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Fl ash nenory devices are a special type of nenory that can be erased and
reprogramed and used to store code and/or data in a single data storage 5
conponent. Flash nmenory chips find use in a variety of applications that

i ncl ude swarzomgoetdhe Basic | nput/ Qutput System (Bl OS) pam/ROsis/apdati ng new
protocols in nodens, installing user-friendly features in cellular phones
and providing security to guard agai nst erroneous code. These applications

aliani 1ty and. GPN TR S i perror AP & VeiPeTant e | ength of
time without failure. One reliability concern for the flash nmenory devices

is an Infant Cycling Failure (I1CF). Any charge gain or |oss caused by
defects in eiftl#dy meRwre gy iges $fop sgecirhivee o memose thaticagh e eERfte nay

conpr om gy %ﬁ%ﬂ]@mﬁ&f LEY usddi o Q{{Eﬁgﬁoﬁg%ngg& g iMBY%ilfe bBtd oduepd in the

15 nuner ous acturing steps I'nclu epositions, cleaning, etches
and & eststpommay dlasiNewnprocepsdindans: inee dedettyooir @dilicationmetiddf ect density

in the nmenory deviges. 20 BRI DESCRI PTI .THE DRAW NGS The subj ect
mtter 1 BONPASIH THOBR s G PE: FAFErt iSSP Foenb B Bt " dnd

di stinctbast&dads efhoBrisNéseamed UdérGieRaK,/features il balsqasidieeainidon. The

i nvention, however, both as to organi zation and nmethod of operation, 25

t oget her PRAVIdNDBeALHY to faatdiPeENS AP EPUECges t hereof, may best be
under st ood byrﬂe%[a%rpﬁﬂ(?@t&ér% Eeﬂgiéé ﬁhgmégxﬂ?rgﬁegiéédth‘a?%%% ggj&ﬁgv%e” read

with the acconpanying draw lis a i agram
i 11 udt r abfi ergluaande, eblegdslitgenidodats hatentine eanpgqreatcesy @G predicodidei | e nenory

2 1o o cpodtatimeonundd Gutd: JiFSrABEBRTshdei Br RERDR EET T ha 1 vo
2006/ 09%&(&%%/@&%5%”% (ICF)., Any charge gain or loss caused by
defects in either the charge storage material or select gate oxide may
compromise data integrity. The undesired defects may be introduced in the
15 numerous manufacturing steps that include depositions, cleaning, etches and
resist removal. New processes are needed fo reduce the defect density in the

memory devices.

20 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 gperation,

25  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
30 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



shows the sl oped control gate; and FIG 3 is a cross-sectional side view of
the nonvolatile nmenory cell that further shows the benefits of the sl oped
control gate in the presence of an undesired defect. 5 It will be
appreciated that for sinplicity and clarity of illustration, elenents

i Il ustratwe® 20/®sel fi gures have not necessarily been Rravaic@Iseal e. For
exanpl e, the di nensions of sone of the elenents may be exaggerated
relative to other elenents for clarity. Further, where considered

appropriat ngf{gr have been repeated anong the figures to
i ndi cat e&og%srgh%s%gé\%é ﬁgﬁtgcr}l nal %“ﬁus el ements. DETAI LED DESCRI PTI ON 15 In

the foll ow ngl@eBas badoseseatigptal side vimymer olus nepedifiicondebani bell Hrad set
forth in order to provide. a thorough understanding of the invention.
However , FUNDET GRS RS BRAGHS: ode BYPRAE TOREF el T RS SEC iat ¢ he
present [ifentd arfdy be practiced wthout these specific details. In

ot her instances, well-known nethods, procedures, conponents and circuits
have not been described in 20 detail so as not to obscure the present

i nvention. | : i Co LR An.: clal: ] "coupl ed" and
"connected, " mta]t)\@ﬁgé \%})t}ﬁa\%#gﬁj ?ﬁ%e%)l} gfgb@@gg%ﬁa@%ﬁ?ﬁs@g%r{'@ﬁouI d be

under st cdeinbh@tilitdtesedtiv g figuesratvel miterdessaaity byerodyaven toscdach ot her.

