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CONTROL GATE PRCFI LE FOR FLASH TECHNOLOGY Fl ash nenory

devices are a special type of nenory that can be
weneam@dizand reprogramed and used t 0 Store COHETASW06/1003322

data in a single data storage conponent. Flash nenory

chips find use in a variety of applications that

i nclude _storing the Basic | nput/Qutput stem (Bl OS)

i n PCs, COMNERORGAER FRQITIEHGR FhARR GREHNGLORY i ng

user-friendly features in cellular phones and

providing security to guard agai nst erroneous code.

Theggsrefitin 65t d@nsed BfLA speblah$pdBIPhymaey tE@Scamde erased
have hi gh levels of endurance, reliability and data

andrrepeegraormead dindeusast ta starexqslecand/onldiata ireagiimglefdatprasorage
wi thout failure. One reliability concern for the flash
comRasy- Jdae BRSTamaRn PRI Veg & Arepedy iy RicaRpns ARyt
inclGH& 86 iR ke Fasl OFpusUFIBLL Y s86hapiSs) th pLhepdbhA
mcc arsge"g?orageasnatmgyi al or ?egllsect e(gat e’ ox?gg n%y g new
protaobs orirsel ediad, anstallegy user-friene lyufetasreseoh cafidart phomgs and
be. introduced in the numerous manufacturing steps that

ProyifiNd 8RC WY o P HsIANTRIT RO EPER and resi st

L orbRRHOAE AR, 6 DSy v LBLiamL bR AR o
of ehidardANrdIEbiiheand kiaes retehtioararicparfdad fas o predictable
invention is particularly pointed out and distinctly

lengihzpfridare withpat dahgeudPng reliatilityrcasicerndor the flash memory

specification~ The invent] owever both as to
devRaR A PaR SN FRUGRCE AR ETarop SS KEdosg pAused by
def&itk A tetthet @AE Whakge 8fStagd fAMA@LSr SBRCEYate TRIIPLRRY De

understood by reference’to the follow ng detail ed
conyremis@data invthgrity.edtewindesired defectspanayi beyirdredviaegkin the

in which: FIG, 1 | b [ millustrati
numatols axayfaciiieg slehs Tk BEl e ddioHianso Henitis. fistag and
resi¥f refhcvat! RRAApRBESSS alhSeddd RECALEBRSE dvfddt dBRSity in the

present
memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to organization and method of operation,
together with objects, features, and advantages thereof, may best be
understood by reference to the following detailed description when read with

the accompanying drawings in which:

FIG. 1 is a block diagram illustrating a wireless device that incorporates
nonvolatile memory with a sloped control gate in accordance with the present
invention;

FIG. 2 is a cross-sectional side view of a nonvolatile memory cell that
1
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invention; FIG 2 is a cross-sectional side view of a
nonvol atile nenory cell thatshows the sl oped control
wqaavwsomad FIG 3 is a cross-sectional side vi earaS2dheo3322
nonvol atile nmenory cell that further shows the
benefits of the sloped control gate in the presence of
ndesired defect. It wll be appreciated that for

shog\q § 3lppgd Semteal gateyand || ust ration, elenents

il st d t |

15! B 3ckos D8 Moo ASRFTRNH Pl et e
furthbﬁsl@b\ﬁ/&&lhbsbéma}fltb%fﬁh@gﬂl@mai ednfrel ghtevin theopriskate of an

el enents for clarity. Further, where considered
undgpisedgiefegte, reference nuneral s have been repeat ed

anmong the figures to indicate correspondi ng or

anal ogous el enents. DETAI LED DESCRI PTION I n the

f olld @ BE #fpratibest BeMCiok Rirhplicity) AREr Q4S8 Riustr@tion,

details are set forth in order t o provide a thorough
elemmmr@rlﬁuahdtemglmfhet figuies\eave oot nekaesadly, been wirawnpte scale.

d th | | ed th t that
For GRGAR. TR EIBoRE ot 56 ok e BB taTeY HeuStpogerated

rocedures, onent's and circuits have no

refeb@tse deaterrallseltbvmbelat sepeated amory thefighseuteindieate

present invention. In the follow ng description and
COresRPRAING: MeaRAPERUS SRIMERIE" and "connected, " al ong

with their derivatives, may be used. It should be

understood that these terns are not intended as

synonyns for each OETHNLERDESCRIPTIONtI cul ar

enbodi nents, "connected" may be used t o indicate that

tvvo or nore elenents are in direct physical or

o e TRl Bt SR ReRe Romafpus Spebiistadtyis TR set
fortﬂ' ih&rbef A LR&Vid¥id thd?868h %@%FstaHHﬁ‘ngy@f tifd ifvlention. However,

co-operate or interact Wth each
it will be understood by those skilled in the art that the present invention may

relaﬁ@@%‘&itﬁepﬁfe‘?’hé s fof c@érﬁ%r Fmﬁé}”%ﬁere"@ér{s:&é}%%ppropnate,

be practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in
detail so as not to obscure the present invention.

