course,

Lwdleh Wl R inedlory cells or .circuits-of 8 mi-~

crons utilizing two micron Iithcgraphy.i'lh conven-
tional bibola:.ROM's, each cell is isolated between
a.pair'ef junction diffusion channels. Material to

be diffused is deposited two microns wide, but the

nmet al

high temperature process diffuses the material into

the substrate. As a result the channels are from
four to six microns wide, have a rectifier width of
about two microns with six to eight microns allowed

between the channels and the rectifiei. ‘This re-

sults in a bipolar ROM center-to-eenter distance of

about eighteen microns and a cell density of about
.5 mil2.
Utilizing oxide isolation the rectifiers can

be formed, in a best case, adjacent or overlapping

the channel's; however, the channels are eight to

ten microns wide. -This results in a center-to-center

distance of about_twelve microns and a best cell

density of about .25 mil2.



10 afd the ROM device 10 or EEPROM devi ce 50 utilizing same-have a nunber (}%
of advantages, sone -of which have been described above and others of which '
are inhérent in the invention. Such diodes and nenory regions that form

‘menory ceRcuits in a ROM or EEPROM 15 devi ced®n be easily deposited by

thin filme- position techniques on a substrate and the devices can be

stacked to nake a three dinensional nenory system ‘Al so, a diode made of
‘two"regions of this material, one N doped and one P doped, has, a,l ow 20
forward bias resistanceTapcdecreaserinceebl densityi SEaMce25 HELE| BAe t akes
-up a mnimum of space [nothat it is npde, thin filmdeposition chni ques
W th the anDrphou3°¥J$b&? 1Su§hV§F$i%H%“}EYQBHBiﬁ%fFoﬁeggcﬁ}?ﬂ'a Tror y
‘region in a ROM deyj ce or

that The memry gi-al: az?hofﬁﬁ%ﬁ??%f%‘aiﬁziﬁéiigﬁpaé‘:éé?e%”ié%?iji et
igghbzn?riighgruL}s %$ SﬁQVF c%%ﬁs %t#?fgﬁﬁg_fﬂo:?%§$§n gl#ﬁégggg_ Tofln
‘junction diffuéioﬁP%QQ%EEF%ﬁnkgﬁggi%fét%hﬁrb§8h' Efle Eéﬁfggpanﬂﬁhé,
R _ reduction will also take place in the ROM's and
EEPROM's utilizing the thin film diode of the in-

vention.

WA
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C diffused is ep05| two mcrons wde, but. the 10 hi gh tenperature
. rocesiumuﬂnu terial |nt the substrate. As a result the channels
e fr ﬂm” ﬂ@crons wi de; have arectifier width of about two
ek

"wWfthisiwte ht m crons al l-owed between the channels and the

rectifier. This re- 15 sults in a bipolar ROM center-to-center dlstaige of

about ei

ghteen microns and a cell density of about .5 mil[err]. Util%zing

. oxide isolation the rectifiers can be fornmed, in a best case, adjacent or
over| appPiI¥8: the channel's; however, the channels are eight to ten

m Crons
m crons
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can be r
the corr

d Th Its ' -1 Q- t di st f about twelve
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5.

extending in a second direction traversing the
: )
first direction, the first group of conductors

being insulated from the second group of cdnductors;

~and each diode means being coupled to and between

10

15

20

25

a pair of crossing.over conductors at one of the
cross over points, said diode means including a
diode having at least a first region and a second
region.said regions abutting each other tb form a
junction.therebetwéen and said first'region_being
made of.amorphous'allby comprising silicon and

hydrogen and/or fluorine.

2. A diode array according to claim 1 wherein
said amorphous alloy is of the formula Si F H, wherein
a is between 80 and 98 atomic percent, b is between 0]
and 10 atomic percent and c is between O and 10

atomic percent.

3. A diode arréy according to claim 1 or
claim 2 wherein said amorphous alloy contains

hydrogen and fluorine.




