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E¥fPound Art A class of nonvolatile nenory devices
known as "flash" EEPROM (El ectrically Erasable 15 Programabl e Read Only

“Menor y) TeehnicakEieldonbi nes t he advant ages of EPROM density with the
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electrical erasability of an EEPROM .One feature that distinguishes flash
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cells. Elim nati on of the select transistor allows for smaller cell size
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terms 2 nmenory capacity) over conparably sized standard EEPROM.
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oxi de/ nitride/oxide |ayer known in the sem conductor manufacturing art as

‘an ONO | ayer 1YRic#ilyn pinfality-of Sash EERRQM eells dxformed:on a:ssmicpnductarsuhstrate, Widchyiat e

108. Thalsd kcwasds Qf?.lﬁcon‘Wafe?’ %‘.gﬂ@ 1SMRREs d HipidnTettfon fhsh BEPROR Mdhdty cell

contained.in
. ?xavmg a éou%lsc-dltIgE sed source regnon As ‘shown in Figure 1, flash memory cell 100 is formed on a

p-type substrate 110 and includes an n type double-diffused source region 102 and an n+ drain region

30 104. The drain region 104 and the source region 102 are spaced apart from each other forming a
channel region 122. A source electrode 114 and a drain electrode 112 are connected to the source
region 102 and the drain region 104, respectively.
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In a conventional nmethod of operation, the progranm ng of a flash EEPROM
-menory cell is achieved by inducing "hot electron” injection from a{1gespRinm
of the channel 122 near the drain 104 into the floating gate 106. The

I nj ectWQ@WBMR2r ons cause the floati ng gate 106 to carry prrigdebdsye charge.
15 Grounding the source region 102, biasing the control gate 108 to a
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volts). Electrons are accelerated from source region 102 to drain region
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er aseell 100.ash nenory device) electrons are typically driven out of the
floating gate 106 by biasing the control gate 108 to a | arge negative

vol tage a bi asin he sourtce region 102 30 to a | ow positive voltage in
order to pr3&oRE"Y e<§’ 8%?WP&WW|°@MEE%QMM°WM@ t unnel .
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exanple, during erasure a relatively | ow positive voltage (typically from
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0 - neling.. In order to produce a sufficient electric fie
ot reaeelgh SEARIa e Sl 4y T1p i oo epored e 108 Ewe s eyt ¢ 108
t o a giving8oating gate 106 g atgatiee patitialje such that the floating gate 106 reaches
a 10 vol tage of approximately -5.5 volts. A typical potential difference V~

between th ' floati at e is on.the order of 10
vol ts_and gfé%g#féflé Frieaf % %ecrﬁ%ﬁg&g%ira%ém\‘/gg?ﬂﬁytﬁigg REEREVPBIEMBOYi t i ve,
t#e  cBeating gate) MiGraises t{gggcsbeld yhitage of the stackdd gato trensisey and inhibitrurenttflor sour ce

to fl ' e [ ni f .ef bl
Ly MRS e Kl e AR enhie” AL B R lEiELEA2") )
wher eto determine whether|agaamary cejbbas boen froggmnmed.0 = the control gate vol tage; VS
= the source voltage; Vs = the substrate or p-well bias; 20 eVT = the

t hreshol d [ [.S] f ' t he
1 oat] ng. qop Rty Glehses fRfmiiry 1k, HOROEHE piGns BN S RE hvg,
coupl .S%I%beﬁis@gélmcoﬂwrﬂatmsmtargglnewwevdltagtth&ih‘idsb\gtthmu@ategiop 03 = the

cgpac{otaiw@pggﬁm_lqo GReLd:E QS he sour nd .floating gate;
ocs = the caﬁsci ti) ec cou {)T @nggg‘gﬁ%cl%e]‘ﬁl& bgéet ‘\S/)e\gté‘:%??l%é"%{lj H‘Zf"rdéﬁ %"IS’P p- wel t
and t Prde. Thel 26 yerisaldield 136 in the tunnel oxide produces Fowler-Nordheim (F-N) tunneling of
electrons stored in the floating gate 106 through the tunnel oxide into the source region 102, The
tunneling of the electrons in the floating gate 106 to the source région 102 is indicate by arrows 105.

The charge removed from the floating gate 106 produces a threshold voltage shift,
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25 As-.technol ogy advances) a continuing goal throughout the industry is to
.increase the density of nenory devices. By reducing the size of a f]'fﬂgk 2004
EEPROMV dewbgg?ﬁzpreater menory capacity can be achieved. As can be

appr eci at ed) e nore die per wafer, the cost per die can ber/vsoirexrd. |n

addi tion, ysing higher density nenpry devices may provide for a reduction
in the over aFf"geﬁ‘BV\'g‘E’ é[,“&qg ﬁ‘f‘?ﬁ‘f‘%&ﬁ‘?latf‘f'?}lydPWé’Psww voltagedtypisallyHeomediH roltsdenSi t y
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t he ucti-on in overall rint Y'is
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2coompl IR By Yietif ol i onial i aargese 120. The volngess thombsiar el om
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t he | at gatal06kofphisIheonh diQlBthid Ry& 19 ' ' ?r’ﬁ%i &%;%2 Lauses
a Ieaka% q%t ween the source 3y P%%Wg%ﬁyﬁfg@lg?%%& W Tﬁ%‘%zz
regi on BeIB8H the drain region 104 resulting in detrinmental short channel
effects. Short channel effects produce serious problens in the flash nenory

cells and ar i i YR&A . | engt.h.(.L,a, ,~ 132 is reduced
bel ow 0 gmrp ?r%mﬁgtsg?g%ﬁgaﬁg%%{)r re%ﬁ%? Hgtﬁ% ﬁ:gnej ﬁ%f’?’-'téﬁgﬂiﬁﬁlp W@:‘S’f t°wou:Jd
be ;; eséia p&enSrol gate 1S o adarge ¢m8bw§ﬁyﬂwmmu:um£at?m!daﬁng1&&l|03mg&k g a
si ngo e- dliabslSEpproRinifdy L , . r s di sj on overlap distance
L~" 124 v&)@:g noﬁ’_lgonger %?gglghtA Qﬁﬁﬂﬁgﬁgﬁgﬁeﬁﬁgﬁbwﬁ? @Ef“ﬂ“r"g?ﬂ‘%%ul d
be si gnf? B gate MGz enjthe prdendh Volig andeecqrtiogiphetien tise sdinké vistiags vV Ol faliélD

di st ancp: iti I ~ reduction below 0.4
N crons Smﬁltl%ﬂd%?tei%lec ‘?&écanmglﬁ‘g@%ges%%ﬁ %&ﬁ%ﬁﬁv&e ??é’?‘f Bq“'“fﬁ%h?f‘é'%r y
cel I's. Y2 Yevticjected, the remaining fattorsreprefarbly wonsteinetiachbrding tathe dqdigtigat oduces

