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PROVI DI N¥CAIBHSANT LEVEL FOR POLYSI LI CON FOR FLASH MEMORY PORXSCHE9486

TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to flash
menory devi ces, anMETRHQ@D QR PROVAPING ACDQRANTI MBEEL [FOI nenory devi ces.
BACKGROUND OF THE | ROGEYSIDNCON FEEWFEASHIMEMORY DBRVIGESor y devi ces i ncl ude
NAND-t ype flash nmenory devices. Such nenory devices typically i

hi gh density core region and a | ow density peripheral region Jm}lﬂmwmmm”m
substrate. The nenory cells within the core region are coupl ed togﬁgagr I'n

-a NAND-type circuit cONECHNIGAL®FIELDOF IrHESINVENTIONT Figures 1 A and 1 B.
“Figure 1 Aillustrates a circuit schematic diagramof the core region 11

whi | e Fi gurhe preBent invetfifoh 16s 13 fIRdhaiemorPdévitks, bREmER paric AP\ NAND.1ypthe cor e
15 region 11 includes a nmenory cell region 22 which is bounded on one side

" by a dragt mem®@y @6liceb.r ansi stor portion 24 and bounded on anot her side by a

source select transistor portion 26. Each of the select transistor portions

24 and 26 contain sel eCRATHERODIUNIFOFTIE INVENTIONAND 26a- 26cC,
respectively, which operate to selectively activate a desired bit |ine.

10 Fi gure 1C idehnitohduriof fash devREL ihandmm@rllgﬁrﬁaism@ho@td@%s?bL&th ures of a
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sel ect transistor 100 20 and a nenory cell O in the Core region 11. The
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substrate 10 on the select g oxi B ke the
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"l U2 Bidtolipel oh il sidhy o Sl SRS oo BRDEY 26 dRft Plfeet 157 1
di el . e | ay. i t h |.ect 118 f t he. t t
0 <8l v84BHs AR RS I BLSEE RELE ARTLARTIRRERTLNRY 0010
oxyni tOE)élglEtJSgl\é&{vel&%QﬁVf{o.eé;de&%ﬁlbﬁﬁ‘ilnle.y’ the floating gate 1 d6 of the nenory
stac re and the

cal | struct n sel ect gate 118 of the select transistor
tack st 00 f f ingle.in- 5 sij d polysili
ayer . Sub bl Ml boieatopiok Frdeio BBk Mot abdsls bl REa Mg gar e
| 06 a th I .gate 118. | der .t ro I erformthe programmn
and ordd ey oD 18 Sor a1, b el RuRuB R oo Pl Pl Bfofleet be
d | V€. 4 b duct i b i d h il
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Phus e 80 R Sl Pepfe cabices  reviltkmndme” TTRb 0 BRe e sttt | e
: fact in.dg. | |, of d t for the singl | ysili I . If th
dopandi< bR eve 6 4 Feiedirda 1D baels e iton i I8 e de bt |
resi stﬁqc% gé ,bge sellect ransli Stor t.o. becone_too hi gﬂh Si nce t he 15 sel ect
gate M A&HE Thssortr! gpte 1 14and e sgapriedito s wordilineo A cpp layer W4icampesedAfiect (not
shown) . Thi.s. cauaes the' select transistor :word line resistance to al so

beconSHFYPXHRiTe resides gntherontrol ated 10 apd. 112japd providesanmptiwefleetive cpatingge  dopant

- level is . too high, sone of the dopant will contam nate the tunnel oxide |04
" of thé"aﬂﬁ%ry cell, which causes the surface of the floating gate 106 and

30

tunnel oxide 104 interface to be rough. The rou?h
The stack structure 100 of the select transistor comprises a select gate oxide 116 on the

substrate 102. A select gate 118 is on the select gate oxide 116. Like the memory cell stack structure
150, the control gate of the select transistor includes a polysilicon layer 122 and a tungsten silicide

layer 124. A dielectric layer 120 insulates the select gate 118 from the control gate 122 and 124.
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dielectric
problemin

20 interface leads to a hi gh local electric field and a | ower oxid

strength cause reliability problens .and a charge gain/ E(ZS[ET 2003

t he progranm ng and erasure of the nenory cell. 2S EP A

0,663,695 discloses a method of formng a NAND-type EEPROM in which a doped

pol ysi licon layer is formed over a gate oxide, layer, 'an ONO. insul ating

| ayer ' is forned over the doped polysilicon |ayer,
deposited over the |nsulat|n
doped. polys

to form gat

SHEET z 7 OCT - he o awxodbfﬁkﬁﬁeﬁﬁr?gf%gqﬂ?ﬁsﬁm{rﬁﬁg‘%@m

and a polysilicon filmis
glayer to forma control gate |ayer, the
&

grpeddpra silicon oxynitride layet 126, ayer bei ng et ched

e portlons of a nenory cell 30 and. a select transistor. The
polysilicon layer is doped with 5 x 1019 2 x 1020 of P or As. 2 AVENDED

