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rel-at esh the field of MOS electrlcaJTy programrabl & read- onIy menor i es
(EPROV5). 2. Prior Art| B g; e )
menori es (EPROVE) are cQpRErci-altl

‘enpl oy floating gate nek

charged fromthe substrate through aval anche i njection or channel

inj_ection_.Mwm-r ays are erased by exposing themto
ultraviolet radiation. Exanples of floating gate nmenory cells and nmenories
‘are described in U S.. Patent Nunbers 3,996, 657; 4,094,012; 4,114, 255; and

4,142,926. In a 1ypI@aeﬂdn6Eﬂtﬁé kh@@%ﬂﬂdﬁﬂlng gate nmenory devices.or
cells, the cell's are arranged in pairs. Each cell pair is connected to an

overlylng net al rhee itiaitior FBlake@OMAGhe THYE1d08¢ MRS cxedeeichely
cell is required. These contacts require a relatively | arge anount of

substrate pf@@ramﬂabh_lés AR 08R1YI fleindidids O(EpPREMERRri cati on of hi gher -
demsity arrays.- Mreover, these metal contacts decrease the production
yields of the nmenories since they are generally nore difficult to fabricate
thqn ot her seni conductor el enents

2. Prior Art

Numerous electrically programmahle read—oniy memories -
(EPROMs) are commercially available. In many cases; these
memories employ'floating gate memory devices; the'floating
gates of which are charged from the substrate through avalanche
injection or-channel injection. In general these memory
arrays are erased by exp051ng them to ultraviolet, radlatlon.;
Examples of. floatlng gate mefmory cells and mEmorles are
descrlbed in U.S. Patent Numbers 3,996,657; 4,094,012;
4,114,255; and 4,142,926.

In a typical layout of these floating gate memory

devices or cells, the cells are arranged in pairs. Each

cell pair is'connected-to'an ovérljing metal line through

a metal'contact;- Thus, one-half contact per cell is requlred.

These contacts requlre a relatlvely large amount of substrate
. area and thus are one limitation on the fabrlcatlon of higher
- density arrays. Moreover, these metal contacts decrease the

production yields of the'memories since they'are genera;ly

more difficult to fabricate than other semiconductor elements



2 inthe array. As will be seen, the present invention elimnates nost of
‘these netal contacts, and by way of exanple, enploys one netal contact per
si.xteen cells. Some of the initial steps used in the presently described
process are simlar to-the initial step® ssed in the fabrication of. a mask

programmed read-only menory as “described in co-pending application, Serial.

Nusber 907,557, filed May 19, 1978 and entitled "MOS DOUBLE PO.YSI LI CON
REAR: ONLY ivEMRy aneayEl LAs addilgrhel seernethesPyesends invenkicBnt
application. Qher related mask programmed read-only nenpory structures are
“descri bed elimirmateat mastNof Ahee matal contactguvandy R¥: wa PRVENTI ON:
A process is described. . for fabricating an MOS el ectrjically gr r ammabl e
menory ar reXaRple, seBplpyse Ong Metal Ferharty PeF Fdrdieqst %ggﬁed-apart,
polysilicon lines are defined, insulated fromthe substrate. Doped -
regions are then formed between these first lines in alignment with these

lines. A second plurality of parallel, spaced-apart, polysilicon |ines
‘which are insula$@ﬂef9§n¢¥ﬁbﬁﬂ%%&a1i%%%PﬁanFﬁe%ﬂnﬁﬁéﬁﬁ%ﬁ%ﬁQEEYe .
fabricated over|lying the first Iinﬁs,fnd dope i .ons e second |ines
are gener #93¥+ RdvBrocess @ke 1§int
al'rgnment .wi th C, . T :
. : in the fabrication of a mask programmed read-only Temory
®.  .as described in cofpending'application, Serial Number
. 907,557, filed May 19, 1978 and entitled "MOS DOUBLE
;'POLYSILICON READ-ONLY'MEMORY-AND CELL", assigned to the’
assignee of the present application.  Other related mask
pfogrammed read-only memory structures are described in

U.S. Patent No. 4,095,251.
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g second lines so as to forma plurality of floating gates fromthe-first

des. Each of these floating gates are di sposed between a .pair of the -

.. &l @#ngat ed doped regi ons and bel ow one of the second lines. In this manner ,
a plurality of electrically progranmable, floating gate devices are forned

in a high density nenmory array. BRI EF DESCRI PTI ON OF THE DRAW NGS:
FIGURE 1 is a partial plan viewwf3a-substrate illustrating the initial P
steps of the invented process. This viewillustrates-a plurality of first\Sg

) polysiéggﬁgﬁnggiﬂiﬁ; grégg substrate. FIGURE 2 is a cross-sectiona

- el evat ¥ . nd lines of FIGURE 1 taken generally
t hrough section line 2-2.of. FI GURE 1. FIGURE 3 illustrates the substrate of
FI GURE 2 after second polysilicon lines are formed on the substrate. FI GURE

S0 D0 K BEddS SURSLERLBR ALOHELDCELBEELR g PLan Vi o

illustrating™t e par conp ete array o

d f bl I
o evat FEELEEERLI, 4@,@@“@1 sl ey ol A ST Dol
secthﬂ kiPEE @f@fglf%§1£¥zgarallel, spaced-apart, polysilicon -

llnes are defined, 1nsulated from the substrate. LCoped

»

regions ‘are then formed between these first lines in . .
allgnment with these 11nes. A second plurallty-of -
_parallel, spaced-apart, poly5111con lines whlch are
insulated from ‘the flrst lines and the doped regions
are fabricated overlying_the first'lines and doped. regions.
The second lines are'generally'transverse'to-the-first
lines. The'first lines_are'etched in aligﬁment wifh .
the eecond lines so as to form a plurality of floating
'-gatesnfrom the first lines. Each of these floating
gates.are_disPoeed between a pair of-the elongeted doped
reglons and below one of the second lines. In this
'manner, a plurallty of electrically programmable floating

gate devlces are formed in a hlgh density memory array.'

