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WO 01/ 11683 PCT/ US00/ 19486 METHOD FOR PROVI DI NG A DOPANT LEVEL FOR

POLYSI LRI FLASH MEMORY DEVI CES 5 TECHNI CAL FI ELD CPCTSOUNGRINTI ON
The present invention relates to flash nenory devices, and nore
particularly to NMETH@PFORPROVIRING 4 DRRANELEVEACKGROUND OF THE

| NVENTI ON . 0 Seni crQU¥SHICONEOREASH MEMORY DEYICESe NAND-type fl ash
menory devices. Such nenory devices typically conprise a high density core
region and a | ow density peripheral region on a single substrate. The
menory cells within the core region-are coupled together in a NAND-type
circuit configurati on TECHNICAISFIELR OF THEIYVENTION and 1B. Figure | A
illustrates a circuit schematic diagramof the core region | 1 while

Fi gure | B Thé presericihetion felates toflasivimenotyizvicey, end aore partitilarlylto &NANID€ype5 r egi on
11 includes a nmenory cell region 22 which is bounded on one side by a drain
sel ecflashm@ffohsdedices. porti on 24 and bounded on anot her side by a source

sel ect transistor portion 26. Each of the select transistor portions 24

and 26 contain sel ect OBAEKGROESNDIOF THEINVENTRON 26a- 26c, respectively,
which operate to selectively activate a desired bit line. Figure 1C

|l ustr at egerfigbiabSocRah eMoR de (e RN deNBRD IR MasiB it M6ry WefisesOBudh Sel ect
transi stor 100 .0 and a nenory cell 150 in the core region 11. The stack

St I UCtidmBry Hetlcdtty é},m y BEMPHsY a Righ bersitg Et8 RBioR and B WedenSiyl stBipHé4 r&piorton

substrate 102 and a Tloating gate 106 conposed of ponS|I|con on the t unnel
oxi deg {jighe subiPats OftletimoBipdefls GRAM e x@g:Bﬁ’ hié bapI&ABgekiRY B a NAR

tungsten silicide layer 112 on the polysilicon |layer 110. A diée ectrlc

Iayer citdf chitRitafbE 8 mhemteh%t:tgnes 9 tfd 18 SFihRMAl NEstafh eetu.eatee,auélo and

The control gate 110 and 112 is coupled to a word line. A cap |ayer

114 C@m%@lﬂlgtore r%ﬁin 1156HRe r%fla' 18 Gt 8 ﬁga‘ﬂzrfé}nof{tﬂeco‘f@l@ﬂbﬁ’ h1. gf‘i]ieecotlelo and

112 and provides an anti-re ctive coati maski ng. " The stack

struc f e 116 on
the._ EdR 1 ik, diénGE uifkel 205hEH MaciRERS t%ﬁéss'ﬁe B B 8l Eldl” 11 P

the &R&y Z%h Ib @@& atlol h‘épéldl:r t?oansltﬁlge séi& éBl)mgt"ﬁ@ Qdch to}:'@\e §é?éc‘? ct

tran st or |ncIu sapo ySsi ayer a tungsten silicrde SO

layer, r%:%l tor ébrﬁ%r%lzﬁgﬁd%é:%dn@aﬁegele@te t&ﬁHLt@ﬁ%a—%mﬁ%k?%c %f:&tn;e}ﬁ thE gm the

control “gat
operate to selectively activate a desired bit line.

Figure 1C illustrates a cross-section of conventional stack structures of a select transistor 100 -
and a memory cell 150 in the core region 11. The stack structure 150 of the memory cell includes a
tunnel oxide 104 on a substrate 102 artd a floating gate 106 composed of polysilicon on the tunnel
oxide 104. The control gate comprises a polysilicon layer 110 and a tungsten silicide layer 112 on
the polysilicon layer 110. A dielectric layer 108 insulates the floating gate 106 from the control gate

o 110 and 112. The control gate ] 10 and 112is coupled to a word line. A cap layer 114 composed of

silicon oxymtnde res1des on the control gate 110 and 112 and provxdes an antl-reﬂecttve coating at
masking.

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.



- 4 WO, 01/ {if@3igsT! USOD 19486 The stack structure 100 is tp%@g%"?%f%e

silicon oxynitride |ayer 126. Typically, the floating gate
menory cell stack structure 150 and the select gate 118 of the select
t r ansi Steotack stpcrure 10 jg togpedl byaoilisprorysitridedayer d28-a single in-situ doped
polysilicon |layer. Subsequent masking and etching provides the resulting
fl oati ng gal¥picalip thafpatinggaie] Aof thganemony celigtack ptrushuie50tand theaglestiggte per f or m
t he progranm ng and erasure of the nmenory cell, this single polysilicon
| ayer H3f theseled ransisionstack structrepy] 0 arerformeidrfeoth T eingleiotsitudojped polysitigondoped
anor phous silicon for the single polysilicon |ayer. The dopant |evel of
t he si laggreSyhsequent masking prgdyeschirigprovides theabsuiting flohtinggeref106 amhibe seldct gdte nmenor y
cell and thus the sem conductor device as a whole. However, there are two
Sconf | i t18. dyorderso properiypedotre theiproigraqmingarderashreaf thetoyesmtry éedir thishiimgki ngl e 0
polysilicon layer. If the dopant level is too low, this will cause the
cont r opolypilicen kagertnaust bercosdistiven demay be rerduered ebmiuttitertgnsing Hopedtamolphea e t 00
hi gh since the select gate 118 is connected to the control gate 122 and
124 vi silian fornbessingbrpobsilicomiayers Thadgpant Tévebofahdsiigge pdhgilizen Redr i dritfodinst or wor d
line resistance to also becone too high, resulting in a slower circuit
per f or tim performébrice bithe cheparytcell endahus the enriconihgtiior devdicEas@fwholdie dopant wi | |
contam nate the tunnel oxide 104 of the nmenmory cell, which causes the
surface of Hbeevih tieteomd iwdGogfittinglflora mtictemninglg thlett? of @spahtTorahd ke t 0 be
rough. The rough interface leads to a high local electric field and a
Ol ower polysilizonliagdre iftthid dopaitlerBigs tbo 10wl itlis GALGAS: th€tdndbl datel ¥nBEQ&lseiBe gNd a
charge gain/loss problemin the programm ng and erasure of the nmenory
cel |. e edctliraigistr tolbaeonte 16X high Sinét theRbcf ke B 8HEEAAEANS! AN Yhe14d ash
menory device for providing a polysilicon dopant |evel which avoids both
t he seiddR4 viaan stGtdmhedtotishowil ThiHaudes GleStiad &@nsistd? wddlideBsistdhRe &%ilso
gai n/l oss problens. The present invention addresses such a need. DI SCLOSURE
OF THEbdcOMENT high| iting(if s S16Wer cRVE BekfofndRt If e Sopant 1BVeNRGoAHigh, SorhAD- t ype
flash nenory device. The nethod includes formng a select gate oxide |ayer

in a sk aepant willkontarhifite Be@ehnell oxfle 30D 6f thehRmeREeR WHitH@hses M ishigack BVGE 1N @
menory cell area of the substrate; form ng a doped anorphous silicon |ayer

150N t hefichting gdtee106 2@ hindlokide 108hR facd16/bd RAgH. UTRGbug®ihtei@ack 484 to athm doped
anor phous silicon | ayer having a dopant Fevel whi ch sinmul taneously avoi ds

a sel ewtal bleafisfield 0id A¥owek dxideQicicBR str@ipits QRS RIRLE Iy FRibicnsGah Sfarge
gai n/charge | oss problem formng an insulating |ayer on the dope
anor phgyitFloss protiémlinl the/StbgramingiaR@erasure of the memory cell.

