A METHOD FOR | MPROVI NG THE ELECTRI CAL ERASE. CHARACTERI STI CS OF FLOATI NG
GATE MEMORY CELLS FI ELD OF THE | NVENTI ON 5 The present invention
relates to the field of the fabrication of sem conduct ??e?o%/';?o@/ﬁtes
enploying floating gates; and particularly to nmethods of inproving their
associ ated erase characteristics. BACKGROUND OF THE | NVENTI ON 10

Non-vol atile sem conMEPHOIEFON WPROVING AYE ELECPAICAL BARSE Wﬂ' ch are
conpl etely surroune@fhﬁxcg n'|§ _'gat&E Fi_g)ﬁ,m “Alf"ﬁ't y’ﬂl(ﬁi é de are'

wel | - known in the—pf+et
(polysilicon) layer is used to formthe floatlng gates. Charge is

transferred to the floatin ates through a variety of nechani sns such ?Sa
aval anche 15 | @M-J&EH&ENHPQM i on, tunnel ling, etc. The chargéZon
the floating glate af th tf ivity In the cell. %%
t he conducti VI ty Is fgﬁgﬁesgn@gﬁ hoﬁcr?léaveg% rée(ixigfiﬁetlgbr %8' to be

programmed in ors@nmdiﬂwtoswnﬂ:ryaedceé eﬁtEI@yﬁn@Wl@Hﬁﬁd yatby: dndl ticUnarnet her
|l evel It is deened to be progranmed in the opposite binary 20 st'ate.

These cel | s t akdnethods oldmpraving theirmsisociated epasemhatacteristicse bei ng bot h
electrically erasable and electrically programmable, and others requiring,
for example, ultraviolet light for erasing. The cells are incorporated Into
menori es referr%&mwum@]\/h, EEPROMs, flash EPROVs and
fl ash EEPROMVS. e term as refers to ose nmenory arrays In 25

which all oftd he cel INonrajatiteesemizordudior meraoryglelis employingofivating gatesner al ,  an

EPROM or an EEP nprises a silicon, substrate Including source and drain
regi ons which dgﬁ’q‘\{lﬁ'éaéﬁ camplptely ?‘H@r”@gé‘[‘;b@ﬂ *nqﬁaé'mwaf §B‘QV%SFH%°%hannel I

a polysilicon fl g D subst r at &
by a relatively ‘?ﬁ’f'ﬁggée?‘gg kn(;K'F“ﬁtnl '\*/‘gq’f"ggg'r' %gﬁg’%ﬁ' gi’gﬁ’? & farlg'gtsgialsg di sposed
above, and i nsul (pblydilicon)kayet Isa:s‘elddatfmmgllgdbahngﬁa&es:o@bargb igamsiersedilos 0

comonly fabri cas_'ed of polysilicaon. In the case of a flash EEP cell,
el ectrons (i.e.,hedarling galps thypyghog variety of mechanisms such as avalanche

15 injection, channel injection, tunnelling, elc.

The charge on the floating gate aﬂects‘lhe surface channel
conductivity in the cell. ¥ the conductivity Is above a certain level, the cell is
deemed o be programmed in one binary slate, and if the conductivity is
below another level It is deemed to be programmed in the opposite binary

20 slate. These cells take a variety of forms in the prior arl, some being both

electrically erasable and electrically programmable, and others requiring, for

example, uliraviolet light for erasing. The cells are incorporated into
memories referred to in the prior art as EPROMs, EEPROMs, flash EPROMSs
and flash EEPROMs. (The {erm *flash” refers to those memory arrays in

25  which all of the cells may be erased in & single operation).

~In general, an EPROM or an EEPROM comprises a silicon substrate

Including source and drain regions which define a channel therebetween.
Disposed above the channel is a polysiiicon floaling gate. The tloating gate
separaled from the substrale by a relatively-thin gale insulative layer. A

30 control gate Is disposed above, and insulated from, the floating gate. The
control gate is also commonly fabricated of polysilicon.

In the case of a flash EEPROM:cell, eleclrons (i.e., charge) are slored
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on the floating gate in a capacitive manner. An exanple of a flash EEPROM
or flash, EPROM devi ce is disclosed in co-pending application serial nunber
07/ 253,775, tiled October 5, 1988, entitled, "Low Voltage EEPROM Cel | "

whi ch application is assigned to the assignee of the present invention. The
5 devices described in this co-pending application use asymmetrical *
source/ drai n regi cstharfidating gatein a capacitive manses. oAn example ol flasheERPROM

~tunnel ling of electrons hetween the soyrce .and flaating. [ asi ng
operations. Rece ntqrjf)asﬁﬁ(gﬁt‘@wf’? bsn&ﬁ‘ggs_er?eiﬂ r?°fp88§'§‘8 5p§|,LF%§%ﬁts g’ﬁ' I"Q g‘é’SF
electrically 10 piAss775 hlod Giishd? 5 F0dd, elited, AowsPellage EEFROMTYIF arrays
. of thgbgl ash EEP variety. In the contactless array, cells enpl oy

el ongd=e€d * sour cewhichiapplicatiorois assigagbidtie lassignadoftbe presentineentiohi dlkeoxi de
(SATO regions.. In certain instances, tR&ndrai n regions are shal | ow

|
conpared to thé sdipvicesdegeihed in fpis ca-pe _SGBP'@%‘“? YPRORYMRGWC Ao e gr aded
. junctions. The 15 sgyﬁ%q%gﬁﬁgf%ﬁn&my %?l‘?ﬁe@?{ﬁ{isrﬁ of FW@L—%@@F di sposed

- between the source regl ons. nes are gener sposed

~ perpendi cul ar to t{anélY 6Feléidns beiwbehdbé sosrce Bhd ivalig gute dering easiabi mes
referred to as having "buried bit lines or using "contactless cells" and

requiring virtual epesatimhscircuitry for sensing 20 and programm ng. An
exanple of this type of_arr an rocess for, fabricating,the .S
di sclosed In U S Pat erﬁe%'?zm"?g@?ﬂ@lﬂnqmﬁa‘?"éﬁﬂs%8[' i°8ﬂ‘afg'ées§s%'§§ﬁ§%liyt 0
the assignee O{othsmalroar%@ﬁg'e Y Bl¥kirRBASsaUI: Floricty BEI &raysi d19Rs faskat ed by

reference. One nmj Or em assocl ated wth the contactl’ess array of the
25 \dbove- ment i oneHEPROMVariety. dimthaicehlactiess asray geells employedongdted cause of