In the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. It should be
understood that these terms are not intended as synonyms for each other.
Rather, in particular embodiments, “connected” may be used to indicate that
two or more elements are in direct physical or electrical contact with each
other while “coupled” may further mean that two or more elements are not in
direct contact with each other, but yet still co-operate or interact with each
other.

FIG. 1 illustrates features of the present invention that may be
incorporated, for example, into a device 10. In the embodiment shown,

device 10 is a wireless communications device, but it should be pointed out
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other. FIG 1 illustrates features of the present
i nvention that nmay be incorporated, for exanple, into
wa 20sxvcE110. 1 n the enbodi nent shown, devi ce ROTIUS2@6/003322
Wi rel ess comuni cati ons device, but it should be
poi nted outthat the present invention is not limted t
W rel ess ape%llcatlons J]n this e Odl nt .a

that ERgREaSEL invientiah 1§ nlimied tgnyireless applisationgqin dbisq
emﬁ'écﬂﬂ'@ntfar G%Q&ﬁvglr 1 g%ﬁgﬁgkg&%g:angaﬁl n ‘?Hsoégnfdoqp% g)r%qgnal

transcei ver requenc
fromrdregoatrede a:maémgaxl Theidnaley frant enhdairansdgivelmay be a
enbedded with a processor 20 as a ni xed- node

standrakiedi@adiodireaupncy tRe inseeraled) anslog eiredt.sorgasernatiyely, be

t t-ed
omiPEdgeE T Yool Y B8 Lyl b uad gty SR b
recéinéd walsd assP sigR aPAthypd kﬂe@@bh@wo@m@@ﬁsbﬁgdf ARetdNHen

that utilize one or nore processor cores. Blocks 14

conaﬁttedao a hagebandldigitalogignal. functi ons that fetch
ructlo ener des et ands, and.
CTFASEHSeE P BRVAG e PaTebe thand SPpiERI R PiacdSting
fun&ﬁ@n&fhmﬁnz@' Sné B for roebé&w s C‘EISCE? 94P60d 16, in
dedicated t o handl e application specific functions
genstathpaxestdunetianpltieat fatap linstsuctivrde yenenatel dersodest, dind

Al ternati vel y, the nultiple cores nmay all ow prqcessi ng
opefRds, GREsPerfem aPPraRTRfeRGtNS. then & r@sreSAltﬁosIhe use of

I
oS 55k 5hal SIGGT bR 8 TURALI AL L8038 diiator
speamcnf@ymctmnls wdiehaas; FobieRakiphs) grtapﬁmprrm@@erﬁuahcﬁang, etc.
di sc, a Random Access Menor , & Read Only Menory

Alte(rmelsinﬂﬁ%nndﬁp@l earep énme@ﬁew p®ceabingowgrklonds tg e shared
%arl ety of nmenories included in systemnenory 24 is
acr%s& % 9Pt ati on of the present invention. Nonvolatile

?@hﬁs@@oﬁ’@bﬂl&ﬂ Q%OEIUQ% B rﬁ@Ho‘l‘Elﬁﬁ@?%@eeZ@ﬁﬁat exchanges
rogrammabl e Read Only Menory ( | ash nmenory
datawiting sysken memory 24, System memory 24 may include a
combination of memories such as a disc, a Random Access Memory (RAM), a
Read Only Memory (ROM) and a nonvolatile memory 286, although the type or
variety of memories included in system memory 24 is not a limitation of the
present invention. Nonvolatile memory 26 may be an Electrically Erasable and
Programmable Read Only Memory (EEPROM), a flash memory or any other
memory having a control gate and floating gate that is capable of storing
instructions and/or data and retaining that information even with device 10 in
a power conservation mode. In accordance with the present invention,
nonvolatile memory 26 incorporates a sloped control gate.