Rat her, in parti cuh%r .enbodi nents, "conpnect ed” mag %e used tg[)eéjondi cate that
25 two' JiO"FSAEIPL HEITERFEn; (T Pinect! BAYLTEaTodP L PEFRIF Nt act wi t h

each  othekiwhblRheCOURIRE rdraNardty! thipihePBAReiN@nddReOhppRFiatd enent s are
not in direct contact wth each other, but yet still co-operate or

i nt dlactrefdremcenainerats have bpeGrepeaied awopattbe fitgesice®dpie he present

invention th . e .30 inc ted, for exanple, into a device 10. In
t he embot |r#ésﬁ§n§ﬁémﬁ,anaggﬁugg élrggrlgtg a W rel ess conmuni cati ons device, but
it should be pointed out 2

DETAILED DESCRIPTION

15 In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However,
it will be understood by those skilled in the art that the present invention may
be practiced without these specific details. In other instances, Well~kn-own
methods, procedures, components and circuits have not been described in

20  detail so as not 1o obscure the present invention.

In the following deseription 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

25  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

30 incorporated, for example, into a device 10. In the embodiment shown,

device 10 is a wireless communications device, but it should be pointed out



WD 2006/ 091341 PC 1/US2006/ 003322 that the present invention is not
limted to wireless applications. In this enbodinent a transceiver 12 both
receives and transmts a nodul ated signal fromone or nore antennas. The
anal og front end transceiver may be a stand-al one Radi o Frequency (RF)

i nt egr at eVBMEVYE+Eircuit, or alternatively, be 5 enb®ddeBd'H2A processor
20 as a m xed-node integrated circuit. The received nodul ated signal nmay
be frequency down-converted, filtered, then converted to a baseband,

digital g{mngb pré%"eﬁ@ﬁ’@%ﬁfso@@s Whﬂwﬂ&li W%:%@%@c%@pm {Hgations

processing functions that utilize one or nore processor cores. Blocks 14
and 16, embOQm%gé@émakwepmodé@@ﬂhUHc@V@msndhansmmﬁchwwHQEMMtsmoab, generate

decodes, . find o nds, . and for e ac hen store

fooul ts. RO BPEBR PP LTS L RSP BrE P ry bBE qeat cat ed to
handl e apqahdca&ineomadlsme@:qdaneyfHﬂpmémsteslmlcagsmrémf B Xuphfivedf, aghi cs,
node funcLWg etc. Alternatively, the nultiple cores éallow
processi 7Y 9d WHOS PrOCBESY Y 88l @ MiedunenssintprIatest @iEcuitA hB%t control | er

18 cont r@cas\@drmma&eu%{aﬁ A Q@fﬁeag% nﬁ%&é@ﬁ%ﬁv?g% il hepySt em menory

24. System nmenory 24 may i ncl ud nation of menories such as a disc,

a Randont@peeied tvenbasebeRAMIigital SiEaead Only I\/Ermry (ROW and a nonvol atile
included in system

menory 26, al ugh e type. or

reory 24 i < Hioeeaor PRiaY Pl Boseb e Al e TR T3 Sihvol at 1 6 menory
26 may brimatiofd eedtritiad lowelirraﬁ@%élpﬁoamor Poegr asroakd e4Readi énhy Menory
(EEPROM), a flash nenory % other nenory having a control gate and

f1 odtd ngdeerd. progess §U'E%¥MBITBG fetgh gistiigtiopmsygneErieotre odpsy ¥id data and
retal nt nopdbitls, AUGRE KO GUEa ddhofEvieR oo AcdRe 2 TRBARE gronser vatli on

mode. I n accordance wt resent | nvention, nonvol ati e menory 26
i ncor porratbplacsles peal eldnwme apag ao bAsieﬁraned)txshynmiermpbnachn processor 20

and ror g R B0y R e AT BB o) o020
ot her t hanemtiedgsthe ACRMIEEO@LYnay allow processing workloads to be shared
15  across the cores.