CLAIMS: 1. A diode array including diode neans at each r over p0|nt of
a conduptor of a fi-rst group of conductors e nding in ’ﬂ l ﬂﬂtﬂ"ﬂh
over a conductor of a second group of conductors 5 exte
directign-traversing the first direction, the first group of con uct’or ¢

bei ng i\nsul ated fromthe second group of conductors, and each di ode neans
bei ng cbﬁpled to and between a pair of crossing over conductors at one of
the 10 cross over poi fes, Asélédéléﬁﬁaﬁe§ﬁ§orﬁépﬂdﬁﬁgaaYdPB&eoﬁaV|ng at
. least a first region and a second region said regi ons abutting each other
~to forma Junct|ﬁha@ﬁérébépméewhﬁﬁei§aﬁélﬁlﬁéFsFe§F8H°BePﬁg gehous

anmor phous al l oy conprising silicon and 15 rogen and/ or, Iuorlne. 2. A
~ diode array accordiRy i§ gP&PﬁlYlﬁﬁeﬁélﬁ §¥P& RBABfoMaterisy i s of the
- formula Si [err] wherein a i-s between 80 and 98 atomic percent, b is
" between 0 20 and 10 atomic percent and ¢ is betmeen 0 and 10 atom c

percent. 3. _A diode rra cqrding_to clal 1 or. [err ein said
anorphous aIPoy cont af % 3%8 le ar%ay aécord ing to anylone oF

claims 1 to 4 wherein sa1d first reglon is doped
with an amount of dopant material constituting
between a few parts per million and five atomic
_ peiceht.
10
6. A diode array according to claims 4 or 5

wherein said dopant material 'is phosphorus.

7., A diode array according td'claimé'4 or 5

15 wherein said dopant material is arsenic.

8. A diode_array accordinglto any one of
claims 1 to 7 wherein sai&-seéond_region is a metal,
a meﬁal alloy or a metallic like material having a
20 high barrier height on said first regioh so as to

create a Schottky barrier.

9. A-diodé array -according to any one of claims
"1 to 8 wherein said second region is a metal .chosen

25 from the group consisting of gold, platinum, paladium



. hjﬂ?ﬁgen*and—%%aeppne. 4. A diode array-according to any one of
ai s sald first region of anorphous alloy is doped with an
“mg’@w B’H’ 2a%>. A diode array according to any one of
c alns 4 ai d flrst region is doped with an anount of dapant
materi al constituting between a few parts per mllion and five atom.@
percent. 10 6. A diode array according to clains 4 or 5 wherein sai d” dopant
naterlal°¥s°b§@§9H@Pus 7. A diode array according to clainms 4 or 5 15
wherein' said dopant material is arsenic. 8 A diode array according to any
one of claims 1 to 7 wherein said second region is a netal, a netal alloy
or a netalll Ilke rial having a_20 high_barri hei ht on said first
died ¢ Je t8 1T

regi on so as o cAe 3 LHY Ry BSFFPQrt°9°¥§¥$so y according to
any one o i m@ere sai.,d se nd re ion 'Shﬁ net al chosen 25
from t he¥ ?Bﬁ ncﬁﬁ Ps??ﬁa frﬁg gn 6§aPP

5 alloy;includlngn51llcon and fluerlne;and/or hydrogen.

11. A diode array according to claim 10 wherein

said amorphous alloy of said second region is Si Fb c
wherein a is between 80 and 98 atomic percent, b is
10 between O and 10 atomic percent and c ie.between o

and 10 atomic percent.

12. A diode array according to claim 10 or 11
wherein said second region of amorphous material is
15 . doped with a p-type dopant material.
i3

&
&

ﬁ
13._ A dlode array according ﬁo any one of

claims 1 to 12 wherein sald second region is doped

by an amount of dopant ‘material constituting between

%

%
20 - a few parts per million and five.in atomic percent.