As previously mentioned, processor 20 and nonvolatile memory 26 may
be incorporated into a wireless device 10, but the processor and memory may
be included together in applications other than wireless. Accordingly,

embodiments of the present invention may be used in a variety of

applications, with the claimed subject matter incorporated into desktop
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menory having a control gate and floating gate that is
capabl e of storing instructions and/or data and
woebwinidag that i nformation even with device 18CTmS2006/003322
power conservation node. In accordance with the
present invention, nonvolatile nenory 26 incorporates
d control As previously nentioned,

Congqﬁleggjam% mbli%gm@v%'\"%@mrﬁ SEMARYS Leommunicators
ona PG SLRRN B R BTSN Bis b Bppem

autca’ﬂbhk/é ataif etysared bﬁitebhaé é&fuﬁpﬁh@ﬁﬁ an%pé@fdﬂh@wd infotainment
enbodi nents of the Fresent i nvention may be used in a
produgtsethjowevap it sbauidope undetsioed dhat therseopelof dbe present

. ' d k | apt
inveisn AdaRaish Bh3Rgrd pRpE ke as! communi cators and
PeF§@ nﬂ' illEdtearedl orSembbalthent BPATonvERAiIE FheRorPicel 23D

equi pnent, autonotive safety and protective equi pnent,
thatamaydeg mﬁbam‘t\mednﬁuttmlmmmS pnd dncysd inowewaatiletmemory 26.

| d d tood that th e of the resen
O“Caen%fﬁ?ﬂﬁ fhedatag memarydgay Q?%%@Ee%s(&ﬁpm@' erplecks that may
a
be ﬂer 200 t ac?@%ms%@gtggr st antP %I tg:urﬁllhes éredsent

embardimgat provides acdtaticiuee nimmfa)ble?iio tl@mlalﬁl[éimd:ellt (MLC) that
| arge nenpry may be sectored into smaller blocks that

'nC'H%%ﬁ Héﬂwlégb'hﬁrﬁ@rdmﬁ@pryr%@bdN%e flgatofhecvanious garadiments of

A AT
arraffs) theptypdoot é#gbﬁ&hrﬁ%%e)d fb@'drogr“&?ﬁﬁmﬁé‘@hdtéiﬁs\‘l@r’dh‘é%emory

enbodi nents of the present invention are not |imted
cells/vpt Ryrtéepusnber of bhe s¢ored igua atrighe) nEmonecellr ays, the

f hs df
N A e e
I
g e

mul1ﬁ|mle rsemjllaynrsw)nlydmmmmetlahmes imEhpwinykirlsimplicapdbased on a
(only one netal |ayer is shown

[tip }] yer S
rprgpﬁﬁ mj’ pyE)rc 5§%Wrg,9fdnemory cell 200 is adapted for
embedded logic capability with low voltage and high performance

requirements. The single transistor developed in this technology may be a
NOR-type cell with separate drain and source lines for each column, or
alternatively, a NAND-type cell.

A tunnel oxide 216 is grown on a substrate 210 as a thin, low-defect
oxide which separates floating gate 218 from its silicon interface. Floating
gate 218 may have a thickness of about 800 angstroms (A). A control gate
222 having a thickness of about 2000 A is formed above, but isolated from,
the floating gate 218 by an interpoly dielectric 220 which in this embodiment
is a stacked film of silicon dioxide-silicon nitride-silicon dioxide {ONO). Note
that interpoly dielectrics other than ONO may be used in memory cell 200

without detracting from the present invention.
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CMOS process. The architecture of nmenory cell 200 is
adapt ed for enbedded | ogic capability with | ow vol tage
wanaelwgial per f ormance requirenments. The singl ePCT/US2006/003322
transi stor developed in this technol ogy may be a
NOR-type cell with separate drain and source |lines for
or altern a NAND-t ype 1.

h I , ively, A
e AR s kg Rk Vo B gnor
cos Rogk B S o1 ) Sy DPRRIR g 10,012

witihake paeddritdknessomtoatoligafd2angsormed With.a dlopedtprofile
gate 222 having a thickness of about 2000 L is forned

thalissyeases ine cyitactir-patarsPeeiags | lpaherioysreivisigustyatag in
the 'Sc?ésgig%tﬁ rIn Q)(i)(?e\ﬁtcgf' ﬁgéﬁquv&'IlC%%b ;\lllvllgclfvgg?] %vnlgﬂ‘nd ngtt a'surfhce

stli I OXi
221 {1 o B Bibatb Tt enidoi vt il Revor  Hip,
ormiFfintih () ARLR 40 16 LI BEPh DR g i

