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present application clains priority fromUuU. S
weraniozicenal Application nunber 60/ 750, 162 fi | POT/WR2006/047831

Decenber 13th, 2005, which is incorporated by
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Menory devices are used for internal or externa

storage in electronic conponents including, but not

limted to, conputers, digital caneras, cell phones,

MP3 pl ayer s MEMORVTELL AIAVINGSSTRESSED LARERS , Vi deo
gane consol es, and other devices. There are several

different types of nmenory devices, including volatile

and non-vol ati |l e menoCROSSRBAERENCGEDry devi ces

require a steady flow of electricity to maintain their
contents, such as for exanple, random access nenory
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operating an el ectronic device. BXEPROM (el ectrically

erasabl e programuabl e read only nenory) is a type of
non-vol atil e read-only R%NNP that can be erased

by exposing it to an electrical charge. EEPROM
[ nprise a nunber. of menory cell s that
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transported to, or removed from, the floating gate by programming or erase operations.

One type of EEPROM is a memory cell that has a floating gate field-effect
transistor capable of holding a charge, such as a flash memory cell. The flash memory
cell provides both the speed of volatile memory, such as RAM, and the data retention
qualities of non-volatile ROM. Advantageously, an array of memory cells can also be
electrically erased or reprogrammed using a single electrical current pulse instead of
one cell at a time. A typical memory array includes a large number of memory cells
grouped into an erasable block. Each of the memory cells can be electrically
programmed basis by charging the floating gate and the stored charge can be removed
from the floating gate by an erase operation. Thus, the data in a memory cell is
determined by the presence or absence of the charge in the floating gate.
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determ ned by the presence or absence of the charge in
the floating gate. An exenplary nenory cell 20

w@ompni®es a substrate 22 conprising a source PAT/aRIOE047831
drain 26, and channel 28 therebetween, as shown in
FIG 1. A tunnel oxide layer 30 allows el ectrons
traveling between the source 24 and drain 26 to nove
to a floating gate 32 which holds charge. An
inter-gate dielectric 34 lies above the floating gate
32 and a control gate 36 is over the inter-gate
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cellPopghionTedicelraslge remains in the floating gate 32 of
the cell 20 wi thout dissipation. Typically, electrons
in the floating gate 32 gradually tunnel back across
t he t unimdweyer,dehileay eren8y et 20dhaving srdalsr featuees Gareprovide
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remains in the floating gate 32 of the cell 20 wnthout dissipation. Typically, electrons in
the floating gate 32 gradually tunnel back across the tunnel oxide layer 30 over a period
of time. The leakage current of the ¢ell 20 is a current that occurs from electrons
traversing the tunnel oxide layer 30 during a storage cycle or idle period of a
programmed cell 20. The leakage current eventually results in total discharge of the
charge stored in the cell 20 resulting in the loss of the data or information stored in the
cell 20. The higher leakage current and increased charge tunneling occurring in the

thinner tunnel oxide layer 30 reduces the charge retention time in the floating gate.
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charge stored in the cell 20 resulting in the |oss of

the data or information stored in the cell 20. The
whe@herosse£akage current and i ncreased charge teemesiongo47831

occurring in the thinner tunnel oxide |ayer 30 reduces

the charge retention tinme in the floating

gate. Reduction in thickness of the tunnel oxide |ayer

30 al so degrades the quality of the tunnel oxide

thereby further increasing the flow of | eakage
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e i nvention wever is to be
aPMN@@ﬂBﬁood that each of the features can be used in
the invention in general, not

DRAWINGS

These features, aspects and advantages of the present invention will
become better understood with regard to the following description, appended claims,
and accompanying drawings, which illustrate examples of the invention. However, itis
to be understood that each of the features can be used in the invention in general, not
merely in the context of the particular drawings, and the invention includes any



nmerely in the context of the particular draw ngs, and
the invention includes anyconbi nati on of these
wo eavares4 where: FIG 1 (Prior Art) is a PCT/US2006/047831
cross-sectional side view of an enbodi ment of a nenory
cell comprising a flash nmenory configuration; FIG 2
IS a cross-sectional side view of an enbodi nent of a
menory cell conprising stressed |layers to induce a
strain in adjacent substrate layers; and FIG 3 is
congrdtioonaflthesadfeaturesy wieran enbodi nent of a deposition
- chanber suitable for formng a stressed | ayer on the
substrate. DESCRI PTI ON An exenpl ary enbodi ment of a
menory @i tEéPAgAt)oapriressrgectionabsitie viayw of am embodiment of a
I shown in FIG 2.
me@é?%ﬁ%@}@‘éﬁéﬁ??ﬁﬁﬁgﬁylﬁ%ﬁ;ﬁﬁg{nér& wth reference to
a menory device 100 conprising an enbodi nent of a

Menory ¢G5! 2 L8 chakidugtiand) i vigw Blah SABAIHERRbE Q'Fmemory cell

however, the present invention can also be used wth
comprigilg $tgseed Aver fhinduge @i stiadn inadiacen subgirate layers; and

i nformati on as woul d be apparent to those of the

or di nar Kj n the suc RAM SRAM or DRAM

cont 1 guiS bissseqtaa s eyt Al S PRAGIRIT oK S SRBAPGOR Griamber
suitblel fonformthgt ® stréssed Ibyert sratheveibetredi ment s shown and

descri bed. Al so, the flash nenory configuration can be

ot her configurations, including but not limted to

t hose shown herein, such as configurations having

triple wells. Further mrﬁESb{QlﬁnM d be noted that the

various | ayers and configurations described herein can

be formed on the substrate in any order, and the

process apf e ﬁ%é&derg&‘h\%ﬁt 5%& ﬁ;én%r? d%m?:‘él I BmBsing a

limted to t ructure 1S
subgisaterwiraveriina siress-igdveing é&yeﬁ%ﬁeﬁ*@“ﬂbm ”&ndeniheneresent

invertBR S lb¥ratbh witFBBRséneStd a H&n&r@'ﬂ&vic%e’ﬁo(ﬁc&n?ﬁ&ﬁg an
substrate 114 conpri sing silicon or o

embodimephef & Memory cel |"éP§‘aé!lﬁ'@H3 gaﬁrg@ﬁm gRNfigyratien; however, the
pre@ft FRINtiBh cgﬂldlsotm asSewitd %tthé?rtyyi&”@‘l rﬁéﬁ“ﬂo@ﬁ&eﬁb@i gk can store
Qone vers| on e s at e CO
infolatbas Warlh ba 20PSTETLR B0es Bf FHoPrBnan FRl i Bie 3, ueh as RAM,
SRAMGr DRAMRohfigutatioas; t;haé emecpmmnrntmzenaop shgwa redt eedintited to the
A el e oran

h d .
nusfigfiye BieRaliens <Sodp s 4RO FR: fasrifghi FpBfibration
candizonthed edrfibataticsispimcludlinly mmomummﬂ dortiRsefshoswrengrgimguch as

conPﬁ;ur%H{Jﬁéﬁ!a\gh% 'trﬂéi& Qve?i&G Fﬁﬁﬁ@!nkér%s 1t§h£8|¥¥et§e E&g& %Hétrtﬁél- \BRous
layeyg gnd @oaﬁgwathuqu@s__cnbed herein can be formed on the substrate in any order,
and the process of fabricating the structure should not be limited to the order in which
the structure is described, which is selected merely for convenience.

