METHOD, SYSTEM AND COVPUTER PROGRAM PRODUCT FOR
COUNTERI NG ANTI - TRAFFI C REDI RECTI ON Rel at ed
wappisitoatse ons [ 0001] Thi s application clains prPOTiUS006/009118
fromUnited States Provisional Patent Application
Serial No. 60/662,031 entitled "Method and Apparat us
for Defense Agai nst Defense Against Network Traffic
Redirection", filed March 14, 2005 and this
apBINGRE WARER T ERMAL CVOPROCESSESSFOR BEMISPHERICAL
C%ﬂhh#ﬁtéﬂﬁﬂqﬁm itled "Method And System For Cel |l ul ar
MN&NA@{Q&HNSM#HME@BAIMIZED POLYSILICON
10/ 635,804 filed on August 05, 2003, claimng priority
BAUKORSUNDIOPTHEHGYENAGON Of those patent .
T applrcations in thelir entrrety are incorporated herein
Fieby of bthe Iwdtiernce. BACKGROUND Field of the Invention
[ 0002] The present invention relates to traffic

[0001@di r Ennbadimientsa ofi thel esentim@nkion Mpsreoraly trblgtd @61y method of
'nanti n discl oses a net hod, system and program

the inv a
forrgingu3Gan gkt Mo Partiquiay, erplefiments e the invention relate to
mefREIRaGY i ﬁé#ﬂéﬁ%érﬂ - - in-
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necessity and the desire to remain connected at all

Defiich 3 thi IR A s £0 Al nost al 1 concer vabi ¢
: 100041 Diff .
tood2f & S8 mi kR, dovied SeomBe TN BaRMEAt; Blivaseg in size

sinagpanichhedeutses sweredfirist eneoducstt sdverdir dbesgncagy. t Bimce then,
| ocati on.

.. operators.in a particylar geographi cal ] Sone
intefftp] ctishin havet enial golevach S Ave Yseebafisize rulai ften callod
ModGtersal a ), WHistsl endapd ﬁlf%\e i ; #}?g'% ‘
oW Fi, V\)r’l\/lax' and Voltlg.%?ﬁﬁ n%ﬁﬁb? ese 1ec nolao%—i S u?\'r/éés every two
yeaiheiAs pemicenduniors Hevice osizeg sleanshge; awivdemethgasusf dépositing or
Ao] ._an ata based seryvices. A network .
forniglggftg? gﬁat%g'?ﬂ’ogf g}eog?lapﬁaelaﬁeofo\?ewpgdH@tog\gfé(yg:,egaqrg required to
proiee \Gobgpdriintg habidgOtheaaGiaptiart tigdyaelerish€s to maintain or enhance
af grenent i oned technol ogi es. [ 0005] In order to prevent
the pergiornc el thedavgasecampaiiedde prigsrlnges dgyisgsaphi cal
zones are allotted to one or nore network operators.
Jhes h : o ' i tive seryices
o0 PR L3085 eF Wb KRy Rl & YR AN B LI BB have boen
developedras silicomiie ushdrexiersigelpgn apmhicahdi@oe delideaditation. For

exaly i Giis PLEEPESTIBE Suife) Tetas havind st assinazes have been
devélbpegtioy féedi S tayirs hs i@ BHF HrSRnt %%%e' rIgeone example,