W fdngeB fReoT 90 &614G0 nens; aitgRIUght 1t upSerdshl RAGEHVENEE T W,
present invention. In accordance with the present

and; Wy enay diffefoint etbler gmbkodiaenits withentddeliradting $loopdhe present
. fil h ' t. t act -t o- gat i ng. |
invepliry ; §tp &na LS B ot AP 51o0h Vo eT8et P8nal |
nan¥hfReR (NRRoth B botdh YOI (ap Wi Udhith e B 22N ACGY, -

Is showmm t o be greater than a w
W; suah@de2Q@@®. I n this enbodi ment, wi dth WA ranges from
and wi dt h WBranges from

2 t 220 t
Tod hessl208 q&%@%ﬁﬁé?@‘f %)vubﬁéetgﬁ@'nﬁawpovatheecyv(ﬁtch
ooy YELRY ey ok B SO W Bioss oy

be gdnf etah, ireay ad@tclanhmirihag ®la¥res htidglhay @e efanged by
nanometers (nm fromthe bottomt o the top_of control
confgllimgothe amoent oj\gasey\Bspd iabatctomiocasse Shepypefof plasma

use§ RS letcgﬁ?‘b?ogezs% %%}; hbe?p (?i%[tgr%r?ﬁg A% slllgé)en of tt]r?e OIplro)(y @ ggntrol
gate 222,

Upon forming the sloped profile for control gate 222, that polysilicon
gate may be silicided to reduce the wordline resistance by providing a sheet
resistance that is lower than that of a conventional polysilicon gate. If a
silicide is desired in memory cell 200, that silicide may be a metal selected
from group IVA, VA, and group VIl metals. In the embodiment shown in the
figure, a cobalt salicide (CoSi,) 224 is self-aligned to the control gate 222 by
depositing a layer of blanket metal on the entire structure, followed by a
silicide annealing. Silicide is formed, in principle, only where the metal is in
contact with silicon.

A source region 212 and a drain region 214 for the transistor are
formed in a substrate 210, where the diffused regions are in alignment with
spacers 226 on either side of floating gate 218 and control gate 222. This

self-aligned scheme allows a sub-lithographic poly space. Source region 212

5
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process that is used to define/etch the control gate.

The etch process nay be a dry etch, i.e., an etch
wohowuwgis4a pl asma, that may be changed by cont POTUS2®6/003322
t he amount of gases used in the etch process. The type

of plasma used in the etch process nmay hel p determ ne

the slo of the ]plgln control gate 222.- Upon
may 8P A ¢ eS%H"SEég H@ﬂﬂoemrefpvso%wwoga%eewg@ont hat

bre:ﬂ&]o}ﬁhé R %‘H?erﬂ@% Qr%séubﬁ:hgﬁgh Ris iE UGS hi ation of the

[Thne re |stance by provi Shael” resi s

pregematinientienve ITHehdrain bpaco®msay bemnargat ﬁl@m}th@@bl\dﬁdd sp‘@dﬂa due
ate. If a suicide is desired in nmenory cell 200, that
to tg%l%?%ﬁ!‘%?‘c peoataet il theetiradn egDiovom group | VA, VA,

| l. sh
7l PRt iple o Palpish o AR AL 2T (i e foinlor
gatd sfruthﬂeqﬂﬂﬁéﬁiorgf”ﬁeﬂ 250, et radtd 3w cérrk&yﬁlrtllﬁﬁ data to the
bl anket metal on the entire structure, followed by a

sensg apIRliesn feell shepvniandialeo reutesrodthge moqantuata u sQurce

oo AL Akt B
confdc%"lﬁ'aﬁ{ Rigiéh @ 101 Befitife @té’r\J Q%nﬂ Pa\txl%t r #ndPsh QR 3’}%@%

ffused regions are in alignnent h spacers
depesntdedabek:vdethefmfdrdavemgeth Dxide wﬂrmmmtt rthe ogaitect etch

his se]f-aligned schene all ows
p“”%ﬁ'ﬁ‘gl FIYHB%'P & ﬁl'%o'ﬁgw aé‘ﬂa&aé'S'%ar%@f’% Bgﬁ@hslzat@zaﬁg? be
J Rk ﬁ@%t@qﬁrﬁi?n&é‘ {rgﬁég{‘ortlﬂ A«Q‘R{o‘# %eﬁ%@% ﬁ"HTPdﬂy Fowler-