A host controller 18 controls a memory interface 22 that exchanges
data with a system memory 24, System memory 24 may include a
combination of memories such as a diéc, a Random Access Memory (RAM), a
Read Only Memory {ROM) and a nonvolatile memory 26, although the type or

20  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

25 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 memeory 26 may
be incorporated into a wireless device 10, but the processor and memory may
be included together in applications other than wireless. Accordingly,

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

applications, with the claimed subject matter incorporated into desktop



30 enbodi nents of the present invention may be used in a variety of
applications, with the clainmed subject matter incorporated into desktop 3
WO 20061091341 PCT/ US2006/ 003322 conputers, |aptops, nobile phones, MP3

pl ayers, caneras, conmunicators and Personal Digital Assistants (PDAs),
medi cal oWOBIGYMEN! equi pnent, autonotive safety and PEBYELLHNB22qui prent ,
and autonotive infotai nnent products. However, it should be understood
that the scope of the present 5 invention is not limted to these exanpl es.

FIG 2 ?éérHE&tre?é,%%tB?rﬁl fﬁﬁgﬁ&'bﬂﬁﬁés,%fﬂﬁpﬁ‘a%\’so %Hér&s,%‘?dmﬁ%nf&%{drsmo t hat

I
may be instantiate e tines and arrayed 1 n nonvolatile nenory 26.
Once arraykdsrsvhd DigitgleAsmsanis A Deredeaonediotattoequpiniest, bl ocks t hat may

b d_and i ng. on-chip algorithns. Further, th t 10
erbodi met ORPEVF B R SF B IS ST E: P67 PHEOWANYS NYBAIMeE | (MO ¢ hat

i ncl udesprigulitdspl i@oRbt &, REShARITBE Yin88lskeodNHR thEakopd 181 Vid p@gsnenbodi nent s
of the present invention are not limted with respect to the configuration

of tie iAYPRHRR istned ligyiesl tof theisgGHRIIAS- used for programming and erasing the
Vorory cerl 363 2rkerted 87 Syt Cornd BERG M a8 ElBOBLY, CTLl el s
(not shotwat frary = mgtantiated mudidpibltiendsagret srrefediol rysivol aoe neemdoryrdd.t i pl e

nmetal |ayers (onl ne nmetal layer is shown for sinplicity), K based on a
VB pr ouse ke B frTR St ey BN B00 T SESOa DY enbedded
| ogi ¢ capapiogtdrimetitahd QusP LG aEHp RidhiRes! arurBRee:dOykssii rements. The
Si ngl e transistor developed in this technol o%ﬁnﬁ be a NOR-type cell with
sepdfat eerdpedimenharaiifisce sirupbse poreneltehtochiedntlti-rve! QelldMi&d ithal y, a
NAND- t y : el i S o) . a thin,
| ow def gﬁ%lﬁﬁ%)%( fndﬁest '%:B@E & 3?@%@?@%’1‘ or%{ |en%£@§g}?%e§ﬁ@9$§@r%l&tn§ngls ?’?con
i nt er f acthe préseatt im@gentidb gatet ZdBiecaayithavepaat thitck restigabitiabatitth800

2 a thickness of about 2000 A is

?g?ﬁ;aog%be&g\) ﬂbqﬁ‘{y(ﬁgg%{agé%%%%%oﬁze% %?%Irg ramming and erasing tﬂe memaory
cells or by the number of bits stored in a single memory cell.

15 Memory celi 200 employs a flash memory process that may have
several wells (not shown for simplicity), double layers of polysilicon and
muitiple metal layers {only one metal layer is shown for simplicity} based on a
CMOS process. The architecture of memory cell 200 is adapted for
embedded logic capability with low voltage and high performance

20  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

25 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

30  without detracting from the present invention.



the floating gate 218 by an interpoly dielectric 220 which in this
enbodinment is a stacked filmof silicon dioxide-silicon nitride-silicon
dioxide (ONO. Note that interpoly dielectrics other than ONO nay be used
in nmenory cell 200 30 without detracting fromthe present invention. 4 WO
2006/ 0913%D PERHYUSR006/ 003322 A reliability concern P&T/USig0diodRact -t 0- gate
spaci ng of flash nenory cells, a concern that is addressed by the present
invention. In accordance wth the present invention control gate 222 is

formed with (e} .ncr e, -1 0-gate spacing.
I the 11 gur & TrRRAR RORREGe thBbol Rt RSl B AN HiPidid. P P ory
cel | 200csiBereoacaindtiat WAaddreasesin§ aloepre22dt insestiown (it ectmdgnaat er than a