etching steps :i



-5-*FIGURE 7 illustrates the array of Figure 5 after netal lines are fornegd
over the doped regions. FIGURE 8 is a plan view of a portion of an array @
f dbri cat ed with the present. invention and in particular illustrates the
nmetal word li-nes” and the .staggered contéets used to interconnect these
lines wth the doped regions. FIGURE 9 is a plan view used to.describe the
pr@ent.l Y BRI [DESCRIPDIONE OF THE IDRAWIHIGESE ed contacts of FI GURE 8.°
) ~ FITAIRE 10 1s a plan view of the intersection of one of the first
and second polysilicon lines. This viewis used to illustrate the wdth
of the channel regions. FIGURE 11 is an el-ectrical schenetic of a portion.
of the array falFIGUREd1Wishat pantisskrplanveneworf a suwbgiFREeED |
DESCRI PTI ON OF THE | NVENTI ON: A process for fabricating an .integrated
circuit nefldlustarale: sgrtbhendmdttdral( MISps e Ecthec dnvendrast) rpneeess - .
read-only menory (EPROV is described. In the follow ng description of the:
current|y TrieSf eview plduessatesurmerpliarabitys o€ ddxrsitt PakesEbicedrth such
as specific |ayer thicknesses, etc. It will be obvious to one skilled.in

' lines formed on the substrate. ' :

2  PIGURE 2 is a cross-sectional elevation view
' Of the substrate and lines of FIGURE 1 taken generally

-thrbugh'section line 2-2 of FIGURE 1.

FIGURE 3 illustrates the substrate of FIGURE 2

after second polysilicon lipes_afe'fqrmed on the substrate.
"'FIGURE 4 is a ﬁian view 6f-the substraté of FIGURE 3.

FIGURE S-is a plan view illustrating the partially .
compléted.array of FIGURE'4 after etching steps used to

define the flda;ing gates.

" FIGURE 6 is-a partial qross-seétional elevation.
view of theisubstrate of FIGURE 5 taken generaily-through

section 1ines,656-6f FIGURE 5.



.the art, that the invented process may be practiced without thesé specific
defails. - In other instances well known processing steps have not been
i bed such as cl eaning, masking, the formation of protective |ayers,
, in order not to obscure the present invention in unnecessary detail.
ef 6re describing the invented probess, it will.be. helpful for an’
under st andi ng of- the process to review the resultant array..in an -
el ectri cal FEGUREa{7 dXlustratescthengrrayigfirBiguret e process provi des -
plurality of floating gate nenory devices or cells such as devices 41, 42,43
and - 44aftaxrhmetalhddaner aresfomseddover the rdopedpuegdomsart doped ]
regions in the substrate which are shared with other devices. D sposed -
bet ween these doped regi ons over the channel region is a floating gate 45..
These gates receive charge fromthe substrate during progranmng as-is
wel'l -known. Control gates 44 are di sposed above the floating gates. The -
control gates-are used during reading or sensing and are 7 also used for .
programm ng TIGURENS |iknavwplanTNdeph@fata aporhdonhafaéneri stics of the
floating gate devices are substantially the same as described in the
above- agnayofebrimated with phenhpresendscinveatpepcasd tdme f| oating gates
-of all the devices are fornmed fromfirst poiysilicon lines which are ¢
. par al | partdcudaniilluskrateshshgopetalegy lépes and the =

- staggered céngacts uséd-tb‘interconnect these lines | - T

with the dopéd'regions; . o - | o ' -
FIGURE 9 is a plan view used to describe the
presently preferred embodiment of the staggered contacts

of FIGURE 8, o .

_ FIGURE 10 is a plan view of the intersection of

one of the:first and second polysilicon lines. This.

~view is used to illustrate the width of the channel regions. E -

FIGURE 1l is an electrical schemetic of a portion

- of the array fabricéted:with the present invention. -



word |ines such as lines 51 and. 52 are fabricated froma second | ayer- of
potysilicon. Overlying netal -1ines disgosed over the doped regions (and i
contact wi'th the doped regions, as will be described) formthe bit |ines
for the array. By way of-exanple, to sense or program device 41 appropriate
si gnal s, Bpmag1we IDHEINEeTRER PEAGHE FNVEWEIEN; Sensing or reading s
per¥or nmed : ' eV and for device 43). The
programm ng potentials are al so placed on these li-nés.. when programm ng.

A plurality of cells may be sinultaneously. read as is commonly done. To
fabrrcate.an'enwlﬁ%dggggyfgﬁ_Eagfiagtﬁm@saﬁaiﬁtggthéan@ﬂﬁﬁuﬂ@spribed
high.density menory array sense -anplifiers are fabricated, having a pitch
appr-oxi napely1-oxitte S5k cbAduibedd QOIS ; - Deckir chilNgs proyfammabye
decoders may be fabricated having a pitch equal to or substantially'- equa

- to the piteBgabniiie msieryi (EPROM)C fPedbRibEAS STRORME BEI1Shing

pol ysilicon can pass over diffused substrate regi ons enabl es the

real i zati gaselripiidies £l ther eurrentiiyh peéserrat! pocedd’) numeroasr cuits
and circuit technology may be enployed to fabricate the peripheral circuits
for. the -megeey fiikelasktadl $ hareeses FGHth i euch dscepecd fim dgaeni ng

_the devices are formed in general alignnment with these first lines. The Cj:};

e - thiékneSses, gtc; It will be'obvious to one skilled in“
the art, that the invented procesé'may be practiced withbﬁt-
these'spécific detaiis; In other instances well known s - A
prpcessing steps have nbt'beén described such aé cleahing, -
masking, the féfmation of protective lajérs, etq.i in order

' not to Qbscﬁxe the present'inVention in unnecessary detail.

Before:descfibing the invented process, it will.be..
heipfﬁl for .an undérstandihg of the procéss to revieﬁ the’
resiltant array.-in an.électrical éghemétic form. Réferring.
to Figure 1l1,. the process provides a.plurality_of floating',
.gaﬁé memofy devices or cells such asﬁdeviées 41,42,45 and .
44, Each ofﬂthese;devices includes a pair of'spaqed-ébart
d§ped reéioﬁé in.the sﬁbstrate which are shared_with other

s . - devices. ;Qisposed bétween-theSe doped regions over the;channél
' regiéﬁ ié a floating gate 45. These gates rééeive charge
from the substrat¢ dufing.prqgfamming as;is?weiliknown._
Control gates 44 are diéposed.above{thé floating gates.