the unwant edyg 4l eAv.9L o 0C ing the horizontal electric field EH in
theéﬂn junction g%a'?@m;esen tTﬁedgg .r[-g@é? egion 102 and the substrate 110 during

erasure of tWB"'ﬁ%srmry cell. This increase in the horizontal electric field

E" contri but 9§, £ the #BatidpGa jod the band-to-band current since it is
general ly accepted that: ij—,_\%?@;g;.ﬂ ~f(E) ec~e.~- ~7 15 where: J,,~~ =

band-t o- bandve%ﬁﬂ@ﬁ?“lﬁémwm(ga:r’rps/ cne) A~, ~ B~.~ = constants f(E)

sonet i nes ”DV?E‘ﬂigsB{n%eEéﬂtaFﬁ = SQRT (F,"s + E'"2) (the tunneling field in the
junction). 20 Because of e source-to-substrate biasing during the erasure
of the menorysEdkq subitrearp-well biaser sed- bi ased pn junction is forned that

progoices bangvi oyapd . nowa _as Zener, . cyrrents) in the
“source juncti (‘)’rﬁ. The %%{%é%%ﬁ?‘é%r%lﬁggmgpggaﬁi& tharg 3@”@'\%&’5%%‘"&&‘5 of
magni t uBeMEasRrgdfromithercontrel gltend er - Nor dhei m current. This band-t o- band

bel i eved to CEeBeaHEH bt Rt siponi efctune feavegiiol o 25
trapping in uhetltewnmiﬁvexémwngaib‘aﬁdianbét%cdt&Jw&&%m@ﬁ&&ﬁ@gge-t he size of
flash menory_ cel.ls is.that@&uri&g manuf acture of the flash mory cells,

“there is a pRERSIRSABIIYS Crunling sectficiens between theenbstrata orewall and therfloniingpate.
- oxidation procedure. Gate-edge lifting causes the tunnel oxide to thicken

at 8ach end Astichwlagypdvdnces,h 8ontiRGiaR ksatidbuchiR 1R in&tbash ;

oxi de t froHgh.Which, the el S%tm@ ﬁ%ht glnr%gl dur | @Fﬁ%gr-mpﬁﬁ%#wg%
erasure. Because fhe gatresstgdq e “ﬁbEéP QM deyiern aeaks megronapasinreandiey
cel | I)'t t;@wepdas@s cah be appirenidtad, 'umantaré gieae:kwramd gy?scpérhimub?}ﬁa{ﬂ_lﬁmdia&,,a
resu e has to be.exten to.epsure that all nmenory
cells argfgelﬁéalgggéngﬁl)ﬁg g‘lrytdlﬂ‘c')l Wpd?‘ﬂ‘g"r of 61"‘5‘&5'85 'W@%W“dé’l“’ﬂ qogsugptien ased
at the towest possible voltage the source region has to be extended under
the gate reglndaste increasehd memoryyleukitp efiflask BEBROM deivives, teaiinfrycielif ate ed

Chi Skonn ety seueRasrinly i BBl o Son MR R HoA R VRt cs | hat
the ér a%eomplishedtyctedusingshe ate leagth (L) B3N Howeoe 4 froblem wWilhGedudE the length
’ qf the memory cell gates is that the distance Lcnnanner 122 between the source region 102 and the
drain region 104 must also be reduced. As the source region 102 approaches the drain region 104, the
lateral diffusion from the phosphorous in the source region 128 causes a leakage between the Source
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However, the extension of the source region under the gate until the
‘heaV|Iy doped regi on reaches a non-thickened portion under the tunnel .
regl_o eé&%s the menory cell from being shortened. 5 Therefore, wRHPR 2004
neede thod of manufacturing flash nenory cells PGRUSAYIInses t he
anount of e edge lifting so that the distance the source needs to extend
undel“"&“be the draipregiond caﬂdnamoumngtatshenmmeneffeahlsmmmmhortened.

for m n ceIIS|n an
i ﬁ%‘i‘%ﬁ?‘%@ piobfin: BEE ARG ol B P el B vt P gty
eI ecﬂ?ﬂﬂﬂ'sﬂabm)dég redusedibelav 0.4 micronde on to, floating gat es formed on the
si dewal k of field oxide spacers. . US-A-4,597,824 discloses a process of

and bor on Ot iS 2 fine bt H0u SR Bereel el imisteahionbleussiaoxi de
f §1 mphesphgroussegion mi Bwusmga sihgld—difﬁiseﬂ sérée 18 ion, dchhoshdidhs iffisioh edéﬂapef ore

enove the oxide filmfromthe

Si deSiRe B U BropRRRISnES thesh
sidewal s d °"3°' prese?‘o‘“d ot ehaneel effect problepmowenid be ﬁ%‘ﬁ?ﬂ"&h t here
is prralucdbcﬁlmmaungtﬁeqﬁo@fxomffﬁﬁ&d&}eﬂﬂ: disthrc8 £, 1T0WuId &lfow fofa gifer ein the -
met h?%[gﬁ\o&% Jﬁ%‘ éa@&l 5. m%gqf"gate stack on a substrate, the gate stack
i ncl U SHon 4 by d would pravids: for anringreased packing dpnsity of that i ng
'gateniamarpcbllsn t he tunnel oxide, a.layer of dielectric forned on the
floating gate and a control gate forned on 25 the |ayer of dielectric;

) form | aver. of silicon dio on the gate stack and nn portions of
tﬁe substr igd:! l&“ﬂ%%ﬁ?@“"&&?@‘ E‘TP&&N -region 128 pradycesshe vrivanjedsideieffag t he
| ayerof ufcmmg the ho:ﬁhomi detictidleBRinah&pr jufiction Boe¥éiitle Edurd rbfi8n 162 dnaeii 2l
surfgg@sug{blwgm%atee srteaf@éand toug %B’Ee t he substrate at 30 said portions,
t her e orm ng eracReS Beieey AisEessedpyghehorizental elegtrisdigld Bis0029329
-~ conmgutﬁmmﬁﬁmamnﬂ\c(bdx)d-to—ﬁaﬁd Birfegt Sinde S penefallyBSeptag gt eri al on the
gate stackj and, t ex(posged . portions of the substrate; (e) patterning the
layer of &gk %ral and devel oping the patterned 5 , layer of masking
Mat eri al twheexpose sel ect ed portions of the substrate in which a source
regionistob forme ormn er of,solid. source material on the
| ayer of rraskl 8’? gﬁ'ﬂ‘%‘ﬁﬁl Xjelag’é?/%t)ed portions . of the,
substrate, \Aherm,gBLJge:@ﬁ&tinis source . ' material is doped with first and

second dopant and 10 (g) performng a thermal t r eat ment
wher eby sai d fﬂ&“&ﬁﬂ“@%’&?ﬂﬂ?"d&ﬁan lons from. the layer of solid source

material di ffuse=iSQRT Eife B3 Mﬁdl 1€in tﬂiﬁn&i‘&h)gt rate, thereby form ng
0

first and second source regions, sa| I rst urce"region _ .being within
?ﬁl d seco sour ~ The first dopant ions are preferably

osphor o “P‘t?ﬁggﬁa gwe%wﬁalaaag)almnglthmasm@fm%w devieent c i ons.