D O ot ks nc o Bt S VG5 b LGRS e i 1
e L0oSCr PR L, RS T B AR liond 6 SR i 83Re < 19
source regions, while the source regions have more graded junctions. The
15 floaling gates éfe formed over a tunnel oxide disposéd between the source
and drain régions; Word lines are generally disposed perpendicular to the
source and drain regions.
These arrays are sometimes referred to as having “buried bit lines” or
using “contactless celis™ and requiring viriual ground circuitry for sensing
20 and programming. An example of this type of array and a process for
L/‘ fabricating the same is disclosed in U.S. Patent No. 4,780,424, which
application is assigned to the assignee of the present invention and which is
herein incorporated by reference.
One major problem associated with the contactless array ot the
25 above-mentioned patent is diminished erase performance. The cause of the
slow electrical erase performance is believed to result from an excessively
thick tunnel oxide in the region near the source edge. As will be described
in more detail, this thickening is inherent in the processing steps of the prior
fabrication method.
30 Erase performance may also be degraded by defect-causing

contaminants which react with the gate insulative layer. Ofien the gate



30 Erase performance may al so be degraded by defect-causing

contam nants which react with the gate insulative layer. Oten the gate 2
insulative is left exposed during subsequent processing steps (e.g.,
etching, inplantation, nitridation, etc.) This exposure frequently |leads to
subm croscopic defects In the tunnel oxide which greatly weaken the

i nsul ators breakdown characteristics and electrical -reliability. In other 5
i nstances, the inskladve isdeti @xpasegrdyring subsequent proeessingtstepssielg..caichisgibst r at e

whi ch h d lani £l { ts of 2ssi-ng, th b ffecti
the quaiity of  ITEEREH miaibn. 88T INS opostiedisabont sadelne | nvention
provides an i npeghfRkrdsebiie delttsRitkd inhel &icf(eewﬁiEﬁ L%trtlg‘ﬁ%ak&yﬁ{e I's carefully

protected to control variations 10 In thiickness by . proovidi ng i nhg§ved
erase per f or maninsulavrs breakdowndchatactesistics amd elestitalyekability. Sinbsthemnt i al |y
Q her prior art known to

| oner ed defegt depsity jn. the gate oxide. [ a
Appl i cant in2l uggganegz.éhe Wéhgx"iﬂs 9)-’(1","8'98','_' pcpertign ofithe, sificancsubstrate. | whi ch

di scl oses an el ¢ Al . Q | rv deyi which is
programed by hgtmwgl %téﬁgﬁ quﬁ'?%@géﬁoanrﬁ%&g ?{%‘g?% %éﬂaggﬁégbgnﬁyﬁg%r ased by
Fowl er - Nor dhei nttieuuadityl ofitlge bxidé lyesour ce region. 3 SUMVARY OF THE

I NVENTI ON The present invention covers a nmethod for fabricating floating
gate nenory arrays wh¢ Will beosesne thecpresant inventian prowides an improved methodand a

educed 5 04t by WHidhind Bhhe SN yer i€ GBI PRt e B eorltoRrations ' 1 "°

10 in thickness thgreby prov_id_ing 'imp_ro'ved éraée peﬂdrmance. The invented \J
method also results in a substantially lowered defect density in the gate
oxide. _ .' | | |
Ofher prior art known 1o Applicant includes U. S. Patent
No. 4.698.787 of Mukhérjee et al., which dlisbloseé an electrically erasable
15 programmable memory device which i$ bfograminéd by hot electron
injection onto a floating géte and is. érased by Fowler-Nordheim tunnelling to

the source region.



invention, a .protective polysilicon |ayer |s deposited i mediately
followng gromh of the tunnel or gate oxide.: The polysilicon | ayer caps
the gate oxide to protect it from exposure to defect-causing contam nants
present during subsequent processing steps. The protective polysilicon

| ayer al so insures 10 that a uniformtunnel oxide thickness is naintained

across the entire Imgﬁhmm:g_mﬂmeci ally over the electron
~tunnelling regions. Follow ng application of the protective polysilicon
| ayer.,, a second polysilicon layer is deposited to directly cover the first
pol ysilicon layer. This_second polysjlicon |aye rges, W,th the first
prot ecti ve pol ysilicon @%’PSFIBPTSXM\"Br%"?rﬁ@ %F@aﬁﬂgﬁgﬂw B‘?aq'f‘ﬁ@a vi ce.
Aong ythe many adv &ﬁuﬂ@%ﬁ!ﬁ%ﬂ’ﬁfﬁp’f&eﬁ ciHicaPérate CRMSAbHAIs 'shdld Yediddd
e I's grown ear I

t hat t'he tunnel oxi y In the process on a nore planar

silicon surface.s Thyate ekidaideteckdensity.nAccording tresnesmbddimentsafthiepresent
i ncongruities in the substrate regi ons _where tunnel oxide gf ow h occurs.
" The use of a 20  (JPwRNtieR § pratestiye ipolysitipen layer is dppesited immediately &llpwingnce

effects during phot LMm%gg{%g'e@{ﬂ%&e?%%ggwgggﬁg u*‘w\é%'r'\ A5 mg}da%gesgdgf

lines at a nuch hi gher optic

thi ckness of the prigtpgestectvEtrdrhiekposur®® detbdticadsing &dfRaminantsiprésendddring
adj usting inplant may al so. be perforned directly through this protective

|l ayer. 4 BRI EF Cstbspyueni processngrsiepoRAbe pedeclive polysilican layerialspoingures as
well as other 5 der st ood

feafures and advant ages thereof .w || be best u
by reference t o hga' gle HT“?‘?JE“HB@% P?@Pﬁ@ﬁkqm? W&B‘*Wcr‘?séége PH‘"@Q?H% ction
Wit _t he acconpanyi giangcRsinbiespbbialeiver te dlbdionunrblihgFegdRssect i onal view
of a substrate froma prior art 10 floating gate nmenory device after
formati on of source/ dr aiFollowigg @pplicalion of the protecliveolysilicar tayeq reasecendw of a
substrate which incl L{de,s- _ . , i . .
polysilicon layer is deposited to directly cover the first polysilicon layer. This

second polysilicon layer merges with the first protective polysilicon layer to
16 form the floating gate for the device.