Generally, the memory cell 110 comprises a p-doped substrate 114
comprising p-doped silicon or other semiconductor materials such as germanium,
silicon germanium, gallium arsenide, or combinations thereof. In one version, the
substrate 114 comprises a P*" silicon wafer having an overlying P~ epitaxial layer 116.
The P™ silicon wafer comprises a p-type element such as a Group lllA element, for
example, boron, doped into silicon in a concentration of, for example, from about 1x10"°
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atons/cm 3. The flash nenory cell configuration is

essentially built on the P epitaxial |ayer 116. One or
woreg/0%sed | ow i sol ati on trenches 136 are for neERCDOS100€047831

substrate to isolate arrays of nenory cells 20 which

are to be fabricated on the substrate 114. The shal | ow

trench 136 is fornmed by a conventional |ithographic

etch process, for exanple, by depositing a mask

conprising layers of silicon oxide and nitride,
to apatt ’Bﬂr@z%gtonlﬁcmﬁskn loxgdyieg PaeditatiaHayer 11Geccenmmob lower

e 17
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Iawﬁqgsexanple a first layer 138a can be silicon oxide

and a second | ayer 138b can be silicon nitride. The

trench liner |layers 138b of silicon nitride can be
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| 1 ow tregch 136
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e ep03|te

I'nventi on | CONn OXId
cantbeemedm heatigg the swhptrade ima eavipnraenrt| qc@"‘@ﬁ"?ﬁ an Qﬁygen—
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trairn |ines € silicon oxid
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dlel§bt|r|bCQJ"bhOé@ Qﬁccﬁfﬂéxlfib awhigM %sr\/ég t6 tele%ﬁca‘ﬂﬁdl l§d1@t€&$’lé g‘i&ﬁ&y cells
is selected to provi ae eslired nagnl t uae

1105 BN NG BYICPS GRAMS SUPSIAIE < Wikl thi Pt ceggriSad as an

initiat pro88Snd 8i¢p! iscadURELS hoRsitRg: thefshialbw nitdnghhisghcane formed at
uce at e}st about 0.5 GPa or even about 1 GPa

S”bBFqgefrﬂggcersrﬂ'lﬁg?ﬁ@ ‘channel |ayer 128. The stressed

silicon oxide exerts a tensile stress that inproves

the ohal gL SLEllh SRS SR Hbn HEGR S dobdifea in tne

floati nd oper ati € nmenor
shalld® treffch 1SRdaptressadio ledtu@a mslla)seralrwm me@mcmy@etl kryers as

snolSTHUMABSIPY 57 bR 155 s, RSO dE & bontec
unc[eg nredeisp gopdidians to form a stressed srhcon oxide and the level of stress of the
stressed layer is selected to provide the desired magnitude of stress in the surrounding
layers. For example, the stressed layer can be stressed sufficiently high to introduce at
least about 0.5 GPa or even about 1 GPa of stress into the channel layer 128. The
stressed silicon oxide exerts a tensile stress that improves the charge retention
properties of charge held in the floating gate 154 during operation of the memory cell
110. For example, the stressed layer can reduce the quantum mechanical tunneling of
the electrons through the tunnel oxide layer 150. A reduction in such tunneling occurs
when the silican channel layer 128 is strained under an uniaxial tensile stress. Since .

the retention time of both NAND and NOR memory cells is directly related to the
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when the silicon channel layer 128 is strained under

an uniaxial tensile stress. Since the retention tine
w@boobotdseNAND and NOR nenory cells is directl| yPerUst086047831

to thegradual |oss of charge via electron tunneling

t hrough the tunnel oxide |ayer 150 and into the

channel 128, the retention tine of the nenory cell can

be i nproved. The polysilicon of both the floating gate

154 and the channel 128 can al so be strained to
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ﬂmeaﬁfthegfﬂﬁa&mgcaﬁe “Sninrile i BUpBng B cbieRier B e memory cell
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| e stress being developed in the layer during the
celt%%’g’l'gf‘fqt'eﬁsprocess For exanple, stressed silicon
oxi de can be deposited in the shallow trench \ayer 136
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ngduwsmtrﬁatnbprmsgh@d%ﬁ)owml it adDietrasthaixy Sllam CFEDS) based
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I co 0SlI t1 On process,
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[1con oxide in the trench 136 th the abill
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in s fibgratetaf fran a’abluttiiﬂmmgn“ato about 10000 mgm. The gas pressure in the
chamber is from about“10 to about 800 Torr. The substrate is maintained at a
temperature of about 400 to about 600°C.

After the silicon oxide is deposited into the trench 136, excess trench
material is removed by, for example, chemical mechanical polishing. As deposited, the
sificon oxide comprises a tensile stress, and after annealing at low temperatures, it is
transformed to a compressive stressed film, which remains tensile stressed inside the
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tenperature of about 400 to about 6000C. After the
silicon oxide is deposited into the trench 136, excess
wo e@noesat erial is renoved by, for exanple, cPeNiUsSENG/047831
mechani cal polishing. As deposited, the silicon oxide
conprises a tensile stress, and after annealing at |ow
tenperatures, it is transfornmed to a conpressive
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versiom, tbaambmlzen maogeowontwmn@gasﬁeohtreﬁamﬂ isto thegethaamartat a flow

ratel& ?a%%%&g» 3 8&0103 t@%&t%oé'écbﬁ\oana%@ emgwaomammg
I N uce at a

gasaﬁ wtomed@émflow el af, fwagruéfm from @bSIdbl:% E‘F@“ é@ appt 500 sccm.
Theoﬁr‘é§§t§f§ &Qﬁe For 2 %b@'.é“:%ﬂté’in@& td b8 Woﬂbsséutlﬁb rﬁ’ffefrfto about 10

t o about stressed licon nitrid

Torpe Ad%tm@ééd'csﬂ nittide EavRr caAn Rerdaposited at 4Q5C wﬁh aﬁaﬂﬁ"e stress of
about a{ rasi1.} é’P@Pa shbhldﬂiééﬁét@d bﬁat(rjtﬁ% egeéiat ?lri]&tsh ﬁltrfdésé‘e&dbe

e can e epos e 0 €
derpgted POt B i VERET TRRGF R e et 45 T4l dpver 160.
Expbelre foipaviolt lightdanrise bé ebed t@rémeanhydregem éromrsihe silizon
it € TR O NSRS e e fo e SRR U o U e | L°

| ayer. The nenory cell 110 conprising a stack of

ayers Mg Rufolytdfyidis, @b{.gﬁg% SHESL Bhdts ARl the

retai n charge.
siliooxi sidystratecto tmmbr@mmcs\amy sTme slaakesklayers tdainclude a tunnel

oxiddfaGEP P56 cOhphi&RS slife8A o3R4h aliiRkness of less than about 100
angstroms, for example, about 70 to about 90 angstroms, and which is formed using
conventional oxide forming methods over the substrate. The very thin tunnel oxide
layer allows electron tunneling, but this tunneling is substantially reduced by the
stressed layers around the memory cell. A floating gate 154 for holding charge during
operation of the memory cell is formed on the tunnel oxide layer 150 and is typically
composed of polysilicon. ' '