A netrbmkedmmdypd‘jﬁndubﬁ :slfmﬂ '&Ha@ﬂ-o@&e@&’bﬂﬂﬁo—@anﬁ'cﬁﬁ@hw@mr wh bt Z2ef D
. mnl mal edge. |if ‘Plg I\/ENDED SHEET 19 APR
2004. mt@ @\g ncuon e band-to-band currents are nonnally several orders of magnitude

larger than the Fowler-Nordheim current. This band-to-band current is hard to sustain from a circuit

design point of view and is also believed to generate detrimental reliability problems such as hole

25  trapping in the tunnel oxide.

One barrier to further decrease the size of flash memory cells is that during manufacture of the
flash memory cells, there is a phenomenon called gate-edge lifting that occurs during an oxidation
procedure. Gate-edge lifting causes the tunnel oxide to thicken at each end and is a particular problem
at the source end of the tunnel oxide through which tﬁe electrons must tunnel during Fowler-Nordheim

30 erasure. Because the gate-edge lifting is not the same for each memory cell, the erase characteristics
of each memory cell may differ and as a resu]t the erase procedure has to be extended to ensure that all
memory cells are erased. In addition, in order for each memory cell to be erased at the lowest po_ssxble
voltage the source region has to be extended under the gate region until the heavily doped region of

 the double diffused source region reaches a region under the tunnel oxide that has not been thickened.
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Brief Description of the Draw ngs PCT/USOO 29329 The novel features .

. Bét01e2@02 char acteristic of the invention are set forth in t he appendy%j 93
-claims. The invention itself) however) as well as a preferred node of %% 29,
-and further objects and advantages thereof) will best be understood byg APR 2004
reference toggge follow ng detail ed description of illustrative 5

enbodi nents when read i.n conjunction with the acconpanyi ng draw ngs)

wherein: Figure 1 shows the structure of a typical flash nmenory cell;

Figures 2A - 2D illustrate a portion of a prior art process for the

manuf acture @k f devi ges; Figure 2A shows a portion of a flash
nenory devi c:‘f"fsnlé% %@%Mré{a&meﬂﬁ%yﬁf allfthe unemerry vellsoaredhe fsameed on

t he subst r at Howedlera th asi¢he | yer . of fupne Xi de
conprising a fI_oa‘tn?ngeggg?lesﬁa Ia§/esr o? geé%% %"@&“ﬁ?l‘@f“ﬁ%ﬁ@'ﬁta@mﬁﬁe 2B’
shows t he poFe&i@hreasties iacionithickened portjondemdercthe amnel@gon ipfevehtd theemaoRf t €7 an
oxi dati on prgafﬁ.émtog égﬁqﬁ?a é‘hi n | ayer of oxide on the'gate stack t

protect the gate st & hi-E subsequent i'on inplantation process; 15
Figure ZC shows the portion of the flash nenory device as shown in Figure

2B under goi ng ~. an ion inplantation to formsource and.drain regions;
Fi gure 2D shows t KBTEEFS, it éy neaded i aswethod ol mamidacheingoftash hgiory Gellsi gure

2C after an , Lye 1he. npl d j.ons ipnto'the substrate
to formthe -%?ﬁ%ﬁ?gﬁpﬁﬂrgﬁ%#e;ﬁf&’@%i‘e—m%tﬂmmﬁt@e@ teortion .
of. a processeftend udduﬁmgaﬁés:dmeﬂfmﬂIan@ﬁngmﬁ%&?giﬂgfbgghéﬁgﬁcor dance

with the. present.invention; Figure 3A shows 'a port menory
devi ce including a substrate) a | ayer of tunnel oxide formed on the

substrdfe and a "USiB5343es0 dissosadh m’k_,y% 0x] prising
-a floating gate) a | gy r%of ONO and,gﬂag%g??fjo y‘gﬁ%g | %@éﬁww .
portion of tWEDPIYARWhighihe gellsave progeammad dyrinjectingihgticlectivhs tlirbwgh the g@b |

oxi dati on pré&a&sén fodali . f r i n t.he gate stack to

protect the gate st?%dlc% f*%m s% s?qﬁ%ﬁ?‘@%@g?g&l&ﬂd@&? C shows t he
portion of the flash menory device as shown in Figure 3B after an - :
Shove. tne por 1 orP SP=tEnHA ety Irones o Exmna MRS imassiopincaiids i 11 o

| ayer *df ol dabed wide lmpovids!arfedicEd baFon'iBih 5o QifRlred RSurROkily Qln©F N

aeh et ymg‘%c‘gé doped oxide film being deposited, oyer a silicon substrate and a gate -
electrode before the a_;ubstrate is immersed in NH,F to remove the oxide film from the

- sidewalls of the gate. ' ' . o

20 . According to the present invention there is - provided a method of
manufacturing a flash memory device, wherein the method comprises:

(a) forming a gate stack on a substrate, the gate stack mcludmg a tunnel .
oxide formed on & semiconductor substrate, a floating gate formed on the furinel
oxide, & layer of dielectric formed on the floating gate and a control gate formed on

25 the layer of dielectric; ' _ o

(b)  forming a fayer of silicon dioxide on the gate stack and on portions of
the substrate adjoining the gate stack: - :

(¢)  anisotropically etching the layer of silicon dioxide to remove silicon
dioxide from the horizontal surface of the gate stack and to expose the substrate at