The gdntrpl gates are used during reading or sensing and are



£incuits, buffers, -etc.-In the presently preferred process the devices are
annel devi ces fabricated on a p-type silicon substrate doped to.a |evel
" §f_/approxi mately 50 ohmcm A portion of the substrate 14 is shown in
‘Figure 2. For one preferred enbodi nenf/, -no “front-end" field oxide is

‘enpl oyed in-the array. However, such_ field_oxides may be enpl oyed in the
peri phedg@o sgedii fer prrgyammingratecisi Ngldckaowied iTheoaperation with .
Figures 1 and 2 nmay occur after other processi-ng has occurred for the bt

peri phangl chaxagteristigsaof itherbleating gadiey dsviees ara the array (a . .
‘portion of which is shown within the dotted .(line 12 of Figure, (1) an oxide
T (S 02pubstantiallysthgr spme s Resehibed: dnr dhe\RRPve-Pretiensidg of a
pol ycrystal line'silicon (polysilicon) |ayer over the oxide layer. Then a.
second P®t€S ayer is forned over the poly- silicon layer, fol lowed by the
formation of a silicon nitride |ayer over the second oxide |ayer. Through-
wel | - known nmasking and etching steps, a plurality of - lines (first. '

Fgire 2. cadidl Fhe APRETined Puopars: EHe: FHAANPEBEERS 0oy an oxi de

1 dann et e S L B T B R T

-‘p0|y$ikagﬁlgggeégrgggga%Mgﬂéﬂékgggofiggqu’The doped regions for '
fhé devibesiére formed in géneral alignment with these

. first lines. The word lines such as lines 51 and 52 are
fabricated from a second layer of polysilicon. Overlying
metal lines disposéd over the doped regions (and in |
'pohtac£ with the dopgd_regiqns, as ﬁill-be-déscribgd)

form the bit lines for the array.

By way of;exaﬁple,-to sénse or program device 41
- appropriate éignals;.as ié well-known, aré:plaééd on line
51. “Sensing or reading is éerformed on.bit lines 47
and 48 for devices 41 (and for device 43); The
-';prpérémming.potentials are als§ placed on thésg lines. .
when proqramming.J A plurality-of cells may be simultanedusly_-.
read as is éqmmoﬁlyfdone; . | |
’To.fabricate an'enti;e mempry'én the séme substrate ..
. empioying fhe aescribed high density meﬁdry arraf.sensg

'amﬁlifiers are fabricated, having a pitch apprqximately



the oxide line 19 approximately 200A thick, -and the silicon nitride |ine §§
approximately 400A thick. 1n general, first a masking step is used to ma
the:silicon nitride layer 20 to defirme th® sili.con nitride lines 20 and

then through etching steps the lines 19 and 18. Line 16 is also etched |
where a diddusl oro stke patchpefsdhe doibnlingSant &imidarly ys@8cPgegss i ne
regions 22. Once the polysilicon lines 18 are defined, elongated, . S
dopetr egi smay e af abt dcated having wspitch eAUAL FihedH W]Pgtﬁﬁgllail&é's 18.
A phosphorous or arsenic dopant may be enployed. An ordinarg di ffusion or
ion inpl arguabrtor thecpibchafoths vaedelingss nkheackdthak &Eﬁant

| evel of 20-30 ohns/square is preferred. The resultagi, strycture.is

shown in" megerd layen. of padwsilicenigen Bpés oey Jiffyse V§P5§ﬁ§%ﬂ%ay
as' shown in Figure 3.' The oxide does not grow benegath e o %ggi-
silicon nizegienseanables thes repkiszfien %évé?%?”t&ée’ﬁ%be‘alr?&;it&ng’ and
the side walls of the first polysilicon lines but.not the.siplicon.nitride
lines 20. lessexopitgheh HeI HNRWRsEIrcRits,@nd,£HECY Eb#@c BoLE%S e and -
replace the oxide lines 19 and the,silicop nitride |ines 20 bhefore . :
deposi ti nguay see orEpPLayed & ;ﬁﬂ%?ﬁtﬁntp‘%é’qré‘églﬁ'%rcﬂﬁFHQEFh&.?ﬁ % e
e 1S e ot y®1hat g e ‘a8’ SRpIELY), WLSHLLED Rk g o

e circuits, buffers, etc.

In the pfesently preférred érocess the devicgs are
n-channel devices fabricated on a p-type silicon substrate
doped to a level of approximately 50 ohm-cm. ‘A pertion

of the substrate 14 is shown . in Figuré 2.

_Fér one prefefred-embodimént, no "front-end” field .
 oxide is eméldYed in-the, array. However, such field
oxideé may be employed in the peripheral-ciréuits; Thus,
the processing described in conjunction with Figures 1 and
Z.méy-occurréfter other processing has occufred for the.

péripheral circuits, such as. the growinglof'field oxides.

" "In the array-(a'pbrtion of which is shown within the

®

.'dotfeQ'liné'ig-of!Figure 1) an oxide (éi 02)11§Yer'is-first
'gxéwn on the ﬁubStéate fdliowed byhthe forming of é
'polﬁcrystéliiﬂe'silicon (péiysilicon) 1a§ér-pver the oxide
layer: Then a Secqnd'okide layer is forﬁed over the poly-
silicon layer,'fdllowed by the formétion of a silicén

" nitride layer over the second oxide léyer. _Thrbugh well-

'_.kﬁowﬁ-méskiﬁg ana'etching_steps, a plurality of_linés (fEirst. . _.

polysilicon lines 18) are defined on the substrate. As is



O.)may deteriorate during the-preceding processing steps. (The oxide and
@ icon nitride are Used as a diaelectric in the floating gate. devi ces).
. a second | ayer of polysilicon is deposited on the array; again this
““Tayer may be approximately 6000A thi @k_ Wth an ordinary masking
and.etching step a plurality of . parallel, spaced-apart, polysilicon lines"-
26 are.formed (second polysilicon lines). These lines as seen in Figure 4..
are general ly perpendicular to the lines 18 and are above and insul ated S4
fromthe doped regions 22 and lines 18.. " The lines 26 are insulated from

the dupd segn oba bigule @ deadRyer eﬂeandnfersarms@sls@paraaeay t he oxide
lines 19 and silicon nitride lines 20. Next the ‘exposed silicon nitride and

underfinomatipi shebstratien®yt fen | oxbde 18ine 16TOVEhdly Bis8i Dg. |t 'shoul d be
. noted that the oxide and silicon nitride over the lines 18 and bel ow t he

| i nesi2covemédsbynapl asddeechine 1deahtines sA0 oy anitibaeet chant from
reachi ng these regions. - 11-- Now the lines 18 arg etched in alignment