Before or after various deposition and etching processes, the substrate

7



angstroms, for exanple, about 70 to about 90

angstrons, and which is fornmed using conventiona
w@z00dm7d664 M ng et hods over the substrate. TheP@EUY2006/047831

thin tunnel oxide |layer allows electron tunneling, but

this tunneling is substantially reduced by the

stressed |l ayers around the nenory cell. A floating
gate 154 for hol ding charge during operation of the
menory cell is formed on the tunnel oxide |ayer 150

surfand cap beypilished ysiograepyentiosial poemisial meghaniseifralishing methods to
sm@Jtt; Béé’dJ ur‘i‘&&os’rﬂ%éﬂn@ﬁ%ﬁ& 8% B&lfég\m o% Fst the

stra esurtace can hed usin

_ subsiiat sufacameitna Pelishing SI-EN therehetwrsmtomslshéine Aubstiate surface.
TheepRRMEE sSHbESfEpolith8d SMAoPidReHitdtd %é‘dé’[&l}éltﬁm é‘rﬁh pateerning of

agai nst the substrate surface wth a polishing slurry
ovefiipgdaarieen t o polish the substrate surface. The
pol i shed surface is poli shed snooth to facilitate the

ot hod Jh OaBHStBas PEIREERT oarRty coaate TPas Heca8d mask to

formshétwasépdratel mdrsptétfédtmnse‘pm;addere@rmhssmeﬁmm@ewe as the
SOU

ch
sl 1 i 9T 12, SR g SRt AR B TR e, for
exawple| (E)rarsenicf{As), ©x antineny ($’t)) Bypiaaily ctheAsliopad regions 126a,b are

o BTN S be [l Yor HaFle LARREASE) WLR1 2208 bout 1010

an beé
abogh 106@ kgy anelvtela ddsaigearhakbout tqaxt@ amms/c.r:éoe\rkweahus

roEéEsac%Pé@ BErFOim &P R L tarii Eé)t}%xig: rré to Sttfii?ﬁ?el ?15 The source

annea process can e per

12G and ﬂrmm eef@ea BShaane %gh@f@emw yhiekis Slmlydﬁé p-doped
regféh%sfrihelaéba%fté ﬁqm&h@a %wéﬁtﬂef&a@@ﬁm%ad d@&hqml n

regi on of the substrate 114 t
OPQT%%P l%‘t%@ﬁ "W@’ *@ heghagRel Weirem thg soyrge 120 tOWards the

draPPErBihen an@laﬁhé ﬁéla né égyl@d é&ib@sUEHé éHﬁa@m@hﬂmﬂ efrhd Bhgth of the

chapneil 34 Svaealvimeasitst B dbe distelice HanwOeh Bk, HEe Boing egiges of the

soureNg2hand drdir 10BaRgbicARBirorh\gbiott O Yo aBastkamas t he
di stance between the inside facing edges of the source
120 and drain 124, is typically fromabout 10 to about
90 nm AmlhtHrgatgdtedseuim@h%tsrﬁo:mé&@bbse tror aedinglgmie 154. The

lnteﬁ’ gﬁtéoélg?e | co OXI gl sili l?)‘?\ Rﬁcﬁee{aggfa&e? ﬂ’. fﬂu?er%f élﬁco]n%;(lde and

SIIIM|MEIdan dn gunreiﬁowedmmbwiment rﬁh%tlmre@@tmd@eieetnbd@mmmpnses a
siliéo'ﬂ%ale /&[m&?ﬁ:?rd@/&l & e gér E%dqﬁﬁ%fé’rréd {d QQFn Q/N/O

rcon nitride/si ayer conmon
stryctifrer wbightcandaclage, (pre:@rnple a lower silicon oxide film, muddle silicon
nitride film, and upper silicon oxide film, which are sequentially layered. A control gate
158 is formed over the inter-gate dielectric 156, the control gate 158 typically composed
of polysilicon formed by conventional deposition methods. A silicide layer 168 is formed
over the control gate 158 for better electrical contact of an optional overlying contact

{not shown).

Optionally, in a silicidation or salicidation process, a metal layer, such as a
layer of nickel or cobalt, is deposited over the control gate 158 and heated so that the
metal reacts with the underlying silicon material to form the silicide layer 168. The
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structure, which can include, for exanple, a |ower

silicon oxide film mddle silicon nitride film and
wap@en7®sd i con oxide film which are sequenti aPCTUS2006/047831

| ayered. A control gate 158 is fornmed over the

inter-gate dielectric 156, the control gate 158

typically conposed of polysilicon fornmed by

conventional deposition methods. A suicide |ayer 168

is formed over the control gate 158 for better
silicideclayei €8 cavhe somposed of,dpt éxaraple oniekehsiligifes dungsten silicide or

cob%ﬂ%fhcﬁ%‘?m)- Optionally, in a silicidation or
sal ation process, a netal |ayer, such as a | ayer

of nickel or cobalt, is deposited over the control

gate 153’0’?\%%(:6%%)%35 9864 %aéreta%% foRhad o"véﬁ‘ﬁfessd/Mr&@ﬁb @nd drain

under | licon materi al formthe suicid

12416@93‘1‘3%/\\&‘& FQ:WOV%V@C“P@QB Cefétﬁchtéett’éﬁ%é’é%Be%?ns f%q %24 and an

uniSdidcrcdIboiakt $10 shdlaraih doRBEEMOS BhWAEb@h of WhidH typically
silicon | ayers 166a b are also forned

suj ci de. Pol
CoanlJfl?PIal ﬁ%”‘gﬁﬂ¥€§‘alt2b°%ﬁ' Wedratedl, respectively to

i mprove el ectri oal cont act between the regi ons 120,
124 and unI rce contac
cont act "(43‘8{"“5 %E? PEICoRAICE p| cip‘?dq%%"“ i% Ons of
higlogridutplagt leeels| c@nmiyrkncgvmm laalloalandAmsl (npbsmwn) whlch are
I l%:%% 1V d to formregions
use'drfB é&& rio‘g“r'%{?lénp aﬁ?&?égygfhg gmnnl y known as hal os

and t| ps (not shown), which are used to reduce or
prevent 1¢RahGRHAREST £10 ARIPRY BSmp{Q@s %W%Mﬁgél 162dAich has a

further conprises a cover |ayer 162
P'U@I"t}’r%fl 'i’!(%fs afanc&yém@!ucﬁ% athitdida spaegrutRd, Qxﬁlet'?YQfemo“péB@ Pre-metal-
depb@ﬁlonQPM@ lhparer74l Qﬂd !@fwnﬁﬂ%\lgﬁﬂﬁ stegrosf biyors '(AQND} should be

174, and i s nF%&R t he stack of | aél?{ﬁse

”°t13“i’ ‘%‘H&H‘B”ﬁ@%&?é&w repeni BYSRjiophthat fg it ?%er 160
and668€ ﬁilyersﬂ V@mtzag Be Llsbdtastrh@?jk'sl tbrfbshe Ea@a@ a’:oréﬁﬁ tiangolysilicon

OXi a C sks to rm.on
lay gt 608 RS puers 105 2ha s BB sheef ctuBhE 1 Php e The
preddtabdepdditortager 174 nelgvefHa},tmmg the gtazk ©f 1&@as bnd Theexposed