a mermr erase,

Nordiéin tl$nrnﬂlngafdrlHﬁthqirbgfhrﬁfanﬂh@raﬁéétﬁ)@ﬁétld)rﬁw em afABthethe
drai n space ma?/ be |l arger than the source space due t
eof

emh?@'tlfﬁénbrfé@eﬁag faBS'ébiﬁtC%ﬁHt miak yseeCharmel H@@E@ntron (CHE)
o6 75 Shbrel B DA bERLFE. PRl ASUBH 3R
tunrMi‘h@' oH @M@lﬁn@a@oﬁéfeﬁ:'tr%‘h |F\jédtio‘i‘|e tH8rRN ot SRBAE 26
anplifiers (not shown) and al so routes voltage
archpterceune dlbistratesl BobilGe2 pegyides Actdrate Ahdrge plavenetand
storggg. €Elozg)’c\{\r’ic’g g‘% yasllhcloa geartezég?Stp?oslldggtt e ?Jarge storage
mechanism to set a specific threshold voltage or Vt level. By setting voltage
potentials on the source region and control gate, the operations of the flash
cell and the souce-to-drain transistor conductivity are controlled.

For the embodiment where nonvolatile memory 26 includes MLC, the
multiple Vt levels in memory cell 200 provide a technology suitable for storing
multiple bits per flash memory cell. The amount of charge stored on the
polysilicon floating gate categorizes the transistor to one of several different
levels, with each level representing a range of threshold voltages. Thus, the
electrical charge stored on the floating gate determines the precise Vt level
that is programmed, and correspondingly, the stored logic value. By
incorporating a substantially vertical profile on floating gate 218 and a sloped
profile on control gate 222, the critical parameters of memory cell 200 remain

substantially unchanged. Thus, parameters such as channel length, active
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contact drain region 2 14 . Anitride etch stop |ayer

(not shown) nay be deposited bel ow t he
wonvwrovizdayer - di el ectric oxide to prevent the cearas006/003322

etch punching through the isolation and causing a

short t o substrate 2 10 . In operation, a single

transistor in nmenory cell 200 may enpl oy Fow er-

Are/HHAURAN BRwics SoHPIINGr d5RINEPIYBaRPHIRE @PERlng, etc., remain
subGRA Ay AUtated Farrpgi{}?ef /BB B gAY on LBG ) gl‘eegéﬁg)

transi tOf ce use

i njFé@t Bds o @rdS@rﬁdc@ionthId@hﬁé@eoﬂOhQﬁWaﬂte méhgdiyedell 200
Fow er - Nor dhei m tunnel i ng or Channel Hot-El ectron

thay f#jrehari o ws fibe henebitaof fthe ﬁ@rmdyccgﬁrdrgﬁiﬁtledharmesence of
on AT S 0D, S e RS SRGREHE BT e o

transrstbf@kﬂﬂ\ttd? gatdang ﬂoéin@g AR W@ﬁhﬁ@'oﬁ'ﬁhtcdhtécﬁtarﬁ metal lines is
specific threshold vol tqﬁge or | evel . By setting

a fuo@amagtaal patametes) Anyrsh b%wme@ethe dyp@atastrugioines and the

backgiEmaife, T8 Ak RR, Gt 2ol g fifos, 1§ PErimintabiq memory
devicelyidltis aadbrelihbiityt where nonvol atile nmenory 26
includes M.C, the nultiple Vit levels in rrermr¥ cel |

200 hgrfigyire diugtratas enséaﬂceswotteﬂsweeﬂ dhe grajnicegtaatiandgaatrol

gatp 2 AR dob RS PRl e PR sPiinfei oIS puior on

flash eefbay Sels @hat Ra®BONEDI Qﬁté%f\ﬁ/ﬁthd&érfu@hﬁﬁﬁofll@é/?é§oh a limit as
with each | evel representing a range of threshol

the dtﬁtﬁe@%wo Ehiagducede Hpwever,cthis ehﬂnogiensn’oﬂw mnommrates a
| eve] that i

at e determ eci,se | S
slongld Pl HOWS P e orad Y Bt e Gesraed eynact to-gate
dlstﬂﬁééle\/vhgb’e Wcer Ror afd e é}n%@ﬁféhgtshé*&vwn J ﬁ?ﬁ@ the distance