Accordingly, there exists a need for a method and NAND-type flash memory device for
providing a polysilicon dopant Jevel which avoids both the select transistor word line high resistance

20 and the charge gain/loss problems. The present invention addresses such a need. -

DISCLOSURE OF THE INVENTION
The present invention provides a method and a NAND-type flash memory device. The
method includes forming a select gate oxide layer in a select transistor area of a substrate and a tunnel
oxide layer in a memory cell area of the substrate; forming a doped amorphous silicon layer on the
25 select gate oxide layer and the tunnel oxide layer, the doped amorphous silicon layer having a dopant

level which simultaneously avoids a select transistor word line high resistance problem and a charge

gain/charge loss problem; forming an insulating layer on the doped amorphous silicon layer; forming
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| ayer ong%ﬂgiﬁHgglating | ayer; and etching at |east the dogggQéﬁ@?gﬁgué

silicon layer, the insulating layer, and the control gate |ayer to form at
| east oneonirelrgateyayertn th%madaéinggawe@ fnfh tchingpt least thedoped agmpzphous siligonlaygm thest o
stack structure. In a preferred enbodi nent, the polysilicon |ayer which
forns ipsdaing kayers andzhe qontre)sate layer tolferny 3t least opemeIRYrY 68| ftack sHuqiye aadat it gat e
of the select transistor of the device 5 is doped with between

appr oxi engtseleqt trinsistor Graek stmetug. Jn A pefrrpdembodinent thepelysitipy laxer which formgj s

dopant |evel, the contact resistance of the select transistor's control

gat e i shdtlothe flokting ghte efiibe fash memeny etll|and the seleot gase pfithe selegt tranpistogjefithedevicey,

Si mul t aneousl y, contam nation of the tunnel oxide of the flash menory cel
By the Wdpgediwithdetwesn dppehxindtélpix1g'*aud 8 x A" ions/em? of phospbeme Hith this dppashit i ng
gate and the tunnel oxide to be snooth, which prevents charge gain/loss

pr obl engvel, Eheintatiresistanké oftthd seteyt toahsistouds abatrolgateiislowOthinkeeping thd woRHIRF
DESCRI PTI ON OF THE DRAW NGS Figures |A-IB illustrate conventional nenory
cel I s wdetiktivity bhie device Iove gSimnltaneowslyNéddBantiygion oftthe wone! oxide pf e flashimemony=i gur e

| Cillustrates a cross-section of conventional stack structures of a

sel ect ey siesdopint ’Nithited,llowing fiarthe ioeifhceibatwedrethe Joating gge amd thétugusi exide i s a
flow chart illustrating a nethod of providing a NAND-type flash nenory

devi ce folbe 368N, diichepravieht chaig® gainflss problemseTiius,ahe reFabglity of BAdS/ceiid | ustr at e
cross-sections of a portion of a nenory device core region along a bit
1bi ne i nipgeagemst rati on of a preferred enbodi nent of the method for providing
a NAND-type nmenmory 20 device in accordance with the present invention.
MODES FOR CARRYI NG QUT BRIEF DESCRIPANONGF FHESBRAWINGSt i on provi des a

met hod and NAND-type flash nenory device for providing a polysilicon
dopant | evel Filesn-28GiidGatd edntertiofal stnet cells witsin dic@orewepich iniaMNAND-gpe

resi stance and the charge gain/loss problens. The follow ng description is
pr esent gghuft Gorftigaatiéh. one of ordinary skill in 25 the art to make and use the
i nvention and is provided in the context of a patent application and its
requi r ement Sgighen Cautriateck dross dkdtiomsf dovdntianapstekatruautessoftacelectimnsistriahd be
readily apparent to those skilled in the art and the generic principles
16er ei N PR¥mBS caPlthesdrd gioh.her enbodi nents. Thus, the

Figure 2 is a flow chart illustrating a method of providing a NAND-type flash memory
device in accordance with the present invention.
Figure 3A-31 illustrate cross-sections of a portion of a memory device core region along a bit
line in demonstration of a preferred embodiment of the method for providing a NAND-type memory
20 device in accordance with the present invention.
MODES FOR CARRYING OUT THE INVENTION
The present invention provides a method and NAND-type flash memory device for providing
a polysilicon dopant level which avoids both the select transistor word line high resistance and the
charge gain/loss problems. The following description is presented to enable one of ordinary skill in
25 the art to make and use the invention and is provided in the context of a patent application and its
requirements. Various modifications to the preferred embodiment will be readily apparent to those

skilled in the art and the generic principles herein may be applied to other embodiments. Thus, the
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i nvent i OWQ%"H@P intended to be limted to the enbodi nent %(F{'Efﬁf] E‘f“l s to
be accorded the w dest scope consistent with the principles and features
descr i prestntievention is hheinterded adlbé mizgiao rdzmbedimestishdwrebyp iste datccorded thei on

avoi ds the select transistor word line high resistance and the charge

gai n/ | esdestReapb kaiziehywidt whe prindiylescang fdaysdsldesoibed leyed. dopant | evel 5 between
approximately 5 x 1018 and 8 x 1019 ions/cnB of phosphorus. Preferably. the
sel ect tranThéiahod Watdrdanewiticthe plessncdvemsion avoidsakd efect thansistapysra tingrat el y
1500 ohm'sq. To nore particularly describe the features of the present