0 n 7

sub%% §Eekpor?o?9 8% ?nca e chraé(( méai S,éé dg go S : rg%éelgg%%ﬁdgﬁ% a glelectnc
layenridpodided bmr tbraiticbs hitrds ildviecohaidiglédtec layge cane/ tar example,

smclfyneo)&?é _Hn%s{:ﬁé@'ic %p%@%tﬁoﬁﬁtgﬁ?r@gfﬁcﬁel élQQs,n r?p?o?'oélﬂc‘i?e glass, and

ectr ayer
ph@p%p@bcpatggﬂagség opnespROSH qior@@ldesﬂgqoggude among other materials. The

co tql?b‘?%grlﬁﬁé)ldd@ti Do $72, RHias Is' dxpRkEd %r@ﬁ?h tiEover layer 162.

phosphosilicate glass, ozone-TECS derived silicon
OXI de, anong other materials. The

in another version, at least one layer of the stack of layers 142 or of the
cover layer 162 comprises an overlying stressed layer that induces a tensile strain on
the memory cell layers. For example, the overlying stressed layer can be the stressed
silicon nitride layer 160. As shown in FIG. 2, such a stressed silicon nitride layer of the
spacer 160 would be formed over the floating gate 154 and channel 128 thereby .
resulting in strain in these layers. The stressed silicon nitride layer 164 can be
deposited by a plasma enhanced CVD gas previously described, in which the substrate
114 is exposed to a process gas that includes a silicon-containing gas and a nitrogen-
containing gas. The silicon-containing gas can be, for example, silane, disilane,
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contact 170 has an exposed portion 172, which is

exposed through the cover |ayer 162. In another
waeergiooses at | east one | ayer of the stack of |BYBUS2006/@47831

or of the cover layer 162 conprises an overlying

stressed layer that induces a tensile strain on the

menory cell |ayers. For exanple, the overlying

stressed | ayer can be the stressed silicon nitride

| ayer 160. As shown in FIG 2, such a stressed silicon
trimethyisigte(TNMSE nruslﬂmtétbylamtresna]:ﬁﬂ(Tm.Mﬁ) Ibés (fevtiargdbutylamino)silane
(BT?I%\S f {il%ﬁltémps%ag gp#; Q{]‘g éu%np § fl’m%? tfh %‘rht%%tsros%edw-containing gas
carghd, |fmmxammleJ alam cayee nitded@yenc and lcemﬂmat@ns dherbof. dnEdalition, the

I

pro 5%@#535‘3 %?Rpa?rzagl(lﬁ%ﬂ%t %hgcﬁ"ns’rg &%cg%lygéagoﬁ‘ﬁéﬂ?ivé s, such as
nitrogesl, lhedsmperrgpn. oﬂih@ @mngmqqs@ qjg@, sgye hoth as a diluent and at least
parﬂéﬂyr é&@ RERIYeAL &nwnﬂg%asTW%éé Eh&Qfek Ol 4Y f%g eﬂér%pféaan RF or

Tor exanpl e, | ane,trimet hyls

mIC(me er@qrgg@aﬂﬁgpﬁygtaﬁl{lm gitnidenen (hmmra e, ene¥g|zes the gas. The
proBé§s( dRbrieléns; mwésamertearﬁkkam@ (;BE %AS}g.zéH soWeSFEl] gateRows and

nd conbi nati
lovp (41108 S RIS A Br P B ekl i Progider 3 piressedislison piigRngving the
desireti tggeand eiEgnt0dd on stréa3n SAﬁ b%rﬁplfary procagsli lcbmqorisest ifer example,

a PRGBS B3 SotelBhordane s Aot o anahls 50 ahutg spem. anc
amuowonix igaflow nate rof froog ebowt i) talatmuiséﬁ@ ectyot [Thepracess gas can also
mcl%% Hﬁm&eﬂﬂﬂ alov, RS b RBAT i@ddt %088 t& about 30,000 sccm. The process

cont al ni ng gas. gas energl zer, sucC
gasemawglse cmﬁalmraddmonabgm\wcara@r@ %fgent@mp@gugas for example,
oxy?bk' WhEn Bébéé‘gf%giﬂcéﬂ@xys Hﬂ-’?c}]é @\taf‘er f(ejﬂie%@ St ecxﬁed in

process neters e erat ure, gas
thesg, erqyeﬁées ptmlea! das\spssuges afg mm alyeyt f3|t@wbpat 1Q$oEhgubstrate

tenﬂfe?eﬁﬁ#érseareaﬁcﬁn %@b@pécﬁﬂtotgodacogle@ﬁoae §bé&ﬁ§ @éifréml 4R 5 mm (200
nitrid avl n desired Xwe and

milg)t @bt 7!@1"@2%‘? BYily): Sredes e Ehﬁwﬁ‘@e%f trogh a@?%@eab%t 100

Waﬁaoe@bstrsmeﬁr@@mmfé a¥ciéd ﬁfeestterssa/ameow theldepositdd siliton nitride
to apout _ 100 s

tay§F Aa Britasatord 67 Ao ROEIC B ceband et Biridies 8 tensite

stre&3valesef dligbtlydeerr8al M@enat thedighertempemtofe dfrabouaBBEIC, a

en§0Rdeh Y bt PR g B 856385 SRR Al pgur s,
a tegmile sfress ealneof 4200 MRpewas wirasudehosi ting silicon

oxy-nitride materials. Unless otherw se specified, in

t hese processes, typical gas pressures are from about
3 to abdie stessed oxidetgtitride dayeserpen slserksstraatedmafterdeposition to

moénﬁ%p s’iﬁé%st.mr@QQQn &1 é%(éH;QQ %{%ﬁ’é’d?fy% e Jth%bﬁyaroaen in the

I's) to about

strqssg ayea.ﬂyoy% M\é@b@!ﬁcﬁsort BePRIPOTHE- \éﬁ%@p'es%m’aﬁd@ for
dedo%ﬁih@rsﬂtc%h%tﬁﬁé%HQﬂhéh&yé*sr\ﬁﬁSdéﬁﬂeryﬁés HhE niRPRGHESEF stress
aresdlelsizrcl:t?gd |rr]':I lsrowsnonal Application No. 60/628,600, filed on November 16, 2004,
entitied DECOMPOSITION AND TREATMENT OF TENSILE AND COMPRESSIVE
STRESSED LAYERS to Balseanu &t al., and U.S. Application No. 11/055,936 filed on
February 11, 2005 (Attorney Docket No. 9404) entittied TENSILE AND COMPRESSIVE
STRESSES MATERIALS FOR SEMICONDUCTORS to Balseanu et al., both of which

are commonly assigned to Applied Materials, and both of which are herein incorporated
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| ayer. At a tenperature of about 4000C, the deposited
silicon nitride has a tensile stress value of slightly
W@/ 08864+ MPa; at the higher tenperature of abpor/Udxbe)n47831
a tensile stress value of 1100 MPa was neasured; and
at a tenperature of about 5500C, a tensile stress
val ue of 1200 MPa was neasured. The stressed oxi de or
nitride layers can also be treated after deposition to
nodi fy the stress in the |ayer, for exanple by
by ?ﬁ%ﬁé@ﬁﬂ tﬁé?ﬁeﬁﬁewéﬁ nfghhgmpgaﬁuré rbvwaees%hr@&feeﬁual ever

el ectron beam exPosure rrP

prqsseﬁmerow@.e %@ﬁ@s’?'ﬂdﬁd’%’mg tepnleslressgs %ﬁﬁa e@ﬁh@?out 1.7GPa, for
exarpR! plashiabefiesicea CVD prscertbs BRINNCIGR6vViodd alteRsie dreds of

described in Provisional Application No. 60/628, 600,

&d on Novenber 16, 2004, entitled DECOVPCSI TI ON AND

TREXATMENT OF TENSI LE AND COVWPRESSI VE STRESSED LAYERS

to Bal seanu..et, al U, S .