subscri bers from other zones and/or the subscribers o
metigpdrepf isming keapsphearicat guinéd siioom {HSG)Hav e kottom electrode of a
X\ i N0} ment. Often,, those roaning arrangenents
DR S0 BTy o 0 e SR T b ewured
surfgeotizaphovidks \a SignBicaRtY REGaF 80rfAEE afsR Bl al b SRS Bace and
roam ng service within the zone of the other operator.
thusTREoVidesoak ctanseri caPagitanngbder ishdPRAM capfiditect containing a
7 b Sk subscri ber's Hone NetworKk.
hemﬁygmzﬁg@%tn@atdm%l}@ %l%gg%)@% the user may roamis call ed
the Visiting Network. The subscriber is referred to as
[0004in oltrmoumethataer forming hengspisgrized i graindid shicohloRBve typically
inCluHetwork agd an i nbound roangr fromthe perspective of )
9 JeRPPERYNAPWEMICTPRBEY cTlicon Yo dBewepederaing a time
cons@imnifg GPABRARNI SRlp |t%93§dn95rt ttﬁér%nﬂ'@réﬁéugogfﬁcénamaﬂ?e into a
net wor k oper ator providi ng e or nor Irnds o
service. The hone network of the roam ng user may
prefer one visited network over another, or may want
to all ocate varyi ng percentages of their outbound
roaners' traffic to different operators. Various
factors such as comercial terns, quality of service,
range of service and the |ike would dictate such a
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di stribution of outbound roanmers in the country).

[ 0008] Due to the magni tude of revenues generated
wohowugts3z nbound roam ng, operators are al waysPCT/US2006/009118

notivated to capture the maxi num anount possi bl e of

i nbound roam ng traffic. Billboards and advertisenents
oI RAL bR AT e, T8 PASTRRRES R AT Mg @ narmow
rangeogfepriooess comditiesathaticandssdiffigutt hatchidiveh t he advent

of Steering of Roam ng, operators today are notivated

disnupt traffic redirection. attenmpts and try to.
o0h, . Bl 7 i SR 5 SRt bl abens have also
betih edgvelsietdr Keor dXardpROta GRéthotesUkdihg 4 %l‘i"lﬁ:oﬂf bi-laxg{ for gate

revenues to the hone network operator but al so nmay
eleghrgdesibas heen develapser Thie mribed inchidesydepnsitirangéowdr polysilicon

i . ' t k .. .
oA 9 e, G L EBE len oerrv
a jwhnear ghaib stoworel s TheecalDirina gkhini Stri@idid §F6ViaBs relatively few

ati)errgts.and teers roaners back to the preferred
graif beundariess e plieurrbpiryen drhasesn Gbres/gtEOA large number,

et & N : 1] . rs,.
o HoURa s O grpl BRI PRI Bhind:ftl! AREFEAkBRPeF s, such as
iIncrgiager Qﬁrﬁ@rm@My #na gatmdirnﬁnte.oﬂo&dme{, it ha.']s proven challenging to
nti-anti-Tr ic.Redirectjon system [0012] FIGURE 2 _

debn, PRBRARh Torirsoe BEMIom AR ol Mgy sl ipundaries,
unifdtmaatadin TSraReFO 268, f 3 |mn f

| n\_/egt on. [ 0013]%l %EI R 2 ?ﬁg@ﬁ?ééﬁaFﬁ?l?gvaa?%}Jbsequently
depasiiad dayaig agheenwel TRthppelyaiticon keyer faidethatamialaimoitegrain size

r fakes the scenario of being the only

anoﬁéet{%l?&&%%ﬁ%gggemﬁcepaﬁg RFOSRSRE A HEPSi gnal

flow for countering an anti-TR approach that fakes the
[0006} eselibes ahese epraingla head sartmelHdAd ol FbiRE s'ﬁio‘éhqgers that may
b t he sigpal flow for countering a GLR based anti-TR

© ¥OERY EISCHRIeRIPTPTIeO el deviseRod for detecting the

anti-TR nechanism and redirecting the roaner to a

preferred network is disclosed. The nmethod detects the
SUMMBRYGF THRINYRNTIGN sol uti on by observing one or

nore regi stration nessages exchanged by a visiting
[ooomet woEknbaxiimantsosfetheeinivenion Teper@iyhefbvidee buﬂ;@%&{ Ep%epositing

e

ichQ st&er%éh roamer to reattenpt connection wit
SHICER 3T PRy ﬁﬁ'tc\%r R¥CISy OB eh duhgiralgnr bpangt embegineentatd orethod of
fornkif§ %C?ﬁ@ﬁisﬁﬁéﬁ@éi%?afn@drs‘?m@?ﬁgn -ta%b%?%% Xgrlglggses introducing a