I nvent high resitaf@Ad BRfcRirgd Sailiofdir6ierds by providifg 3 poliydilicoa Myerddphiievél t h t he

di scussion below. Figure 2 is a flowchart illustrating a nethod of

5pr ovi dib&igedh dpfidlaniaieBes £ h@SEhdrmﬁm'%omcrﬁm)ﬁ& hdhuR FEETEEBIN Ofe ¥lldehtrdnbigtopr esent
invention. First, a select gate oxide layer In a select transistor area of

a subs %ﬂnﬁle%ﬁmﬂc&.yﬂ@ ata%hgeapb@macémmorasﬁmaym lote pAFRB1aAY ddsBgbesdst rat e
is formed, via step 202. Next, a doped anorphous silicon layer is forned

on the feiﬁﬁé%%? th8 gﬁeg’enﬁ)?ﬂvgﬁloh Pi&ke Rt Agurbs I Mfdugh M5h denjhRYies witkie Step 204.
The doped anor phous silicon |ayer has a dopan% | evel "whi ch sinmul taneously
avoi ds gihRsisehdg, transistor word |ine high resistance and the charge
gain/1oss 15- problens. In the preferred enbodi nent, the dopant level is

between 5 x F#gljc% 8 ﬁo@ cﬁm%ﬂés?rahﬁg‘%aﬁﬁd Gﬁpm»@&]ﬁ’gwmwbstyg«? 80 mefiidry Nsul ating

| ayer is formed on the doped anorphous silicon |ayer ia step 206 and a

iFont r olyegatie azl[cﬂéﬁ?fﬁ lwith L‘EH i nQfvehtiGh. IFsth Qélfi‘g? & GUE layeY brfa s%Ie‘étha%Qﬁo%TO form

the nenory ce transi stor s&tac ructures, at | east e doped

anorp h%g of'd Lub&AR alnag imfdmeltogﬁe hdSih 3leRidry %Fe? offhd subﬁﬁ'ﬁe £90eq! vigals | ayer

is etched, via ste t he rreth providing a NAND-type flash
menor Y i | oatin
gate )(;fz g?hlg&ﬁrigﬁ‘g y cehﬁ’% lieé}glIeF #écp%gé]&s’éé e%%epﬁﬁlﬁ%@s fiye ar eg

bet weer ik s AR ABE AT g" @Rﬁﬂﬁﬁéﬁ“"&‘%ﬁ‘g R o u'sevte he
cont act, g ﬂeasﬁwelag&dgthetsa&ta%&% e RS Bl B ol Ot s

keep| ng e se ransrstor wor Ine Tesls evice 25 | ow

Si mul t %ﬁ)%%ﬂn%l Xfthg &Pfe%&l %@M%ﬁnﬁ&&e}q&g&ﬁ@%%@@% be?&%eq% X O'd 8 8f ll%sq?lﬁg:w on cel |

y the*dopant "i's he S nterface between oating

gate a%ﬂos&)n&u 5. "k‘ﬂ@xﬁ lan %illgt?ngt lgyep f& foRA Toﬁ' the\ﬁgf;e%tlmorphous silicon layer, via step 206,

and a confrol gate layer is formed on the insulating layer, via step 208. To form the memory cell and

select transistor stack structures, at least the doped amorphous silicon layer, the insulating layer, and
the control gate layer is etched, via step 210.

20 With the method of providing a NAND-type flash memory device in accordance with the
present invention, both the floating gate of the memory cell and the select gate of the select transistor
are formed with the same doped amorphous silicon layer. With a dopant level between
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

25 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.



revents [ ain/loss problenms. -4 WO 01/11683 PCT/ USO t hough
: B YAt p PetRSiods | 1000

the pres tion is described with the use of phosphorus Tons, o
ordinary skill in the art will understand that other ions nay be used, such
as arseni c iAithsyghwhd present iohespaort is degcritfed ovithttheeuss pf phiosphand iang.ome obérdinhry '
present invention. Figures 3A-31 illustrate cross-sections of a portion of

a nmenoikillGethe e wilbiirtlersagd thiat ahep itys may be Wed, sh¢has arsanid éomm vdthpetidepattingf  a
preferred enbodi nent of the method for providing a NAND-type nenory device
i N accgrodahe piritiahdl sdopeofftheesant invensart i on. Al t hough only cross-sections of a
portion of the core region is illustrated, one of ordinary skill in the
art wi |l undggusdsa3adItiinairae ciobsssections yf axfortivnl of @ membryaiesics ¢ae mgmndlongaor y
cells may be fabricated in a simlar manner. Figures 3A-3D illustrate the

§ or mat iyin@fn dehRnERliGCIF a@rdrfared@inbodimpit of the niethod dr poviiding 4 BNDtypd a 10 step
202. First, as illustrated in Figure 3A, a first oxide layer 304 is grown

on at |fdshy R3Hck iPdocdiihce Wik prkéht #Rlention NAISURA bhlRsSi2idna sf BpdifdreCt
transi stor ‘area and a nenory cell area. Oxide grown in the select

transi gife cofeGaiol it limsieat stlof ¥rdhRRS/QRT ih BR 2REHE Ghidetting tKa pléralify of bect el ect
transistor while oxide forned in the nenory cell area will eventually

become (L RGsbk Bifheror) 681s fay biabARERNY a Giftlilhr midfer. t he preferred enbodi ment,
approximately 148 A of the first oxide layer 304 is grown on the substrate

15 302 usi Ngzgliak 3R ki @t foRRRish of B8 Seltdt bite AferahdDE RibnEIOXE 1300 1. 33
liters of 02,70 cc of HCl, and 12.6 liters of Ar. Next, as illustrated in

I(F i gure S%?’Z 2 BAReks ﬁ@ﬁg&eﬁ RERERBACY fifst xi®Akjer 984 1 BRowhionat ledX pieofidryer 304.
pf e odi

n the erred e ment,” the mask 306 1 s placed over the first oxide

| ayer i dhe 358! Btsubd R SbShala selbdt Sansiscaita A8 & Membry 8l arX iOMead giwer ini n t he
menory ce area exposed. An etch is then perforned, LO renoving the

unmask ﬁﬁe %%Ettt;}af]ﬂst&f aréahﬁg EientilalPddcoiRe 1hd ¥&Ect 3 oxidd 6F thePselect3Rsidtsr viteN

renove ustrated In Figure 3C, the result is the first oxide |ayer

305 1 N GO (e fltnd 1BHS SUPhreAliR vl bldfhe HERERNoxRIof tRRAORARIDS ©

silicon substrate. ; a second oxide layer is grown on the first oxide

| ayer i A o irB0Fis@ve chlihe dubstialte
y %g%pxgﬂng%é d%ﬁ?r%oﬁfg‘rgﬁ% ?@ﬁ%}l(t?@é{ 1864 of the igdt bAHERydrBodis 5

preferr I on techni ques are used at about 25 . 1050C

13 th a%@hﬁ?g@&%&ﬂaﬁ. W o0bBith hif £SspRbre 8PabohP1. SF1iterk of ), 70 86t HQ, 6

iters o he result 1s aconbi ned oxide |ayer 310 which conprises a
thin | aygns hildsdg, the tunnel oxide layer, in the

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 memory 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

25 . 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 a combined 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