13 oas. agtitehisrigie Rafielengty QHBYEEEMRelBmptirenan gromer

ultfdviolét4ddjcectniat ptoritieSENShylE UNKEYiIGEMVBRESShIR @T’RESBESI’ 222 nm. A

sulgblE Bl CauahoRtd Sl it Ao tNRRAR et nclavelpiths of from

abaut?Mbtorabolut WAD oM. aBucth ektreiwmwt@@urq@@rtmr\ebﬁnybﬁae’fe@rf@m &usion
h?}:atrﬂhPéé;%[ N&%tsbﬁ%on%é?@ U?ﬁpeﬁ?é S‘t?@sse'doéﬁ‘ﬂ&fnerﬁﬁiélé%atenal may
rocesses Vi

silicon nitride having
berexpspecosuiraviolss rediatian hevRg oHIRs yeavelengtis thebare genstated by

larSp&{HRk BontBIrA§AR AR RS ALY d?fl@%ﬁéléﬁ b v Délectrically

provided a tensile stress o GPa. A sui tabl,e si n‘%lch

stipalpdeq nferexArppIgysiable g'&fam@t&%ﬁa FIaSOMpIISs £ 92s:

geHéc‘a&?@ulﬂJteﬁibleﬁ @éﬂléﬁbﬁ h@hn@ bwa\z&sngah of ek amil I atheovetions, the
wavel en of

bl
g e Rk BET B BT IRA So T BRPRE T g v aRfs, for
exm\blil emngtivy lampé radatbatis waddlehgthali @48 o deuteri@uchdiates at a

e T N L N R e T

silicon nitride materi al rmy be exposed to ultraviol et

radi at i Oﬁlp% gl/écﬂ.gn%te'g% e)é\@a’s%ﬁg egﬁélﬁo@&épé{oeu&&ﬂ@%%é@ dosage

by la conta as t radr at es
apmaamem gtengomenmmv.a@amq/toSmierﬁ@paﬁé@ﬂ maésﬂaé.x%nﬁpqhe electron

beSh LR cBhi hﬁvl'noclr‘%t véréf@ﬁ {TRYeIEQFBN bhefin ERp8&sre léﬁ"ﬁbﬁ@ ina vacuum

ener at es % travi rad |at|on haV|ng a maveleng of
of o AL SPIREPULED ST Bsand HENIASHPSHAYS ISSHRATFGHES it 18y range of

frogﬁ"§§§uth|@0"’@ 90 %Btneacsmt: Chid Bpaed 86eBMRAE aeufh fhe n‘aage of from

mer cur nmps radi ate at a wave

abﬁm 0 aéﬂiaé’PPh?'ﬁ’Q ggy,aqr&trgtelgctron beam curren{ 13Q9p|calﬂr from about 1to

about 100 mA. The electron beam dose falls into the range of from about 1 to about
100,000 uC/cm?. The dose and energy selected will be proportional to the thickness of
the deposited material to be processed. Generally, the electron beam exposure will be

from about 0.5 minute to about 10 minutes. The dosage energy of electrons provided
by the electron beam can also be selected to obtain predetermined stress value in the
deposited silicon nitride material.

An general embodiment of a substrate processing chamber 200 that can
be used for forming various layers of different materials on a substrate 114, such as for
example, depaosition of nitride, oxide or metal layers for subsequent silicidation, is
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wavel ength of 140 nm and KrC radi ates at a wavel ength

of 222 nm The el ectron beam exposure conditions
waoelependespon the total dosage applied, the el eRCT/OR2006/047831

beam energy applied to the deposited material, and the

el ectron beam current density. In one version, the

el ectron beam exposure is done in a vacuum of from

about 10 5 to about 10"2 Torr, and with a substrate

tenperature in the range of from about 100"C to about
schéb@tiCallyTHesteatpd UF KS .6 eipjle ma)emmdlairytdmemben @000dé usedta

|llus"i‘|té9éjihet m%eﬁt?ona%%tr c}\gg\rbléfns Q ﬂ? d%ﬁ%ﬁl ng%ﬁo%%agse%&c} stfll;]ctures as‘

wolgd @@tanmrwamoaasaé omhary skiltio thénertmaagalsofbefused, abd separate

proée%so rs t8A; b%%e’&%? Qgparz{ée%tg;?%ﬁx é‘@%mﬁﬁ)‘%%tor gevyice

w proportiona ness
fab@*eqé@sn nre@esﬁatl’eqneaqamnbe eppheeeins soay e pegvidad, for feraning a stressed

snh&lne&&dé)i% B.eamr%mwa?e “MJ& larRearidiRen @Werq?ﬁd@%d%‘rﬂr% stressed

to about 10 m_nutes. The OS& e ener ectrons

- siligongytrided Agpordiagiy| theseape BB bYSNtANEoId Beh ba-iraied o the
exetiplayeribsdlRkat 61 @@dbﬁﬁdi@%%dé%b%@ drantde ienasd hél%m

silicon nitride material. An general enbodi nent of a

substrate processing chamber 200 that can be used for

f OL m ng mrswsfrateamebss@:ﬁg dhérﬁﬁénlemo lg&étediﬂedhls FOB. Ris suitable for

substrate, 11 or_.exanpl.e, deposition .
proft3Fid & sEipdale T4 Hufhes F5yEPE YR LEEBR srBiealVapor depositon
proeadsi toi digobosid nneiossmﬂrercﬂtmmsﬂrégsedllémr dhedcchamUder @00 Zomprises

encl’é%'ur@ wills ?69. 'mét Io%%a{]"g edd Hnec' 26’§ eg,, %?rééels?ﬁﬁ;rd%hﬁe a

I nventl on, ers aV ng
SUb@tﬁﬁ’f@oﬁ‘eﬂnlS@'@@ﬁﬂ @n asubsirale sappad P04 byea appsirate trapsparh @06 such

as, ¥r LMAEr rotoh bhm] @r n%ﬁb?\ =l Fnl X use d Jfﬁ‘er Eﬂrat@@gpport 204 can

Separate process cha Can sep ar at
be @poupd t¢ A lwgrwﬁ%tmmgetqadmewt@nlpa@ﬂgcaw ean W@@;@ enclosed

eledtRIdeEXFPT I‘i‘e SQhSrafd QUP&Srt 80y cBR bRIHakk&lesy hehtet 20 \F}chﬁ can be
stressed silicon oxide |ayer.on the substrate 114, and

an glggirically Eﬁ%ﬁﬁ’fﬂ% heatng Smtﬁﬁ‘%ﬁh%rﬂ)ﬁé’@@“gg f3reB not shown), or to a

plagthé fits€I€. Tﬁé@Qb@l‘keﬁ@|s)éppbﬂ‘ﬂQO$QW@alF9fcd'vﬁmlsle€\&é§rbﬁﬂc structure which
0

hes R MR ST oA NE RURBER® o o1 BB A LA Folfus ppled to the
heaten@d 1. allee eneotreacs poD umh@@ﬂu@tr@f&buddoﬁﬂ&@tz&ﬂamn belUsed3o

credfostlsh Pl SRR 1 P B 5h8h 2k dreiyiudR dupport 204
mapalsoecmnpnsedmm rmorenkngs (nobsleowsf)) thhkatseaggsetiallysueresind a
per§ﬁ§%mw%hb3@8eQQWA &g&&agh%we wal | s 202 t hat