wi dth WB surface 223. In this e dipent,, width WA ranges from 210 to
220 nancHleRs HHRDY A RN R T Npelngod (BR8N DS12680 RRETE al t hough ¢ he
upper anghak awREaseal e oftacto-qanel sWécingy 1lidd agulentndd Renuardediment s
W t hout detracting fromthe present 10 invention. The sloped profile

pr ovitlesth&rerase PUGIONA Hiehr aeMeanay 28 2Gtandeea armsidiihMy. Fromf#re bott om t o
the top cont rol te 222, i.e., WA - WB is about _20nm The sl ope of
control %%lés ﬂﬁg%ﬁegr%‘teérﬂﬁ?rhéﬁ’t“dﬂb% the sHrfgcerds: Pribtess that i's used
to define/etech the control gate. T C rocess may 15 be a dry etch,
i.e. anergs%(ﬁn}em,owaﬁﬂéﬂlmr ,fr(f'ﬂtlﬂﬁ Cﬁ%ﬁ/agg W&H&éﬁrsb(y%%ﬁpso"wld%ﬁg t he

amount ofV,gases fusad 90td heoeinsd) MR he Thgelk XRE IR Plass@of Wsed in the
etch process may help determ ne the slope of the pol¥ in control gate 222.
Upon f ordichtystRey §iftssda opheremodigensomtithgrt gatrachmpirophiiie BEEGRG | i con 20
gat g ghay; i1 e he r.dl.l | provi ding a
shegtO r’gts?(??stt%aﬁhcghgﬁgtp%?gr?@\%ﬁo%@g%%hag’temt;é% Jgﬁ%gﬁegﬁtctﬁoirgl pol ysilicon

gat e. | fnamongdtkiscinde fremdbsibogdni ho ieerbryoCedhtr@d0ihte tA%E, isi | Wei-de may be a
netal s (l:t eg tf#(?Pm group VA, VA and group VIII netals. In the

embodi ment 'SAGWA The fi gure, a cobalt salicide (CoSi2) 224 is

sel f-al i gned tie éibge 60RbABDL! gRLE 2L dyYbe determinant upon the dry etch
process that is used to define/etch the control gate. The etch process may
15  be adry etch, i.e., an etch through a plasma, that may be changed by
controliing the amount of gases used in the etch process. The type of plasma
used in the etch process may help determine the slope of the poly in control
gate 222,
Upon forming the sloped profile for control gate 222, that polysilicon
20  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 Vill metais. In the embodiment shown in the
figure, a cobalt salicide (CoSi,} 224 is self-aligned to the control gate 222 by
25 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 alighment with
30  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



25 depositing a | ayer of blanket nmetal on the entire structure, followed by
a silicide annealing. Silicide is forned, in principle, only where the
nmetal 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
regi ons am® pp/@kd+gnnment with 30 spacers 226 on eit he¢T/gsde/00$32¢ | oat i ng
gate 218 and control gate 222. This self-aligned schene allows a
sub-1ithographic poly space. Source region 212 5 CVO 2006/091341

PCT/ 1] Sz@lgﬁlbgpéﬁgaﬁegw&ed fo%d%dmﬁ%%& go%’é:%ﬁéég unEﬂorix nprove

source/oxide ju reakdowns durin ase, al though this is
not a |iletkddwns ofirithe mpmeseatasiensiendughnthisTBenadralimitapiacef nmy be | ar ger
t han the_ sour.ce space e ,t.o the presence of a contact in the drain
oghon BBV ERETT o THE i 580 Bvaterar HRag S06ieSA0F o ¢ ho
transi st@rthegatSerfide’ $1C4 WbRtdCD iMBIAMIrCRGIo200. Metal layer 232 carries
bitline data to the sense anplifiers (not shown) and al so routes voltage

potertial s td* §lRTES InwyidRP Relrtesra areipniageni 32 fropsohatiapsistaret al | ayer
232 t i call } i gt |
0, gt ealion, 6’*@@%@?’@% 0 el ﬁgellzéglércéfrgéfelgra'_tlg\% heoshop |ayer

(not shown) may el ow I'el'ectric oxide to
prevent sdneecomldiets gtattshopumchidregsd fnnegholttde psehabison andceausi ng a

short to _subs t 10. In operation, a single transistor |n menory cell
200 may rgﬁﬁno%{go% é?a-'” %PWE?%&[%IHW W”ﬁbé’ﬁ%fert?gtzhmp?%@‘fré’ Nand erase
oper at i offtadtndranoidy®in 2P hIRAE etdStobiIBGENnb 8RSIET Mayaf | may use
Channel Hot-Electron (CHE) 15 injection to control the charge placenent.