Wi t h imee 120es Phe oXHide rlanm/emtmeysbgnbeﬁ:s:eb‘ib 40604 hendi D6SORAS shown in
Figure 4 since these segnents 'are not protected by the Lines 26. (An

oxi decHizmgley tlse spokysiddicoreskine ovérappeokinat el t30PORVERLckhe et chant
-fromattacking these -lines. This oxide layer

. : the oxide llne 19 approximately 200A thick, and the
,8111oon-n1tr1de 11ne 20 approximately 4OOA thick. 1In
”general, first a masking step is used to mask the silicon
nitride layer 20 to define the'silicon nitride lines 20
and then through etchihg steps the lines 19 and 18. Line
16 is also etched where a diffusion step (as opposed.to o

-
-

ion implantation) is used to define regions 22.

; Once.the polysilicon lines.18 are defined, elohéated
doped . reglons 22 are formed in ‘the substrate in allgnment
with the llnes 18. A phosphorous or arsenlc dopant may
be-employed. An ordlnary dlffu51on or ion 1mp1antatlon
‘or a combination of these steps may be used. A dopant
level of 20-30 ohms/square ls preferred The resultant. .

structure.ls_shown in Flgures 1-and_2.

Next,.an oxide layer 24 is grown over the. array'as
shown in Flgure 3 ' The oxlde does not grow. beneath
the silicon. nltrlde member 20 thus thls oxide’ covers
the doped regions 22 and the 51de walls of the first poly5111con

lines but not the 5111con nltrlde lines 20.



.

. may be the sane oxide |layer used in the masking and etching steps when
fQLging the lines 26.) |Inh the presently preferred enbodinent, a

sel f-aligning etching process is used to assure-that the segnents 18a of
the lines 18 are in alignnent with the-ques of the lines 26. This etching
process is described in U 'S. Patent No. 'Z, T42,926. Referring-to Figure 5
the resultant structure now. includes the lines 26 with the |ine segnents -
18a~f orned- froitke somesprogegisgmsi maviebehdesdyahliedio HeeMRER t he
di ffused regions 22. The |line segnments_18a formthe floating gates for the
" menory " dewindeepkacenihpeopdde Jdnes nl i andetbe mid iqan rdktider ucture
includes the overlying lines .26 :insulated fromthe floating te 18a by.
the silicddnes r3Gcbataser depesitcme R $eFPRA 1AV '%)P%S£ﬁé°89i-de
menber 19a (formed fromthe oxide |ine 19). The oxide |ayer éﬁ separ at es

the float iThe grasaBaferofringe tHehnk? SePLnEasSEs \Aéserfj%/%’é ®ngat ed
regions' ' 22. -12- The_device ilJustrated ig Fi.qure 6 is a.%loztin% gate
menory dedine@okEspbnlihfy OXdGehel theT c22 8Rd F311P0M RLUIGR FAG&Fe 11,
Now-netal lines (or other conductjve |ljnes) are fornmed over ;the regions 22.
In the pred@may éﬁéﬁﬁmt@quawtﬁlﬁepmﬂﬁmﬁ | PFREeSgLAfe StMS cat ed
W‘Eh (The oxide and silicon nitride are used as a diaelectric

® in the floating'gate'deﬁices);3
Now a second 1ayer'of_polysilicon is deposited on

. : . °
the array; again this layer may be}app;oximately 6000A thick. -

With an ordinary masking and etching step a plurality.éf '

'_gafallel, épacédFapart, ?olysilicon lines 26_ar§:formgd -
(sécpﬁd'polysilican liges). .Thesg lines as Seen in figurelé-
;re geﬁerally-perpendiéular to ﬁhe_iines 18'an§ are above and
-inéulated.ffoﬁ the doped'regions 22 and lines 18. .The lines
26 are insulafed*from the doped regidﬁs'by-the Ogidé' _
layer 24 aﬁd from the lines 18 by the oxide lines 19 and

silicon nitride_lines 20.

::¥Next_£hé eprsea silicon nitriée,and undériying éxide
"  ,_coverihg'£hé lines 18 ié réméved by etching; It'shopid be
e .'_nétéd that the Qxide:and_silicoh'nitride'ofer the iiﬁeé

| | 18 and below the lines 26 fémains in élace because the

'liﬁéé 26 prevent the etcﬁént'ffom feaching these regions. .



- regions

I'1-known steps over the regions 22. Periodically, along the 1ines 30,
acts are fornmed as shown in Figure 8 fromthe lines 30 to the

erl yi ng substrate regions 22. These contacts as will be described |later
be netal contacts or "buried" contacts spaced periodically along the
l'ines 30, -between groups of cells, X 4 (e g., between every 16 |inés 26) .

The substrate regi ons bel ow t he rennved | ine. segnents 18b shown as regions.

' 28a in Figurgow aie Afinde 38Mareonstutiédi il hYRgnaRat eaitwiivity. as the ™
substrate. Punch through between the regions 22 can occur at, the regions

28a, pehbi tihes ReheThie beglovies Rngr seTnegtBoleht ol s € used.- For
this reason, the entire ar-ray is subjected to a boron inplant to inplant

-"the reyifngs 28ashowthi ini Mbareatd @intsd i theséi sedgmehdss dnd ween t he
_regions 22 except of course in the channel region of the nmenory devi ces.

An i nphaat p&@t@dtﬁd&lbpftﬁé lines 26 3 (AdOoxideolwyer is believed to be
sufficient. ‘Alternatively,' the regions 28a may be field oxide regions.

-13- Feométlimesl tprremdet cobedi e limedi 26 dtoxpdeveadi ditse are forned prior
to defining the lines 18 of Figure 1.. These field oxide regions may be
fornedetbhanexammmaathaéh@nghthééenﬁimed" sThps wm@deﬁluyefjeld oxi de
may be the same ox1de layer used in the masking and o
' etchlng-steps.when.fo;mlng the llnes 26.) 1In the -
'presentiY'preferred embodiment, a self-aligning etchihg

" process ie_used to-assure that the eegments 18a of the

lines 18 are in.aiignmenf'with the edges of the ;ines 26.