Se a process zone n a processing cycle, a
substrate 114 is placed on a substrate support 204 by

a subst rgfe? 1id ansratd 104384 SUpPort 204 is raised to a processing position
that is closer to a gas distributor 208 to provide a desired spacing therebetween. The
gas distributor 208 is a showerhead that is located above the process zone 203 for
dispersing a process gas therein. The gas distributor 208 can be capable of separately
delivering two independent streams of first and second process gas to the process
éone 203 without mixing the gas streams prior to their introduction into the process

~zone, or can premix the process gas before providing the premixed process gas to the
process zone 203. First and second gas supplies 224a,b deliver process gases from
first and second gas sources 228a,b, via gas conduits 232a,b, and gas valves 244a,b,
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as, for exanple, a robot arm through an inlet port

210. The substrate support 204 can be noved to a | owner
w@oemiiwm f or | oadi ng and unl oadi ng, and can iPCl/US®0&@M7831

encl osed el ectrode 207. The substrate support 204 can

be heated by heater 201, which can be an electrically

resistive heating elenent (as shown), a heating | anp

(not shown), or to a plasma itself. The substrate

support 204 typically conprises a ceram c structure,
whiaﬂii@ftlrdl gas Aohetoahy ifirgd addrskeaced pas feetstdd agulhichdeed the process

.1 use DC voltage is applied to the heater 201

gas_]toﬁ?eclé?:gé?x‘r%(goe 207 in the substrate support 204 can

al so be used to electrostatically clanp the substrate

114 to the cﬂﬁ%%?.‘zoa%o JJ?ﬁers‘é%SaE ﬁg% Sxﬁét&??%? thegH@é( spent

al so conprise on
pro¢easagaspact bwirbc}ucsta fnocruﬂn@ chapwer 2eerapdonaintain aupsdetgrsined

preéswe BP PH%%isc’ pBQH {heztg' cedd 3G 38 PURIV&bRn! exhaust 282

ralsed to a processi ng p03|t|on that 1s
mcluqi@s@ putping ganngl 284 thalreseivasgsneit prerasg@as ferss theprocess

zoné%@' QH kREISERRIHVESR) 4 tﬁhﬁtl@@éﬁvg 'Z%Brdnlatﬂrfé” orZA8rd &xtfhust pumps
hower head that is _| ocated above rProt?gp SS_Z0

28015,600 TG BP SFRPUS Bf BIEGESS a5 M Her AT Ber 1Dtg 23hE Sxniust pumps

2880dhay rridﬂjﬂébne?&sméi’@obz@ tiBombleeurir p&ﬁfﬁ;lb@ic@ieyhc pump, roughmg
dellverl g ndependent_. st r.eans

puri o EOARo U RITER SDGSSTRECH Bt 2 BN ISP SR e inet
porthVSZ t&td&@ﬁs bpttomrwaip27 def thei ahiandsin @00Dda delivar & herging gas to the

ene 95D, R Fur e RPN F YRS ARER T 8 RBE7 gost mo

subgate S‘Elprp@tt 20adopeoieatisyréaces g (e supet204 and lothasichamber

o?x%ﬁ\.sssfrgxgtsdg‘\gin%E?@Eéé%ﬁor?ggn rﬁﬁ\%&ﬂo%‘% RPur oS a’2 28a,

b, whi ch control gas flowto the first and second gas

inlets %%l%%hgxfﬁ% gr‘ﬁ'@dﬂcélﬂgrlﬁsoé§§§tr&%$ 208 thfcontrols activities

chamber | so conprises a gas
andeofesating Qayzmaierrseqfﬂb% chpmper @%Jé@sccg'ﬁ@ﬂaha%mvoqﬂm@e for
exahiféNd PRoceSSEERd RN dTH@%oFHc.@sQo PRty ﬁ{d?htb?éifhontrol software,

ressure of process gas in % zone 203.
SUCHRS &/RPTBPUIRT pfcrgéa@‘a%t NS Vnd NGJBEMRNHITRY| ga hard disk
driveh aszaebniy Bferbbvgt flastemievsy Spethier Wrmse:ifSn@aSryf Toedoheoller 296

el 3R SRR o SR S BB A PGl O bV R § ek, e
cardl m:kpﬁay suniairod sprigbs-bsardgasnputet, amaldgearizbdigRai0np dtfmitput boards,
intefe-t)érlgl,%g cgsu%f)ds§te8é8r8mggc¥ fg@@é?@g%%% thggﬁgm%r Eontrol software
inclodedh setataf instfughicns that gictats thetiming anbiare gt)gam caa@ger pressure,
cha%%@ﬁénﬁﬁexaa@urjep l’rﬁérowave power levels, high frequency power levels, susceptor
position, and other parameters of a particular process. The chamber 200 also
comprises a power supply 298 to deliver power to various chamber components such
as, for example, the electrode 207, heater 201, or other chamber components. The
chamber 200 can also have various sensors, such as a temperature sensing
thermocouple (not shown), or an interferometer (aiso not shown) to detect the
temperature of component or substrate surfaces within the chamber 200. The
temperature sensor and interferometer is capable of relaying its data to the chamber

controller 296 which can then use the temperature data to control the temperature of
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port 272 through a bottomwall 270 of the chanmber 200

to deliver a purging gas to the chanber 200. The
w@eoogiongegas typically flows upward fromthe | PCBUSO6/047831

272 past the substrate support 204 to protect surfaces

of the support 204 and ot her chanber conponents from

undesi red deposition during the processing. The

chanber 200 al so conprises a controller 296 that

controls activities and operating paraneters of the
the ﬁkmﬂbleihg%ambsh 2000for eﬁigrhqpre ROEortryllireitiprresistive beating element

ex e, .a.proces and nenory. The processor
201é9§%§?%@“€ﬁ§ﬁ58?'igh%rol sof tware, such as a conputer

program stored in the nenory. The menory may be a hard

di sk driyv fl

ypes. of SeAls Xkl BIEREY; o BBPs HRFRkects ! ouige for
hamwenencbnqmmmmsm ingludes mpuypaa & Pan fijl peogasg and a bulk
ﬁlhngg}irgc%?sc Kin tﬂé‘ %%6%@% tB?:?(néﬁQ@u?Fpe@atsé ﬂ%era%éoévf 15 sim to 27

ana I nput/ out put _boards,
slm.tmf@rm abeutZwith tadd vgf/eegfptéfe DRRRESE QaSnBRR TIESS fosimplied at 300

mgrht8 2708HHh&h Glfl’{ét#ég pre8iindan end BedrHElESs 88t at é’cﬁout 600 Torr. The