profile on fﬁoatlrhg gate 2 18 and a ope ['e” on
W, font the toaieeg2 s, thlehmrttrmltga:taltopaea:mttecs:soébamrm@mm
cell 200 rerral n substantially unchanged. Thus,

greatgr than te distance ¥V Wdielefs frepythe bationy edoeof @@@ntrol
gategfbg_tﬁ@eaﬁfacﬁow ' t%gld?egaﬁ%be té%ﬁgéyihgsg g&gﬁgp 49

remal n su tane} unaf (
diffgrentéd ef onlyeabbup oqahanaaa distafice In&s@ements and

cross-sectional side view of nonvolatile nenory cell
differgpces of more or less than 10 nm are envisioned. Also, the features of
the present invention that provide a control gate with a sloped profile provide an
advantage concerning layout shrinks.

Reliability failures for memory cell 200 may be based on defects and/or
electrical stresses. Sloping control gate 222 provides advantages in device
reliability. The increased contact-to-gate distance W, lowers chances of a
contact-to-gate short that may be caused by defect 300. Additionally, the
increased contact-to-gate distance W, increases the total dielectric thickness
between the drain contact 230 and control gate 222 which lessens the effects of
electrical stress. The sloped gate profile for control gate 222 increases the
distance between control gate 222 and drain contact 230 without changing the
overall poly dimension.

By now it should be apparent that the present invention enhances a

7
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that further shows the benefits of the sloped contro
gate in the presence of an undesired defect 300. In
wobhewlotmachnol ogi es the isolation of the flashPCT/US2006/003322
transistor's control gate and floating gate fromthe
drain contact and netal lines is a fundanental
parameter. Any short between the two gate structures
nonyptatie eneyaerendll ydehanging ghe profde i mf%matsrfdom a

verliE Tratlfi pigpShlo ey Phel s BB TRAUEE Sl g Ry
proffie'diean drardrétb e saes, Mecaneel Itggie iefi 239 besibped to

becones i ncreasingly mal ler with Fayout shrinks.

imppavesihedeehmnolagy, rmuﬁém@ss; eTm% slopeg m&spaﬁﬂﬂ fczﬂth@&peyol gate is

s reach alimt as the distance
app@&é@%¥§géﬁﬁg%#ﬁﬁﬁ&%égr this enmbodi ment that
I NCYVIpY aéﬂéin&f@‘t@mdom invengbeWavewdsroillugertaee 2ad

w th and an increased contact-to-gate di stance, where
desggbed hZereinnmany easliigations, sHbsktutipnshehpngaseand jpguivalents

di st ance rom t.0 f. th ntrql ,gate .t
wif iy &ie Y6 thoSEiskIBa 18 R F ot i "0, dodfbiiftrstood
thaﬁ’\@\é"@bﬁé'hdéd ERARS 18 iRRINdRM AR e Talll icH ARt atiiLand

to the contact. Note that the present invention is not
chahpes tasdfatl ovidhiinf dveetroe spirfit @hthe mventioh0 nmin the

di stance neasurenents and differences of nore or |ess

than 10 nm are envisioned. Al so, the features of the

present invention that provide a control gate with a

sl oped profile provide an advantage concerni ng | ayout

shrinks. Reliability failures for nenory cell 200 may

be based on defects and/or electrical stresses.

Sl opi ng control gate 222 provi des advantages in device

reliability. The increased contact-to-gate di stance W

| oners chances of a contact-to-gate short that may be

caused by defect 300. Additionally, the increased
contact-to-gate distance W increases the total

di el ectric thickness between the drain contact 230 and

control gate 222 which | essens the effects of
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el ectrical stress. The sloped gate profile for contro
gate 222 increases the distance between control gate
wa286ma4dr ai n contact 230 wi t hout changi ng t hecowse@bioo3322
poly dinension. By now it should be apparent that the
present invention enhances anonvolatile nenory cell by
changing the profile of the control gate froma
Claims'tical profile t o a sloped profile. Wereas the
floating gate has a vertical profile due to charge
retention issues, the control gate profile may be

sl ohed honvotpnm/metnh@ryt @eV10e| eavipFisipigst ness. The
sl oped poly profile for the control gate is applicable

t o & PUR$ra®chnol ogi es. Wiile certain features of the

dd bed h
oty R JRE St RS changes, and
equ fisdtadnsicohdlicto® WaPsiCldrmice émslﬁesﬂﬁ'slt ; r‘i’éhlb{i‘né 8/er to