pseudo- nonvol atile &E& ¥ transi Stor in wh
o

deposi ted ovasleckgate

one- aupbcr bricssd boBeTRR VAP, SyrSiapaicRed Gl S fohnk poidradbe v

a NAND-t ype floating gate Doy atd whe eseleed Niafd 3189 In ( e 3;%}6
I n.a select transi stor a[%a of aqo%is?@g% fﬁdn

oxi de | ayer

oxi de | ayer Rrogramping, apd

pol ysi li con dJyaxesso Mgy

formng antnljhﬁs e@a%e@?é%%%gxlggﬁe)g‘?@ tun OXIt%gd)

form ng a caingleopolysiliconl layer Tae dopint i1l bf te ding aﬁ'gb@# ?%}ﬁ%gﬁeat

| east (ge doped pol ysilicon, the 1nsulating I ayer
| ayer i a%rpqr@a%qe ke mewo endthwahﬂcenncondmmwdamaahwmt one
sel ect transistor stack structure characterised in that the gate oxide

| ayer; (c)

ayer of the select transistor is thi cker than t he tunnel

the nmenory

i ons/ cn? of
t he. sel ect

resistjvity of the device
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NAND- t ype rrermry device in accordance with the present invention.

EP-A-0,663,695 discloses a method of forming a NAND-type EEPROM in
which a doped polysilicon Jayer is formed over a gate oxide layer, an ONO insulating

 layer is formed over the doped polysilicon layer, and a polysilicon film is deposited

30

over the insulating layer to form a control gate layer, the doped polysilicon, the ONO
layer and the control gate layer being etohed to form gate portions of a memory cell
and-a select transistor. The polysilicon layer is doped with 5x10% — 2x10% of P or

JAs,
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~The present invention provides a method and NAND-type fl ash nenDryZySUDrzwa
devi ce for. providing a polysilicon dopant |evel which avoids both the
select transistor word |ine high resistance and the charge gain/loss

probl ems. The 3a AMENDED SHEET 27 OCT 2003 WO 01/11683 PCT/ US00/ 19486
present invention is not intended to be [imted to the enbodi nent shown but
it to be accorded the w dest scope consistent with the principles and
features described herein. The nethod in accordance with the present

i nvention avoids the select transistor word |ine high resistance and the

charge gain/loss pISB-5651,030 discloedia@ietBodd ¥En H’s e d n vel 5
. bet ween apprqﬁ%@éeé{ ﬁFﬁ rl‘fgqlg and 8 x 1_019ri.ons c%. %@%&%@Tﬁvﬁ
Preferably, t I S VRCR 3nl9aking gatpolaver i depositedi oven a tennielli @xide AaYef ltpd han
appr oxi mat el oA ek g o1 i gul.arly describe the features of
t he present inventlgdé)n, ygthg%se rg grdgf%&ﬁclg%ﬁ“@%%%@mdemmmu on
with the di s&}2i on bel ow. Figure 2 is a flow chart illustrating a nethod

of providing a NAND-type flash nmenory 10 device in accordance with.the
present invention. First, a select gate oxide'layer in a select transistor

area of a substraecafihodoidhenNG j r.in a nenory cell area of the
substrate is_forned, vig step Zé%&%&q%#%mg%%ﬁOMﬁa%mmoﬁyer is
d cd

formed on t h&ryerviding a NAND:typefldsh .oxi de layer, via step
204. The doped a }pho s silicon |layer has a dopant 1 evel which :

si nul t aneously avof ds m&&‘&c_ t ré#spyﬁerhmm 4 iselecth irghsistes iasdadpe g and
t he chdfge gm‘b&&dt‘eaﬁdaﬁmaelc&ﬁ&rﬁ&u- bae ~Df rred. enbodi ment, the dopant
f evel- i s between & x 1018 and. 8 ?8?[9 0 s%il%ﬁ“&% F¢us. Then,. an
insul ating | ayer \ f dorsiagon mh@ﬁmd@mwnhomiéa&cgm{,qx [ and! @e St EP
206, and a cRibhd 8kidd | ayer is fornmed on the insulating a>)§r, vid step
208. To formtheemrr;rm y’cell and select transistor stack structures, at

| east the doped r pHomming ah ixS0Btih@140ér ont iy ' | ayer,” and the
control gate Iayﬁ{l is gtghed, via} S egﬁﬂo&Wﬁﬂﬁg met hod of providing
a NAND-type flas )ie PIFUBE B icRRxe oarthecinilating tdyer; ap@sent i nventi on,

both t&& fl oati nge at%tdhfngt- QERY Il and, t he se| ect gate of the select

transi stor a&g@égr}r}re%mth ?ﬁé saneeygg(%gdpoj}%#ﬂﬁoﬂ? mhb’a}'aﬂd th¥¢th a

dopant | evel Lgate: layen to firma ateleyst ook ridhddty 281 sBoK i ons/.qn8, of