5
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menory cell area of approximtely 87A, and a thicker |ayer of oxide, the
sel ect gWPIIRG33r  in the -5 WD 01/11683 PCT/ US00/ 19486  FEFTTEER00{1486 s st or
area of approximately 168A. Figure 3E illustrates the form ng of a doped

anor pRees trislsto? @ika bPdppfoxinvdtdy $68% 204. In this step, a doped anorphous
silicon layer 312 is deposited on the sel ect oxide |layer 310. In the

preferred ppsROTH fifagtates ARFbMhISRIoped’Mbipids SiRéondRE Jiadiepr2080thshisi | 1 con
| ayer 312 is deposited using low 5 pressure chem cal vapor deposition

(LPCVIQe taQﬁ)gEH Shiphaat siBRRUlyef 90 i58Qositelo kiR seiabobx i3 Myer 100 In B0 BreRpidd N,
prefera81y 00mT,  wi th about 1200- 3000 sccm of SiH4, preferably 2000 sccm

and 1@mb§&im§.&,rqgﬁmxhﬁat§r§( YOOK 6 t6Y ddpedarRdipNéils SittorOhyeP bR s Beﬂ?ﬁi’teélﬁfsﬁg%v@bl y 22

sccm The ano ous silicon layer 312 is doped 1n-situ, i. oped during

oo 3&&%“ Slemic § O@deg%ﬁmt(d’@*/ B) tel":}ﬁﬁcﬁ%?& aBout 4361380°@NSefRrably 550%9 ahPnS/ cnB

of phdsphorus. " The dopant Tevel of t anor phous S|T|con I"ayer 312 is a
o PRl 0 V000 8 oSty 0Pl o
and 120054 PRt 4 PRLREGF bty HEBroRLER SARE TR MRitpih. BhAW 12070
bi 113130 Pl bR 2 e ARREH RERERH W,  Spah TR bR S UHBRY, | 10
e oo bL RSSO F IR R AR ot ot 1m0

the fl'oating gate us I'on O
i nsul atin ayer.. via . step 206, on the first doped anorphous silicon |ayer
312. %%x'ﬁ%hﬁ¥% g??%ﬁfﬁ?](gﬁrﬁent, the insulating layer 314 is a dielectric

et COmPrASREah. WitoR U8 MR Rel ST o IS BRBRRETE,
OX1 4 BASER B B BR ER D B A A 881 512
T BBt LR Bt e M U b BT D PR o705, 1,
01 o A e e S BB Ak Ao S AR AT S | oy
O F2 e S T SO 15 BB g 298 B 011051, T
1) ustrat egt s S TRh e RlmddlS o B2 il R 20 & REER ADS FIToU @

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

layer. Approximately S0A 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 NHj3, 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 5S0A of oxide. The result is

approximately 1354 of dielectric layer 314.

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

layer 316 is deposited on the dielectric layer 314. The polysilicon layer 316 may be comprised of



| ayer 316 sited on the dielectric |layer 314. The po L) ayer
316 may b¥ °“6&§’%?sed of -6 WD 01/11683 PCT/ US00/ 19486 dopééf@ﬁ@"?ﬁ’ﬁ%“'us'
silicon. Then, a tungsten silicide |ayer 318 is deposited on

pol ysi Idopssramormets silizew Thenca Engstenistliside days 18 i @eoq'ta%rrthsgelyw@waé%su ted on
the tungsten silicide layer 318. In the preferred _enbodi nent

appr oxi3t6itand g silicon@ayritride yer?3P jsdepositeshon ‘§§7 Bngstensilicidedaysals: Bithe ppfered;
polysilicon |layer conprised of doped anorphous silicon, the layer 316 is
deposi teadodigientcapprginpte e EI9AA @ the pa@srhmdweﬁ E530depasited 4BEWR RelysHiceast 2000
sccmof SiH4, and 75 sccmof a mxture of 1 % by weight of PH3 in He.

Appr ox icnmpréﬁleQ ofiddpeanirphonesiticongibe lapersi! b isdepesitpdysing IPLYD techpigies atabept at

about 360C and 200mT with about 500 sccm of SiH4, and 50 sccm of Ar.

SAppr oxisEedCdng 40GHD Aith Abduh2008istdne ofi Sitlp Ry sciwl of & mjxsure 8D 1% by wdightfiPHed at
about 400C, 300-340W and 3.5nT with about 90-110 sccm of SiH4, 450-550
sccm ofin N2, Approxifistely3 560X of thé tuh@en silicile layeH 8dxdepbdited alaibbut60°C3@0 Wit h a
reflectivity .0 index between 2.0 and 2.34 is desirable, The silicon

oxyni trzomehaayabouBszsmyoﬁ&ﬁ@,ahésnsnmmfdedAppmxlmatdB/OOOQApfthmllgont he ease of
renoval of any subsequent photoresist during photolithography. Then, a
seri es oamitids laiyer32@ isdepdsitdal a0 gbomt 4P5C800-336WL andeiinT with abowt #hiél seers ked
structures 300 and 350 of the select transistor and nenory cell

r espectgiNg150-550isecns b, 2B 5-45Iskens bf 19400 dA siticdni ayymigids layer SERevithagefletiiviy nmenory
cell stack structure 350 in accordance with the present invention conprises
@ .5 tihdeR Gbiweenl ZiRand2234 if deshisde. f Thersilicbreoxonitiike lhyay 320 mdyGisode bbobardadg gat e
324 with a dopant |evel between approximtely 5 x 1018 and 8 x 1019

i ons/ ¢ nthad,0nb prplRrthseasd efiremaslafl sfany subseqden phbtamust dimngphowlithographyl ayer 312;
an insulating |ayer 326; a polysilicon |ayer 328; a tungsten silicide |ayer
330; and a Theh,iaGees O yasking afkBettidiygsteps 32 pefftamed esfotrh ihegtasied ericniresd00i st or
stack structure 350 in accordance with the present invention .0 conprises
a sel eGhd 950 & s tladkistsr aBBheioryEeltirebpeonivel;h eia step O 1D, ilhpeneddia Figuse Mel ect
gate 336 with a dopant |evel between approximately 5 x 1018 and 8 x 1019 .
i ons/ cnfhe edsulphOmEBaT val stdcR kiiRthré 350Nn biverdanepeth thepresehidineention domprisdsayer 312;
an insulating layer 338; a polysilicon |layer 340; a tungsten silicide
Jayer 3dmhel @xidd 332, Fornied GOmabke/dxidelayde3 100y Avatidg 4ate B2 Wit ddophhtdee] tegvegat € 324
and the select gate 336 are formed fromthe sanme doped .5 anorphous silicon
| ayer 3ibgroxiMateBls NEE® dund Sopdiitionsewd bf prespieas, fampddonnias d!rhppd smurphdiis$ and 8 x
1019 ions/cnB of phosphorus. Wth this dopant |evel, both word |ine high
resi st aflieén R{ 361 ah gRulaitigNdye032%; a polysilicon layer 328; a tungsten silicide layer 330; and a

silicon oxynitride layer 332,

The resulting select transistor stack structure 350 in accordance with the present invention
'0 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/em” 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
'S amorphous silicon layer 312, which has a dopant level between approximately 5 x 10" and 8 x 10"
jons/cm’ of phosphorus. With this dopant level, both word line high resistance and charge gain/loss

problems are avoided.