__registration nmessages. I nven
silicgncontairingapreguisenandra datriec gasdntohe simgtd sllbstrae vhehsioal vapor

redirectin he r r to a.preferred network. The
depfloh o200 AP brip s BRiG b sWga-coptAIng precursor to
deposig bﬁé@kbﬁérié&fﬁﬁaﬁ%@ ﬁﬁ&&iﬁ%gﬁ oh%%ﬁ&r&tg%ﬁﬁhbg}rate support

. Networkand the siting Net e system
in theychaabera e etbistatebisopkott ds deaintainet eatpa dempeeatafe between

. beh- chani eployed at the visiting network,
abofl 620 At SERAE T L FGe B Bes BBk T el Biaot, At e pressure
betweerbaleuib! 0B Korr il BBYENBSEToR §@iy M d85oditn. 2 The carrier gas

redirection nodule that attenpts to redirect trhe
may, RIpRIISS RIrggee M itregeshaee hygrogsin: hfke pemisphesidal grained silicon

hgktd [ [ odi ts Ar .
layol 88 4 AR Sox i HethiSh M B U P Tfnad namain size
betweeat abmut 450i A aRd mboban0em.may take so as to fail the

TR mechani sm of the honme network. [0019] A conputer
program product for realising the aforenentioned
method is also claimed hereiq. [0020] The fol | ow ng
description provides specific details for a thorough
under st andi ng and an enabling description for various
enbodi nents of Anti-Traffic Redirection Countering
System (ATRCS). However, one skilled in the art wl
understand that the ATRCS nmay be practiced w thout
these details. In other instances, well-known
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technol ogi es such as CDVA, WCDMA, WFi, WFi Max, Vol P
etc. In context of a cellbased GSM network, the hone
woebwnwksshas been referred to as Home Public MpOriug2006/009118
Net work (HPMN) and the visiting network has been
referred to as Visiting Public Mbile Network (VPW).
oofgirt h n v, \. re than . .
o e v SinBoBONIS O niEMSBR oAl AHgR)eEpiie Grain-sized
polygifieeii fayePiaprevidest. kinopres atrioslirment, tee atdieos cofipises introducing

6 ML HPWMN networ k / HPWN net wor k oper at or and
@ SR NEARRd Gl ROT OB ERRIoBRS dr 2t DnoifapUbFEs chemical
vapisredieposigibn hanaemely ddr aHahRAly tcflécﬁmﬁ;ﬁ?ﬁh | G | DR Ybntaining

their intended neaning is driven by the context in
PregHISoH 1@ Heposihacaneshysialine grin-sizachpelysiicon kser ios aiselsstrate on

' i ndi r.th registers with a s
2 UEESalh SApBR EkE Pt Berar Thegtsbel fiubhod Ferinteined at a
tempeenatiee aiwemnhbowtt 700Codnd abeuer 30°@) Gnaicht Wakmber is maintained
abl e oéﬁtrggl stering ona wreless network, e.g

ca .g., a
at DEETHUP gl abeu Caterr poshjabgut 350eFewrduring the deposition.
0 T di.scl .osed .
e 98B Sl o SEEA RO B0t BXELAB PG 3 pmostca.
Th&m@ﬁag@staélinﬂwg_mjefsiimi pebsilichr MPdNnad beh@eptdt & a two part
roﬁ%t ecﬁ1 ‘?nﬁ ﬁntl - TR ssgl h,ltl ons. depl oyed by the visiting
ProferndR dnd"e Hi ek ¥stalliae qipinesiged pasilicon layeeimdeposited at a
firstr &6 ! L i
1 BRNTRSE 180, O EAEL ) S0 b BREAIELARR: o v
depgsttiendaifce with an enbodi nent of the present

i nvention. System conprises a HPMN 102 communi cati ng
v j 7 interface 108.