This etehimg process is described in U.S. Patent No.

 4,143,926.

Referfing to Figure 5 the resultant structure now.
includes fhe linesiZG_with the line segments léa formed{-
ffomlthe lines 18 dispesed beneath tﬁese-lines between

;fhe diffused :egionsizz. The line segments l8a fbfmlthe
floatipg gates for the memofy devices: As mey be best_

B seen in Figﬁfe'G,-fhe.resultant stfucture ineludes the
overlylng 11nes 26 "insulated from the floating gate '18a.
by the 5111con n1tr1de member 20a (formed from .the 11ne 20)
and the oxlde member 19a (formed from the oxlde line 19)
The oxide’ layer 16 separates the floatlng gate 18a from

‘the channel defined between the-elongated regions 22.




are defined in the peripheral circuits. These field oxide regions (as
‘opposed to the boron inplant) provide better punch through
chédracteristics, however, nore area is required_when these field oxide
regions are used prlnarlly because of tder2bird-beak” problem and-.

ni sal i gnment s bet ween successi've processing steps. Referri-ng now to. Figure
8, or t i BRe O8etigeaindyud ttr HPEA NLiANPWGuIrROVE VIS a PlbdAelihgt katd nes 26
for Wake of sinplicity. As nentioned, after. the aluminum/lines 30 are
defined, prémegiycaeicad cumrféepenamgs tooias tdewi e o4 pd42 , THese
contacts extend down to the underlying regions 22. 'These contacts, along
with a netahd| 44esf3@igune vk, t he conductivity along the doped regions 22.
The contacts with current technol ogy are sonmewhat |arger than the pitch of.
the lines.26 and 30, and thus, cannot be pl.aced in alignnment. "For this
reason, the contacts are staggered. For exanple, the contacts .37a.are on
one horizontal |Now wkitad thimesn{art sthelr menductivehdines) are -
Sinmlarly,- the contacts. 38a are.on one.horizontal line. while the contacts
.38b are onfearmefeopvess thentreqibons 22-14In the gpresestly pm'efﬁrnaa@f

be, separated by a group of cells, for exanple, 16 cells that is 16 I|nes 26
mou1d be dmmbodemehétWha1alnmrnuMa&nse373ﬁuhﬁESfabr1cated w1th

"g_ - well-known- steps over the reglons 22. Perlodlcally,
| -along the llnes 30, contacts are formed as shown in
Flgure ‘8 from the 11nes 30 to the underlylng substrate
regions 22.- These contacts as will be" descrlbed later
ﬁaﬁ be metal contacts-or "buried" contacts spaced
'iperlodlcally along the llnes 30, between groups of cells,-

(e.qg., between every 16 lines 26)

The substrate;regions-belou the removed line.
lseéments 18b-shouh as'regions 2§a in Figure 7 are of
the same conduct1v1ty type and resrst1v1ty as the
substrate. Punch through_between the regions 22 ¢an'f
occur atfthe regfons 28a, particularly when the higher""
programmlng potentlals ‘are used. tFor.this reason, the
'; _— entlre array is subjected to a boron 1mp1ant to implant
-the reglons 28a. Thls 1mplantatlon defines f1e1d stops.
- between the reglons 22 except of course in the channel reglon
_.of.the memory dev1ces. An 1mp1ant to a level of
. “1_3:x'10}2 atoms/cﬁz,is believed to be sufficient.

. - Alternatively, the regions 28a may be field oxide regiohs;



the regions of the contacts, cells are not fabricated and thus the.lines
\re not present. Odinary netal contacts may be used for' the contacts
; 323 nd 38. In the presently preferred enbodi ment,- rather than using direct
- | contacts, buried contacts are used witfh-the netal |ines contacting

ds f-or med fronIthe first layer of polysili-con. A nethod for fabrficating

t hese contacts |nclud|ng a di scussiigh of the formation of field oxide .

rregion foun in U a 033,02 Referrln to Figure 9 4
du?ingﬁP e%hﬁﬁ) g%o @éga&@IﬂttqﬂFn%ﬁ%EQ qﬁéﬁﬂ? 8ns 32 are

f d b h
a?é”idf'aeaﬁ?i” etpéfi%re”w fieF I8y r%ﬁé’s”I Fhrprnfiome Tl JBifston
o | I I d. t th tacts 34
by o’ SAELR, oot Poedonn: R IR AR SR £8P Lty péFTefon n the -
b I h d.whi ch df th t
o e hoth8) el 6Bt AR IR ORI e R TE 0

have gl g%%aecq S ANLED: Pe@ﬁ}:ﬁ%‘}a LOLLNG BB b A e sppshrer e,

Agai n, he case ure ont

?LZ%E%?Q%??%% %eﬁh%cﬁﬁteas%%}c g RE) o@f%?&%cm{%%%fé?gp'vft h 8

- Tows ofugeh %%m%ﬁ%&%@&&%ﬁé?awe%{) mfLlh i AL rangerent

reqnlred when-these fle;d-oxlde.reg;ons are‘used primarily
.bécause of,the.“birc—beakf problenxiand misalignments between
successive processing steps. '
Referring now to Figure 8, a portion of the array
‘is again. shown, however, without the lines 26:for=sake '
of simplicity. As mentioned, after the aluminum 1inesI
_ 30~are defined, periodically along these lines contacts
are formed. ‘These contacts-extend down to the.underiying'
regions 22 These contacts, along w1th a metal 11nes 30,
_lmprove the conduct1v1ty along the doped reglons 22.
The contacts with current technology are somewhat larger
than ‘the pitch of.the-l;nes 26 and 30, and thus, cannot
' beiplacea in-alignment. For this reason, the contacts
.are staggerea.' For example, the contactsi37a,are.on one
"horisontal-line ﬁhile the contacts 37b are on another;
. _

'Slmllarly, the contacts 38a are.on one. horlzontal llne

whlle the- contacts 38b are on another. 'As’ mentloned

I

E




t he contacts 38b woul d .be spaced-apart fromthe contacts 38a by 8 rows o

"cells. Thus a line of contacts woul d occur between every 8 rows. of cel

i the array, however, each line of contacts woul d extend from alternate.