phosphor us, SE%&&:‘B%‘%f%‘g&g istance of the sel eglt trg%g‘?@{%&é‘g&ﬁﬁﬁm gate
eepl ng

is low "thus €t ransistor word line resistivity of the

device 25 low. Simul tmﬁm'ﬁ%@ma%w%ﬁeﬁ}@e oxi de of the
C ed, a n

flash menory..cel |, by the dopant-is [im tyegsigtor e

bet ween t he ]i“‘:yfét%%%F@&ﬁ&mﬂﬂdﬂmmfeﬁemémtaupmrmﬁhbﬁg@gﬁ:&%r event s
char ge2yai nicbsixts ﬁr,pggmm Eg{f WO 01/°11683 PCT/ US00/ 1 6

Al t hough thgncggesﬁgt. inve tolr%%&isélée:jggg i%4oPaRtdevel of between§ mi1oHus

i ons, one o dilRarignsicar].of phosphivensart wi | | understand that other ions may
be used, such as arsenic ions, wthout departing

With this dopant leve], the contact resistance: of the select transistor's control

gate is low, thus kecping the word line resistivity of the device low. Simultaneously
25 contamination of the tunnel oxide of the flash memory. cell by the dopant is lnn:ted:

allowing for a smooth interface between the floating gate and the tunnel oxide, which

prevets charge gain/loss problems, Thus, the reliability of the device is inoreased.

30 . Inthe accompauying drawings, by way of example only;
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»fromthe spirit and scope of the present invention. Figures 3A-3l
illustrate cross-sections of a portion of a nenory device core regiztznﬂczll 29%
a 5 bit line in denonstration of a preferred enbodi nent of the nethod for
provi ding a NAND-type nmenory device in accordance with the present

i nvention. Al though only cross-sections of a portion of the core region is
illustrated, one of ordinary skill in the art will understand that a

plurality of sel eF1Gs. rﬁep.qum S .pe fabricated in a
simlar manner. Figures 3A-3D | ﬁa&ﬂ’t riaﬁiigg’s'%mgﬁ ‘F‘Fﬁ?*ﬂ‘%’%?het%@ mfiacin gyat e
| ayer and thyﬁmmcmwdﬁgmmn.w a-10 step 202. First, as illustrated in

Figure 3A, a first oxide layer 304 is grown on at |east part of the
substrate 302. The substrate 302 has a select transistor area and a nenory

cell area. Oxide HGRWYCT ilfds t};lzﬁ@s YAt a |stor .area eventual | y becone
the sel ect gate oxide of t se F* %‘ ﬁ?? &F@@W ofa se he

menory eel | mmmamdﬂmmgﬁ}@ tunnel oxi de of the menory
cell. In the preferred enbodi ment, approximately 148 A of the first oxide
| ayer 304 is grown on the substrate 15 302 usi ng dry oxi dati on at about

900C Wi th an at nUHIGer 8 aCflovt RBALk ﬂglsﬁmﬁ L0 cc HCl, and 12.6
liters of Ar. Next,-as illustrate %3‘?‘2"“3’5" poyidmg & “typeafiasl over
a part of tr@‘mwmmrdmﬁﬂﬂthebmsﬁhﬁm{éﬁﬁéﬁrred enmbodi ment, the mask
306 is placed over the first oxide |layer in the select transi stor ar ea,

| eavi ngothe fi rSERDCO}XI de layer in the nenory cell area exposed. An etch is

t hen p&¥forned, S 8AVINlustiate dRYIE. §&ﬁ? #I&(? he first. oxide |ayer
(304. The nask .30 |s t hen renmoved. As ?ﬁgfh Jﬁk S@W‘Fh“é’f?esult
is the firstH98 Mmgedmomm Ioé‘atpréﬁn&!ibﬁb@dmﬁﬂe@ftp@ %E’n’em)ry
cell area h substr e, Next, a second oxide layer 1s grown
on the.fi rsﬁfoxﬂg% ﬂayer%w Jrccordancesvith the préskntiistentioed i n

Figure 3D. In the preferred enbodi rrent dry oxidation techni ques are used
at about 5 1050 th an at rmsphere of about 1.33 liters of 02, 70 cc of
HCl, and 12.6 |i M BB reevides Bsmethod rmdnNAND-tge BamemeRbd, Whi ch

corrprlﬁes a devitefor de I |n the nmenory cell
area of appr ox rrately 8 a%hg XEE %k %‘ﬁa‘f’%ﬁ&?‘”@( mﬁ%%mogate

| ayer, in tREdg lneyohigh 1mshtanensl @afl tthens W%

168A. 2 7 COCT 2003 PCT/ US00/ 19486 Fi gure 3E il ustrat es t fe

doped anor phous silicon layer, via step 204. In this step, a doped

anor phous silicon layer 312 is deposited on the select oxide layer 310. In
the preferred enbodi nent, approximtely 700A of the doped anorphous silicon
|l ayer 312 is deposited using low