Aniong the many advantages provided by the present invention is the
fact that the tunnel oxide is 'grown early in the process on a more planar
silicon surface. This eliminates corner notches or other surface incongruities
in the substrate regions where tunnel oxide growth occurs. The use of a

20 protective polysilicon layer also reduces interference eflects during
photolithographic processing. This allows the printing of lines at a much
higher optical resolution.- By careful control of the thickness of the prolective
(first) polysilicon layer, _a'threshold adjusting implant may also be performed

directly through this protective layer.



strips of polysilicon covered by silicon nitride. Thisiudiew al’so. ' .
illustrates the ion inplantation of arsenic and phosphorous into the
source/drain regions. 15 Figure 3 illustrates the substrate of Figure 2
following ion inplantation of the source and drain regions and growh of
t he thick oxide _ Flure4|IIustrates t he substrate of
Figure 3 after rest a3l i - YIN@wer. Figure 5 illustrates
the substrate of Figure 4 after dep05| tion of a second polysilicon layer. 5
DESCRI PTI ON OF THE PRI OR ART According to the process for fabricating
contactl ess flash EPROVs disclosed in U S. Patent No. 4,780, 424
(hereinafter the '424 patent), buried 5 source lines are forned usi ng
arseni ¢ and phosphorous ion | npl ant atThefryenionsitselt- al i gnedistwalicds alhérde ¢

(ool d ox de. 3 eeSiRe i ¥ aBloohf el o8 Rer eyt ofmbrch t?%i”sm%

- process_a finit edgiamieidesefiption ivitial fo%wmééd)m&ﬁ Heffon with tnBi S results in a

t hi ckeni ng of the oxide underneath the nitride.layer, thus formng a
"bird' s-beak" enegcomplangng drawings, ivhetdimnnel regi on. Following nitride
renoval , the silicon dioxide covering the channél region is etched down to
the substrate surface. Next, a sacrificial oxide Is grown and then

imedi ately removed tggqh@ I C Q{'rm)nl y 15
known as "Kooi" def ect%?. dtéﬁf‘as&"p?téé %19&36@ ﬁéﬁ?'égﬁﬁé éj%ﬁ‘éﬁn&%ade t unnel

oxi de | ayer tyerfidgdtiaggatmerory dewiceatiei lb%ﬂﬁonﬁﬂ!@bhﬁﬁld@éiﬁ@@g@is?d wth the
grom h of the sacrificial oxide process cycle is that after the oxide has
been di pped off, a portion of . . _ \V

_ Flgt_ire 2 is a cross-sectional view of a subslréle which includes
strips of pd_!ysili_co_n covered by siﬁc_on nitride. This view also illustrates the

ion implantation of arsenic and phosphorous into the source/drain regions.

15 o _

Figure 3 illustrales the substrate of Figure 2 following ion
implantation of the source and drain regions and growth of the thick oxide
regions.

20 Figure 4 illustrates the substrate of Figure 3 after removal of the

silicon nitride layer.

Figure 5 illusirales the substrate of Figure 4 after deposition of a

second polysilicon layer.



t he substrate near the bird' s-beak region |Is exposed at a different
crystalline 20 orientation than that of the channel.(This condition is
shown in the cross- sectional view of Figure 1 which illustrates source and
drain regions 14 and 13, respectively, fabricated In a p-type substrate 15.
SATO field oxide regions 12 are shown di sposed directly above the inplanted
source/drain regi G O | Weandl 0 X hi ck oxide regions Is
generally on the 25 order of 2000A thick. Renoval "of the sacrificial

oxi de layer results in notches 10 at the edge of the field oxide regions 12
(i.e., where the bird usming 18 heprB¥dsust MbAciRE eontadiRss hdiREPROIMIes 10
al so expose the underlying source/drain regions and generally expose the
sili c@g) surf ace atdisclosedfinb81 PateptNa |4, 7804 240(hereinafienthat'd 2hpatent},dmpieded t o

t he surface of the chanpel. Both of fhese factors cause the, sybsequent
oxi dat 1 on 1 at ¢ v eAOWiR Ues.arg dormedising: aisee aadphgsplorous Jon ieRlamapians.

comared Lo, the oA SoRKRindd AR aBe o PO e 0Atn P8 GRDSERREE | o o

course, a thickening o ) al n regions;
~exactly where tunngrain regions eguivalient f figld ioRide @rexs! foinsed inca oovevenfi@iakt i ons.

- Hence, the enhanced oxi dation at notches 10 is largely 5 responsible for
the sl ow el ectri cabOEPBprogrss).or nance of contactl ess arrays which rely on

Shmmel oxi de e £1 o uTSRTe SRYRTprodsds Blnnft sfiolnfdidmERl BRUAMHEA,
and patterned {@t oTRk PEKIME ffla tHickeinh D theShideGhdeRidath therithige MyeF, thine

channel regions. These polysilicon strips 10 eventually formthe floating
gatigs of the nmenorfpruoingl s bird's-beak™ encroachment into the channel region. Following

nitride removal, the silicon dioxide covering the channel region is etched
down to the substrate surface. Next, a sacrificial oxide is grown and then
immediately removed to reduce nitride-related stress defects (commonly

15 known as "Kooi" defects). This permits the growing of a high-grade tunnel
oxide layer over the channel.

The pariicular problem associated with the growth of the sacrificial
oxide process cycle is that afier the oxide has been dipped off, a portion of
the substrate near the bird's-beak region is exposed at a different crystalline

20 orientation than thal of the channel. This condition is shown in the cross-
seclional view of Figure 1 which illustrales source and drain regions 14
and 13, tespectively, fabricated in a p-type substrate 15. SATO field oxide
regions 12 are shown disposed directly above the implanted source/drain
regions. The dimension of these thick oxide regions is generally on the

25  order of 2000A thick.

Removal of the sactificial oxide layer resulis in nolches 10 at the
edge of the field oxide regions 12 (i.e., where the bird's-beak was previously
formed). Note that notches 10 also expose the underlying source/drain
regions and generally expose the silicon suriace at a different crystalline

30 orientation as compared to the surface of the channel. Both of these factors

cause the subsequent oxidation rate over notches 10 to be significantly



DESCRI PTI ON 'OF THE PREFERRED EMBCDI MENT(S) A pr ocess for fabri céti.rig
floating gate arrays with inproved electrical erase characteristics and a

nmore reliable gate oxide is disclosed . In the 5 fdllowi ng description,
nuner ous specific details are set forth, such as specific conductivity
types, thicknesses, materials, etc., in order to provide a thorough

under st andi ng greafel Whiefi \coipard. to tfie tatd bvdd ehePlahichanheMeyieh. Th® one skil | ed
in the art that these specific details need not be used to practice the '

present i nvent¢ansequencetih®f course.aihickening ptthe.gale oxide arerdbe seures es and 10
processi ng steps, have not been described .in rticular.detail. i.,n order to
avoi d unneces s%?q 5&7‘%&?&&%; W&C{Mg‘%&ﬁe‘ggm‘h?%@gﬁ P‘éﬁ? %‘I'Wég h@ﬁlﬂﬁ} cells of
present i nventé/ate 3heratighy.| REN@CHeSnMEnSSPOIdHIIdNTEE BicheX 10 fs BRYElyconduc! o
(MOS) pr ocessi_ng.eTReaa{rray whi ch contains the cells, in the ?tﬂyrcent I ;lﬁg
preferred ehbonispemsible for theslowoaleatticab brase pedormance®f dontacliess awaysh r ef er ence
to Figure 2, Instead of first %rovm',n an initial pad oxide |layer and then
i