o e P e A b DB LB of sbot 00 s
betWe&h VRN Toshaeand %M@lvérhebtu?ﬁasfd‘ﬁﬂbmfylrpwwmk filied process,
suscepto 0Si Lion 0 r .p neL e o
o200t PG B e dete R dragh Al LA TS Es APt 13 Savt% of the
proPEssPgass lapﬁl'!SEOZQ Provadetbat & dowpatecsf mumgnun§0manbmr The
sub%&%fé‘%??@%ﬁta?rﬂe@ﬁ%Eemé’e{%ﬁ,bé‘@%%%gé@n?'a? %T%F%%ﬁwzé} about 130mils
to ab@Gt ¢Z0mas 800 hilscbataeen tie ssvaisand showerhead gas dnstrlbutor The
t. € (not shown), or an
988 rﬁggg\?r%r‘gﬁr% éfé}?b?ﬂgtaﬁgtﬁ m* to detect the

tenperature of conponent or substrate surfaces within

the chardggionafi?: anﬂ'?ertp‘? ?E Uhe p?6EEsagadnéhn be energized in the

|nterferorreter i's capab relalnglts data to the
chagtibattiom RIBHTR GraGass DGR URs EReralzeT EAARNaLSOUples electromagnetic

endr§yA8f éié’r’ﬁﬁ\ed ﬁ)bﬁ fﬁéqzu%ﬁai' bakadé?@\ér?mﬂﬁ progesy §&cto form a

. processi ng for eX%EﬁO é ntr él 212
plabiaers Y proschn e Saee s e e abereBes Jat gAd shBfoice
corﬁ&‘?ses"‘a d@ltaiyé Ashlied SEN@sY (iptheasctrdder 2G?elpctbe supgort 204, and (i) a

seceahﬁei?cgg{ge idﬂc\galg Xn'?%gbé ﬂéepégsaétlsgﬁ)latt# %% Dr o‘(%%éb% algzoz. The
volhlglelep‘pltédi it thepslectesdes 207, 200 cgppcitivély cpupleewergyzfortbe process
gas ﬁ% %E%ég%g&%bg‘e}ff?l 'E\@tv%tr%gn ]érg‘{)%"é g a§6ue°d g) &r\g &&r didctrode
20%appfregdenay @‘G@nghpub&;‘wmz ngqlpoqtrﬁg I@gg gn@ gng@r,lepyel of from
abdu1G 0B AHEE 1660 PRlits2 AR A s&UMaT9EErodE 09 is grounded or floating.

The gas energizer 212 can also be an induction coil (not shown). The power supply
298 can be used to applies the desired voltages when a plasma is desired.

While a flash memory c¢ell configuration is described, the present
invention can also be used in other configurations. For example, the substrate 114 can
also include non-volatile memory cells as a backup memory coupled to RAM cells to
make the normally operating volatile cells independent of a backup power supply, the
combination of a DRAM and a non-volatile device being called a shadow RAM. For
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substrate is maintained at a tenperature of about
5400C at a spacing of about 300 ml|s between the
waaiwsnrebe and shower head gas distributor. |n Pe¢EUR200&047831
filling process, ozone is provided at a flow rate of
fromabout 18 sImto provide about 12.5 wt % of the
process gas, and TEGCS provided at a flow rate of 6000
nmgmto 9000 nmgm The substrate is maintained at a
tenperature of about 5400C at a spaci ng of about

exaﬂrﬁﬂ)éﬂ U.S. Fat.aeut 447am ksDNSdTItEcDRIinesPotdied herein by reference

t d sh h t Th . .
o DB AR PS5 i G5B ot
DRAN déiey crnmprising edloatiheg gpteopasion gas starage ewodaealg;i aesbn-volatile

meri)jr{)@; ?ﬁ%@oh@%sgrﬁ%é%&%gg éﬁ\gﬁfg dﬁ ?ecgdc'r st%t&e%?‘liac%?@ ﬁ%' f?c?aftlng gate
portivrg buff reetpie froyn thel staggeaosiegfhe foating gafec&mst_hgﬁeqt@n injector
stru;clmra*a?e RbAZ Al b eﬁéritgs 2Rt P655R A5 ind PRI 01 z€ the

rocess gas energlzer onprises a

|
!‘Jpéi??@'%%f‘e%’"ﬁ%‘%‘?ﬁﬁ Céél%%%ﬁz WG ppdof Memory
devinest 19, gueh ds atmemenoeelbdtd @@marl%ngﬁd%AW@RAM@z Shamréw RAM
coanbrtaﬁgﬁ %Dﬂ'eh‘;%gYJE?II 4he cﬁﬁwgﬁbh@%et%p%WMO@aynamrc DRAM

pacitively es ener the process ' gas in th
configyelion copRsiSen 3. ransistereeayipley torP caparyPf agaauid Bg bPP\élB to one of

ordn‘h‘ér;t Q@II fi thetare! A6 B%@@arﬁﬁ%cﬁé’ta@ SfRé wRIMIryelfrom a function of
about 350 kHz to a | evel

0
the chgrde-8iad abtheFapssiier Q@ms'vaﬁtganﬁfaﬁg f aé’c[ frPacieninp DRAM
havel REbf d@v&r@t&ge§ \A%Qéélp‘bﬁﬂ t@ Btafub GRS thowdver e charge on the

o ST TR R A LB A, Toprver

dath h@ndbeing e@btvmﬁv@geenmr&lsmreﬁmgned de be refieshaki pagicalically.
fl ' ' A ' . .

o, SEAEIE 67l 0L AAR AR50k o oo n

DRAMwéelgranestwdm thémove(anpplg,voltage apblsd wttbe Megmeyris lost or

turrleS G fﬁ%%ﬁcggplhg%?}]ﬁ &Sﬁgriﬁfoﬁr%ﬂi@e%s?b@fﬁghﬁed an alternate

menor cou S to m nor na

pow;pmlyn guvm)aata. baétecxesvsr,emnawéhe eauplgd t@ tf!emew%f%use in the
evezt't‘epra‘i’iu %hé?ﬁ?h%&de?@uﬂélya DRAM and a non-vol atil e

evi ce e| ng l'ed a shadow RAM Forexanple, U S
Pat. No. 4,471,471 to D Maria, which is incorporated

herei n bphe 8 RNARertidN Has BN deRicyibed nstel r@fsfrénétnto certain
arra%/ of  1leld effect transistor, rrermr$/ eql le. oth
prefartacL TGS TISURRY HOWEVE. ORTRS VECHONE Ao Hosit heloF Srainple, other
typ@@bf St%bsﬂﬁdué’lhgfn@alérlﬁlgd:@n a@eﬁﬂb@umﬂlaywoand be appamhyto one of

tron nj
ordiiaru sl PHBeR MUBrye 5rE Fob e it SR Sbaieletsish Bio be uses
in a:torctmgtee wiithethe Paearhbens oﬁ@eqiﬁsenaeﬂjnmwiammaimnm Would be
apparr]eﬁtctg one of ordinary skill. Therefore, the spirit and scope of the appended
claims should not be limited to the description of the preferred versions contained
herein.
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structure are horizontally oriented and renote from
the DRAM ' The present invention can al so be used
waowdo/onisher types of nenory devices 100, such BGT/ES2006/047831
menory cell 110 conprising a RAM DRAM or shadow RAM
configuration. A nenory cell 110 conprising a typical
MOS dynam ¢ DRAM confi gurati on conprises a transistor
coupled to a capacitor as would be known to one of
ordinary skill in the art. The programmed state of the
Whatisoelginged lis:110 is a function of the charge stored on
the capacitor. The single transistor and capacitor in
a DRAM have several advantages with respect to static
RAMVE; hdweveA memery pell or agbstiatec theametery call EorapihRng
| eaks can al Ieg?@@% t{s‘ﬁ%{ev‘”h' n a short tine.
m