14. A diode array according to claim 13 wherein

said dopant material is boron or &luminum,

25 ' 15. a modification of the diode array accordlng _
to any one of claims 1 to 14 whereln said first and

second regions have an insulator therebetween.



second region is made of an anorphous 5 -aﬂboy |nclud|n
_fluorine and/or hydrogen. 11. A diode array according t
sai d anQ£Qhous al l oy of said second region is Si F Hwherein a-s betmeen
80 and --atomc percent, b is 10 between 0 and 10 atomi c percent and c
I s bet 0 and 10 atomic percent. 12. A diode array according to claim

10 or 11 wherein sai 4 gecop@i& Uy HEEAPUS MBS &1 mi B Wiverefioped
with a p-type dopant material. 13. A dlode array according to any one of

or chromi-um 10. A di ode array aécordlng to clains 1 to In-said ~
e

claims 1 to 12 whedfd Nséchrll I i é Soflop afh € 241 adDsimPiagopant

mat eri al constituting between 2 a few parts per mllion and five in
catom c percent. kb oafl mﬁgﬁ@ys LYo i Sgch Gas | € NEddhn Vi it er Shtc thpmnt
-material is boron or alum num 25 15.. A nodjification of the di ode

~array according to any one of claims 1 to 14 wherein said first and second

regi ons have an insul ator therebetween.

5 17. A diode array accordlng to claim 1 or 16
'wherein said first region is N or P doped-and said

second region is P or N doped respectively.

18. A diode array according to any one of claims 1
10 to 17 wherein at least said first region is a deposited

thin £ilm.

19. A ROM device including open or closed
menory cifcuit méans_at each_circuit cross over
15 'point of é conducior bf a first group of conductors ex-
tending in a first direction over a conductor of a second
group of conductors extending in a second direction
traversing the first dirécﬁion, the first gréup of con-
dﬁctors béing insulated from the.second group of con-
20° ductors, and each memory ci;'cuit means being coupled to and
between a pair of crossing over conductors at one 6f
the cross over points énd includiﬁg rectifying means,
said réctiinngzméans'inciuding a diode having at least
a firSt'region'and a secdnd fegion,Saia regions abut-
25 ting each other-to ﬁorm a junctién'therebetween and

said first region being made of amorphous alloy.




~ . F‘drode—arfay—aGGGLdlng to cIa|n11 wherein said second regian i s nade
: ‘ﬁ‘ | ar to sai d anor phous alloy such as to forma
e ero Et' m& "F"e A di geggyarray according to claiml or 16
erei n+*sat on |s N or P doped and said second-region is P or
doped respectively. 18 A di ode. array according to any one of clalnﬁﬁﬂ

to 17 -wherein at least said first region is a deposited thin film
ROM devi ce |nclud|n§bopen or, cl osed nenor%90|rCU|t neans at each circuit

cross over 15 20poi fheoRO¥ derice: sregrda |F9t°éP&Rp 18f conductors ex-
tending in_a first g recti ogeover condu%tor of second group of

conductorghﬁﬁ?éﬂd§ﬁ i AMQLR BﬁdaaincFPB afpﬁvéfs}ﬁa he first direction,
th f t L 0d. | | ated f th d f
con- 20 SEAETEPE. f%ﬁﬁréééh Ra7eF, hArbB3H- T2 ey coupled to and

betmeen a pair of crossing over conductors at one of the cross over points
and including rectifying neans, said rectifying means including a dioede

having at |easpja fipst Rbﬁgaeeléadaécéea%g £80c2RimAlg regi ons abut- 25
ting each other-to forma junction therebefween and said first region being
made of awRéPEPHSsal8Odmorphous alloy is SizFpHe wherein a . >
is between 80 and 98 atomic percent, b is between 0
and 10 atomic percent and c is betweeh 0 and 10

5 atomic percent.

22. The ROM device according to any one of
claims 19 to 21 wherein said first region of amor-
phous alloy is doped with an n-type dopant ma-

terial.