' Saas s—deStribed illustrating
0006 MTUDH GAkY ORRicHP i nurger
e by o e o Biart S, 306ve SRRt Pt B present

Inventies eaurisndssheodray déilt Aenpreepaticeldr WBbMIptn SIAMY. invention,
. is illustrative enbodiment, VPMN 106 is the )

oriehtD shl Farlgeghig B IAVERAN 20,07, 1BI47RBCH o ROk PES: SeR of which

are tihastraies id ePloxsfemibd Mrhwiigssoliuid 98- bd LI 0

conpri ses. an 'antg‘ig? anti - TRWI-_bBI@gck ﬂlﬁléo?ga%é_ll—rﬁ%\i}?ﬁ%%e‘ﬁ%r’ that the
appendethdrawingst dstrgienenlySiypjcal embeditheats dPNNisHirRehfidn and are

i, - I - 1 PMN H R 114 are coypled to . .
thorB R R Ab ke il tafiP. AT S5 i nietBa ey 2amit to
other lmgeellyrefiettes, embpdiphdritg. bl ock 110a, a detecting bl ock

110b and a redirecting block 110c. The functions of
001thes&z.bloc S hﬂs been di scussed in detail below. These
[0014]; o c Fd9YEe! [Sgyfleyic ctipgiona gmhodipestek thadneemion.

single entity or may be forned by one or nore
00111001 Fadurehy siscal I dH t ’ ' n
e it Conal SR hng 8 SRRl e Bine 1B Sragsuppor
tempeygtuse oh iyeirg dapesitasl actstrting to rneboditieotsabf tBERNdRion.

that corresponds with VPMNs 104 and 106. VPWN 104

onpid; Y T oupled to a VPWN VLRL/ MSC . )

(00 P B Siset A ore PR Gbaisi RIS DEYEng @ homispherial
grairsdhsilieon Byeuateordingnotarsbemadinieritifshdim@nash. HPW

Roami ng STP 112 communi cates with VPMN STP 120 and

PMN_STP 124 vja ipterpational STP 116, SS7 interface
[0013] 5 ffﬂjlf%!éﬂiéﬁ%{@ﬁan aspistingganother embpdiseent of the invention.

enbodi ment i s described using the bl ocks pertinent to
o014 he Fiygats qy, i € "
o re 2 TEi A oG 3 3P o R a5 s ateripion rate of
layergtiepentied aseending ta ermbodinesnts of the ineerRdMN 102 may

deploy a TR solution so as tp steer its outbound

roamers to its preferred VPMNs 106. In order to

counter this TR, the non-preferred VPMNs 104 nmay

depl oy anti-TR solutions that would try to pull the

i nbound roaners on to their networks. The anti-TR

solution is deployed in the VPWN 104 network either by

nmoni toring the roam ng MAPtransactions and injecting

a oy



i nvention, at |east one registration nessage is a
Locati on Update (LL)P) nessage. |n-signaling Approach
wpQOwAprIs2 anot her enbodi ment of the invention, PCT/US2006/009118
anti-anti-TR nodul e 110 detects an anti-TR attenpt by
actively nonitoring the signaling between HPMN 102 and
00SIMN  194ureT Beisaat hrapRAt I ols
[ Zﬁ)?changguof bats ae%s oﬂeﬁggl '(sb%:égf} ?%)%%rre)sﬁ dgje;) t('§1 grner gas
congantation o fryerPrrRpesited amordegrtorarmbndmmgntssof the mvenhon
hereinafter referred interchangeably as in-signaling

de. h n;s [ nmode t.he.anti-apti-TR bl ock
[00{@0 i s#@‘errpe)l Zyagd ogr%:ﬂﬂ Ngsgrai §izgy Sc%ﬂoéﬂﬁnnéate for layers
depdRiilddsactoRding sorentoTkReAts f ttie irishfon 0am ng SCCP
traffi c through anti-anti-TR nodule 110. [0028] It

t.to erson skilled in the art, that
W"ﬁﬂf t ef dOtiTe Sy is %éﬁ?gﬁﬁ%ﬁigﬂe&ﬁ asolunsear Relysitiean layer (prior art).
affecting the working of the system or nethod as
ootd] scl pyfftelvy @ thPd #&9*
[ ?’bm toring baseg éﬁgo]gprﬁdcshrgnaﬁ%nﬂa pat ﬁ%@gggﬁrghtggeg polysilicon
layetrdepasitetl @ecarding tmembodirasmts aff thomiveatiomg- based
anti-anti-TR solution, there will be an additi onal
tappi ng of internati onal roam ng |inks between HPWN