covering it wiYhich relypagrewthaf s sagtifict 'PPF!dGéaY(%- i s done conventionally in
prior art processes, .t 0k i : i} ol . In the
currently preferr eﬁ" gh@ﬁ%’li #@%?%setsumcgﬁhé%ﬂ g' +’tai§éeg§§1@a}“g b%Wng%nE?aoxi mat el y
120A thick [] fpecoigpolyiliees ssdesitet and pateanedintd eloAgated, paiallel,on, may al so
be used to enharice the quality of the tunnel oxide [ayer.. A capping

pol ysi | i con | agpacediapad stripsoaver the chaneeliregions, Fheee pejyelligom siPsoxi de 15. To
revent oxjgdation. of polysilicon |ayer dur . ubsequent processin
gt eps, a Ié@ere ?"'%?'Vﬁ%’&ﬁﬁi'k?ﬁ%g ésPtst%éggegg#'?gaﬁ‘Q’O\/erql ayerpll. 25 ]

After nitride |ayer 12 has been deposited,  photoresist layer 13 Is
deposited, then nmasked, exposed and devel oped In that order. Nitride |ayer
12 and polysilicon layer 11 are then etched using standard met hods: The
result is the oxide/poly/nitride stack shown in Figure 2 conprising |ayers
15, 11, and 12, respectively. 30 Wth the oxide/poly/nitride stack
in place, the source and drain regions are formed. by ion inplantation into
substrate 20. In the currently [and preferably in the range of 80 to 200A
t hi ck. ] o '



8 -.preferred enbodi nent, arsenic is first 1np|anbed.5o atl evel bf
approximately 1.0 - 5.0 x 1015 [err] in both the soufce and drain regions.
An addi tional dose of phosphorous to a level of approximately 0.5 - 2.0 x
[err] is normally |nplanted into the source reglon of the device. Since
phosphorous 5 ;-;;< . 2 At N HBEME gpn t han does
arsenic, this makes e source reg |on oeeoer ano DT € raoed when conpar ed
to the drain region. Meropgssdppfaboc@tmdloamﬁeanayaam&h ynnrnvqmgleatncal this is

f d ble f ny f
e T
rel atively thg ckofidvithg desiptidn, Wodseﬂie@mé défilsamd $ht Wh, littpaed over the

“doped ‘gource/dral n regi ons. Dur i ng the high tenperature processing used to
formfield oxi despeetyccneduz:ﬁyltyttymalmdtmss%nmamﬂabpﬂor. fnuerddolosprovideme dri ven

into substrate 2 source -and drain r 3 an respectively.
Note that in the‘ﬁﬂ 9{‘ 'SWG'BE r}' 8 ipyentigp; ﬁg""ige °6 ?‘PHPWCI ebre pad
“oxi de renoval ded and
deeper when corrp%@'eégq eggrfgfl“ﬁﬂrﬂgé?gn , de%wﬁh ﬁdtﬁ oe";‘phorous
~inplant. Secti orprasertinvientiore! Inmthatdnslancesothér well- mmwm aﬁdan

pol yS| licon | ayer 11 and source regl on 23, ‘i where el ectron transfer

(i.e., 20 tUhnaMpeesginasiens:kavanot heendescribed iny pasticudar delail in ordardo ¢ hi ckness
of section 25 t r nce of the nmenory cell.
Ref erri ng now t%fdgﬁ?@ch%gagw oﬂs‘&uﬁ@tchfe ngé ﬁ”éw%? t he substrate of
Figure 3 is shown folThewentory eems/ef prodent investion are fabirdatedasing standanel y 1

| aylers 11 is preferabl y on the order of 500A thick. Depositing a relatively
thin 25  pol ys.me'ébw'q!%@@wcmdwm)mmsgm|Tae\amava@@%ﬁqmes ng boron
I nplant to be p Y, the
boron 1 mpl ant e BoTEsth e et itefétrols ritdBioish i€ ibripAll of Bthaer, { o
tunnel oxi dgs devices.

With reference to Fi'gure 2, instead of first growing an initial pad oxide
layer and then oovéﬁng it with a layer of silicon nitride as is done
conventionally in prior art processes, the tunnel oxide 15 is thermally grown
first. Inthe currently preferred embodiment, funnel oxide layer 15 is

20 approximately 120A thick, Special processing techniques, such as
nitridation, may also be used to enhance the quality of the tunnel oxide
layer. A Cappihg-pdlysilicon layer 11 is deposited immediately after growth

b of oxide 15. To prevent oxidation of polysilicon layer 11 during subsequent
processing steps, a layer of silicon nitride 12 is deposited over layer 11.

25 After nitride layer 12 has been deposited, photoresist layer 13 is
dep‘osiled. then masked, exposed and developed in that order. Nitride
layer 12 and polysilicon layer 11 are then eiched using standard mathods.'-
The result is the oxide/poly/nitride stack shown in Figure 2 comprising
layers 15, 11, and 12, re'épectively.

30 With the oxide/poly/nitride stack in place, the source and drain-
regions are formed by ion implantation into substrate 20. In the currently

[and preferably in the range of 80 to 2004 thick.]
8
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grow h. Note that by inmediately depositing a capping |ayer of polysilicon
follow ng growth of oxide 15, the thickness of oxide 15 is uniformy 30

mai nt ai ned across the channel as well as in section 25. After silicon
nitride |layer 12 has been renoved, a second | ayer of 9 polysilicon 26 Is
deposited over first polysilicon layer 11. This second polysilicon | ayer 28

actual | 'y ner gespsiéried emisddirehty Bfsbhie MMirsEirpY nﬁh r}g?quaq)qrapgéﬁﬁﬁgl formthe

gate of the device. Layer 28 is preferably de n an aY nmanner
to first polysilOcdh0KP4F cBB intbotththe’ sodrte mmdaindin régiors: r Aaiadditional

i t , Rolysilicon | 8 “overl ap. SATO regions 22, h
P Figure st OB RiioSathipdY Bt afevelohanpriermaiyind c 3% 80 peisnor d | ne.
This I's often i Fol.| owi ng £ &
Gofnition of proel Bholafieg 48 e S olht Bl 'BIRES pnbstingfpilsn” LA°

conpl et ed utd | i dopapt diffnsestmorenguickieintunthe sitison thaadoés arseRiclthis makéy pol y
dielectric would next be formed over the | ayer 28, foll owed by another

pol ysi | i con depB8iSOMER?. reginn deeper-and ner grades whes qpsmpaned totherdsaingat e f or
t he device. P RYZ\g . h f d |
or di nar y. manner B0 K¥le SGHRERIHY GaBBTHS Y ohi' Bk BorsRAPSERR G oner s