30 said portions, thereby forming stack sidewalls; |
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Fl%ﬂre 3E shows the portion of the flash nmenory device as shown in Figure

f goi ng an anneal process to drive dopants fromthe solid sour

-material into the substrate to formthe source 5 region of the frash%ﬁ%%EQQQQ
devi ce; Figure 3F shows the portion of the flash menory device as shong_hwzm‘
Figure 3E wi ®B8t he solid source material renmoved with the double diff A
source region shallowy forned in the substrate; Figure 3G shows the
portion-of the flash nenory device as shown in Figure 3F with a second

| ayer of solid source material formed on the surface of the portion of the

fl ash menory device 10 and undergoi ng -an process to drive dopants fromthe
solid source material into the substrate to add to the source region and to

formthe drain reff)on forminga yasf makn M&iﬁl ﬁlﬁe t he

portion of tp@#*ﬁn@ﬂg”ﬁﬁ¥%¥ device as s omn |nsﬁﬂa g%gy&ﬁhﬁpﬁgnggio

layer of sol < tzal reaned and show ng the double diffused

source region and rmag?waﬂh fl ash. VIC compl etely

forned. _15 l\/bdes e) rry| gﬁ%J %i M&@ﬁﬁ%‘?f"ggggp Pattemet i n

detai | Po splyes el matﬂmalst@fexpm @I&&Q%ﬁdﬁé%ﬁm@%bm&g}w&sﬁate
C

t he best nDd te Iated by the inventors for practicing the
i nventi on. gﬁ%gggﬁiﬁx°§§3§ strate.a portion of a prior art process for

t he nanufacture q@'flas D Nayefl u ho i 0 200 of a
flash nenory cell that . nc udes a su taradt:l%(Q @%@&P%ﬁé "‘gy%tI

. t(unnel oXi demm#e@ ﬁn%mfh Qﬂcpombmhéthmbaﬁsﬁﬁe?v?ﬁ?em iﬁxékéﬂgché{{'&g‘e 206
nown as a ﬁ&%eh of .t unnel oxi de
known in the sem con uctorq%§ﬁ§9§ 5?9&“% » 8fe gate stack 206 structure

is ford@d by forrfg)tg apdrﬂxﬁtngoé gat e
208, | ayer 210 8}(}6 V\hat{p] . a th| n Ia er C?)éfby%#dl con M“O@H‘H‘?n

| ayer of S|Ilﬁsoff°m ¥ o 80 P"P’H"FP diffus¢ linto cthe astidoiportion oft theayer of
pol ysi I'i con substfate) thén &Hﬁ,é: 25 After the layers of the -
various materjals, ;?edggfned an etch procﬁgéxﬂﬁ ﬁﬁ? §m§?%8%mﬁb shown -
in Figure 2 ﬂﬂ&@ﬁh&eQ§§qwmﬂmmxwmnmnmtlon 200 of the'flash -nmenory device as
shown in Fi.gure 2A after an oxi-dati on process that serves to.forma

: protectlve | ayer 214 of oxide -on the gate stack.to speC|f|caIIy pr ot.ect the

exposedd ends of ﬂheﬂmm dopahti 1008 averrefetabl H&% P Et! gate
208 and the ontrol ate 212 by for myn% o\°6 s‘ lgsI(’)ayer 0 Wgagtm t hat

forms on ex AIgNIG 0ps s However).. the OX|dat|on process causes -
gate edge I|ft|ng as shown at' 216 and causes_OX|de to formunderneath a
portion of the.la er 204 of tunnel” oxide as indicated at 218. As is known -
in the art of sert dosthedtambodying 1theAlRRRRAI pMAIded . d IBER InBhory/ bASUIH29329
nanufacturir]ﬁ)m;ah H&’%‘ ) which is.formed fromljghtly doped silicon .
will oxidize as s solid |ines 220 and 222. The dashed |ines- 224
show t# origi nal outllne of the silicon substrate 202. The dashed |ines
226 show the original outline of the tunnel oxide 204. figure 2C shows the
portion 200 of the flash menory device as shown in Figure 2B with.5 arrows

+ 228 representing various ion |nplantat|ons into-the substrate 202 that wil|
form the, doubl e diffused source region and the drain region. As is known in
t he semni conduct or manuf acturi-ng art, there may be nore than one ion
|nplantat|on to i mpl ant phosphorus ions in the substrate to formthe n
regi on of the double diffused source region and another ion inplantation to
inmplant arsenic ions into the substrate to formthe n+ region of the double
di ffused source region and the drain region of the 10 flash nenory device.
Fi gure 2D shows the portion 200 of the flash nenory device as shown in

Fi gue 2C after an anneal process to drive the phosphorus and arsenic ions
into the substrate 202 to formthe phosphorus inplanted source region 230
and the arsenic inplanted source region 232. The anneal process causes
further oxidation) which.causes the |layer of oxide to increase in

thi ckness. The anneal is an oxidizing 15 process in order to repair ‘the
darmage done during the inplantation of dopant ions. This oxidation causes

i ncreased gate edge |ifting because the oxidation is enhanced by the high

i npurity concentration of dopants fromthe inplantations. The dashed |ine
238 indicates the original thickness of the oxide |layer 214 resulting from
the first oxidation and the line 240 indicates the outline of the increased
t hi ckness of the |ayer of oxide. The anneal process al so causes increased
gate edge lifting as 20 indicated at 242 As is known in the sem conductor
manuf acturing art) phosphorus ions mgrate nore readily than arsenic ions
and a singl e aAMIGNDED SHEET on that contain both phosphorus ions and
arseni c ions can result |n a doubl e diffused reglon as shown by regions 230

N Y. Y. P P I JH R I NN AN M M 1 LR o, M o Y I




30 arsenic inplanted portion of the double diffused source region) the

- phosphorus i nplanted regi on of the double diffused source region mjg A!P? |
driven further under the tunnel oxide and to maintain the m ninumr %w rg@
channdYOPH3¥h the size of the nenory cell cannot be degcanssebinoatder ef ore,
it should be obvious that a process that does not include the second
anneBriebDeeaription ¢fitheBemwingsl d show shorter nenory cells and | ess gate edge
lifting. 8 19 APR Z004 WO 011 33622 PCTI USO. 0129329 Figures 3A - 3H

illustrat ] f. a process for. the nmgnufactyre of flash menory

devi ces i ?ﬁ@g%QﬂFY#Wtﬁ?%ﬁth TRYRIHER BF; et 'ﬁlﬂ"éh%ﬂmé@\&mﬁ’sport i on
300 Glie iavdnkiors itseifphaweyerd asavelbasta préfeir8CmBGESE e, 20 Rirthed bjedR2andbdvandgdsayer 304
of mggg% A %gbé‘sornet%?@{; %?e surfzﬁgﬁgof .the substrate 302. A structure 306
kno ¥ S ‘l"_gﬁrﬁ ¥ Bqrenee tnt 1%%4°‘%denﬂmmér““é%twe. As is '
k§1ovemBodimmentsvehenaeddin bn WRE tHeAetdhipaRing drawidgd Swikiadi: Stack 306 ‘
structure is fornmed by formng a |layer of polysilicon that will be the

fl oating ?}aﬁg‘e fg@ | ayer 310 of ONO) which is a thin layer of silicon
oxide) a Fe ¥ shoys thsrstructure of & typical flagh mamery sellhi n | ayer of silicon oxide)
and a layer of polysilicon that will be the control gate 312. After the
layers of Fightes\2ar+ D SlusRte b bértion of £phd e&ToPthe thahifagere 3f QLM the gate
stack _as S(GO.WI’].I n Figure 3A. 10 Figure 3B shows the portion 300 of the f

| ash™FERBIV6®%i ce as shown in Figure 3A after an oxidation process that

serves to forma protective [ayer 314 of oxide.on the gate stack to _
speci fi ca_ﬂgyr?bkhnﬂstatﬂbgiogwegﬁfr ﬁ&d&yt@‘—ﬁ%@ﬁlc‘&t@dﬂgg'{gﬂsgﬂ@,fmBfﬁhhez Eat Wil
rm.g. | an e control 'gate y.formng a thin
18} epkiarenREin & t8lnie sy ol sack el onane oot S akide Somprng ot ed ¢ hat
i n ctloatinggatetadayednef PNOmnd arcontpsl gaess) the thin layer of oxide 314 can be
significantly thinner than the 15 corresponding | ayer of oxide 214 (Figure-