23. The ROM device according to ény one of
claims 19 to 22 wherein said second region is a
metal, a metal alloy or'a metallic like material
having a high barrier height on said first region

5 so as to create a Schottky barrier. ' ' :

24. The ROM device according to any.one of
claims 19 to 22 wherein said second region is made

of an amorphous alloy including silicon and fluo-



20. dhe ROM devi ce according to claim19 wherein said anDrpﬁOUS attoy
contai ns-at |east si-licon, fluorine and/oragydrogen

accordifig to claim 20 wherei n sai d anor pho 1oy is SI' li[mli
bet ween -8Q and 98 atoni'c percent, b is between 0 and 10 atow1CLpenc

cis beu$?en 0 and 10 5 atomc percent. 22. The ROM devi ce according to
~any one clains.19 to 21 wherein said first region of anor- phous all oy
is doped with an n-type dopant ma- terial. 23. The ROM device according to
.any one .of claims 19 to 22 wherein said second region is a netal, a netal °
‘alloy or a netal | itinheksnddoer hydragenag a high barrier height on said
first region 5 .,so as to create a Schottky barrier. 24. The ROM device

.according to any one of clainms 19 to 22 wherein said second region is nmade
‘of an anorphous all oy incl udi silicon and f rine_and/ hydr ogen

r
25. The ROM device accaﬁdlnﬁhgORQMaﬁﬁVQEewﬁSFQFﬁi§§|&°s€38ﬁ& gégion of

_annrphous all oy ISwher'e:.n said second region of amorphous alloy is

doped with a p~type dopant material.

26. The ROM device according to claim 19
wherein said second region is made of a material
dissimilar to said amorphous alloy such as to form

a heterojunction.

~27. The ROM device according to claim 19
wherein said first regioﬁ-is N or P doped and said

second region is P or N doped.

28. The ROM device according to any one of
-claims l9_to 27 wherein at least said first region

is a deposited thin film.

29. The ROM device according to any one of
claims 19 to 28 whérein'said memory.circuit means
“include a memory régiqﬁ-which is aligned with said

. regions of said diode and all of said-regiéns being

5 juxtaposed and being situated on a line substan-



doped with a p-type dopant material. 26. The. ROM devi ce according to claim
19 ' ' econd region is gqgf of a material dissimlar to said

. r ph to forma heterojunction. 27. The ROM device

acgor drmgﬁml‘mmﬂHmher-ei n said first region is N or P doped-and said
second'T, L1 o Psor *N doped. 28. The ROM device according to any gpge of
clainms 19 to 27 wherein at |east said first region is a deposited thin

film 29. The ROM device according to any one of clains 19 to 28 wherein

sai d nenotiakly cperperdiculat| taeandnerbepdingi BREWRRBhAI s aligned with
'said regions of said diode and all of said regions being 5 juxtaposed and
bei ng si tRRERPHCEOFE RV pSPARUCLOr §; aF| § ﬁeFﬁ@ﬁ&i@HFgr to and extending

bet ' f d t.th ith d ited
oxi do 1 sOrEeh ACRRFHES OXARR SACASEF0BSDBIBE DREPRRP FESr ovi de & very

| ter- 5 tOr te i stan bet we adj 1t ' it
Ther ey (6 pRouPUs SEBSER G BEARAER oS REY. PRSI SholBEy Ui Teuit meane

in gaid RMAENI £F qistance between adjacent memory-circuit

means thereby to grovide a-very high packing den-

sity of memory circuit means in said ROM device.

30. The ROM device according to claim 29
10 wherein said memory region and said diode are thin

film depositions.

31. The ROM device according to claim 19 or
_ 30 wherein at least some of said memory circuit means

15 are stacked one above the other.

32. The ROM device according to any one of
élaims 19 to 31 wherein said first and sécond re-
gions have an insulator therebetween. .
20 o
33.: An EEPROM device having memory circuit
means at each cross over point of a conductor of a.
fifst group of'conduqtors éxténding in a firsﬁ

direction over a conductor of a second group of



30. “The ROM device according to claim29 10 - wherein said menory region:
and-said diode are thin filmdepositians. 31. The ROM dgp ' o]
claim 19 or 30 wherein at |east sone of said,gnory ci rﬁ“l“ﬂmmlﬂmﬁlﬂar e.
stacked gne above the other. 32. The ROM devite accordi ny t© a&ny*oné& of

clains 19-to 31 wherein said first and second re- gions have an insul ator
.t her ebef¥en. 20 33. An" EEPROM devi ce having nenory circuit means at each