To prevent d ost, conventional DRAMs
are desi gned(ft)o ba Haé'quéé’ﬁé%ﬁ BRAt ArAiqRed) regions i thegrapped

subsfrite'tRhelath §6uras a\‘x@'d@iuh' ReiBped Reflodd GefinPh 'Eﬁ’éhﬁé\
stored in the DRAM cel | is | ost vvhen t he power supply

the'i?@?f“é?fé"appl ied to the memory is lost or turned off.
I'n inst anceS(c»her@ std ok Fdayers ahltth@chaﬁ;wrmblsaébm& dre

oSN 1€t b e85 RIoEt Tt § TPRLBHS: Yot B g, an
(w)e\tmmtrobgatéal lure of the main power suppl y The present
i nvention ha ee | f certain
preferred veids)l ong Fi%ﬁ’%ﬁ{ B?gh?m@t}hé %o %v(%r U ons
are possi bl efe)f or acoseplager mvleengttly@e@cbfof layers, the cover layer

n}irfsgrfgz?] 'tsB%’H&Jone g%tde f’éngwre?ﬁgq(egkﬁﬂoﬁ?a;}éﬁ%cﬁ&e%ﬂla%r having

a h@ﬁtt@rﬁ'uﬂh\v\é"@i a2pentect ﬁcﬁwpﬁgd.ta’f@ stressed | ayers can
al so be usedn aﬁ%%@é\ﬂ‘?s%lé(ﬂdnﬂrér{bﬁ &ﬁﬁ@ﬁﬁicﬁie% r@&xohgethe trench

descri bed i npl'enent ation as woul apparent to
congyrishiin alegsecksilion oride BveF EaV't"H@ t§B$'H gtressefat @ﬁ?ét 6P°Ut 200
MP4& hﬁhé‘rféB?'W@QtréééﬂdﬂEyéh‘éHh@eﬂ@bki& b &Rdreé ne ihf’tﬁe floating gate

descr ion of the preferred versi ons contai ned
during QperatiRRRT the meme lis: 1. A nemory cell on a

substrate, the rrem)ry cell conprising: (a) a p-doped

S e o MmBnha) haf ko RS AT LBt SR sircon

oxidenlayar cbmmlses&;jlimmsom tepogited famaMEES.t her ebet ween;

3. A memory cell according to claim 1 wherein the stressed silicon
oxide layer comprises a tensile stress of from about 800 MPa to about 1GPa.

4, A memory cell according to claim 1 wherein the spacer layer
further comprises stressed silicon nitride having a tensile stress of at least about 1.5
GPa.

5. A memory cell according to claim 1 further comprising a contact

contacting the silicide layer and having an exposed portion that is exposed through the
cover layer.
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(c) a stack of layers on the channel, the stack of
| ayers conprising (i) a tunnel oxide layer, (ii) a

wo b@awieweed gate, (iii) an inter-gate diel ectri cPCEHNS2006/047831
(iv) a control gate; (d) a polysilicon |ayer on the
source and drain; (e) a cover |ayer covering the stack
of layers, the cover |ayer conprising a spacer |ayer
and a pre -netal -deposition layer, and the cover | ayer
havi ng a hol e thorough which a contact is exposed; and
(f) a shal | owainséthaiyl N ddcBRfity &PQHHm W c@%@ﬂarrg% &S memory
pe trench conprising a stressed silicon oxide |ayer

COR ™ tensile stress of at |east about 200 Mra,
mhereby the stressed | ayer reduces | eakage of charge

memory bt 1. Rk Ee IR AsorrEing RAM

confitprration.t he st ressed silicon oxide | ayer conprises
silicon oxide deposited from T TECS. 3. A nenory cell
according to claim1 wherein the stressed silicon
oxi de | a§er cAmmEMeryscel dcenslingtostiaies$ comprisbm @ PRAM
co&qung@%_to about 1GPa. 4 .. A nenory cell according to
clTarm 1 wherein the spacer |ayer further conprises
stressed silicon nitride having a tensile stress of at

| east abgut 1amdahéd oPfabfcBfiEPA ¥netRbily éé‘ﬁ%?lréj’sﬂlgstt e, the method

claim1 further conprising a contact “contacti ng
compiiginge | ayer and having an exposed portion that |s

exposed through thgovigtgra pavped Bupéraenory cel |
according to %&al rp 1 conpri S|{1$pa flash nmenor
. AT

configuratio RAILE %@E&P&Fﬁbd?%e%r%glqﬂslon the

sulsstrgte teforg @ soUdk aodfdrgnraid @afineta cHantierelsstiWeen;
according to '

oA met hod o) 1 agPREBIeE: Rl CLTE WRngel e SBek of tayers
comptising aihesequibrcaTEl) dtinneindesianegr, (i) a floating gate, (iii) an inter-gate
dielectric, and (iv) a control gate;

(d)  forming a polysilicon layer on the source and drain;

(e) forming a cover layer covering the stack of layers, the cover
layer comprising a spacer layer and a pre-metal-deposition layer;

) forming a plurality of contacts contacting the source, drain,
and silicide layer, the contacts having exposed portions that are exposed through the
cover layer; and

(@) forming a shallow isolation trench about n-doped regions,
the trench comprising a siressed silicon oxide layer having a tensile stress of at least
about 200 MPa, whereby the stressed layer induces a tensile strain in the floating gate
that reduces leakage of charge held in the floating gate during operation of the memory
cell.

10. A method according to claim 9 wherein (g) comprises forming
stressed silicon oxide layer using TEOS.
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(a) providing a p-doped substrate; (b) formng a pair
of spaced apart n-doped regions on the substrate to
wo osomo0esour ce and drain and define a channel PCT/US2006/047831
t herebetween; (C) formng a stack of |ayers on the
channel, the stack of layers conprising, in seguence,
(i) a tunnel oxide layer, (ii) a floating gate, (iii)
an inter-gate dielectric, and (iv) a control gate; (d)
formng a polysilicon |ayer on the source and drain;
(e) formiing A wetwd dayeding @ ki@ doitprisimrtorming a spacer layer

co s et et U S0 Ol RS e

of contacts contacting the source, drain, and suicide

| ayer, the con L. ' AL
exposed 1 hr o%@ﬁ%’%&%’ %%yeéhq? ga; g@?ﬁancgj%%#%fratr%t&%h@ & flash
mestosy tonfigusaticnt i on trench about n-doped regions, the
trench conprising a stressed silicon oxide |ayer
having a tensile stress of at |east about 200 MPa,
wher eby 1Bhe & methnshacayding thaigined cenirnisdng @bsicatingha RAM
Cm*ﬁgribgating gate that reduces | eakage of charge held
IN the floating gate during operation of the nenory
cell. 10. A nethod according to claim9 wherein (g)
conpr i seg. f orAindéhdd 4QFEHg $6 LIiAD CorhBiRsih@iricktng1d DRAM
TECS. 11. A nmethod according to claim9 conprising
ConfigUratiof- a spacer |ayer conprising stressed silicon
nitride having a tensile stress of at |east about 1.5
GPa. 12. A nethod according to claim9 conprising
fabricating a flash nmenory configuration. 13. A nethod
according to claim9 conprising fabricating a RAM
configuration. 14. A nmethod according to claim9
conprising fabricating a DRAM confi gurati on.
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