DE‘?RFL% Iﬂ%@éﬁi%ﬂNs' gnal carriers. In the case of
based anti-anti-TR sol ution, roam ng
[001957 NERfRERBHTON HY m\éBM}{)ﬁ‘ éﬁﬂﬁﬁﬁ Efhbad 3f§#&n&%§silicon layers

anti-anti-TR bl ock 110 by t oam ng
tha‘Wfﬁﬁ)évbﬁB Hegdl ogsreatectptie ofayiess cimosemicoiducaot i déidds: TRIn one

6, AP AR A Rt provicen

ocat’ dnu
In laﬁMNelOédednrh@mh 62$RShBaWeY eformimte ANk
Lock 110 will inject or nodify MA tranéng(tq&%fﬁlﬁe grain-sized

poW@ﬂFBBJ@}YﬁW‘%Qﬁ%ﬁ@‘Ed[O%qIf the roaner still succeeded
to register on the non-preferred VPWN network after a

onsfN P bl SRR, R BN o cr

the failure
provided sdlbicrespeot tot 30PN aabstrdle. Shlisirécynizdd tHg the processing
4

ner f iled egi ster on the VPWMN network 10
congﬁ{f}g? MHe eaqulféﬁﬁ{?g'?ﬁj@eltatth%ﬁ”b§tfﬁiﬂ Si VN 102 can
deduce the success of the HPW TR/ anti-anti-TR
[oo2g0! utAmrnasstiteat orid Hehad dmsm\fﬁy'\s s gqf:réﬂ%d silicon
su

EOOBl ] Based on these deductions an sequent S
layep will be| dgseriped mm{mwwfamsmm FiRreHPMR é8iecayas is introduced

into Erégr?gzl élﬁls{f:?ﬁ «%?elsm raepﬂ)cgielﬁ)ggﬁlggl(ﬁgl@ N nqpé/(,l)ﬁg(iaesubstrate

dispo$ed edia eubﬁdatetﬁdmuﬁdn rtagehaghBer3bf h‘be??o@l of {84 Bibilize the
h I_Prgtl -TR sol ut i on depl oyed by VPWN 104, may take one or

charpBet PESSHER e OB IRGHERxINI0ai & heasibsiiRta masecomprise a silicon,
il c n en

ilodPBRRBEFSALR 14 ek My b QLT EhE S s may compris

nitrogemn r(bbemltr%m (Mah aiéllitebdéth dﬁyd\do?g@ngﬁl%)?%m?ﬁhgﬁq&@ 20% to

0 sic idea for i
abo@ef@@oﬁ‘g{? m ih?ocerraef gﬁﬁemﬁvl\)w Triredugad ik a flow rate
betwiebataboe 3080886 drkd PG nual mode or the
E VPMN is the only netvmrlgaéldr?@goé\?gpﬂ;ge This is achieved
by repeatedly sending a | ocati on update on the sane
[0022], ot wWhKSNHRRIEI G R BiBgls subsitate chmicad vaporatiepositipe ahamber that

iy 0 6554 905 PGP BRI 2Bt | SRUBIGE R 1. o

Santaa@lah, (Rdlchian elowdvet h@tﬁé?Web§snﬁ&$ Stlnib t"%f 23 other
coverage, recognition of thigs node of an outboun

roam ng device is inportant. To avoid bad custoner
experience, the current TR sol ution deduces the manual
node or VPMN-only coverage if the outbound roaner's

| ocati on update fromthe sane VMSC/ VLR of the VPWN
comes back the fifth tine despite rejected the

pr eV| ous 4 tines consecut | veI y. Th| s rrakes It easier
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vary anong di fferent handset types but al so can have a

smal | range even for the sanme handset type. The nost
woOibmlg78eenari o for an anti-TR sol uti on to doPby/U&2006/009118