. probl ens ided. -7 WD 01/11683 PCT/ US00/ 19486 A NAND- e flash
menory d‘e’@%’@éﬁéﬁd a nmethod for providing such a device hasP(E%égl‘“GP@él osed.
A preferred enbodi ment of the polysilicon |ayer which forms both the
floating gat &NAND-type flash merhoryrdenigeyand & nethad for phyidited sach a davice haf beetne sel ect
transi stor of the device is doped with between approximtely 5 x 1018 and
8 x 10disrlaserh A preferned epbasiiméro ofthe palydlivon luyer widgefotmd iottethe flolting gambithe 5
resi stance of the select transistor's control gate is |ow, thus keeping the
wor d | flask memoiysell gnd the select gate of disaseleet traosistorSif ithel device 3 udspad, widtortvasah nat i on of
the tunnel oxide of the flash nenory cell by the dopant is limted,
al | owi apgroxomateing x 10 end gic ¢0'D mhsieetofiphesphbrog WitgthBalopant dlelf the cdntinel  oxi de
to be snooth, which prevents charge gain/loss problens. Thus, the

5r el i abiebistanee of thé sedectlarisiRr’ § SonitroLgabais Rk, thits képih@lihd igkd Binefesibdividy BF @Bt | on has
been described in accordance with the enbodinents 0 shown, one of ordinary
ski |l devict hosv. Bitulinkduslypafitahiinatio® SR @endl Baille b1tRE Bash %hﬁr)b&l]‘ﬁﬁ'iﬂeat lons to
the enbodinments and those variations would be within the spirit and scope

of t hedqpaseiirhited/allRWirig@or: the Mefaéetiefvibel the TRAhg BRI hi BRlMEFoxidRYo Be made by
one of ordinary skill in the art wthout departing fromthe spirit and

scope iiooth) @hidp pRVEhaCther é-gziﬁi/loss SroM6ind) hiksl @R Fe1Rbilit) 51 ehd dIBH indladdD _
11111111111111111111111 ! 1 1111 What is claimed is: L Ms 5 1. A method

for providi N@oﬁgMB'B’eEéﬁpﬁwédtﬁﬁ RasBREPbckcriiRY | 'irpé?:corgé?ﬁpcv'itﬁ HaEmbbaineft®” M NY
sel ect gate oxide |layer in a select transistor area of a substrate and a

0t unnel shoWi i€ of GRYiR4ry sl & HEBRWHI e&dily r&oS@zehatltiife SHRETe" \)%I’lﬁlong Rnd Orming a
doped anor phous silicon layer on thé select gate oxide layer and the

t unnel erﬁbbﬂﬁﬁnisaﬂﬁhosetvlﬂﬂatgﬁpﬁgulélﬂyﬁmgHﬁ: spirit Moﬂe@%ﬁ%t%e@tlqupam | evel
whi ch sinmul taneously 10 avoids a select transistor i ne resistance

pr obl estcarskhgty, ﬁlaﬂrlﬁé‘dlﬁ@h%smrbg%ahé)ﬁysoﬁr&Q}dﬂﬁ}y ﬁl)mftlga'?? \f/‘iﬂxog{h Fﬁ'ﬁ ating

| ayer on the doped anorphous silicon |ayer; formng a control” gate
| ayer fadin il 8pitif i lsépk BBtht AYRhded 2hhns.



(e) etching at | east the doped anorphous silicon |ayer, the insulating

| ayer, and¥@PEU68Hntrol gate layer to format | east one nmemRGTUNSIIP48St ack
structure and at |east one select transistor 15 stack structure. 2. The
met hod of claim11, wherein the form ngcsjagms(a) conprises: (al) grow ng a
first oxide layer in the select transistor area and the menory-<celt—area;
(a2) renoving the first oxide layer in the nenory cﬂ",'m"m .

growi ng_a second oxide layer on the first oxide |ay ﬂ"@ '
transi st igclaimedist 20 the substrate in the nenory &elt dred. 3. %he

met hod of claim2, wherein-the renoving step (a2) conprises: (a2i) placing
a mask on the first oxide layer in the select transistor area; (az2ii)

&t ching the fli rst Aompthied foapreyiding afNANPrsyns flpstoraemory device, comprigiagi i i ) renovi ng
the mask. 25 4. The nethod of claim1, wherein the doped anorphous silicon
| ayer has a (@opafermingaseletgaigonide laypnioriseleat transisior area ofibsubisithtegangd a hgihel

i ons/ cnB of phosphorus. 5. The nethod of claim4, wherein the doped

anor phoosidslayér dommempryrcell ared oftheestibstiats ng | ow pressure chemical vapor
deposition techniques at about 450-580C and 300-550mT with g_ This Sheet
Has Been Repltaced formingld dopéd dmorphous $ilidon|layet on/fie SElgct gafBikideddyet)3dhel 9486

about 1200-3000 sccmof SiH4 and 15-30 sccmof a mxture of | % by wei ght
of PH3 tunndlexidélaydhthe deped enlophous|siicon lhyerivadngea dopattdevebwhicin simsitapoysty)
conprises: (cl) depositing a first dielectric oxide |layer on the doped
18nor phoawidsialselea trahsisperword nedgsistimpoprioblemgind a nharge gdin/dharge tosoproblixe; f i r st
dielectric oxide layer; and 5 (c3) growing a second dielectric oxide |ayer
on the nitri@e | ajemingéan inkhlatingdayeodn the dopediamoidphowdsilicen layérhe f orm ng step
(d) conprises: (d 1) growing a second doped anorphous silicon |ayer on the
I nsul ating | @yer ; fomnbhg a(cdityol gatolayergn ahe insulgsing fayart dridci de | ayer on the second
doped anorphous silicon layer. 8. A NAND-type flash nenory device,
conprising: (e) etching at least the doped amorphous silicon layer, the insulating layer, and the

control gate Jayer to form at least one memory cell stack structure and at least one select transistor
15 stack structure.
2. The method of claim 1, wherein the forming step (a) comprises:
(al)  growing a first oxide layer in the select transistor area and the memory cell area;
(a2) removing the first oxide layer in the memory cell area; and
(a3)  growing a second oxide layer on the first oxide layer in the select transistor area and
20 the substrate in the memory cell area.
3. The method of claim 2, wherein the removing step (a2) comprises:
(a2i) placing a mask on the first oxide layer in the select transistor area;
(a2ii) etching the first oxide layer in the memory cell area; and
(a2iii) removing the mask.
25 4, The method of claim 1, wherein the doped amorphous silicon layer has a
dopant level between approximately 5 x 10'® and 8 x 10" ions/cm® of phosphorus.
5. The method of claim 4, wherein the doped amorphous silicon layer is formed

using low pressure chemical vapor deposition techniques at about 450-580°C and 300-550mT with