-l

. 3a
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pref er abwo @263 and 300- 550 ml, preferably 400mr, w th abgsy 81 000

5 p'r'essure chem cal vapor deposition (LPCVD) techniques at about 45@-T5803C7003

sccnlof Si H4, preferably 2000 sccm and 1530 sccm of a nlxture 0 % b

wei ght of PH3 in He, preferably 22 sccm The anorphous silicon |ayer 3I2 IS
doped RIFReR; ipypntion ig not 'a‘efﬂé‘ﬂ Qb %('n'ged to the ebpdifpy show bui issto Be pesanded tpel
between 5 x 1018 and 8 x 1019 ions/cnB of phosphorus. The dopant |evel of
t he anbidpthsnpe eqnsistegiviththe pringiplesiagd feawras dpscgibed bgreiact or in the functi oni ng
of the device. At this point, portions of the doped anorphous silicon |ayer
312 is et chBke metheyl in acqeedanceavitttibe pressat inveptigmeveils dfe seleet trepsistonywardlihs. The
etch is perfornmed at about 125mT and 120Ww th about 30 sccmof Cl12, and 70°-
sccm dfigiHesistanug ang dg gharge gaindiss pretilens hyprayidippa palysiizonlayertdepato feeel anor phous
silicon layer 312 al ong the bit line, defining floating gates for the
menor ybetwseh apprbrimetelytfex H1' andiSnet)’® ionenfiof phapldFusi PrafatblgitsseRcafasgosect i on -
along the word line illustrating the floating gates 324. Figure 3G
i | | ustwertdipe tebistarico iswat greameroffantapprokinaelyaltSno ghihay. €To mutepaiicelpryBcritethd he
first doped anorphous silicon layer 312. In the preferred enbodi nent, the
i nsul dfeatmgs bfthepresdirinivention, pleateacter foFiguasy QrthoogBI iR judtdiwittome de | ayers
with a layer of nitride sandw ched in-between, called an ONO | ayer.
Appr oxdistassidnbeb@A of the first of the two oxide layers is first deposited
on the doped !0 anorphous silicon |ayer 312 at about 750C and 600mT with

about 20cc Bigurb? ¥ fl@nchatt.ifustratrlaSmeiod N2 BrovititRn MERD AP TRER YA of the
nitride |layer is deposited at about 760C and 330niT wi th about 600cc of NH3,

10 and 1QHdeice af actorddAte With the PreSaf Riventdh. Fig, 4 8RcPhle@Ride RWEF in aQbledt REnsihig! €ctric -

15

| ayer 314 is forned using a nitride oxi dati on techni que at about 950C with

about deed dftaBiilitrtt altPa AR 0ddé lay@iPa ﬂfamw cE1Phre ATME suf&ratd {0 HrfiSd vm*eﬁh grows
approxi mately 50A of oxide. The result is .5 approximately 135A o

di el ecionj Nek@y@dpe%ﬂmgﬁaﬁumeoﬁa&ér i foieli B B bR qu@ B%l‘:i E!ra% J%Ji!&imﬁpnt rol

gate layer, via step 208. First, a polysilicon l[fayer eposited on

t he dl(ﬁ'idéqg)fei' . Gials@ Q04 3k do noas $ilicoR Maye A8 h dopt 1 corrprl sed of
WO 01/1168 2003 PCT/ US00/ 19486 doped am)rphous silicon. Then, a

tungs tsﬂfhl&h&du@ly BidsaNEleleddBanbiStof B Tihd Figh gaglsltaﬂfé @In%Shirbé %‘nlis : er 316, and

a silicon oxynitride layer 320 is deposrt on t e tung i cide |ayer

318. Igpotiilifs. Ith Bk %ﬁ&@d%ﬂﬁeﬂh@ﬁ%e g lé%l mwea/n 3296 ofa & P?o'%h%&i# dAfCO”

| ayer 316 is deposited. Wth a pol I'1con layer conprised of
about UGS BER, sy E%fﬁ%ﬁ{"“%%%“m@%“@%%s“ ek e
M Xt Urggd Qt:orﬂt%pgdwlay@ isOmedfon %néuﬁhtlg%la %%P\gégéﬂ Pl qlé%‘grld?_t% é} ﬁlﬁ) cQﬁF:E(gngSt en

silicide layer 318 is dep05| ted at and AB6U 00 sccm

f Si 8l s trid
ayer g A A Tt o KA R ol fin v B Rl B TN, 60" 110
sccm qﬁecﬁnﬁﬁlagg ggggt‘:ﬁ&rc]%%%??oe and 35-45 sccmof N20. A silicon

oxynitride ctivity 10 |ndex between 2.0 and 2.34 is

20 desirabl e. Wﬂﬁtﬁ Helh%gpf E?%angla%ﬁ %gha% mcmo °%i§%8'} %:?;%r %)lgcfbar e']d W th N2O