Whet'ifer depRRErd Releahéheninteulanel-diatpeaic aidanelpreiantEhecontastistgfect i on, the
nonvol at | & FmEy, thealfsgmti%ﬁcaltgﬁrce Jsld u?%ﬁ&ttg?.s'ugstﬁatgﬁ provi des accurate
charge pl acenent an st orage. oAt n& pol'ysiTicon gate 218 provides the
charge st orageopaethaniassingle isetiseorspecerhboy tdir 2shoha welblageowlerVt | evel .

By setting voltage 20 potentials on the source region and control gate, the
oper at i JHGIBR AdeagRor Bah EAEeT RedSsatboRsatig it FAFSPST or
conduct iemiodiment, cPBtIRIE @Ehnsistor cell may use Channel Hot-Electron (CHE)

15 injection to control the charge placement. Whether Fowler-Nordheim
tunneling or Channe} Hot-Electron injectfon, the nonvolatile memory 26
architecture illustrated in FIG. 2 provides accurate charge placement and
storage. Floating polysilicon gate 218 provides the charge storage "
mechanism to set a specific threshold voltage or Vt level. By setting voltage

20  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

25  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

30 profile on control gate 222, the eritical parameters of memory cell 200 remain

substantially unchanged. Thus, parameters such as channel length, active



For the enbodi nent where nonvol atile nmenory 26 includes MLC, the nultiple
Vt levels in nenory cell 200 provide a technology suitable for storing
multiple bits per flash nenory cell. The anobunt of charge stored on the 25
polysilicon floating gate categorizes the transistor to one of several

di fferent WO 2408+t wi th each | evel representing a ranb@/of20¢spEehol d

vol tages. Thus, the electrical charge stored on the floating gate

determ nes the precise Vt level that is progranmed, and correspondi ngly,

the, st or &da! 0lsCorkPldifon BuplREQLARLALLAN, ARUBSLATNL B! b vRRAgal profile

on floating gate 218 and a's ‘I'e on” €O gat e t he
cri ti cal syisstanidlg s adfecrashioy yhe:elbbeo?ﬁfbfnenaldmntmulgateamﬂal | y unchanged.

Thus, paraneters.,such as channel |ength, active WO 2006/ 41
PP Ushaos 003353 T4 Srkeise-SEP ahaOE Shaef EOHPBAE, MaFATh CE0abli ng, sour ce

coupl i ngthaemtherrmgﬁthesw@tfa@br #d Mob@@fzéﬁﬁblegatbyn &H@pﬁés@lﬁi@@opr ofile on
control gate 222. FIG is a cross-sectional side view of nonvolatile

memory c#l P”%Uedt%‘?c'ifiﬁf?@ hét flagioigehtahegieeifstiselatiar otthe figsloped control gate
in the pg & ’cro!l5 Qt@ dﬁfa%%hﬁgggt@? o?r?‘ih 389 ddhed é%ﬁpoaﬁgﬂlﬁ%lﬂ?' es the

|solat|o t he transi st cont r ol gate an I'ng gate fromthe
drain co%ft&ldﬁm@ﬁiﬁ' ﬁ@mﬁeten sy $lwort leetivaen dreeimoadatp atractetesrandAhy  shor t