This Sheet Has Been Replaced
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10 a. subgfg ifisszdt | east one nenory cell stack structure o&#{ﬂg sypstrate,
R

conprising: a tunnel oxide |ayer, a floating gate on the

| ayer conprisin% doped anorphous silicon, the doped anorphous silicon

havi ng 2Bow bHN00P ssear of Bl cmd 4 530 secamef qumixtpre of i isweishs of BY1 intHeansi st or wor d
| ine resistance problem and a charge gai n/charge | oss problem a first

i nsul ating 6ayer Tha methed pf daim Ingyheraindhe tormaing step (e corepsises: ol gat e | ayer on
the first insulating |ayer; -and at 15- |east one select transistor stack
struct ure orcl) he depdsising affiest dislsatpir pxide lpyermn gl doped ayaarphoox sitleonllayesr on t he
substrate, a select gate on the select gate oxide |ayer conprising the
doped anor pels siepdsiting 2 nitidesiayso nulthie figah Higtectnig okidg layerpandt he sel ect gate, and
a second control gate layer on the second insulating layer. 20 9. The

Mevi ce of cl(e)m Growihes scond: dideathipexitiedager rhihe sitddelliyenn | ayer has a dopant
| evel between approximately 5 x 1018 and 8 x 1019 ions/cnB8 of phosphorus.
10. The deviice ofThe methol f claitnel;, ethereinhtite fdapiag stapr@) péitpidesi | i con is forned
usi ng | ow chem cal vapor deposition techniques at about 450-580C and

300- 550nTT wi(dh alpeasting] 20erdiGidPed MForpipasiifonThyeorahélinddiadR isegmm®f a nixture
of I %by weight of PHA in He. H The device of claim8, wherein the first

i nsul ating l(@ajer geawing a agsten stlicide &/tr oh (B QGéd dop&dnilepHody SilicdNayehe fl oating
gate; This Sheet Has Been Replaced CL Ms 11111111121121111121271211111 10 WO
01/11683 PCBL USOQ NAX@Lrypefladh tieindfy dediv€icomprisife first dielectric oxide

| ayer; and a second dielectric oxide layer on the nitride layer. 12. The
laevi ce of clagibBue; dofeast@hdimbhicry SECARM siritut 3k e QullsaNs/cofrPABifg:S€s:  a first
dielectric oxide layer on the select gate; 5 a nitride |layer on the first
di el ectric @timiel dxmﬁeaybr,aﬂdaﬁnggse@ﬁmé:&Hn@i&«fdena}férwﬁipﬂi@ingayer on the nitride
| ayer. 13. The device of claim8, wherein the first control gate |ayer

conpr i weped amdrphedsysHicb, Gk dopéyBhorptidbué SBcdnibadihg b BSPah@EVeN Fhich ¥idlultartBsly
avoids a select transistor word line resistance problem and a charge gain/charge loss problem, a first
insulating layer on the floating gate, and a first control gate layer on the first insulating layer; and at
15 * least one select transistor stack structure on the substrate, comprising:
a select gate oxide layer on the substrate,
a select gate on the select gate oxide layer comprising the doped amorphous silicon,
a second insulating layer on the select gate, and

a second control gate layer on the second insulating layer.

20
9. The device of claim 8, wherein the doped amorphous silicon layer has a
dopant level between approximately 5 x 10'® and 8 x 10' ions/cm® of phosphorus.
10. The device of claim 9, wherein the doped amorphous silicon is formed using
low chemical vapor deposition techniques at about 450-580°C and 300-550mT with about 1200-3000
25 scem of SiH, and 15-30 sccm of a mixture of 1% by weight of PH; in He.

1l The device of claim 8, wherein the first insulating layer comprises:

a first dielectric oxide layer on the floating gate;

I . . i |

This Sheet Has Been Replaced
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a tungste |l j.cide |layer on the polysilicon |ayer. 10 14. The device of
cl ai m98, m#lébﬁ&t he sgcond contrgl éate | ayer %:lorrpri ses: FPETAGOWINMES con

| ayer on the second insulating |ayer; and a tungsten silicide |ayer on the
pol ysi | i con b aiyride.laykbon thé firstdivlecidc afideclhypeir;m&, wherein the at | east one
menory cell stack structure further conprises: 15 a silicon oxynitride

| ayer on t heatdcomt dielesutid eXlidedavefon Wy itridelfer. The devi ce of claim 8, wherein
the at | east one select transistor stack structure further conprises: a
si licon oxyntzri d€hé deyRe obdlaiinl B wheenkk eeont idhla@a Ieyek ayfiprisest 7. A nmet hod for
providing a NAND-type flash nenory device, conprising: 20 (a) formng a
sel ect gate gfistidiclatiesxiddlayr 6etheedlect paersi stor area of a substrate and a
tunnel oxide layer in a nmenory cell area of the substrate; (b) formng a

goped anor phhirideilayefsithe fedieledirid HedeIBeBGhd gat e oxi de | ayer and the
tunnel oxide |ayer, wherein the doped anorphous silicon |ayer has a dopant

| evel bet weegfsecaiiQditBdxficYayer on hOAikiRMled X 1019 ions/cnB of phosphorus;
25 (c) forming an insulating | ayer on the doped anorphous silicon |ayer;

(d) form ng gs confrddeviabecldiMBe WwhBin ileiriRoMt A EddBydrayRprise@nd (€) etching
at | east the doped anorphous silicon layer, the insulating |layer, and This

Sheet Has BegpolRARLAESE on the firstlinshlatibg tabdridnl' 1' L1 LI If FLEE PLiililli
CLMs* Lt rrerrrer W 01/ 1168 CT/ US00/ 19486 the control gate |ayer

to format | gaskudficlie MyEdonGhy lx%yﬁg,ha ructure and at | east one sel ect
transistor stack structure. 18. "The nethod of claim 17, wherein the

1bor i ng, StePi2) PATRLSERIHA! dngiiRieitkoRs frkd] biflechriy | 1 the sel ect

transi stor area and the nenory ce area; b5 r enovi the first oxide

layer int hea mf&fﬂ ﬁ?érlon afe%@éonafﬁgulating layer; and

a tungsten silicide layer on the polysilicon layer.