I'n the art, thadptiyurh ipfegrafi/epadeserioifadde. tunnel oxide and then inmediately

covering it with a protective polysilicon layer, the tunnel oxide thickness
over tunnelling regifglersisg nowde Figuie Byfotiawing tel arsknidand phesphesmsst s an

aroun over 10 A Yesllerdival iRk Bl ERRB)AGE uRtamaoran | nduce.
gate oxi de def eglighed bhér the Yop¥d S6urce/dfiin fégl&n&%ﬂiﬁ;,ﬁhd%gg ofiufee PriQyy

art LOCOS process al so gives rise to incréased photoli raphic
sensitivity. Unpiogessing ussdriorfonm field oxidelrggions 22 theabseniesandat her t han

the present | nveisPhfole RBPAYs S Fren ih SubBialeso 1o i source and drain |
regions 23 and 24, respectively. Note _that in the prior ant process, this drive
15 is performed before pad oxide removal. Figure 3 also show§ how source
region 23 is more graded and deeper when cor_hpared_ to drain region 24,
due to the additional phosphorous implant. -
Section 25 o_f' tunnel oxide 15, which Is disposed between.
polysilicon l_aye.r 11 and source region 23, is where electron transfer .(i.e.,
20  tunneliing) occurs during electrical fer_a_se. Itis the thickness of section 25
that is critical to the erase performance of the memiory cell.
Referring now to Figure 4, a cross-sectional view of the substrate of -
Figure 3 is shown following removal of silicon nitride layer 12. Poly 1 layer
11 is preferably on the order of 500A thick. Depositing a relatively thin
25 polysilioon.layer 11 permils a threshold voltage adjusting boron implant to
be performed at this point in the process. Alternatively, the boron implant
may be applied earlier in the process; for instance, before tunnel oxide
growth. Note that by immediately depositing a capping layer of polysiiicon
foliowing growth of oxide 15, the thickness of oxide. 15 Is uniformly
30 maintained across the channel as well as in section 25. |

After silicon nitride layer 12 has been removed, a second layer of




w dth control. 25 It should al so be mentioned that in addition to
providing a nore uni formtunnel oxide thickness, especially in section 25,
the present invention also enhances the quality, and therefore the
reliability, of the grown oxide. It acconplishes this by grow ng the oxide
on planar silicon with no LOCOS edge and al so by protecting oxide 15 from

def ect - causi ng 3@polysiticor 28ts @dpositdds 6ver TirsttfolyaiishR Idyet 1€, TRRPédtoRE
processing steps. Wth reference once again to Figiare 5, 1n the currently

preferred 10 ~ oelysticorjayer 26 actuallyamergesouitietirst polysilidopdiayercidnanciyer s 11
and 28 Is approximatel v 1200- 2000A t hi ck, Protecti olysilicon |ayer 11
generaldy ranges i%%e[tlﬁgﬁheyz ge 19 Hr@ﬁ.deﬂg?-ngaﬁfﬁéﬁﬁgﬁe\’%fﬂ@y Fﬁﬁ'?\eJ in

pol ysiy_ycon | ayeranadss Rn WY le g/ t hat
coul d degrade thea n5 ggﬁﬁgﬁﬁdgé&g@f?ﬁe@#@gggﬂesg\?m%ﬂﬂéa g?%@?gf‘ﬁg‘ ﬁ;@ﬁﬁrﬁ

"i npl ant - t r an§parchovmsianges; polysilicondiayerf 28:miapiovetiap SATOUeglens @2t apr ocessi ng

. steps. Although it is eferred that tupnel oxide 15 be capped inmediately
after its grow h,s"PY”"i"EE:@H[ﬂ%é?H‘E’PAQ?&{:"Q“H' cRURlPG mcﬁ"ﬂﬁﬂf@‘@)f’“’t'%e

present inventi o DOk .| ' ' ' her processing
~steps. 10 By V\ggp'o;r ﬁ%)!ﬁﬁﬁ"é%?@t@f%@ﬁ&? ?,d'éﬁj%déﬁ é\%’ﬂ%f@ﬁt may be done
~immediately after tunRellowing the dpfiaitioh of polyleclapeczeIhe rérflainih protedsing it i s
to be understood that the particul ar enbodi nents shown and descri bed by way

of Illustration &epsimanhbe eerppleladatiipiep convealionshischeinues. | Thatis,@9. Ref erence
L0 e 0ot i, PR R TR bR Bl B Tl L 15
essgptial to the dnBitRP bbSilicohYéposiforTETHIO find| Poly' IBRdritéis the cahm?awwat e
menory arrays with inproved electrical erase characteristics and a reduced
gat e oxi de def ecith@@evicke nBassivatierslapere mnd esotacisavay then be formed in an

ordinary manner to complete the memory.

It is appreciated by practitioners in the art, that by first growing the

15 tunnel oxide and then immediately covering it with a protective polysilicon

layer, the tunne! oxide lhickneés over tunnelling region 25 is carefully

controlled. This represents an improvement over prior arl processing

techniques wherein tunnel oxide is grown over a SATO or LOCOS edge

which is highly stressed and can induce gate oxide defects. The pad oxide /
20  silicon nitride stack of the prior art LOCOS process also gives tise to

increased photolithographic sensitivity. Unlike silicon nitride, polysilicon

absorf:s rather than transmits light. This absorption property reduces

interference efiects in the present invention, thereby permitting better line

width control. | |
25 It should also be mentioned that in addition to providing a more

uniform tunnel oxide thickness, especially in section 25, the present

Invention also enhances the quality, and therefore the reliabﬂity. of the

grown oxide. It accomplishes this by growing the oxide on planar silicon

with no LOCOS edge and also by prolecting oxide 15 from defect-causing
30 contaminants present throughout the remaining processing steps.

With reference once again to Figure 5, in the currently preferred

10



- 12 - CLAIMS 1. In a process for fabricating an array of .flaating
gate nenory devices which are erased by Fow er-Nordhei mtunnelling of
electrons froma floating gate to a silicon substrate, a nethod of

i nproving the erase perfornmance of said devices conprising the steps of:
defining regions in said substrate for field oxide regions and a tunnel

oxi de region, embpdimentdheliaialihickness ioflpolysiticomiayers Hetanded8 isai d fi el d oxi de

regi ons; thermall r QWi : | .oxjde | ayer over said substrate in said
tunnel oxi de r@@%ﬁ&ﬁ%@%?@?bﬁxﬁ“%p tolactivg polysilicory layer 11 gengally  of

pol ysilicon on ' | 5B ay e | DD, QG xj dation of

sai d tunnel ox{aé@legzg?%\?‘w dﬁﬁg&g«ghg’ft yﬁtﬂglé%l@éfyr@giﬁbgﬁgﬁgﬁhgﬁﬁ to said
field oxide regiequtely prasds ihedbxilenFSkorm Gohtayfianty/Mat Sotildldédradd tHeo! Ysi{ jecon
| ayer; patterning Said masking |ayer to form exposed and unexposed regtons

of said fir8t gateyxde defectdegsitywhile:pravidigg sdhin “implanidtanspareotidayer sai d .
first polysili 0 f ajd floatin ate of said device, thereby
| eaving said uﬁ’g%gggég%‘%'g‘”'ﬁé‘ﬁ%@*'%ip@cﬁgﬂgts PSn of said tunnel oxide _
llayer and a porti onAltHougRitds preféttediBaEhhd] ©Ride 1B cdpPad imMbdRRANL I Y remain
over said substrate; after depositing said first polysilicon Iayer,

after its growth, it is appreciated that in other embodiments of the present

invention poly layer 11 may be deposited following other prbcessing steps.