Det veen §Dehd Rl 9L HHELULER A9 i bARKend IRl S b ofngthe drain

cont act nés, 15 de ieR eyle and
reliabi ldavwce ﬂ@da‘hedfelg:bm@ illustrates a distance W between the drain

contact and nt.r ol 222 .t hat S _lhcreasin smal | r w th | ayout
shrl nks. Thec%ﬁﬂgrure plﬁsat Eﬁ?%gﬁj %Wﬁ?r@ @8 ”tthgtd“f‘faé:og%{ ?'g;? %s with
verti calgauw ob? tres beea®bs hdréadingasmaldiayith ISYANeariNs. i Bhd 9&'@&@@' However,
this enbodl ment that incorporates a sloped profile shows control gate 222

wi t h and'ash TaEPBASIE B¥hthas copgohaates vyt vettigat brofigfeieacig Bmwes| n t he
enbodi meRE SN W el QU AowklEr, ‘i&%te%ﬁ'&?d[m\éﬁt tEf E&%oLaQB s gdge of the

control gate to the contact is about reater t an't di stance W
whi ch i sslépreshprofiee Hotwowoedgegat ZZQEW@erer)im ingat@setiocdrhactetorgaet . Not e
t hat1 ¢ he traﬁcs:éan\}vhérrév\ﬁpt CWI ! ?n {Il]e emborgtmer?t shown in the figure, the distance

W, from the top edge of the control gate to the contact is about 10 nm
greater than the distance W, which is from the bottom edge of the control
gate to the contact. Note that the preéent invention is not limited to
differences of only about 10 nm in the distance measurements and

20 differences 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

25  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

30  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



di fferences of only about 10 nmin the di stance neasurenents and 20

di fferences of nore or |less than 10 nm are envisioned. Al so, the features
of the present invention that provide a control gate with a sloped profile
provi de an advantage concerning | ayout shrinks. Reliability failures for
menory ceMO 200098y be based on defects and/or el ect PEBES20470EEEes.

Sl opi ng control gate 222 provi des advantages in device 25 reliability. The
i ncreased contact-to-gate distance W |owers chances of a contact-to-gate
short th . o e fec 00, diti.onall h i n¢reased

cont act - (g FRUCTHARIRCE Y PRuRiha B ool bt MY Bt fdhickness

bet ween téeicdrmofilecant akiped3Nofind \Whaltceothgidaing2atevhash veakaens the

effects of _electrical stress. The sloped gate profile for control gate 222
o easel R0 ST A BRr RS R PO Ot e P Bt b A dddn act 230

Wi thout phRRbg M@ tbhgholQWeicaLIsINBSL. YTIH @l@g@d Q@Ig gﬁwn@wmé comesilygidie appar ent
that the present invention enhances a WO 2006/ 091331 PCT/ US2006/ 1103322
nonvd?at?ﬁ%mﬁ@ﬁﬁ?ya@%ﬁwh89b8ﬁ§nging the profile of the control gate froma
vertical profiigid Qefaif fRRERPEPIHd Bye MG 2% bBSH fiLeRhIGAt e has a
vertical profile due to charge retention issues, the control gate profile
may be sfiegseided berdinpmoang roddificadimsolsobstitutbust sresges Tared sfidpadnisol y
profile f e | gate,is. | j.cable t.o fl e | ggi es. Wi le
certain p@g?%$é§%§P¥§ﬁgp n@%%?f@ﬁ%ﬁggﬁ Bé%ﬁheﬁﬁgg’ﬁ§3%ﬁa%%£&%8§scribed
herei n, tmByhérapbdérideat 4ieinss apubtdndedttb adser siN80gesodichtidfyianal ents Wil |
now occur, to those skilled in the art. It is, therefore, to be understood
t hat'® hechisigendedat vahig the druenrdiigddhed ¢ Ha™ al | such nodi fi cations and
10 changes as fall within the true spirit of the invention. 8 Cains: 1. A
nonvol atil e nmenory device, conprising: a substrate;



a first insulating |l ayer over the substrate; a first sem conductor |ayer
formed over the first insulating layer to provide a floating gate for the
nonvol atil e nmenory device; a second insulating |ayer over the first
sem conductor |ayer; and a second sem conductor |ayer formed over the
second insulating |ayer and above the floating gate to provide a control
gate for Cidi@s: nonvol atil e nenory device, wherein a top wwdth of the
floating gate and a bottomw dth of the control gate substantially match,
but a sloped profile of the control gate has a top width that is
substantial I y1l ess At hapvsheilbahtamryw éiibe, 2ZonThesimenvol atil e nmenmory devi ce
of claim1 wherein the width at the top of the control gate ranges from
190 to 200 nné HG'PHE width at the bottomranges from 210 to 220
nanoneters (nas)rst hsuldttgnenepbati tre mﬂmtfagedevi ce of claim1 wherein the
sl oped profile pr?w des an aver age fWl p di ff rential of abou