ones of the netal lines. In Figure 10 a layout for the lines 18 is.

|Ilustrated whi ch enhances.the perfesrmanee of the nenory devices and
roves the punch-thrqugh characterlstlcsthrough the regions 22. The

I| $ 18 Hhe Sontagks sdr rdkr38 Mmayeb emmnaﬁe@g Bhs2 GFOBRe devi ces,

t'hat is, under_the lines.26. _ This_ is shown_ by di nension "a",

r emai nderoBrcehbsy i 6% exampl il E@t%ﬁeﬁhﬂﬁa#ﬁrk@ bines §énemhat “wi der

as shown by dinensign "b"..- The dlnenglon "a", singe it_is_sonewhat -

nar r ower W%n@%sd%ﬁBoﬁre@grboﬁﬁW?@noF thmﬁ%g‘sbeﬂ%@ BBcause of the’

narr ow channg| On.the o <V£ hand, th eat di stance g #meen t he

regi ons 2@(%%%%608& thecort QF nfe Ak etappdcate

punch-throu h | al,., For pical c rrent rocess technology "a" may
range bet gi’ lt1.(nes4 %ﬁle‘?"i‘? af rPQé]gT%FY] mp&ag. 0[err]
<In.the typic onnerc at.i of - EP s e one-hal f

bt ot ?nﬁ‘%?fs BEHCHE et AL ezcapgmﬁsﬁpﬁﬁvﬂiﬁm oMt 180 nil)
Is'required for a 64K EPROM : By enpl oyi-ng sonmewhat nore-stringent design

rutes these celIn. thg beresuhtckyl prefppred mﬁbﬂdadémen1ra£h€tlls
fabricated with the invented.process wthout 'the
: than u51ng dlrect metal contacts, buried contacts are used

w1th the metal lines contacting- pads formed from the flrst
layer of polys111con. A method for fabrlcatlng these contacts
1nclud1ng a dlscu551on of the formation of fleld oxide regions
is found in U. S. Patent'No. 4,033,026. Referrlng to- Flgure 9
'durlng the “front-end“ proce551ng ‘of the memory, f1e1d oxlde
regions 32 are formed.ln-the reglons of,the staggered contacts;
as shown, these regions are adjacent to.the lines 18 formed
later from the first polysilicon layer. The first-poiysilicon
“layer is also used to define the:contacts 34 which are in
direct ¢ontact with the substrate (or a doped region in the
substrate) . ﬁetalscontacts are then used which'extend_from
the metal llnes to the poly5111con contacts 34. In this-
: manner, 1t is not necessary to have metal contacts wh1ch
extend from the metal line to the substrate. Agaln, as

e".:' was the case in Flgure 8 the contacts are staggered

It is also poSsible to stagger the contacts with

otherflayoutqu-For example, the contacts‘37b:could'be



- 16<'inplanted field stops require approximately 9[err] X 9[err] of

.ubs rate area which corresponds to a die size of 2 approximately (126 ml)
T 6$ area may.be reduced to approximately (119 ml) wth current
ol ogy dependi ng upon the masking, etching, etc. techniques which are
Where the field oxide isolation is used between the cells, with

ml) to (144 ml) for.a 64K EPROM - Thus, g enpl oyi ng the presently

di 'scl c3RACRApapSst AN abhe aFPRtREES At wiERa8| Eoweq@E @elkSen when
taklng¥|nto account the periodic contacts , along the netal lines, such as
cont ackatweenngheg cantagtsedda andg d7qudith hlﬁrﬁﬁFQﬂﬁﬁﬂﬁﬁﬁobtalned
primarily because of_the reduction in the nunber of contacts in the array.
Wi | e #hetﬁgnﬁﬁ§§§u3§bdV%?%@rEG éﬂ&ﬁﬁQﬁﬁﬂa%k beom $benqartagiSe 6 both
t he OXIg nen% 19 a itllcon nitri r 20a are used to separate
the |idga2BYf OHQWﬁaq R ga?é“f%é ?1? eSenfarts ¥ not . be

i ckePeouF cBeRinsd s th§ BovanBto Rl A ¢ ’sﬁeoar?%&,sﬁq%mmde

Ao ek Linbc Sk moedehs: HopA BREEErdl pLeBfphed Rpdde cone o '

1ar0e S B bty T ideg] ™! taNe0USI Y.

In.Figure'ld'a-layout for the lines 18 ls.illustrated

which enhances the perﬁormance of the memory dev1ces and

. improves the punch-through characteristics. through the
.reglons 22. The lires 18 are somewhat'narrower in the_channel-.
reglons of thé devices, that is, under the lines. 26. ‘This
lS shown-by-d1mens10n “a". The remalnder of the lines 18

: prlmarlly between the llnes 26 is somewhat w1der as shown by
dlmen51on "b". :The dlmen51on "a", since 1t is somewhat
narrower, enhances the programmlng of the floating gates
because of the narrow channel.-.On.the other hand, the

_ oreater distance between the regions 22 (wherehno actiwe.
dev1ces are present) 1ncreases the punch—through potentlal.-
- For typ1ca1 current proce851ng technology "a"- may range

.between 2 5u to.. 4 Ou and "b" between 4.0u to 6. Ou..-

.In. the-typlcal commerc1al fabrlcatlon of EPROM
cells where one-half contact per cell is used, a substrate
iarea of approxlmately (180 mll) is requlred for a |
.64K EPROM, By employlng somewhat more strlngent de51gn rules
-these cells may be reduced to approxlmately (142 mll) |

_Cells fabrlcated with the invented process without the"

£ .

current t echnol ogy,. .t he di-e areas=wi bl =r ange between 2: - 2 (126

L4

L 3]