10 By way of example, the threshold adjusting implant may be done .
immediately afler tunnel oxide growth has been completed. Therefore, it is \)
to be understood that the particular embodiments shown and described by
way of illustration are in no way intended to be considered limiting.

Reference to the detalls of the preferred embodiment is not intended to fimit

15 the scope of the claims which themselves recite only those features

regarded as essential to the invention.

Thus, a method for fabricating floating gate memory arrays with
improved electrical erase characteristics and a reduced gate oxide defect

20 density has been described.

11



forming source and drain regions within said substrate: and af-fer® "o °.
depositing said masking layer, formng field‘oxide regions in said
substrate. 2. The nethod of Claim1 further conprising the step of
removi ng sai d maski ng l.ayer. - 13 - 3. The nethod of Claim?2
further conprising, after said renoving step, the step of depositing a
second | ayer of polysilicon over said first polysil H n

el ectrical contact thereto, “wherein the-fipating galuﬂm mtmui“mm es are
created. 4. The method of O aim 3, wherein the thi Ekness* of° siid
first polysilicon layer is greater _than the thickness of said tunnel
oxide and said first polysilicon IayerQQ#Qﬂﬁeuively thin when conpared to

sai d §$pond ponS|I|con | ayer. 5. The nethod of Clain1 4 wherein
d t I I
o ' he Kt L%Wreéc%%% for LOBEESIcLo 8 SERMF 8 efoabind

Iayers_forn16@§%x#ﬁmﬂﬁbu§eWéyeﬁ(ﬂhiﬂhyérﬁléﬁﬁseﬁ by Fowner-netﬁbe mof
- Caim 1, V\ﬁt%&ﬁielli&ﬂj %ﬂ@i@é&éﬁdefrsﬂrmrfsestfhblgeaentbr adeildcon

The e h0d, Opu SR, WS S4F SRS A5 R LEab S RRoRREAY B
' said devices comprising the steps of:
defining regions in said substrate for field
oxide regions and a tmnnel oxide region, wherein said
tunnel oxide region is between said field oxide regions,
— thermally growing a tunhel oxide layer over said
substrate in said tunnel oxide region;
immediately depositing a  first layer of
polysilicon ‘on said tunnel oxide layer to inhibit
increased oxidation of said tunnel oxide layer within
said tunnel oxide region adjacent to said field oxide
regions; _
deposifing a masking layer over said first
polysilicon layer;
petterning said masking layer to form exposed and
unexposed regions of said first polysilicon region;
etching sald exposed regions of said first
_ polysilicon layer to_ form said floating gate of said
(% device, thereby leaving said unexposed regions including
"~ a portion of said tunnel oxide layer and a portion of
said first polysilicon layer that permanently remain over
said substrate; |
after depositing said first polysilicon layer,
forming source and drain regions within said substrate;
and : - |
after depOsiting said masking layer, forming
field oxide regions in said substrate.

2. The method'of Claim 1 further comprising the step
of removing said masking layer.



9. The met hod of G aim8, wherein said tunnel OXIde has*a thlchness I n
the range of approximately [err]. 10. The nmethod of Claim2 further

conprising, after said renoving step, the step of depositing a second | ayer
of polysilicon over said first polysilicon |ayer, such that one contlnuous

‘layer is forned creating the floating gate of sa

- 11. The net hod of C ai m 10, Wner_e'hﬁ t he thlmummnmwmm"ll rst

pol ysilicon layer is greater than the"tHhFckness of ‘s&id"tuhndl &6xide and
said first polysilicon Iayer is relatively thin when conpared to said
second polysilicon layer. The nethod of Claim 10 wherein -said
first polysjlicon e Lekn h of

substanti ally 200-7 §%%% St &Eéﬁédﬁﬁf e ud%n%ophgqgiﬂgﬁ aens t i n
thin gate csaietbsmmovaimoebsp.f shef sbepcefi dgppsditdng fe@eannd ol@qu

silicon sulst rﬁé?yéi’ﬂ]?ébﬁ' BYeir SadlePeid 961Y§1!!§lc6§9'19'}%r,' riuaﬂ?i

substrate for egj ons,and 1,0Nn re sai d
gat e oxi de ?Jeeg‘f%ﬁ{ b%? %ﬁ{: g*"ﬁrFt&'d"’g)??' §dn, 3‘3\ o%@"’atq:rm&wlf r%@vl ng a
gat e oxi de sahdrdevicesaardesabeatetle in sai d gate oxide region; imediately

cappi ng said gate oxide layer with a first layer of first polysilicon to

protect it fromcontam nants which adyersely affect said defect density of

said first polysilicon layer is_ greater than the
thickness of said tunnel oxide and seid first polysilicon
layer is relatively thin when compared to said second ;J
polysilicon layer.

5. The method of Cieim'_4 'ﬁherein said first

polysilicon layer has a thickness in the range of subsranl'm|!y
200-7004.

6. The method of Claim 5 wherein said first and
second polysilicon layers form one continuous layer of
polysilicon. '

7. The mefhod'“of Cclaim 1, wherein said masking

layer comprises silicon nitride.

8. The method of Claim 6, wherein said source and
drain regions are formed by ion implantation self-aligned
to said gate. |

9. - The method of Claim 8, wherein said tunnel oxide
has a thickness in the range of approximately 80-2004.

10. The method of Claim 2 further eomprising,-after
said removing step, the step of depositing a second layer
of polysilicon over said first polysiiicon_layer, such
that one continuous layer is formed creating the floating
gate of said memory device. ”



depositing a nmasking layer over said first ponsFIVeon layef N
patterni ng said masking | ayer to form exposed and unexposed regi ons of said
polysilicon |layer; etching said exposed regions

pol ysilicon | ayer, thereby |eaving said unexposed reglo

portion of said gate oxide |ayer and a portion of fi rst @njj’{Hﬁ Em
that permanently remain over said substratg after depost

| ayer, forming field oxide regions in said substrate; after dep05|t|ng sai d
first polysilicon layer, form ng source and drain regions within said

igbs}t L?i ﬁer g?{]ﬁrl si g&h%% Edtgggll‘?¥ﬁg ﬁ?&@éﬁh %e&a{ﬁo'gﬁgfﬁsglf?egnn
over gaid firsaigol yEirsttonpblysilicehi ndayteart risal greatast tttearet othes.