28) forneg.) ' ior acrt process. Because the | ayer.of oxide 314 can be
signifi cagﬁuee %ﬁ?’h%ﬁeﬁmo‘giﬂlﬂfﬁsgﬂwﬂ?%@?%ﬁ‘% R !ﬂ‘f"e#( Ms a result
t he guidationepsessité farmg this layeoofioxide ol ke gate Sackib proearthé patt fack fidiea. t hat
expe 'bg%g Y | !t process (216 Figure 2B). In addition) the
oxXi dgdt Wf%@#ﬁ%&#ﬁ%ﬁ%ﬁ the | ayer 304 of tunnel oxide is also
significantly | ess than that experienced in the prior art process, (218
HPgure 2BFigure;2Cshowsithepdrtion affthe ?asﬂtimtdw deviceas sigaindn Fijpee 2B hidenwingnd t he
| ess - OXI ; h.the tunnel oxide results in a thinner
tunng?{og\&@e %%q%%%WP%WEVed in the prior art process (204
Figure 2B). The original outline of the substrate 302 and tunnel oxide 304
are shown Figpre RP showstheipdrtioreof thflash metnRRGdevicesp deivinvia Figuré2Q after a8C shows
t he 'lg&gg} i .S in Figure 3B after an
25 a%segjt ropl cgldtg tc’%&‘gﬁ’%‘é'g@? ﬂ%@%ﬁoﬂf\?&a@&oﬁg@@gg&r%ﬂemﬁa e 1“8 on
hori zontal surfaces. Therefore) the portion of layer 314 on the surface of
t he -cont r &iguges 3A 3 3H illustrate gppetion of a process fonghe mamfactire of flash mpmwny3ledicon t he
mrfm@cgﬁaﬂcb@immﬁs@ﬂ@n@ggo@t 328 and at 330. Figure 3D shows the portion
300 of the flash nmenory device as shown in Figure 3C with nask 334 forned
on a porti\’gpn o% tne surface of the portjion 300 of the flash menory device.
The mask 3FYFErASIAVLA RarUon of pdlash remoryrdepise including ssubstrate polayar ofusud of t he
| fIas'toxidefnnnyd&eﬂb@ﬂiﬁi&b@ﬁdi*@&aﬁd&ﬁ"ﬁﬂﬂé&&:theiﬂﬁ'@:rbfnﬁmbl%kﬁfecgéﬁﬁﬂﬁ golid-
sour?ﬁmgngtﬁg{ia%sfb %on ﬁtl_qile surface of the portion 300 of t%e flash
menory o Sl 01152 g{fg& e 881%wn havi ng bot h phosphorus ions (P) and
arsenic (As) ions enbedded) however) it should be understood that the solid
sour ce natiigure BBahowsthy portibreofitio i ash Geridry Aéviceal shownsift Figuré SA sft@ahedded when

tfae | %Q Ps f.ormed. qr th osphorus i gns and arsenic ions 35 can be
eﬂr%beggeg %spt er s['ﬂ@'f“a"&fgﬁ"q@%%e‘gg‘{]eo?‘ﬁgﬂgaé‘? Wr@%wa{m% e g Stack I o1 duri ng
separsehsequentprectssess. 9 19 APR 2004 WD 011 33622 PCT/ C1S00129329 For
exanpl e, the layer 336 can be fornmed with only phosphorus ion and in a

subsequenty, rocess .t he. phgsphorus i.ons can be drivep ipto the
Suber v oS 32 Bl e Rt 6t BB i 1 iy ntieors B mrnct v ¢
ar semhisotrapiesttchphi ch are then driven into the substrate by an anneal

process. Figure 3E shows the portion 300 of the flash nenory device as
shown in Figure 3D



5 undergoi ng an anneal process indicated by the arrows 338 that drives the
-fons that are inbedded in the solid source material 336 into the suljgtAPRt2804
as indicated by the arrows 340. Figure 3F shows the portion 300 of the
flash menbPJ13#692 ce as shown in Figure 3E with the doubl e gifhnGmdamour ce
region 342 formed with a shallow region 344 and a deeper region 346. Figure

3G.shows t heFigure 3D sha®@hoportitreof thefissh MR deVRE s Shodd it ICWwith Py 3F
formed on the surface

with a’ ' 348 .0f .solid source materi al [

of the %g'ﬁil&gn gdjﬁaq é(;'%i f?{g‘eflP&Q}?.mm&;"’m%EFth‘TﬂéShs*%‘&ﬁdquW?er 348 of
solid source material is shown having arsenic (As).ions that are either in
the | ayer 348igyre 3B liaws thoportien aftheflash mewdsdevice aSsHIGRASFiz@E D undéBoihgt €F

enmbedded,, | .348 of solid squrce material. The arrows 350 i ndi cate
t hat thgn phonw%lr ?@ﬁkgg‘ga%‘f" qpants ?ﬁ&ﬂ?@%ﬁm‘@@‘ ingo the substease teformthe.sayecs|

pr océss regiomtof theifladtsmerheryalesieeyi ¢ (As) ions fromthe |ayer 348 of solid
source 15 naterial into the substrate 302. The arsenic ions are driven into

t he shal | ow doubl e diffused source region 342 and increases the
arseni c conc g‘viré“ ?ééf%ﬁm{s % W‘?’b‘@)ﬁ&ﬂ%ﬁﬂ‘e@f’%qﬁ’é’cﬁ guthown in Figure 3B withtheselid

regi on Sdace rieriahreamnéd with R doable diffusd sdhircy RBioh BhANoWiEr ina
region 352 in which a .,. . drain regi osn w " be fgrrregéh@-%ﬂ]@%@o.sg@% ure 3H

shows the pogi] of .the fla ry deyice as shown in Figure 3Gw th
the 20 -secon?qugggééggpw the Pgen af‘gsﬂggvmﬁqw#Mmewmwm he