15. The device of claim 8, wherein the at least one memory cell stack structure further
comprises:
15 a silicon oxynitride layer on the first control gate layer.
16. The device of claim 8, wherein the at least one select transistor stack structure further
comprises:

a silicon oxynitride layer on the second control gate layer.

17. A method for providing a NAND-type flash memory device, comprising:

20 (a) forming a select gate oxide layer in a select transistor area of a substrate and a tunnel
oxide layer in a memory cell area of the substrate;

(b) forming a doped amorphous silicon layer on the select gate oxide layer and the
tunnel oxide layer, wherein the doped amorphous silicon layer has a dopant level between
approximately 5 x 10'® and 8 x 10'° ions/cm® of phosphorus;

25 (c) forming an insulating layer on the doped amorphous silicon layer;

(d) forming a control gate layer on the insulating layer; and

(e) etching at Jeast the doped amorphous silicon layer, the insulating layer, and

——— —
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. (a3) .groy econd oxide |ayer on the first oxide layer in the select
transi st\(%&gvggi”and the substrate in the nenmory cell areaPCTAS0019486rpt hod

of claim 18, wherein the renoving step (a2) conprises: (a2i) placing a
mask ohetcoutrdt gate tayentd themlableast oheméhery sell @k strichuns msd 2 leadtlodd selecl Pansividt i )
etching the first oxide layer in the nmenory cell area; and (a2iii) renoving
t he mastack ctuihe nmet hod of claim 17, wherein the doped anorphous silicon

| ayer is formed using | ow pressure chem cal vapor deposition techniques at

about 450-538C arTtie 82008 b0etdim M, Whersih it fordADst@Pcongrivesof Si H4 and 15- 30
sccmof a mxture of 1 % by weight of PH3 in He. 15 21. The method of claim

17, wherein (dlhe fgeowihgwfist expde(Igyer BaRPelesOiFansibtor dre AU théhdty Belf dréSt

di el ectric oxide |layer on the doped anorphous silicon layer; (c2)
deposi ting i t rémievidgayefirsOokideNyef inthd methéry @8If 4réf atki de | ayer; and (c3)
growi ng a second dielectric oxide |layer on the nitride layer. 22. The

nmet hod of cl@)m hrowindeéetona dxite 1dyer ¢H thefist SRde(iVer HARPENRESansistdParbnk
growing a polysilicon layer on the insulating l'ayer; and (d2) grow ng a

t ungst ek ssbdiaeifile hidiefy eMatehe pol ysilicon layer. 23. A NAND-type flash
menory device, conprising: a substrate; at |east one nenory cell stack

structure ongt he Theheihb@beolaiMABPVhILR Gie rerovirk &éﬁ%&ﬂggggia% | ayer, a

floating gate on the tunnel oxide |ayer conprising anor phous silicon,

wher ei n t he @opediaamph RO s) hé hiisEMidd¥aser tween
appr oxi rratel(fliQS )% 1018 and 8 x l1019 Tﬁfeg Stﬁggéé?égha%sn%étgléﬁ@ epl aced 11lillll

1012 111111 Vl(zizﬁi? 1@éﬂ$ﬁgﬂg fibsk blidd ia’iérliJl ]thleglé]elrrlohjhéehlal-elﬂ dog! 11 * CL MSWO

01/ 11683 PCIT/ US00/ 19 lons/chB o osphorus, a first insulating |ayer

on the floaldflg 9@hdvingditnakfirst control gate layer on the first
i nsul ating layer; and at |east one select transistor stack structure on the

substrate, @NPr ik REthod of claim 17, wherein the doped amorphous silicon layer is
formed using low pressure chemical vapor deposition techniques at about 450-580°C and 300-550mT
with about 1200-3000 sccm of SiH, and 15-30 sccm of a mixture of 1% by weight of PH; in He.
15- 21. The method of claim 17, wherein the forming step (c) comprises:
(cl)  depositing a first dielectric oxide layer on the doped amorphous silicon layer;
(c2)  depositing a nitride layer on the first dielectric oxide layer; and
(c3)  growing a second dielectric oxide layer on the nitride layer.
22. The method of claim 17, wherein the forming step (d) comprises:
20 (d1)  growing a polysilicon layer on the insulating layer; and
(d2)  growing a tungsten silicide layer on the polysilicon layer.
23. A NAND-type flash memory device, comprising:
a substrate;
at least one memory cell stack structure on the substrate, comprising:
25 a tunnel oxide layer,
a floating gate on the tunnel oxide layer comprising doped amorphous silicon,

wherein the doped amorphous silicon has a dopant level between approximately 5 x 10'® and 8 x 10"

This Sheet Has Been Replaced
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5 a sel ect (gate oxi de layer on the substrate, a select gate on the sel ect
gate oxi dPWHSLonprising the doped amorphous silicon, FTHWAA8E -

insulating | ayer on the select gate, and a second control gate |layer on the

second ions/uhbtfiphosphayer . 24. The devi ce of claim 23, wherein the doped
anor phous silicon is fornmed using 10 | ow chem cal vapor deposition

t echni ques at abouafirsd bSulaBgTayaneh BOOediing gite,vanti h about 1200- 3000 sccm of
Si H4 and 15-30 sccmof a mxture of 1 % by weight of PH3 in He. 25. The

devi ce of clai m 23 firsnbrntrel gatet yer bn ths first insulhthigilaygr;laad/er conprises: a first

dielectric oxide layer on the floating gate; a nitride |layer on the first
di el ectric oxide heystoneadelet trirfmsistor S@COMictdietinald subtra@Xtcprisiag:er on t he
nitride |layer. 26. The device of claim 23, wherein the second insul ating
Isayer conprises: ageléck gaé oxliicIhye bii the sabstrate, | ayer on the select gate; a

nitride layer on the first dielectric oxide layer; and a second dielectric

oxi de layer on thg sdc gdélen thayeddct gatdoxide layeR Eorbliing SheQop&d anomphdas siNdag! ei n
the first control gate |ayer conprises: a polysilicon |layer on the first

i nsul ating | ayer; agitehdinfuldiEg 1298 chithd elebiGatedAr on the polysilicon |ayer.
28. The device of claim 23, wherein the second control gate |ayer

conprises: a pol X%cbﬁ&&ﬂtr&l%m@ﬂay&%xﬁtﬁ@se‘é&ﬂqmﬁldtiﬂﬂagéﬂi ng layer; and 25 a
tungsten silicide layer on the polysilicon layer. 29. The device of claim

23, wherein bhe aind &Ik oPOSMMBWhefeif Bleldopdiintorstonid Giideh & thidahsihg
conprises: --.- 1111111 1112211 T11j1 111 It 1rrr cLs 13 | '"F WO

181/ 1168RwREThidS0R)k AR RitioR1cehdidue PRt a8 B50-580€ ahdYG.5RMT Wih AbbohitSi206.8600" O

gate | ayer.
sccm of SiH, and 15-30 scem of a mixture of 1% by weight of PHj; in He.