"5 OpGE

nanonet ers (nf) " GHRMTARTTHHCT & ot Bt ehé'r%o'ﬁ‘lsii@lt'ngaltaéeri The

nonvol at plevitenonyaiteygee @f tﬁbaiomvauza‘twéwr@ﬁormaéudeng a drain region in
t he substrate; and aﬁcont ct to the drai ion aced apart from

the control §at3° dHArEaLNdi'aYANRE T E rﬁttggﬁ“% C(S‘f’r ?39(3 chtrol gate to
t he cont act |s sge@ad %I’ent!l_‘il_@rﬁ’titactdt Séwceorfnfmoazebghtaom@dgef |:?)sfu§tihzg\(/:w(3lntrol
ate to cont a e nonvo r evi (0] C I m ereln
TneS U sl apee Rl ab b rgn T BaNeC B el osaRear gactnie! tdaste bt alie "Te! Shout
10 nhm gheawlbtmehammh$hdesxbanmezré|@m tdﬁl[EV\bdtH om@geaaﬁgtmemniaol gatﬁ
to t he tact e Vol a rein e
tocond i ROUPES g™ S5 ik Feldl i e S s aRh: B8n S St o

ni tride- tisd bocoo! daxhde o NOwidth that is substantially less than the bottom

width.

2. The nonvolatile memory device of claim 1 wherein the width at
the top of the control gate ranges from 190 to 200 nms and the width at

the bottom ranges from 210 to 220 nanometers (nms).

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 conirol gate to the

contact.

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

the contact.



7. A flash menory conprising: a substrate; a first insulating |ayer over
the substrate; a first polysilicon |ayer over the first insulating |ayer; a
second insulating | ayer over the first polysilicon |ayer; a second

pol ysilicon | ayer over the second insulating |layer and in a plane above
the first polysilicon layer that is etched to have a tapered profile where
a top width i$.| es3htehawnacbatieomamdtih; d@mdeaoﬂnahhnregwoarémrmbd in the

ol yei 11 S6a0h sy BPLPFRg: SRR 2 L BN, o8l TR P PskhotlfCent o

t he secondiconsidatie fONCayer. 8. The fl ash nenDry of claim?7 mhereln t he
second polysilicon layer is a control gate having a sloped profile where
the top surface edge is at |least 5 nanonmeters (nm further fromthe
contact regiofi. thanflaké batrbony swrfipdeiregige. 9. The flash nmenory of claim
7 wherein the fK&s on5|I|con | ayer is a floating gate having a vertica
profile where e SB 'surface edge and the bottom surface edge are

subst anti al | yadirsamsuthtstcarger bremttchsubgtomtkeact regi on. 10. The fl ash
menory of cl ai qhg source e, drain region are forned

in the substrate %ﬁgﬁgq§gpqa¥380¥%gloné“ﬁﬂ@saﬁ'ﬂgl ﬁ%ﬁent W th spacers on
ei ther side of gdventiinstiapobyiayéi cosr thayirst loatsilidor lyeg fl oati ng gate and

the second polysid i Gohs | &Yi8hntBat: § 98 s SOMd MsuiSMS1at? and in a
plane above the first polysilicon layer that is etched to have a tapered
profile where a top width is less than a bottom width; and

a drain region formed in the substrate and having a contact region
on one side cof the first and second polysilicon layers that have

substantially matching surfaces adjacent {o the second insulating tayer

8. The flash memory of claim 7 wherein the second
polysilicon layer is a control gate having a sloped profile where the top
surface edge is at least 5 nanometers (nm)} further from the contact region

than the bottom surface edge.

9. The flash memcry of claim 7 wherein the first polysiticon
layer is a floating gate having a vertical profile where the top surface edge
and the bottom surface edge are substantially a same distance from the

contact region.

10. The flash memory of claim 9 wherein a source region and the
drain region are formed in the substrate where diffused regions are in
alignment with spacers on either side of the first polysilicon tayer that
forms a fleating gate and the second polysilicon layer that forms a control
gate.
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