doubl e acohdigyst of solid ﬁm“rs] Agletial ﬁﬁﬁdfou kﬂewuﬁ%'&dmgﬁighﬁ% Eh@,c ﬂgﬁﬁmn%&@%gnt ed
regi@n J gsphor us ted regjon . The circle shows

t no 19 g AfuRBtoho f BBZSRPANR domnHiist il sopres Aviril v i sbbiaa e w30

. t hr ough theiseurca mgioh amgido dmﬂ&édramtebbnafﬁeﬂhﬁxméﬁﬂrﬂﬂéﬁ&;&ﬂgi on 344 of the
~doubl e di ffused source region 342. It is noted that the thickness of the

tunnel oxide L cken ngd . that the nenory device can be 25
short ened ang gst|ﬁ§%wsf)t\l/lvgp‘%r§°% ﬁ‘@?%ﬂg‘eg\gg ‘Eec‘f'cf’ﬂﬁ%‘%t‘%f‘%m‘?%w’m the

non- t hi &scendlayar ohselid sovrcelma@tidl reffined nind showingzhadoubledliffusedeurce 1dpiba adPthe has
not thi gkfiesiolSGRMASH "hﬁ? : ntg% ry to conduct the second . oxidation
to repair irr%loant dg%gd{ée e g%’se ﬁ'ﬁ%ﬁé"ﬂe@'i npl ant ati on process. In
sumary) the present invention overcones the limtations of the prior art
and 19 ul Modesfor CarryingOntthednyentioh nenory cel | that have minimal or no gate
edge lifting. The described nmethod of 30 nanufacturing a flash nenmory cell
provi des a f RafhnBERR6W L Wdedshe N lifting. .The foregoing
descriptjon of the enbo |mh?§é%p°g%-qzﬁe\b‘en 1 oﬁgﬁg{s?'egrecé% B’g%ﬁ‘g}‘n"gﬁc or

- pur posedllusate the best mode presentiy conserplated bythe inventors forgiracticing thel écvedtinbe
exhaustive or to limt the invention to the precise formdisclosed. Qbvious
modi fi cat i onFighires Al L 2DIiMEra@aSoRRADE Phefor! deg{ 3 nurRRY 19 APR
2004 wo _ov33s22. PCl/USOON9329 ?gac_hi n g r‘lgﬁg e ofgﬁi‘n%ntsfmeregfcf&g%en and
descri b&E™PH 51561 FasumeSAnbows p pprion 24D of g:flagh memery sel that ipdludes @ Subistate 202

i nveat i ovithariayer 204 of ekl xide BRI dhakd sAFadeRf Eﬁa%ﬁs‘.é_a%te%ﬁg% Strfifee $96 1Q6GA RATY

skill i r&d .to utilize t i nvention in various enbod nents and wth
Cvari ousqr%%?tf?kc’ﬁﬁ%’ﬁgo'ég‘é?’@r 2@1 efdupnel pxidee As s knopm|imthe sereicondiaternpl at ed. Al |
such noaehahufectotingust, the gateatack 206mcRfeds Rinhéd BY fohfing s%ger_ SpolySificon thaf V:ﬁf%ét on
ed i

as. det ey by t ed cl ai when interpreted in accordance W
the br eé'?@.t_‘ﬁg%' ‘%/ﬁﬁ’l%ﬁ @ﬁ%&qu&ﬁg ?"Ff‘iﬁ' 1sashin laygr °f5ﬁ'\‘lf°%ﬂﬂf’%&b‘?“§/'3éﬁtqf siliegn. 11
0, ~- 0j - 2sude, BRBAhIn layeAofsilicon oxide, and a layer of polysilicon that will be the control gate 212..

25  After the layers of the various materials are formed, an etch process forms the gate stack as shown in
Figure 2A.

Figure 2B shows the portion 200 of the flash memory device as shown in Figure 2A after an
oxidation process that serves to form a protective layer 214 of oxide on the gate stack to specifically
protect the exposed ends of the polysilicon material that will form the floating gate 208 and the control

30  pate 212 by forming the thin layer of oxide 214 that forms on exposed silicon surfaces. However, the
oxidation process causes gate edge lifting as shown at 216 and causes oxide to form underneath a

ponion of the layer 204 of tunnel oxide as indicated at 218. As is known in the art of semiconductor
7



US04293~29 ~ 9 AFR 2004 1, A, nethod of manufacturing a flash nenory device
- (300), wherein the nethod conprises: 5. (a) formng a gate stack (306)9 GfR 2004
subst r at ey§302), the gate stack including a tunnel oxide (304) formed on a
seni cOYAQL?2 substrate, a floating gate (308) forned opctiigeorossynel oxi de,
a layer of dielectric (310) formed on the floating gate and a control gate

( 3 1@nufanturiag, tbesublseate, agtrich ioforslechra liglitlyidgf)&& sifigth Wil Bxidizk &Y hbwi by e | cON

I oxh-de ate sta n n . portions of the subStrate

oty S Tints P nd 222, " Hanea Bocs 2 0t e ol olion efhengieoneuisiie 203t s 1 con

di oXheddashed linesR26ehow ttie@pigingdl Qudind @f fhe AntIRRidapi zont al surface of the gate

stack and to expose the substrate of said portions, thereby form ng stack

sidewal kf 314);, ~ . . (d) formng a |ayer of masking material (334) on the

gate. st FEQ s the %}‘%&9895@"' Pathmesmosy devieerps shaytssin Figuse 2B w,(rth. v (e) ~

“Pat ereows 22§ répreseriuag @i s I EPRpIAGOR D i subide20Y SaPRiITYBirh (e dBE o7 ned | ayer ¢
r

of king material to expose ~ selected portions o e substrate in which
a s@ﬂii“g sg'ér&? 15gtop sadthe deain ggign. Agis knewn infthe semicondustor maayfectutiig &51 | d sour ce
por oot i bitdod Mlfinson ERREIERIE hron T B sy e SR BFc g i

portions of the substrate, wherein-'t ource cﬂoed wth
f i r ©gion Qfthe dewbiediffused source region ancdrnother iow imiplantatiog ta@inpient arsénic forsinte Nt

wheme babsatk th thinh fe nd26bi | t | ayer of salid source
dnat, rial (336), diff ugggﬁggﬂgﬁﬁgggpﬁ‘%@%#%&ﬂ?H};‘ra"iﬂwﬂ"afg,h‘% her eby