. cross over point of conduct or__of..a fi.rst fas ors..extending in
‘a first directd on°8€'§-r“‘c§f°con&€f5ﬁ&d15’fg é‘ns@c%rﬁg’%g}dgﬁiﬂ%%%%i%&l ﬁ:a S5

'conducto  ext endirvg?sigi?lgﬁ 't%gc%qqsgh?ﬁgtrelﬁlotd'a-th\ée{ﬁéﬁ%d%gg [0;% second

~direction, the fi p of "¢con el ng 1ns

group of conduct oy EP BYAGC G a UEREY Pt WURIRH drou b et ween

a pair of crossing over conductors 10 at one of the cross over points and.
i ncludi ng rectifyiRgawRadts SEaen Qfgwofw RG FERANS nedHY ibdig Tolipida havi ng

~at least a first region and a secon

to and between a pair of crossing over conductors:

. - _' jo at one of the cross over points and including
'réctifying means, said rectifying means comprising a
diode having at least a first region and a second
region said regions abutting each other to form a

junction therebetween and said first region being'

15 made of an amorphous alloy.

34. The EEPROM dévice according to claim 33
wherein said amorphous allby contains at least
silicon, fluorine.and/ér hydrogen.

20

35. The EEPROM device according to claim 33
6: 34 wherein said amorphous'alloy is 8igFpHc wherein
a is between 80 and 98 atomic percent, b is between

- 0 and 10 atomic percent and ¢ is between 0 and 10

25 atomic percent.

~ 36. The EEPROM device according to any one of

claims 33 to 35 wherein said first regioh of amor-



| 15 rmde of an anorphous alloy. 34. The EEPROM

[ uw ﬁ! % Mm 33 wherein said anorphous all oy contains at |east

con *flaord n hydr ogen. 0\35 The EEPROM Uevi ce accordlng to
im33 or 34 wherein said anorphoU3’alloy is SiaFbHc wherein’a i s7b
80 and 98 atonmic percent, b is between 0 and 10 atonic percent and ¢ s
between 0 and 10 25 atonic percent 36. The EEPROM devi ce according to
any one of_clains, 33, t d f|r region _of anor- phous
material P8O Hﬁp@ﬂtﬁfﬁﬁ aﬁs Q? &} lﬁ%ea OPAAt WRT. EEPROM devi ce
accordi ng EPlg?y one of. clalns 33 to 36 mhereln sald second'region is a-
nmet al , F on or netallic like material having a high barrier height
on said first region so-as.to 5 create a Schottky barrier. 38. The EEPROM
devi ce according to any one of- clains 33 to 36 wherein said second region

i s made 37. The BEPROM device according to any one of

claims.- 33 to 36 wheﬁein.saidﬁsecond+regibn:is:aa
metal, metal alloy or metallic like material having
a high barrier height on said first region so as to 2

5 create a Schottky barrier.

38. The EEPROM device accbrding to any one of
claims 33 to 36 wherein said second region is made
of an amorphous alloy 1nc1udxng s111con and fluo-~-

rine and/or hydrogen.

39. The EEPROM device according to claim 38
wherein said second region of'amorphqus alloy is

doped with a p-type dopant material.

40. The EEPROM device according to any one. of
claims 33 to 39 wherein said second region is made
of a material dissimilar to said amorphous alloy

such as to form a heterojunction.



of an anDrphous alloy including silicon and fluo- rine and/or hydpegeﬁ——SCi::)

The [ err]. device according to claim38 wherein said second region

“anor phous alloy is doped with a p-type dopan%gnaterl al Hlmmﬂ HHM\

. device agcording to any one of clainms 33.to wher eiin on
‘is madejof a material dissimlar to said anorphous alloy stich as to forma

- het er oj UREt i on. '41. The [err] device according to any one of clains 33
.to 36 or 38 to 40 wherein sald first region is N or P doped and said second

:region is P or N doped. 42. % gevlce accor% o an one 0
“claims 33 to 41 mhere|n4§a|dT??r§ P?éé BV 1SS dBEEAT B En 3nﬁﬂ t 98¢ Qbpant
“ mat | t t tl d t

pere 5 cent aa GhERE, 33 "B LB EPraO ik R e ENE TS C 4
* wh t | t d h
unerein at | east SPLGEIEh °GL 0P Asod GAASKAEA blband ! Lis1dd uTve Ler )
. reans. or N doped.