25

to pronote the ease o sequ

hot ol Ki t chi f d
ot P rRRANERE, bol G nod "Eeﬁte%%ame%@g' e e Gt Ee%gf“aé{-% Tand
memor %rect%Hedrv%t?nQEecs}a}n\é%ogéd a#oxaphg&se icon Byer RM%LStJoggnei\?evel%etw rlil re 3l

approximately 5 x 10'® and 8 x 10" ions/cm® of phosphorus, the contact resistance of the select

transistor’s control gate is low, thus keeping the select transistor word line resistivity of the device
low. Simultaneously, contamination of the tunnel oxide of the flash memory cell by the dopant is
limited, allowing for the interface between the floating gate and the tunnel oxide to be smooth, which

prevents charge gain/loss problems.



--The res A &grmry cell stack structure 350 in accordance with theZ7 0CT 2003
pr esent |nvenf n conprises a |5 tunnel oxide 322, fornedPETBR0VAY8E i de
| ayer 310; a floating gate 324 with a dopant |evel between approxinmately 5
x 1018 and AtheughhOpreensiheBornik dgsonissdivathube usk of pgpHoneTodshéne &P BRkh r phous
silicon layer 312; an insulating |ayer 326; a polysilicon |ayer 328;
t ungstskil isihk it iwaieuldelseind $a0othar ihs tha§ bé ise@BuehxaRskAit ths| ARGt B3sting Ne
resulting select transistor stack structure 350 in accordance with the
pr eselﬁonitﬁ&lﬁmﬁdaﬁﬂsdo@eSﬂﬁ@ﬁil‘éﬁﬁﬁnﬁénﬁ&{em gate oxide layer 334 formed from

- the oxide layer 310; a select gate 336 with a dopant | evel between

- appr oxi nmat Highr& 3 -JGhE AL Sro- séct;bqg-gf d ﬂﬂﬁfn‘b‘?‘ﬁ n@fnowsﬂg%rlﬁeglo%%dﬁ? g fromthe

doped anor phous silicon layer 312; an insulating’layer 3 ysilicon

5 | ayer pi4ie infdebrd | rldelayer
" 344. Bot he; hg fFggﬁlﬁ%ﬁ%%f?egggbﬁﬁ%%ﬁ&gﬁ g@? @%3*‘4‘”“?;@%3 gzr&)egﬂf é’Prred fromthe

sane dﬁﬁﬂﬁg' RRE BNRES daicd Wgﬁ&e?%gg%l%m V\Q%&%F%H@ro‘; &%péns 066/ el bet Ween

approxi mately 5 x 1018 an ons/c osp orus.

e oo aeq e N o e Gy 0B B TR BB B YRS s}%&"? | ash

rrermrymg&yérg&rﬂgﬂmﬁ%ﬁ@ggggﬁﬂgn&@& ?éﬂﬂﬁaﬁ%n a devi ce has been discl osed.

A preferred e e po I con ayer which forms both the

transi stor T ere ALl RRRLn SF s e SpF i Gnfle s 1816 "ana 6
101 / th tact 5

10 )r<e5| st%ahggfolﬁgt‘ﬁée)ﬁ]uag% h?%%ﬁéﬁs?%‘?mg“d@iﬁ'ﬁgﬁ'@gf)g\'{%g 2 '8%?9(:0 éﬁq(zeepl ng the

d | t h d | Si nul t t t f

thor e e g oo SRy e o oS S

al | owi

to be %%8‘0 m%\ﬁi TS i@‘@ﬂ?@%@‘?‘é‘m’ ﬁﬁlleﬁﬂabes‘g‘“%r"g CSFECt trppyistor while

relia k é}%gé the devic Creas the present invention has

b im N iy G0 Wi YRR heraio P D o e e merae Sh. Bt

SE?InI r?Ea,C'[fhe arI readl n% e.that there could be vari atlonlsn?(r)y

the e e Swa’%%’ga”‘wﬁﬁ‘%ﬁ%g‘ﬁg ‘a‘bﬁ'F'cP"‘bdé" Iayer ﬁ?“n““‘ groengopithe subsiiate scope

f th [
15 © t %07 us‘?nsgeyry oxugatlon at a%out 900°C with an atmosphere of about 1.33 liters of O,, 70 cc of HCI,

and 12.6 liters of Ar.
Next, as illustrated in Figure 3B, a mask 306 is placed over a part of the first oxide layer 304,
In the preferred embodiment, the mask 306 is placed over the first oxide layer in the select transistor
area, leaving the first oxide layer in the merﬁory cell area exposed. An etch is then performed,

20 removing the unmasked portion of the first oxide layer 304. The mask 306 is then removed. As
illustrated in Figure 3C, the result is the first oxide layer 308 in the select transistor area while the
memory cell area has bare silicon substrate.