25. The device of claim 23, wherein the first insulating layer comprises:
a first dielectric oxide layer on the floating gate;
a nitride layer on the first dielectric oxide layer; and
15 a second dielectric oxide layer on the nitride layer.
26. The device of claim 23, wherein the second insulating layer comprises:
a first dielectric oxide layer on the select gate;
a nitride layer on the first dielectric oxide layer; and
a second dielectric oxide layer on the nitride layer.
20 27. The device of claim 23, wherein the first control gate layer comprises:
a polysilicon layer on the first insulating layer; and
a tungsten'silicide layer on the polysilicon layer.
28. The device of claim 23, wherein the second control gate layer comprises:

a polysilicon layer on the second insulating layer; and

25 a tungsten silicide Jayer on the polysilicon layer.
29. The device of claim 23, wherein the at least one memory cell stack structure further
comprises: e

A



5

30. The %Wﬁs&f claim 23, wherein the at |east one select transistor
stack structure” further conprises: a silicon oxynitride I%&WS@H%%e
second control gate layer. 5 31. A nethod for providing a NAND-type fl ash
menory devi gslicaparprifrile ayer qndhe fipstomning) gatefldyest oxi de |l ayer in a sel ect
transi stor area of a substrate and a nenory cell area of the substrate;

(b) renovi ng0.t heThé deyice okelaim 23awhereinthetd ieastonoselectiednkistar sack s{ragturgr owi ng a
second oxide layer on the first oxide layer in the select transistor area
and 1furthéreospiesrate in the nmenory cell area; (d) fornming a doped

anor phous silicon layer on the select gate oxide |ayer and the tunnel

oxi de | ayer a silibuaroximitrids éayetagpabe ssoandrbis gate layeron | ayer has a dopant | evel
between approximately 5 x 1018 and 8 x 1019 ions/cnB of phosphorus,

wherei n t he3tloped mamsdTbOs6viding b BAND-Lypy Ghishinteniody deRebe isonfpaisih@W pressure
chem cal vapor deposition techni ques at about 450-580C and 15- 300-550mT
with about @300- 3RAEhgSORrENcRide Piyktin aRélect Bramibiar @R P4 st}%stf’ﬂté(iddra%é?ﬁoryl Séby
weight of PH3 in He; (e) formng an insulating |ayer on the doped

anor phadsohd dub@ratd; ayer; (f) growing a polysilicon |ayer on the insulating
layer; (g) growing a tungsten silicide layer on the polysilicon layer; 20

(h) growi ngy si l‘dnfb@ﬂng@ﬁ%kttoﬂdg%ykﬁﬁﬁfer@%&*‘@el]ta%a?s'[en silicide |ayer; and
(i) etching at |east the doped anorphous silicon layers, the insulating

layer, the (gol ygioki eéoau%i.detP@rohwmst%aldéndyhﬁh%skﬁyt%ns,ﬁ&duéﬂﬁd silicon
oxynitride [ayer to mat | east one nenory Cell stack structure and at

ol east g,@gu&ggt@ﬁ;théﬁ]@,ﬂ&gggp&eastack structure. 32. A NAND-type flash nenory

15-

20

25

devi ce, conprising a substrate; at |least one menmory cell stack

structure ofthessy ﬁgs‘maam Contth ¥Rk Qi e IAYEInd het4- 11111
[l IN WO 0151?1683 P S%O/ 19?1&% a oag%| r?gt gat et éc%n tﬁde éf?ptén{\n,((ajltﬁ oxi de | ayer

conpri gnkd o%@ﬁ?er%r&h%%cﬁédlahﬁ%ous silicon layer has a dopant level between

approximately 5 x 10'® and 8 x 10" ions/cm® of phosphorus, wherein the doped amorphous silicon

layer is formed using low pressure chemical vapor deposition techniques at about 450-580°C and

300-550mT with about 1200-3000 sccm of SiH, and 15-30 sccm of a mixture of 1% by weight of
PH; in He;

©) forming an insulating layer on the doped amorphous silicon layer;

® growing a polysilicon layer on the insulating layer;

{g) growing a tungsten silicide layer on the polysilicon layer;

(h) growing a silicon oxynitride layer on the tungsten silicide layer; and

6)) etching at least the doped amorphous silicon layers, the insulating layer, the
polysilicon layer, the tungsten silicide layer, and the silicon oxynitride layer to form at least one
memory cell stack structure and at least one select transistor stack structure.

32. A NAND-type flash memory device, comprising:

a substrate;

at least one memory cell stack structure on the substrate, comprising:

a tunnel oxide layer,

-14- * € L M 8§ *



wherein the doped anorphous silicon has a dopant |evel between

appr oxi mad 91838 1018 and 8 x 1019 ions/cm of phosphor uCTHRPANMES t he
doped anor phous silicon is fornmed using | ow chem cal vapor deposition
techni ques at 450-a3RAGhggac cAGR: hinihixidd hyer aboprisink20fed3ddpheacsiticoh, Si H4 and
15-30 5 sccmof a mxture of 1 %by weight of PH3 in He, a first

i nsul at iwlgreiragiedoped ambiphdus siditontgs @ dopant lavd betwtenxpprosintatetyosix 16 aid soxnia'he
first insulating layer, a first tungsten silicide |ayer on the first

pol ysi | iieseml afgshiosphaing, wehefdit the dspel iamophaus\silicon is dermed ysig low chépicilivagir
tungsten silicide layer; and 10 at |east one select transistor stack

st r uct urdepdiition teehrfigles Ar430580°CNE BOG-5 5T @it 880R€12003060 Lx¥@E SiFBWAd 1980 t he
substrate, a select gate on the select gate oxide |ayer conprising the

dpped anpmPéfauixtid fd%by wéght 6EPRAnPR| ysi | i con layer on the second
I nsul ating |ayer, a second tungsten silicide |ayer on the second

pol ysilicon |ayer afRGhsuthfinglayee 6Pihd fdhngGaR, oxyni tride | ayer on the second
tungsten silicide layer. i 1]1111111111% (1 1 rrrit lily CL -1-5
a first polysilicon layer on the first insulating layer,
a first tungsten silicide layer on the first polysilicon layer, and
a first silicon oxynitride layer on the first tungsten silicide layer; and
10 at least one select transistor stack structure on the substrate, comprising:
a select gate oxide layer on the substrate,
a select gate on the select gate oxide layer comprising the doped amorphous silicon,
a second polysilicon layer on the second insulating layer,

a second tungsten silicide layer on the second polysilicon layer, and

15 . a second silicon oxynitride layer on the second tungsten silicide layer.
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