42. The EEPROM device according to any one of
¢ o claims 33 to 41 wherein said first region is doped
| by an amount of dopant materia; constituting be-

' tween a few parts per million and five atomic per;-

5 cent.

~43. The EEPROM device according to any one of
¢laims 33 to 42 wherein at least said first region

is a depbsited_thin_filma

44. The EEPROM device according to any one of
claims 33 to 43 wherein said memory circuit means
include a memory region which is aligned with said
regions of said diode and all of said regions being

'5__ juxtaposed and situated on a line substantially

v perpendicular to and'éxtenaing befween a pair of
cross;over conductors at a cross over with depos-
ited-oxidesiéoiation"betwéen“each'cross over there-

- of to provide a very small center~to-center dis-



I n mhlch is aligned with.said regions of said diode
gmg 5 j uxt aposed and situated on a line

ub ta IIy _ and extendi ng between a pair of cross over

conductors at a cross over mnth daRos- ited oxide isolation between each

cross over there- of to provide a very small center-to-center dis- ~'~10

tance between adjacent nenory circuit neans thereby to provide a ver& high
packi ng density of menory circuit means in said [err] device. 45. The

EEPROM dev |ce ordln 0 cl € {on and sai-d

di odeP ar E%ﬁﬂq %ﬁﬁ!ﬂéﬁ?gﬁléf¥§§£¥3@% %Tﬁﬁé% ding-to claim’

45 V\/nerel oda f&‘é@%é:éﬂ'r%t? Hfr?gs Fed SMEF Sd)fjllﬁel&ﬁﬁe change materi al
n

whi ch can In a hidhly co ctive state or a hi on- conducti ve

state. 4&::ch; [u@ards ngﬁ@mnbwgaéﬂ@@y one of ¢l aims 44 to 46
wher ei n each said menory circuit means include a menory region including

germani um and tellurium 48. The EEPROM devi ce according to claim46 or
47 wherein each -menory circuit includes a nenory,
45; . The EEPROM:device according to claim 44:

wherein said memory ;egion and'saidﬁdiode'are thin

film depositions.

46. The EEPROM device according to claim 45
wherein said memory région comprises a reversible
phase change material which can be set in a highly

conductive state or a high non-conductive state.

47. The EEPROM'device accordingato.any one of
claims 44 to 46 wherein each said memory circuit
means include a memory region including germanium

and tellurium.

48.: The EEPROM device according to-claim 46
or 47 wherein each memory cireuit includes a meﬁory.
structure situated between one of the conductors
and one fegich of said diode, said memory structure.

5 -including-first{'Seeond:and third regions, said

first regions being adjacent to the one conductqt




‘strycture situated between one of the conductors and ene- regron-of”§§TH’—

-di ode, said menory structure 5 including first, second
said first regions being adjacent to t'he one conduct or \ \ |l““t“““
regijn whi chever is adapted to be cou- pled‘khra p05|t| ge seuree,

sai d second re- gions being between said first and thrid regions, and said
thir on ‘bei ng adjacent sai d one re- 5 glon or the one conductor

®

whi chever is adapt I 0 t source"
and conpl etely se|5) ra ﬁrﬁg%sn% &@593'% regl on rom %%nn%gtlo é% the

negative |ines anﬁ, q:lr?jgdr’]er q._llyg RepIAJE S rcde | ddid |égame,pg.chal co-

10 geni de whic electrical resistance inits anor phous state

;and | ower electri Qﬁ'orfsefbesﬂrﬁj”'%ﬁviéér{ SHY ARt hd e B R NEeFBoh DL
~switched fromone 'state to another upon application to the con- ductors of

an-electrical signad aid@RHIYd deyidn beiMi) Laljaddrit fd4id ore@i mé~ bei ng
formed of a material having a higher percentage of telluriumthan said

second regi 08, saigidmiord Hrgione WrHdndturath idhevemtts i adapieed ngo bet ween