Next, a second oxide layer is grown on the first oxide layer 308 and the substrate 302, as
illustrated in Figure 3D. In the preferred embodiment, dry oxidation techniques are used at about

5 - 1050°C with an atmosphere of about 1.33 liters of O, 70 cc of HCI, and 12.6 liters of Ar. The result
is acombined oxide layer 310 which comprises a thin layer of oxide, the tunnel oxide layer, in the

memory cell area of approximately 87A, and a thicker layer of oxide, the select gate layer, in the
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art wtheetordegaarting fromthe spirit and scope of the app |
8 CLAIMS: 2°7 OCT Z003 1. A nethod for providing a NANF)E‘?@S%&‘IP?deGSh

menory device, conprising: gag formng a select gate oxide layer (334) in a
sel ecPeleqt HpRsistor afea efraparogfmaiel s 168Mhst rat e and a tunnel oxide layer (322) in a
menory cell area of the substrate; (b) formng a polysilicon layer (312) on
t he sel ect Figares3Eolusgrates the dermingoofiatdoped ammephavs sitieon layeervia st¢ped04, If thisni ng as

i nsulating | ayer (326, 338) on the polysilicon layer, (d) formng a control
gat e Bgpardopgiamordeas sitde0 laygu3NP indeppsited ion thel selectrgideQayenyHY. ,In ere@refeiedet chi ng
at |l east the doped polysilicon, the insulating |layer, and the control gate

| ayer embodiment approkiontly W04 afereniopedmhdrplatuasiticait layet B12 B dep&AYd wiig I | east
one select transistor stack structure (300); characterised ire that the

gat e gresule: dhamieal vapd4ppasitioh (IEPGED prethniquasiatiabdun #50-580°0] prlefrabhbs30r@and he
tunnel oxide |ayer (322) of the nenory cell, and the polysilicon |ayer

(312) 300650 8T refbrably dOMAT)] vARILERARE0-3000 26 of sﬁ,rprémabg@oeo stemada 15evel  of
between 5 x 1018 and 8 X 1019 ions/cnB of phosphorus. 2. A net hod as

cl ai mad sich oflaadixtudk oMNeILFiweighbor PIOSifTHROpreferBly(2)schf MPhd HRSphPsifi@n) Jr Owi ng
a first oxide layer (304) in the select transistor area and the nenory cell
ar ea; ldya3)12 lissdopad ingich, €., libpeddulig #hcfoiioh, witfdophit 16VRELLIRERISx 0 dnd 81 €2

and (a3) growing a second oxide |layer, on the first oxide |ayer in the,

Sel ect 10 s/t @ﬁphagpﬁauanmmgwmvsmwﬂ&pﬂous LilfionTR/EPE Y2 G ligd €a. 25 3.
A nethod as clainmed in claim?2, wherein the renoving strep (a23 canpri ses:

(a2i) rqlord thofuictivamk of B@@ivien the first oxide layer (304) in the select
transistor area; (az2ii) etching the first oxide |layer is the nenory cell

area; and %chﬁ@;%hdt' Qortfoﬁm/tixpgoﬂeﬁ Qm%ﬁ&:ﬁ silicgn Iagoﬁ% A h§k‘§\'ﬂy t\%ﬂéflinz‘..tm 2003

4. A nethod as cl.al med I n any one of the prec alns, , ein the
doped I thd e dtSh i ' I r ' vapor
depos HARE BIGUT (5 Ry ey e S DB RT R B 288 N SR 005000
SCCM Somirc,, Echoowm?Gr C P18 hostle ok 8o b fridht of il ABfecinaiffind 1 1. S

| t g clarns, er

5. Anethod as clained in any one o e precedln el n the

form ggleshtifyer ﬁl@al&lﬁ R iSRS deﬁﬁ’n% fﬂﬁﬂ\%%'ii%k ﬂ'? (t:l%xﬂ%og% éﬁ[s ?iﬁgg gl{eibﬁ ﬁ%(si_ de | ayer

on the doped anorphous silicon layer; & nitride |ayer

on  t hesghute 3Nt &L &rbds SecdtiSh Bong ¥ Vord fHiustrating the floating gates 324.