The meThod of ¢{hakiReld ‘Mfers%i Lﬂﬁ‘nes %S{f‘cgéalﬁﬁdsé’éﬁd £i gﬁglﬂgiﬁbb con

| ayer is greater than : ate OXI ness
of said first 1p¥r¥siis cé'r?]t%relrys &t é'fh"'t'haﬁq"ﬁérﬁﬁr c\i‘he?? garandat e
oxi de and salpolysiﬂipnhdeyenntIayer is relatively thin conpared to said

second polysilicon | ayer. 16. The nethod of daim 15 wherein said
first polysilicon layer has a thickness in the range of
12. he method of Claim 10 wherein said first

polysilicon layer has a thickness in the range of
substantially 200-7004.

\d/ 13. A method of reducing the defect density in thin
gate oxides in a process for fabricating field-effect
devices in a silicon substrate comprising the steps of:

defining regions 1in said substrate for field
oxide regions and a gate oxide region, wherein said gate
oxide region is between said field oxide regions;

~ thermally growing a gate oxide layer over said

substrate in said gate oxide region; i

immediately capping said gate oxide layer with a
first layer of first polysilicon to protect it from
contaminants which adversely affect saild defect density
of said gate oxide layer;

depositing a masking layer over said first

o/ polysilicon layer;

patterning said masking layer to form exposed and
unexposed regions of said polysilicon layer; '

etching said exposed regions of said first
polysilicon layer, thereby leaving said unexposed regions
including a 'portion of said gate oxide layer and a
portion of first polysilicon 1layer that permanently
remain over said substrate;

after depositing said mask layer, forming field
oxide regions in said substrate;

after depositing said first polysilicon layer,
'forming source and drain regions within said substrate;
and



substantially [err]. 17. The nethod of C aim 16 Wherein sdi-dfirst and
second polysilicon | ayers formone continuous |ayer of polysilicon. 18.
The nethod of Claim 17 wherein said masking |ayer _conprises silicon
nitride. 19. The method of O ai m 18 wherein nd_drain
regions are formed by an ion inplantation self- m @rﬂgﬂ]w’ llj ate. 20.
The nethod of O aim 19 wherein said tunnel OXId |n t he
range of approximately 80-200A. 21. = 15 m a process for fabrlcatlng an
array of floating gate nenory devices mhlch are erased by Fow er-Nordhei m
tunnelling of electrons froma floating gate to a silicon substrate, a
met hod of i nprovi ngmokéngr saddpawaekimgndaysr.sai d devices, conprising the
steps of: defining regions in said substrate for field oxide regions éhﬁ a
tunnel oxide region, wherein said tunnel oxide region is between the fTeld
oxi de regtbns; th@hﬁalﬂ%ﬂgﬂa\mﬁg GlaimndB, oxfurther cropprisdmad thestrate
in said tepagl oxi depbedtdfy | dAMR@cHr Y1aydeP&H tﬁB!ysilicoﬁ' réver |ayer
of p0|y5'|'ﬁ8 Hp in |b%.y ££§reas§q OX|dat|o e.areas of _sajd tunnel
oxi de regtdh? adiEEMPOLYELI §CP el (?Y(%ﬁ'dem?’é&‘%n? ck‘ﬁ%’gg BF said
first polymereton | ayer being greater than the thlckness of said tunnel
oxide layer, said first polysilicon |ayer being relatively thin .conpared
to said s]e:'g?nd pOI 2' lulec Q) aggrbla?tlmd ].fllI rv?ttlerein the thickness of
said second polysilicon layer is greater than the
~thickness of said gate oxide and the thickness of said

. first polysilicon layer is greater'than“the thickness of

o/
sald gate oxide and said first pblysilicdn layer is

relatively thin compared to said second polysilicon
layer. ' '

16. The method of Claim 15 vherein said first
polysilicon layer has a thickness in the range of
substantially 200- 700&

17, The method of Claim 16, wherein said first and
second polysilicon layers form one continuous layer of
polysilicon. |

i8. The method of Claim 17 wherein said masking layer
comprises silicon nitride.

19. The method of Claim 18 wherein said source and
drain regions are formed by an ion implantation self-
aligned to said gate.

20. The method of Claim 19 wherein said.tunnel oxide
has a thickness in the range of approximately 80-200A.

21. In a process for fabricating an array of floating
gate memory devices which are erased by Fowler-Nordheim
tunnelling of electrons from a floating gate to a silicon



pol ysi[icen l.ayer having a thickness in the range of sdbsiantialry‘[eg?ﬂf'3
depositing a masking |ayer over said first polysilicon |ayer; patterning
sai d nmasking |layer to form exposed and unexposed regi ons of S

polysilicon |ayer; etching said exposed regions of sa;mm'”mlml ihdee ON
| ayer and the underlying tunnel oxide |layer to form sdi I Jﬂﬁ#ﬂ"fof
sai d device; formi ng source and drain regi pas-within saidCsubsttate,; *
formng field oxide regions in said substrates; respving said masking

| ayer; and depositing a seco | aye f polysiljcon over said first

po?/ysi licon I ;:‘Z’Fftr ng M ‘?‘slc%é %‘6¥“9h het BragfePErforaaNcs &f ing
gate of. sai d saldid eevicesy cxonprig2ing th?Thtaepstbbd. of C ai mI 21 V\/ne][ ein
said fiyst and second idd C S r r

ol ysiTlcon. - 1y MRS © Rho SR, il BRTEE BAPaGTAND B lena
maski ng' | ayer %38 i segieps; and nat rfymneb oxide TReghenhorhsredni said
wherein said tonmned axidl deyiayiiy betwednrtRd Plel@Nokinbapbgibns ;

el el (0,520 Wiy arodliarR el SldR ol fpde"del
substrate in said tunnel oxide region;

immediately depositing a first layer of
polysilicon to inhibit increased oxidation in those areas
of said tunnel oxide region adjacent to said field oxide
regions, the thickness of said first polysilicon 1layer
being greater than the thickness of said tunnel oxide
layer, said first polysilicon layer being relatively thin
‘compared to said second polysilicon layer, said first

polysilicon layer having a thickness in the range of
substantially 200-7004;

depositing a masking layer over said first
- polysilicon 1layer;
patterning said masking layer to form exposed and
unexposed regions of said first polysilicon layer;