art. It is, therefore, to be understood that
prowgpemﬂeatleg giaihe f@rr ‘dwa noeveletllet meotrgrdalice;such
nodi fi cat | onsl% ﬁes ﬂ“%&'a” W|th| the true
spi% PO FiRLATERYPORVES FstisemicRpAysioLIpYE; and
m@éé’c&ﬁi’b@rﬁwo‘?ﬂm%ﬂa Er f@rn?é@%(/éta{r?e ?@céﬁd Msulating layer
insul ating |layer over the substrate; Irst
to psevidecndaotrol ghteytor thernoed odatile mémofy ldeVvide) svhadeimghe

| ayer to provide a floati ng gate for the nonvolatile
con xﬁfﬁﬁ’ felarged haweg ghelopa lnrafllen@/mha@/éwdm@rc a top of the

e R R Y

provide a control gate for the nonvol atile nenory
device, wherein the control gate is fornmed having a
sl épeiﬂhprnmméatvlﬁtmemow denicgtofaclap lofvheneincthet widith at the

top B85 8Pl B¢ PEIGHN LBl ohSerbOatns abit.fladh at e
bottwhemgést ﬁsmdbhtoaﬁzbhﬁaﬁo%’etgﬁs tfgscontrol gate

ranges from 190 t o 200 nns and the wdth at the

3. The nonvolatile memory device of claim 1 wherein the sloped
profile provides an average width differential of about 20 nanometers (nm)

from the top to the bottom of the control gate.

4. The nonvolatile memory device of claim 1 further including:

a drain region in the substrate; and

a contact to the drain region that is spaced apart from the control gate,
where a distance from a top edge of the control gate to the contact is greater

than a distance from a bottom edge of the control gate to the contact.

5. The nonvolatile memory device of claim 4 wherein the distance
from the top edge of the control gate to the contact is about 10 nm greater

than the distance from the bottom edge of the control gate to the contact.
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bottomranges from2 10 to 220 nanoneters (nns). 3.

The nonvol atile nenory device of claim1 wherein the
wehoepddizat of i | e provi des an average w dt h di f f ecemiSemb/003322
of about 20 nanoneters (nn) fromthe top to the bottom
of the control gate. 4 . The nonvol atile nenory device

of claim1 further including: a drain region in the

sutfst dhearonypiatile dpamey ckealq%%f glesinn! Mersm thapegand
insuis n§1’a\iﬂe‘?% & détraB &{Fﬁgc@% [c?(%? 9?&>{?de ‘é’h%ﬁerﬁggdnefg@t%ﬁ dioxide
(ON®)eat er than a distance froma bottom edge of the

control gate t o the contact. 5. The nonvolatile

menory device of claim4 wherein the distance fromthe

top edge of the control gate to the contact is about

10 nmgreater than the distance fromthe bottom edge

of 2.he fmhb@Iofqabﬁcéuﬁglbmascwmeﬂ%ryﬁdevw@ EeRpakRig: | e

nmemory device of claim1l wherein the second i nsul at'i ng

| amownsgaa ﬁrtsacnmdaﬁmg they e cmelrua:swbairam: de silicon

nitride-silicon xi de (ONO) . %@]A d .of _

fakarrEH‘tq adirgt pp § IcRBIBYS AR fé&r%? §T'H€1 'a\(ﬁrow ng

t i
£ PLpSIoid 8 {eobdn  @dihg I, Qu PRI ol SfcBrDnr; and
| a;fermurrgr a\sedbnd polypsiiicordlayes wivat iting skeyed nmuéatlm@eayer
first palysilicgon layer; and form ng a second

thjswthq flfﬁérpqlwbqsorbmerﬂﬁ@ Heatigpteshpwnprigpl agdpottom
portiOiid sw fai%all Iy pgﬁ?l Pl d; {j&s"@ub&%ghta ﬁtp%r{)“f RAELI tgae{ €

avi ng 5P "And PBOT o/ Por T T oRe Ry paral

surfasd of thessudesdtanbhh@vb iyerefi ﬂﬁlsé@dﬂcabotysmc@nauvéarsea @bntrol
the substrate, and wherein the second pol ysi li con

gate hawing topard ot gertons substansiel v maraligl terthgaurfanesof
the 3RSt % oBEh Sunimentinuly ' THreSGthre o8 Tof “CRetate

substrate. 8. The nethod of claim7 wherein the

control gate has a sloped profile
8. The method of claim 7 wherein the control gate has a sloped profile

and a width of the top portion is about 20 nanometers (nm) less than a width

of the bottom portion.