Figure 3G illustrates the formation of the insulating layer, via step 206, on the first doped
amorphous silicon layer 312. In the preferred embodiment, the insulating layer 314 is a dielectric

layer comprised of two oxide layers with a layer of nitride sandwiched in-between, called an ONO

~
e i

layer. Approximately 50A of the first of the two oxide layers is first deposited on the doped
amorphous silicon layer 312 at about 750°C and 600mT with about 20cc of SiH,, and 1.2 liters of
N;O. Then approximately 80A of the nitride layer is deposited at about 760°C and 330mT with
about 600cc of NH3, and 100cc of SiH,Cl,. The second of the two oxide layers of the dielectric
layer 314 is formed using a nitride oxidation technique at about 950°C with about 5 liters of O,, and
9 liters of H, for about 40 minutes, which grows approximately 50A of oxide. The result is
approximately 135A of dielectric layer 314.

Figure 3H illustrates the formation of the control gate layer, via steb 208. First, a polysilicon

layer 316 is deposited on the dielectric layer 314. The polysilicon layer 316 may be comprised of
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. (c3) 8r?mhﬁg a second dielectric oxide layer on the nitride |aye}7 067 2083
OAEd is any one of the preceding clains, whePETAISONE4BG! i ng

step (d) conprises: 15 (dl) growi ng a second doped anorphous silicon |ayer

(316) dopedtafnerphorsisiligon. ibhehzatengsed kdicidedayer 318(isi@gposied wh g palysille@asyen silici de

| ayer (318) on the second doped anorphous silicon layer. 20 7 A NAND-type

f I ash 30€mod ysilieuiognitride kperi 320 figeposited bs theadngsteB$iRdide 1afer B ERH the pferfBdror Y

cell stack structure (354) on the substrate, conprising a tunnel oxide

| ayer efBafihentappiogiatatengl 2068 &f (he P8lysificort 1ager 816 Abpositti Wit ApedysileQRydrSi NY

. doped anor phous. silicon, the doped anorphous silicon having a dopant . 25
* | evel coiprized ufaidpedamorpdbSsiioed, Be laydiB18 if @psdiedBsin LIUWIS RRATiYRS adibbi! St

10
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insulating layer (326) on the floating gate, and a first control gate |ayer

(328, 5380)anene0M Witk hioht 2000 Setnbf S1H,, laAdY 95 sccAltH a Aixch @3B %%Qﬁ%ﬁl SPH,
transi stor stack structure (300) on the substrate (302), Conprising: 30 a

sel ectip H@t&?ﬁdﬂiﬂﬁel AYOUA 6 3RAnSknishRiR YRR 31%ti?depb£§d LIULGKNRET Ml the sel ect

gate oxide layer (336) being greater than the thickness of the tunnel oxide

| ayer 26@REwith Mdu OGN ofSRE hind S@SCZm%g\r.z Qgﬁroxﬁnaﬁ Rﬁb;\g)?fhg siligc?ﬁBG) on the

sel ect gate oxide |ayer oonprsing the dope anor phous sili1con, a second

|l Qhniad e 52 R 38JosAR f R 08U, 5 T SRR AT 961 [ Rl © | B

(340, 342) on the second insulating device as clarnBd in ciaim
Geposty o ST SRR B Koo R e P IR i 38R 00 S000
A o ise beiad abd 231 iSSPt bSnRice il ol WoombailLl 21 i ng
a1 P8 OP STROREG B Tasehe by ) P Bty B e oS
one. of -t ho e st GhasEile bt 08 sk ormed oo bl Sk BB s
Fi st 4 S0 eI Rl oF s PRl MRl i SRR 210 Mot i on e
oier o (R mekry B S5 P el B iR bt hay o

(334) B P8 312 Fbhed (08 R gy 7 1250 4 BSng B 1P e Rephtt el ey oo of
pol ys PRrmnd S 808 R 18 EmBE RSN e e or i Eorraabyrihg &

t UNOS L BhnShel §125 ihiehg foser 326 polyaiicB? oy 3o s Wngs BN Slicihidger sad b w2 SHEET

silicon oxynitride layer 332.

The resulting select transistor stack structure 350 in accordance with the present invention
comprises a select gate oxide layer 334 formed from the oxide layer 310; a select gate 336 with a
dopant level between approximately 5 x 10'® and 8 x 10" ions/cm® of phosphorus, formed from the
doped amorphous silicon layer 312; an insulating layer 338; a polysilicon layer 340; a tungsten
silicide layer 342; and a silicon oxynitride layer 344.

Both the floating gate 324 and the select gate 336 are formed from the same doped
amorphous silicon layer 312, which has a dopant level between approximately 5 x 10'® and 8 x 10"
ions/cm’ of phosphorus. With this dopant level, both word line high resistance and charge gain/loss

problems are avoided.