;fabricafed:' Mor eover, during the fabrication of the array of. -cells, other <§é
photolithic.fabrication, primariJy in the peripheral circuits, may occur '
simu) t aneously. For exanple 'when the lines 18 are defined fromthe first

| ayér -17- of polysilicon, gates for field-effect transistors may be
‘simul taneously forned in the periphefgl circuits. A masking step and
rel-ated steps.will enable a thick ©xfdeTto be grown on the first

ppl§§i|icqn el ements_in the peripheral circuits_ at the sane tine that the

t hi ck oxi daplanfedyfiRld ShergoFeauins3RPECKIFASRIY Pu e WMoy, Thus,
when the first polysilicon |ayer is etched in.the _array.(followi ng the

et chi ng ofUbRErate RFeR| Yirhc GRIrARRIAE £ 3t di8y&13%18%i 1 icon

el enents in the,periphera{-cirquius are not attacked, The ecqu _ y
pol ysi | i cBRPK ately nELRB Mikdr al  Ehi%i 2EeAaale bR &P FUFCAER 1t i-onal

i nterconnections, * Th a . precess has been described for_fabricating a
high-densPPFrQ§%ﬂﬁ§?¥%IK#fBrBQRAmmﬂﬂﬁpr?%%ﬁ%ﬂFyt og¥ LePeRfENdunber
of contacts enployed in ,the array when., conparged.to priqgr, grt is &re&try
reduced DROReli@askingg BEGRIRGIe RG] ceorAnAaIeR RS W5STel ds.

k1 ke, O BECoRl L9l %o P OSSTAES S0 LTI Lol B8 S, it gy g50od
Tagrlitat%%t%“%%¥¥ghéagggﬁﬁology,_the die areas will range between -.
| (126 mil)2 to (144 mil)2 for. a 64K EPROM. Thus, by employing
' the'presently disclosed prQCess,'éubstantially less array .
area is required, even when.takiﬁé'inﬁo account the perioaic
contacts, along the metalllines, such as contacts 37 and -
. 3856f Figure 8. This.redpction in array area is o%tained
primarily.bééanse_dfifhé reduction-in Ehé ﬁumﬁer of-coﬁtacts_
~in the array. o |
While in tﬁe_préséﬂtly preferréd embodiment as best
seep;in.Figﬁre'G both the oxide member 19 a and silicon -
: nit;idé-member 20a_are ﬁsed to éeparéte.the line 26 from ﬁhe
lfloating gate iéa, bpth:théS¢ members may not. be nééessafy |
. depending uppn:theléfocess empléyed;"etc;- For example,
| a-fhickér.éxide mgmber.19a may-be employed alone 9# oniy

- a-siiiCon'ﬁitridé*mgmber'may be -used.’.

.g,._' .

- As_wili_bé appreciated,-while-only theffébfiCatidnf

B

: of.awfew;cells_hgﬁé been shown in the drawings, as is
typic;lly the case a 1argé array of cellé.is simﬁlténeously
. fabricated. Morebﬁer; during'fhé fabrication of the'arrayﬁ
of cells, othef pﬁotglithic.fabricétion, primarily'in
.thelperipheral circuits; may éc?ur $im91£apeousiy; for B

example, when the lines 18 are éefinéd from theffirst layer



' ﬁ: : 1. A process for fabricating a netal -oxi de- seni conduct or,
| r

i cally programmabl e nenory array on a.substrate ,conprising the'steps

SRS forming a first plurality of parallel, spaced-apart, polysilicon

lines insulated from said substrat¢y doping el ongated regions i'n'said
substrate between said first lines, in alignnment with said first |ines;

for m of PAaruildigon; agatesoffqrrfi¢bdreffactd taparsistques ymayi ben |ines .
insulated fromsaid first lines and said doped regi*ons, said second |inesx
gener Simalitaneowsty formedd im rtshe | pexiphetady erncuwigsai Al hasktiingi nes and
doped regions; etching said first lines in alignnent with said.second

pol ysEtepoand eelatedsstepsomild gnablet g thitdkoapiide gbo ebef rom sai d -

-first lines, each of said floating gates being di sposed between.a pair -of

- sai d gEpMR yithe Ehusbepedvisisiicerdelenentsandnditheo seer ipheralone of

1 oat FAF Ydit® Mdhokhe dEameeime thatethenthinkgoxddsits geowny array. *

said second |ines; whereby a plurality of electrically programmuable

2. The process defined by Caim1 including thé . ~ forning of a third
pl ur aPVeF e SRRRY | FubBtratepziagienstin she aroway.ca®hus$, swhendoped
regions, w.,(th contacts_* between said third lines and their réspective |
_under@anl?%MY%ﬁibFi?PéﬁYGrco#ﬁ ®tchedi i thermrnay webalowipg of *
sai d cond ‘li nes. ' C o - . . S
% e etching of the second polysilicon layer)the first layer

..
-

_ polysi-licon, elém'enﬁs in the peripheral circuits are not o .
attacked. The second polysilicon layer in the peripheral

circuits may be used for additional interconnections.

.Thus,_a_proéess:haé been described for fabricating é'
high-density eleétriCally é?oérammable read-only memory
array;_ The humber.of;qontaéts employed in thé arfay when.:
compared to prior art is greatly reguced, ﬁhe?eby permitting
higher‘densitiés in addition to better yield#. Unlike | .
6thér'prio;-a;t processes for forming floating gaté devices,
second polysiligon lines crbss the doped regions in the ' o .-

 substrate which facilitates a denser layout. -



\ ———— \
3. The process defined by.C aim2 wherein said fimﬂn |ines are fornmed wt -2;y
L

an _overlying silicon nitride line. =184 -The H ,ﬂﬁﬂu? by C ai m\2
'iﬁcludingc$§§M§Lep of form ng isolation regions : in the

regi ons : by said floating gates on first opposite sidles and said
third Iines on second opposite sides. 5. The process defined by Cair 2

whei'ei n sai d i sqlal 0¥ ek S0S£SE € FhBTRG {Dhd Of habhRobalgen 6.  The
proctess defined by é aim2 i.ncluding the fornma- tion of field oxide :

1.sol at i 0nséﬁﬂi:eﬁau@trdie,r'eéiléatfﬁbdn&osﬁﬂd@&aﬁ;ﬁi@nméinbi»y QRfYes/ t6n si des

.and said third li-nes on secaond opposite sides. 7. A process for

fabriCalﬁQgs§b§EE%Eév¢éEM§@&§£ﬁ denleOlstesedf i cal I'y programmabl e menory
array on a p-type'silicon sub- sfrate.conprising the steps of: formng :

a.-first.plural fbyn@ngas afipst ?maeatiiaﬁﬁ_rdf potx11ell,i epadddespds)l at ed
fromsaid substrate by .an oxide [ayer; doping elongated regions in said :