_ etching said exposed regions of said first
polysilicon layer and the underlying tunnel oxide layer
to form said floating gate of said device;

i forming source and drain regions within said

substrate; o

forming field oxide regions in said substrates;

removing said masking layer; and

depositing a second layer of polysilicon over
said first polysilicon layer, making electrical contact
thereto, wherein said floating gate of said devices are
created. |

22, The method of cClaim 21 wherein said first and
second polysilicon layers form one continuous layer of
polysilicon. '



26. A process for fabricating on a silicon substrate a floadting. yate
menory device having enhanced erase performance characteristics, said
fl oati ng gate device being of the type which reli eim

tunnelling of electrons fromthe floating gate to mﬂl m

conprising steps of: defining regions in said: E mu '"H"F" leld

- oxi de regions and a tunnel oxide regi ahgpherein sard turnel oxi e regi on
is between the field oxide regions; gromnng a tunnel oxide Laye{ ovFr sai d
substrate; immedi at el depositing first | ayer of polysilicon
over said t¥hnel ox?ﬂé I"éﬁ/"e‘?pmlo quhFBF‘ti‘“l netedhereia daaish | maskbeg ar eas
of said tunlmyeoxcdmprigesnsddjiieoannhittrisei.d fiel d oxide regions, said
first polysilicon |ayer being of thickness in the range of substantiar£¥
200- 700 A; depositing a masking |ayer over said polysilicon |ayer; =

patterni ng 2ht d mas®Rhagmebhod tof f ﬁlmi@(pmgeuh&m@imex@meéamgeomnd)f sai d

Tirst pol Ysdd£Anrégyshs BEENEBEImERI GyS1RRS At 1B At L
polysilico a e£ 6 se under | yi ng ?ﬁnﬁﬂf iigﬂi ayer tééigrn%gép%F
floating ggE %ﬁ ga?ﬂ ﬁeV|ce formng source and drain regions in
said substrate; formng field oxide regions in said substrate,; renovi ng

sai d maskingsl ayer;qandpatheh %@$Ef§¥ﬁmgfgwﬁéggin_g%QQSQHHHLI ox fgond

has a thickness in the range of approximately 80-2004.

26. A process for fabricating on a silicon substrate K~)

a floating gate memory  device having enhanced erase
performance characteristics, said fioating gate device
being of the type which relies upon Fowler-Nordheim
tunnelling of electrons from the floating gate to said
substrate, comprising steps of:
defining regions in saild substrate for field
oxide regions and a tunnel oxide'region, wherein said
tunnel oxide region is between the field oxide regions;
growing a tunnel okide layer over said substrate;
immediately erositing a first layer of
polysilicon over said ‘tunnel oxide layer to inhibit
- increased oxidation in those areas of said tunnel oxide

region adjacent to said field oxide regions, said first \J

polysilicon layer béing of thickness in the range of
substantially 200-700 &;

depositing a masking layer over said polysilicon
layer; i ' -

patterning said masking layer to form exposed and
unexposed regions of said first polysilicon layer;

etching said exposed regions of said first
polysilicon layer and the underlying tunnel oxide layer
to form said floating gate of said device;

forming source and drain regions in said
substrate;

forming field oxide regions in said substrate;

~



fayer'of'pofysilicon over said first polysilicon | ayers- Such that-*one”s

continuous polysilicon layer is fornmed creating the__ngLLng_gaLe—e%—sald

menory devi ce. 27. The nethod of C aim 26 wherein the aid
first polysilicon layer is greater than the thlckness ﬂﬂgﬂn X|de
| ayer and said first polysilicon [ayer is relatlvely @pafed to

sai d second polysilicon layer. 28. A ygt hod of redUC|ng t he defect
density in thin gate oxides for use in a process f.qr fabricating field-
effect devices in a silicon substrate, conprising-the steps of: defining
" regions in said substremeviong $aéddmeskdagrégwsns and a gate oxide region,

e ehF oo e OX SPLERYdiNd ° ralioVINY | Beeb) ® depELlfing) PiBecond de
g o 1 medi 3 %yogam%s@; SoeSt radd Toet palgeilagen” M,

pol ysi | | con guch prtdiadct onel t continnoasnt polyaibl fcehi cha;adverissal )fc&fuiai:t

sai d def ect mé%n#)ftﬁgl EII(? f?ﬂxhgeﬁebghls Ehcﬁgﬁ | Qz first

pol ysilicon |ayer

ng greate

and said first polysilicon layer having a t hi ckness in the range of
substanti al | y2200- [emé mEehaungafscmsﬁnaud dﬂﬁﬁbirrﬁgtlwstwibhhés%aldt

substrat e;

ness o sal gate oxi de | ayer

deposi ting ;Oégt fﬁ? r gp#i%{t}qo%?giggéf sggijg ald gﬁ?ﬁéén'?aygpd

- maki ng e|ectr¢n¢pkqgﬁgeugf said ~ tunnel oxide layer an said first

U

polysilicon layer is relatively thin when compared to

said second polysilicon layer.

28. A method of reducing the defect density in thin
gate oxides for use in a process for fabricating field-

effect devices in a silicon substrate, comprising the
steps of:

defining regions in said substrate for field
oxide regions and a gate oxide region, wherein said gate
oxide region is between the field oxide regions;

thermally growing a gate oxide layer over said
substrate in said gate oxide region;

immediately capping said gate oxide layer with a
first layer of polysilicon to protect it from
contaminants which adversely affect said defect density
of said gate oxide, the thickness of said first
polysilicon layer being greater than the thickness of
said gate oxide layer and said first polysilicon layer
having a thickness in the range of substantially 200-
7004;

forming source and drain regions within saia
substrate; '

forming field oxide regions within said
substrate; and

depositing a second layer of polysilicon over
said first polysilicon layer, making electrical contact
thereto, said first polysilicon layer being relatively



thereto, said first polysilicon layer being relatively - 19-~ bhin mhen
conpared to said second polysilicon |ayer. 29.

wherein said first and second polysilicon layers fo Iayer
of polysilicon. 30. °~ The nethod of C aim 29 wher Iwm:m! | ayer
conprises silicon nitride. 31. The net hod of 0

source and drain regions are forned byl®on |nplantat|on sel f-aligned to
said gate. 32. The nethod of C aim 31, wherein said gate oxide has a

thickness o} f Rihdrf i r SR L L 4P4 Ch¥cBaP8dysiricon 1ayer.

' . ' s
29. The method of Claim 28 wherein said first and M
second polysilicon layers form one continuous layer of
polysilicon.

30. The method of Claim 29 wherein said masking layer'
comprises silicon nitride.

31. The method of Claim 30 wherein said source and
drain regions are formed by ion implantation self—aligned
to said gate. '

32, The method of Claim 31, wherein said_gate oxide
has a thickness in the range of approximately 80-200A&.