' 2 7 OCT 2003 . 13. A device , as clainmed in any one of the clains Z712] 200

wher ei n wH91/8d6gh €ast one nenory cell stack structure (350)PcfersB§‘/?J4s

conprises: a silicon oxynitride |ayer (332) on the first contro ga?e

| ayer. 5 4. ﬁ device as clained in any one of the clains 7-13, wherein

the at | eadtNOND-wes 'i‘?ft‘ “?P’QW&%FBP“%"('&%‘K"%@F previding syeb@aleviceihasbesn conpri ses:

a silicon oxynitride |layer (344) on_the second control.gate layer. . . 10 r

12 AMEREIRisd sppeeferred emboimenyof ghe polysilisomlayesahich formabethhedlonting gatesfithervt 2s; 3
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cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]c

a] ca] defantib dimited, all¢wing for the interface between the floating gate and the tunnel oxide to be
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ca] caknb&dindnteahd those variations would be within the spirit and scope of the present invention.
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AT B ST I st R () 1
10978 () - FLOYA& ( 21 ot g p-selevt gate pxidsclayer (3 B#DN%F%%@ RO ded )of 3100€
ibr +18W§&( =S ngwﬁ“%r‘é‘hﬁ‘%%@?% ’fé"}éﬂ("ff} ot i, g’tf“fg’ +0%T& () - - -
7(8(" ((#)W) *uV7/(b)OT bR & polysiifon layer (312) on the select gate ox1de layer and the
" tume] oxide layer;
(¢) - forming an insulating layer (326, 338) on the polysihcon layer; |
(d forming a control gate layer (328, 330; 340, 342) on the insulating
10 layeremd - | .
(€)  etching at least the doped polysilicon, the insulating layer, and the
control gate layer to form at least one memory cell stack structure (350) and at least
one select transistor stack structure (300);
characterised in that the gate oxide layer (334) of the select transistor is thicker
15 than the tunme] oxide layer (322) of the memory cell, and the polysilicon layer (312)
consists of a doped amorphous silicon layer having a dopant leve) of between 5 x 10"
and 8 x 10 jons/cm’® of phosphorus.

2 Amethodascl#imedinclaiml wherein the forming step (a) comprises:
20 (al) growing a first oxide layer (304) in the select tramastor area and the
memory cell area;
(R2) removing thzﬁ.rstonde layer(304) in the memory cellarea, a.nd
(23) growing a second oxide layer on the first oxide layer in the select
transistor area and on the substrate in the memory cell area.

25
3. A method as claimed in claim 2, wherein the removing step (a2) comprises:
(220) placing a mask (306) on the first oxide layer (304) in the select
transistor area; .
(e2il) ctching the first oxide la)fer in the memory cell area; and

30 (a2iif) removing the mask,

. AMENDED SHEET
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5. - A method as claimed in any one of the precedmg clmms, wherein the fomnng
step (c) comprises:
(c1) depositing a first dielectric oxide layer on the doped amorphous silicon
layer; | |
10 (c2)  depositing a nitride layer on the first dielectric oxide layer; and

(c3)  growing a second dielectric oxide layer on the nitride Jayer. o

6. Amethodasclmmedmanyonzoftbzpreccdingclmms,Wherehthzformmg
 step (d) comprises:
‘15 (d1) growing a second doped amorphous silicon layer (316) on the
insulating layer (314); and .
(d2) growing a tungsten silicide layer (318) on.the second doped amorphous
silicon layer.

20 7. . ANAND-type flash memory device, comprising; |
a substrate (302); at least one memory cell stack structure (350) on the
substrate, comprising: _
a tunnel oxide layer (322), a floating gate (324) on the tunnel oxide layer
comprising doped amorphous. silicon, the ‘doped amorphous silicon havmg a dopant
25 level of between 5 x 10'* and § x 10" jons/om® of phosphorus: |
a first insulating layer (326) on the ﬂoaxmg gate, and a first control gate layer
(328, 330) on the first insulating layer; h
and at least one sclect transistor stack structure (300) on the substrate (302),
cornprising: ' ‘ .
30 " a select gate oxide layer (334) on the substrate, the thickness of the select gate
oxide layer (336) being greater than the thickness of the tunnel oxide layer (322);

. 10
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10
9. Adev:ceasclannedmclann7andc]mm8 whcrmntheﬁrstmsu]atmglayer
(326) comprises: - : .
a first dielectric oxide layer on the floating gate;
a pitride layer on the first dieleotric oxide layer; and
15 a second dielectric oxide layer on th,z nitride layer,
10. Adevxceasclamdmanyonc of ‘the claims 7-9, wheremthesecond
insalating Jayer (338) comprises:
a first dislectric oxide layer on the selsct gate; _
20 a nitride layer on the first djelectric oxide layer; and i
| a second dislectric oxide layer on the nitride layer.
11. A device as claimed in any one of the clajmis 7-10, whexein the first control
gate layer comprises: ‘ . _
25 a poly;ilicon layer (328) on the first insulating layer (326); and
a timgsten silicide layer (330) on the polysilicon layer (328).
12. - A device as claimed in any one of the claims 7-11, wherein the second control
gate layer comprises: ‘
30 a polysilicon layer (340)-on the second insulating layer (338); and

a tungsten silicide layer (342) on the polysificon layer (340).
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