-substr at epstyseeicon dinéstihsukated Frash sdidesdbpaphte;n alignnent with
said first Iines; form.ng an oxide |ayer over said elongated doped [ines;.
~fornming a secondopimicalélongatedr gblydonssdar esh bpagubspebye [Hetwedn nes
|Q§ulated fromsaid first lines and said doped regions, said second line
generalIysaidntiegﬁenﬁh§@$din alignment With said ‘first lines; : :
_55-' R forming a second plurality of parallel,-spaced |
| _ﬁparﬁ,'ﬁolysiliédn lines insulated from said firﬁt lines -
and'saididopedfregions,,éaid second liﬁeﬁ generally transverse
to said first lines and overlying said first lines and
déped fegions;
| etéhihg,éaid first lines in_a}ignmenﬁ with said
-seéohd polysilicon lines éo'as to-form atplufélity of fiqafihg
gates from said firsf iines{ each of said floating éatés
' being disﬁosed between.a pair of said'doped regions and. being '
insulated from, and'disbosed beloﬁ, one of said second-lines;
whereby a plufglity of éléctrically programmable flbating
gate memory deviceS'are'formed in a high-density memory arfay.
; 2.. The process defined by Claim l;incihdiné_the'u
ﬁg' ,z._forming.bf afthird_piurality of condqcfive 1ines'§arallel’to,
Eff o ahd“ébp&e eaéhfof said.dbped reéions,.ﬁith'coﬁéaéﬁs
betwéén?éaid thifdiiines and their fgépeétivé underlying
doped régions, said Eontacts being formed between groups oéé

" said second lines.

3. The process defined by.Claim 2 wherein said first
lines are formed with an overlying silicon niﬁride_line, _:'



st lin aid first lines and doped regions etching said .
st |i ngymmmmmmwt h sal d second polysilicon 1ines so as togf orma
rality of ff oatimg gates -20- fromsaid first Lines, each of said
i Oating gates being di spased betméb% 2 pair of said doped regi ons and .
eing insulated from and di sposed bel ow, one of gsai gcond_lines; formn
contacts to 4ai dThep@FacafirieEingd: byt Sdiadimy g @?ﬂ?ﬁéﬂ%&%ﬁ &R oups o g
sai d second |i nes; forn1ag a third plurality of conductiyve |ines parallel\é
\tM? an@fa66¥Eingy diska £ 16m aesée%@rbrsaﬁx gyhekrats dn dhe remiaess;
erehy a urality qf ectrjcall a ble floatli at.e _nmeno o
deV|cé%°%§gr?€r9¥dS?ﬁQa4%?ﬁ1{Eﬂsgg§ %5%3?3 '%y°9%°31$ﬁegaﬁﬁﬁb§§‘ gflned
by Caim _7 wherein said contactg are st, ereggalong | i nes .generally
' parmlﬁﬂlﬂotE&FG %é&&ﬁjQQrﬁSF° Opposite sides. The process ‘defined by
Claim7 wherein isolation regions are formed which are bordered by said
floating gates on first opposite sides and said third | ines on second
opposite sides. 1Q. The.proc defjned Cla wherein s |d i so] ation
regions are Por nﬁl%ﬁ% Priesined v Glafnip” phetess FthFBIRE g m o
whereln SaIdISO|at£ S
_ regions are ormed by ion 1mp1antatlon. . : . -

6. The process defined by Claim 2 including the forma-
.tion ofifieid oxide isolation regions bordered by said
floating gates on first opposite sides and said third lines

on second opposite sides.

7. A process'for_fabricating:a metal-oxideesemioonductor;
' electricallf progranmable memory'array'on a p-type silicon sub;
strate. compr151ng the steps of: | . .,
| forming a.first plurality of parallel, spaced-apart, poly-
.silicon lines insulated from said‘substrate by an oxide layer;
'doping elongated regions' in said substrate between said - .
jfirst lines with an n-type dopant, in alignment with said firSt
_11nes, | | .
) formlng an ox1de layer over said elongated doped llnes,
formlng a second plurallty of parallel, spaced-apart, ;i _
' .ooly51llcon llnes 1nsulated from said first lines and sald : B
doped reglons, said second lines generally transverse to sald-
flrst lines and overlylng sald first llnes and doped reglons,'

etchlng Sald first lines 1n alignment W1th sa1d second

poly5111con 11nes so as to form a plurallty of floatlng gates



,-'\_
A

reglons are formed by a field oxidation' 20ep. 12, A process for ol
fabricating a netal-oxi‘de-sem conductor , electrically progranmable menor ZLP

array-on framssaiddefixsisilines|athrhaothaxidbflioatidgsgatas being
reference to and as illustrated in the acconmpanying draw ngs. The text of

t he spemfdxsposedhhetweenraxpadmceﬁ saighaiopedyregiohs amd ibeing
erglnal typescript. It may contain a few amendments which-are difficult

t o ‘Feed. insnlatednfromypesdd i @isposedi bieipw hesre aofnSarid ssemqndbel:.nes,
i nspected on the prem se. of the Patent Ofice
forming contacts to said doped region, said contacts
being formed between groups of said second lines;
formlng a thlrd plurality of conductlve lines parallel
. to, and above, each of said doped reglons in contact with
» said contacts, _ . | _
‘}; whereby a plural;ty of electrlcally programmable floatlng
:gate memory dev1ces are formed in a high-density memory array.

8. The process defined by Claim 7 wherein said contacts

 are staggered along'llnes generally parallel to said ‘second

1li . .' ' : :
EE T ||IIIIII I |I|I

9, The process defined by Claim 7 wherein lsolatlon

regions are formed which are bordered.by said floating gates

on first opposite sides and said third lines on second |

opposite sides.

.10. The process defined by Claim 9 Where;n'said isolation

- regions are formed_by'ioa“implantation.'

L;, The process defined by Claim 9 whereln said 1solatlon .

regions are formed by a fleld ox1datlon step.

12, A process for fabricating a metal-oxide-semiconductor,
‘electrically programmable memory array on a substrate,-substan-
tially as hereinbefore described, with reference.to and as

'__111ustrated 1n the accompanylng draW1ngs.

- e ———— e T Cmee cimme s e e ———

l'he text of the specification has been reproduced by photocopying the applicants originsl
typescript. It may contain s few amendments which are difficult to read. The original
typesoript eontu:lning these amendments may be inspected on the premiges of the Patent Office