10 o Hasharemoredevicad second source regions (344, 346), said first source 25 ~
region (344) being within said second source region. 2. A nethod according

to clai nFiguren ﬁﬂs@@p&ﬁdﬁw‘i'm@ﬂhhirﬂéﬁ?ogﬁ&i&@ﬁ ii?'lifﬁu'k-é)ﬂé the
second .dopant ions are arsenic ions. 30 3. A nethod accdtding to claim2
whePHPF3] Progess todrive the phasphamsasd preaniignsiptoghe subgae 202 tolfssmdhaphosphiohs P and As
| Onimpldrited) sobrod Rgidhl 280'End @Y Sfsenic imy ' OO 2 .
uso‘g'égszg.so.. S =19 .APR&%%nCI)%TBEBa%%dfl Aﬁ.i%.tgﬁ- ho?'??%é‘r"ﬁlr%%%séugﬁgnﬁ,

whe '8Pt xjtiation, which spuses the layernf oxide todinareasain thiskwsss. heannest isdopuidizingt h ei t her
15 hepiocess insder G5 ¥epainthe dEms, anteisachrat 6¥iddaBRs- 5 ~ 5. A
metxr,]od a::cor ri n p?o chigi néég{anm?eia%qg?]fi rst. If\g?g&tigpgsﬁwdsdggﬁce mat eri al
(338‘)“3?%“%5‘%&3%‘1"5“ & peqasedhegridationis pnhapeed by tee kgt Impyety i nto the said
por tonoerfiratién dfldopantdEém aieQmP&nq‘aﬁunm e ddshéiine 239 'iffd?cage ﬁie%ﬁginal Jﬁi&ﬁnés’s rst

an on

f.. rce material is_then renove a se ayer, of

! gg{‘aé g’ﬂﬁ‘? @gclr hg‘f %g'iﬁgl‘g {ramghe Ty oxidatjgniand the ling 240 indicates the outlindef the i ons t hen
~ bei ingredscll thickness P thieiyer b 6kided The el pRicSss Also WH@?&% éd ciiﬂfﬂ#a‘% he .
20 RSBS00 i i s e . ol by e LY
a gteadity thmi £enit) iokkune d sitgletinhddPin d KA thit @Bitain both phosphorus ions and arsenic
' ions can result in a double diffused region as shown by regions 230 and 232. As showﬁ within circle
. 234, the tunnel oxide at the source end has been thickened in ihc region at which the electrons
indicated at 236 must tunnel from the floating gate 204 to the source region 232 across the tunnel
25  oxide 204 during the Fowler-Nordheim erase procedure. As known in the flash memory art, the
electrons tunnel across the tunnel oxide 204 to the portion of the douBle diffused source region that has
arsenic ions implanted., As discussed above, the electrons have to tunnel through a thicker tunnel
oxide, which as also discussed above, may vary from memory cell to memory cell and may cause each
memory cell to have differing erase characteristics. In addition, because the electrons tunnel to the

30  arsenic implanted portion of the double diffused source region, the phosphorus implanted regibn of the

double diffusgd source region must be driven further under the tunnel oxide and to maintain the

- minimum required channel length the size of the memory cell cannot be decreased. Therefore, it
should be obvious that a process that does not include the second anneal/oxidation process would
allow shorter memory cells and less gate edge lifting.



. 13 AMENDED SHEET . AsA A AF(SI . A{.A @QAL@o A@ AF2. A. AlLE. A’ S. AY;w APR ZUUL
-SA3@£Aa@P(8Xg "7 <JINZTfu

&{ vpkf ] caU] ca] ca] ca] cal] calU] ca] ca] cLa] caU] ca] caU] ca
] {c\ellioca] E%gﬁgﬁﬂafﬂa]cg?]cg?tﬂa]cgaq calcalc(a PCT/US00/29329

%9 OQRBF k> | fa] VKf " [ UU] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] cal] cal] c
zﬁ cal canU]r ég kgg1(315 bxaqt@a]mm] of alpeeceisdar thahhmdiatare/pfAjsh apenroty-ddvices 6

;iliglﬂd‘cngn]g%a] ca]lf}f?a ca cbq ca) c&U Lﬁ} c%?ﬁ%’gﬁﬁ%’ 3,85k memeny dexieg a

v #asthetin &'suhstratz 302 with a layer 304 of tunnel oxide formed on the surface of the substrate

2 a o %JSMS ?%}%@L%@? AL eSSk lias £l ragdhoa) o2l

/ F(ﬁlllmth UG- tidgaté §iack 306, structure is formed by fonmng a lay]cr of U
mh C cal cgl] cal ca
}‘(’:V;U] gﬁ%ﬁ%@%ﬁgﬁ:@g{l@a}} &{gﬁ @%;?Qoﬁbﬁ@ Wik 39 Gahsal shdalsal,
o athinlayeroffsiboon ﬁfthaéa@tmm&yessf §idon'okide, e 2 YahbEatpoBkitisdcdhGilibe] cal cal
cal ;f}zg,%g@gg%b%g% e T8 B e Vi o2 heaterins ke Farmed An- st pracass forms i © 2 €1 ©
Vi \Sthdita / MNthNNNzt oi d*YSU] ca] cal] ca] cal] ca] cal] ca] cal] ca]
cal] ca] caU] ca] caU] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca

mgj g\og Pﬁsé?%?‘g W&P‘& of the.flash memppdgvics ps showsin Eigure 34 afitspea] cau
. ca] caU]mdz}tmab]'oces}sda} mm}esa}toaha@}mhm eeaitwf]di&!d]oﬁ eCgte stack to specificall g{;o?

% DX H g dddf Ff h\ i calca]ca]c
alCJ]Y\c/ a] Bal cale zf? c a%Fgc)&? aelﬂ%yg] “igﬁj g‘]ft’ g‘r&‘é{%éfﬁg@g@}'@% a] ca]
c aj ca] g@q; 812 by forming a thin layer of oxide 314 that forms on exposed silicon surfaces. It is noted that
Tca) Lal S o B A RRORP o b s o] o e
U} c ag}rmpqumg layer of oxide. 214 (Figure 2B) formed in the prior art process. ]]Becai:: at]l]:e la{er Otl.J] ] ' |
o v y il onel Saks alaat falga| el ca
e R T fcom s
910%& L Ya0\% Xa-a?! | D#YA 00
& ()-I ﬁ%‘g/ﬁﬁ b &%%?“( é‘%%%&éfl’m‘g" Df: laygr °5‘“R“"LJ' oxide is alsgq.
109&' ( yxggjﬁgg@%gpsQ than thatexperiehged(in ﬂﬁ'pﬁs:&ﬂ]ﬁ&éﬁss(@lﬂiﬁiﬂ%m (The comBIRAERET () - - L
_ MBDZ the lesser gate edge lifting and the less growth of oxide underneath the tunnel oxide results in a thinner
~ tunnel oxide layer 304 than that achieved in the prior art process (204 Figure 2B). The original

outline of the substrate 302 and tunnel oxide 304 are shown by the dashed lines 324 and 326,
respectively.