‘25 and 45 atomi c percent of germanium the remaining material being

. supst an- be coupled to a negative line of the vqltage source
and completely séparating said second region from
the connection to the negative lines and second
region being formed of a tellurium based chalco-~

1o genide which has higher electrical resistance in
ips amorphous state and lower electrical reéisténce
in its crystalline state and can be switched ffom

| one state to another upon application to the con-

auctors;of.an eleCErical.signal of appropriate -

15 value; said first region being formed of a material
having a higher percentage of tellurium than said
second region, said third region being formed of a
material having between 2§.and 45 atomic percent of
germanium, the remaining material being substan-

-~ 20 tially tellurium.

49.. The EEPROM device according to any one of
claims 33 to 48 wherein one or more of the memory

circuit means are stacked one above the other.



A28 tially tellurium 49 . The EEPROM device according to any one of
AZ-claNms 33 to 48 wherermone or nore of the nenory circuit. neans are stacked

° ﬁ_ﬂlﬂﬂﬂ!ﬂﬂlﬁﬂm Wil F1Tm deBostt on echn que o5 & thin Layer of o
als ‘

ul ati*ngcnmaters I'ch in turn had been deposited on a netal sub? 5
strate such that heat generated by the active com ponents of the

device can be transferred by conduction to the netal substrate which serves
as a heat sink for dissipating such heat. 10 51. The EEPROM devi ce

according to apy. o%eg;%dr‘,}l fﬁmg@ é&é@dfﬂ# ngd ?H%Ig%ﬁ &gl m deposition

t echni que on & thi I nsul ating materi a I'n turn had been

deposi t e¢ 19 ns MBS &lo IP-foxded oy UNid hel1Redépgieighed by the active
com 15 ponents of the EEPROM device can be transferred by conduction to

the net algepsigudl @nMy q!rhiseryaaféxasw 1wek1 5t Dig fRacdi salpating such heat.
52. A diode.. array substantially as hereinbefore 20 descri bed. 53. A

ROM devi eaigtbdtrantiiral Inadbdat depesDE6d on a metal sub-
5 strate such that heat génerated by the active com- »
ponents of the ROM device can be transferred by |

conduction to the metal substrate which serves as a

heat sink for dissipating such heat.

10 51. The EEPROM device according to any one of
claims 33 to 49.fo£med'b§ thin £ilm deposition
technique on a thin layer of insulatihg material
which in turn had been deposited on a metal sub-
strate such that heat generated by the active com-

15 ponents of the EEPROM device can be transferred by
conduction to the metal.substratg which serves as a

heat sink for dissipatihg.suqh heat.

52. A diode. array substantially as hereinbefore
20- described. . ‘

53. A ROM device sﬁbstantially as hereinbefore:s
described with refe#énge toland as illustrated in
Figures i to 3 Qr Figures 7 and 8 of the accoméanying
‘drawings.

25




degcrlbed with reference to and as |Ilustrated I n F“QUT§§_1 to 3 GT‘F?QU“
7 hnd,s of- the acconpanyi ng draw ngs. 25
substantlally as herei nbefore descri bed mnth refere
illustrated in Figures 4 to 6 of the acconpan ing draw ngs. e tex *
speC|f|cat|on has been, reproduce by photocopying the appllcants orlglnal
typesgript. It may contain a few anmend ts which are difficult to read.
The original typescript containing t hese. amendnments nmay be inspected on

the pren1ses of thQSEGIQﬂﬁ éiﬁkéﬁ device substantially as hereinbefore

described with reference to and as illustrated in Figures
- 4 to 6 of the accompanying drawings.

hotctetﬁospninatia hubonap:edmod byphotocowhg the cants original
typescTipt. Itmmmutnmumamm&ttea-rm The oxiginal
: 'm:ncapt mtl.'l.uac these saendments pay be mmtod on the pnd.-u of the Patent Qffice