9. The method of claim 8 further including:
using a dry etch process to define the sloped profile of the control

gate.
10. The method of claim 9 further including:
etching the control gate through a plasma where the sloped profile is

changed by controlling an amount of gases used in the etch process.

11. The method of claim 9 wherein a type of plasma used in the etch

process may determine the sloped profile of the control gate.

10
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and a width of the top portion is about 20 nanoneters

(nm less than a width of the bottom portion. 9. The
worbtesmdiai claim 8 further including: using a #CYUSR®E003322

process to define the sloped profile of the control

gate. 10. The nmethod of claim9 further including:

etching the control .gate through a p]asma where the

sl dged Apfsthed qf§"€ﬂ'&91g"éf@rwt@&df‘r%ﬁ!gl”ﬁbf%ﬁ?'\éﬁﬁ)wta Wfireless

S n the etch process. 11. The nethod of
evﬂ:@ %%n@ﬁgel n a type of plasma used in the etch

pr 06€SivinTHYn dRt aviteless Hbeice), eRedighavblyl £ teinstbiver;
control gate.12 . A nethod of stori ng information in a

si graresreithednfoymatianrielths sigralityeone e figitrapre or a
i.n in the wirel ess device, the signal by a
secér?&aﬁggel %@q processing the information in the signal

by sepen@itha .rﬁﬂorrﬁriau@ar.ﬁ dflagh HRSABF, ESHnfed th §tfmatnag gate
the information in a flash nmenory forned with a

andfd cenirabggte, evherd edgssnef e faating gate ehadgrespefpendizular to
floati te that are nd| ular. to a surface of
a sttt phdsthsbiata Rove o VTR BraTic WNls 84Geg,06 thy coRwrol gate
ave a sloped profile. 13. The nethod of
hav%%g%lnbr?%%%@regl n the floating gate has a verti cal
profile and the control gate has a sloped profile. 14

. The nmethod of claim 13 wherein the edges of the )
corltd-olf hgdnethag, ef glaimoh avimrei the flpatinasiatg hasca yertical

profl Rl Edubl Sats T E elHRLRBIIE v i ching the

control gate through a plasnma to control the sl oped
profile where the sloped profile is changed by
cortr olfhengethodaabaleimot3 gesersirutiededges of the control gate

have a sloped profile from using a dry etch process to define the control gate.

15. The method of claim 13 further comprising:
etching the control gate through a plasma to control the sloped profile
where the sloped profile is changed by controlling an amount of gases used in

the etch process.

16. A flash memory comprising:

a substrate;

a first insulating layer over the substrate;

a first polysilicon layer over the first insulating layer;

a second insulating layer over the first polysilicon layer;

a second polysilicon layer over the second insulating layer; and

a drain region formed in the substrate and having a contact region on
one side of the first and second polysilicon layers, where a distance from a
top surface edge of the second polysilicon layer to the contact region is

greater than a distance from a bottom surface edge to the contact region.

11
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the etch process. 16. A flash nenory conprising: a
substrate; a first insulating |ayer over the

weubstwetd4e; a first polysilicon | ayer over thePETMSR2006/003322
insul ating layer; a second insulating | ayer over the
first polysilicon layer; a second polysilicon |ayer
over the second insulating |ayer; and a drain region
formed in the substrate and having a contact region on

the first . ] ysi|
A L R O e A R L
Iaye?% ¥sddritf@Nydteffiving at 16p 6P pra¥ak \K/ﬁgﬂeofhd fo6@Hhes edge is at
han a distance froma bottomsurface edge t o the

Ieas¢ énnanemeterisdnmil Aurtites ffamghermandagt tfgien sham the bottom
wherei n the second polysilicon layer is a control gate

Su”ﬁﬁ@ﬁﬁ@ €a sl oped profile where the top surface edge is

at | east 5 nanonmeters (nm further fromthe contact

region than the bottom surface edge. 18. The fl ash

neri@.y Tok ftdski mebfohef elaim tIHe:wihersin hel fisit|dotysilicay ayer is

is a floating gate having. a verticle profile ere (;The

a floggjngs apteabaviBgqe varite!e REOTB W BaResthe tRRswidgee gge an
botton? SLARALE aéd@é FSABstIh GRS S ahi LBl At € AR the 'BALAL:

region.
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