Figure 3C shows the portion 300 of the flash memory device as shown in Figure 3B after an
25  anisotropic etch process that removes exposed oxide material on horizontal surfaces. Therefore, the
portion of layer 314 on the surface of the control gate 312 is removed as is the portion of the layer 314
‘on the surface of the substrate 302 at 328 and at 330.

Figure 3D shows the portion 300 of the flash memory device as shown in Figure 3C with

mask 334 formed on a portion of the surface of the portion 300 of the ﬂash memory device. The mask
30  forms a protective layer of portions of the portion 300 of the flash ‘memory device other than the

source region. A layer 336 of solid source material is formed on the surface of the portion 300 of the

flash memory device. The layer 336 is shown having both phésphords ions (P) and arsenic (As) ions

embedded, however, it should be understood that the solid source material can have the phosphorus

ions and arsenic ions embedded when the layer 336 is formed or the phosphorus ions and arsenic ions
35 can be embedded after the layer 336 is formed either at the same time or during separate procedures.
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109&' ()-' 3109& ()- $$$$% & 3(gH= 10&10%92&' (ﬁ)l Do/a/;/%o/:jmdg&'(g) 1(2000/h& () 10%
h& -1"10%,h h& 10.1 ~ ** g 0 ' 210%

h& 8 *210% '&“’6)3&‘9‘1‘6%}6‘?&" ‘?‘2 3‘3&&1'&%%1‘ remory device apshopa;ig Figure 3D

% @»5:1 6 inBéredi h&p &Danh?tf il il /g/l(%(%%@@b@b&éﬁveg{hc jons that are imbedded in the:
0 0
& ()- @Q‘RF‘LWM?W@} J@melw?vmtmswdsvamw&ne(mﬁm & ()-3(
YI0% & ()-' @O% & ()-fZ10% & ()- @10% ()- 10 h 10 h111J22>3X4zX6mN/ ! DF
#10% (& ( ) - Fipdne 3% d%s the portion 300 of the flash memory device as shown in Figure 3E with the

double diffused source region 342 formed with a shallow region 344 and a deeper region 346.

Figure 3G shows the portion 300 of the flash memory device as shown in Flgure 3F witha

10 second layer 348 of solid source material formed on the surface of the portion 300 of the flash memory
device. The second layer 348 of solid source material is shown having arsenic (As) ions that are either
in the layer 348 of solid source material when it is deposited or are later embedded in the layer 348-of
solid source mateqal. The arrows 350 indicate that the portion 300 of the flash memory device is

. undergoing an anneal process that drives the arsenic (As) ions fiom the layer 348 of solid source

15  material into the substrate 302. The arsenic ions are driven into the shallowly formed double diffused -

source region 342 and increases the arsenic concentration in the region 344 of the double diffused

source reglon 342. The arsenic ions. are also dnvcn into the substrate 302 in a region 352 in whicha
drain region will be formed. e

Figure 3H shows the portion 300 of the flash memory device as shown in Figure 3G with the

20  second layer 348 of solid source material removed and with the double dsffusedsourcc region 342
fully formed with the arsenic implanted region 344 and the phosphorus implanted region 346. The
circle 354 shows the region in which the electrons 356 tunnel from the floating gate 308 through the
tunnel oxide 304 to the arsenic implanited region 344 of the doubie diffused source region 342, Itis
noted that the thickness of the tunnel oxide 304 has not thickened and that the memory device can be

25  shortened and still allow the electrons 356 to tunnel through a non-thickened tunnel oxide 304. The _
thickness of the tunnel oxide 304 has not thickened because it is not necessary to conduct the second .
oxidation to te'pair implant damage because there is no implantation process.

In summary, the present mvenuon overcomes the limitations of the prior art and fulfills the
need for a flash memory cell that have minimal or no gate edge leung The described method of

30  manufacturing a flash memory cell provides a flash memory cell with minimal gate edge lifting.

The foregoing description of the embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention to

the precise form disclosed. Obvious modifications or variations are possible in light of the above
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' 9 piflash memoryldevize wherein the m
%0(2):3\10082)188/((:61)1 fi3e§994.0% o' 0& () - g@- #10% 0& () - 80&10% & g 2,/;&"5‘0%8;{&(9 ai
myiijjka?SHe 1" 1%9409& ()- ! %WO0%WP& ()- , @10%& ()- " Fs10%& (

&SMLO%&() - ki ki . Wosplormbeg=2 gate stack (306) on a substrate. (309), (t)h 4 Gk () - @

;6(')/2( 5(9&1ggag§ﬁr &Qﬁg tq}%%éégoo/ “géle 304)  Horme 10(1310? se(n)m_:c;nldugt%% gubstrate a floating gate
L1, 4L$109& ( 3)08 Y forfifed: on) the Hadkd 67}‘1& W@’@ﬁ&%‘? (&@Cfg@lqd) or&ﬁ@ﬁm&ng) 10
S&@10%& () -$' ! 10%& () - t uutuuuut~ @1
10 103=109 £ ddmaqmiepl gote (F1AMortuel ohthddayer dBelectric; -
(b) forming a layer of silicon dioxide G 14) ‘on the gate stack and on
10 . portions of the substrate adjoining the gate stack; . S
o (c)  anisotropically etching the layer of silicon dioxide to remove silicon
_ dioxide from the horizontal surface of the gate stack and to expose the substraie at
 said portions, thereby forming stack sidewalls (314); | '
- (@  forming a layer of masking material (334) on the gate. stack and the
15 o acposedpomonsofthesubstmte . :
- (®) - patterning the layer of maskmg matenal and developmg the patterned
layer of maskmg material to expose ‘selected poruons of the substrate in which a
source region (342) is to be formed: ' '

® formmg a layer of solid source material (33 6) on the layer of maskmg_
20 matenal and on said selected portions of the substrate, wherein the solid source
material is doped with first and second dopant ions; and
(2) petforming a thermal treatment whereby said first and second dopant
" ions from the layer of solid source material (336) diffuse into the said portions of the

substrate thereby formmg first and second source regions (344, 346), said first source
25 ' region (344) bemg within said second source region.

2, A method according to claim 1 wherem the first dopant ijons are phosphorous |
ions and the second dopant ions are arsenic 1ons

30 3 A method accordmg to claim 2 wherein the layer of solid source material
(336) is doped with the P and As ions after forming the layer.
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material (336) is doped with the P ions and the P
ions are diffused into the said portions of the substrate to form the ﬁrst source region,
the first layer of . solid source material is then removed and a second layer of solid -
source material (348) doped with As ions is formed, the As ions then being diffused

10 mto the sald portxons of the substtate to form the second source reglon.

6 A method according to clmm 2 wherem the layer of solid source material

(336) is doped with P'and As i ions by spmmng ona glass mateual doped with the
dopant ions, - - |
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