VPMN, after suspecting the response to the first

| ocation update fromthe device is a TR attenpt, is to

chémidal Walpdp! ¢ X sEt'ornecﬁé‘rﬁb\B/ﬁ%mhgC@érﬁgﬁ#ﬁ%@ ﬁ]lﬂg% a substrate

successl on, e sane n be
suppytundy teausedy dédwe subsitate saphENNs hpatsbld-artempengpiues between

abygt 575 Govd o HAREnISind Thistoer dessure cRostbiized at a

predistte RtWeer RNMIRET oW hhdt AW8dutt 350 Wﬁ.hefydi(%§§ Q8 substrate
update on the sane | ocation; the HPMN TR solution wl |

temaperaiyire ie abeuh2? ¥n tu phiavie30%s lesaribahdhe éampptadyrd 6f thResubstrate
| - t i.r Jrore J.ocation update.after .
sufi et 4 e 3cNE 1857 et Ryl Focursor

intratiutée intorteatchafifberhasdhewnvatl dtep NeR. tExardplRI ¢t silicon-containing
| ocati on updates on the sane | ocation. The HPMN TR

Pregyrsars diatinpy el ysad inghideasilanedSati) andidighiare (i) | The silicon-
: ; P 1

cof3BFH ERoR8S0 RyHE eI o AR o e betweon

abeutesthsewma landcate ub 00RMsowhile oy dowgsf dautiedges imothe chamber is

count .a.l ocatign,update that _comes within a
majiaineg at adiaw ralp efiean ebRit 300G seam andgbass 20908 scom.
within 15 seconds, after a previous |ocation update is
[0033%] ectTee. siliEB8bMtafAil pfetlisp bhat e eamer ?&'énfn%ﬂl' B introduced
_ approaches for an anti-TR sol ution depl oyed by
intHie ghamber duoygive gloawerhiegdrabavestheveulisiiade support.  The silicon-

in - ' ' w th each other. v.er -
cortBREEPFSAACL SRLHSY. et bl S5 50e SRS ALEISHoen it ine
chanstodrat ian iar then abiyencenbt nat plegmal wrgphblbrotéancement, and a
,:]oac es for antianti- TR [0039] As nenti oned before
herpiBhafieal iained-siGsnJakeniscianasied o5 Mersupsais whilpyhe substrate

. it o : . .

sosSEREA S18 Rl B8 U650 S AT 880 PTRo-C o

the mssrhprsisf maintaioadi atga $FEs<iE8. béftveeh Udaut sy Fonf amdnadout 350
ived at step 201 . At 202 jt

artigular IMgl are re Jt
Torf dag il ins SteRe 'Btp Thes ShStalP FiRPark faay i Mpkiained at a
subktimtiafyecotdesntVidnbertiife TRERIGY 95e WitPidiich of the hemispherical
configurable threshold tine interval. If it Is ounc[n
graiggdogicarh ayerPMine op-reaetedhsilicomepaiaing tirecuispr redecarrier gas

. S LUR reject 205, . 1f the LUP is

(o 120G B PiRiderrREPulagre ot E%aBlRdt o B TiRg

acknowl edge the sane or may opt to check for other
[o02ant i - Tipiaglpy, ottehedepdited] MARFhericnt granéd - Siicdh ORlyer has a

110 can detect if the interval between |ocation )
refragiys: i e&ﬁ)ﬁﬁW@eg Aoub 3t andPB-rvslhe o refracdiver indaxds @ result of
the R80T al BRI beillchabeinahispPith Al of siicon in the
HSG@ HayrhAgishowe in Figred, a ddpositm pjoeets asingosildne and nitrogen at

| pcation update is not counted i_nteﬂg rejection .
a syfeifeter SupROR HEmRRIPUe /i SPRIUGRAIGE GHH'C. 4t 116°§ provided a
henfigrasHeas gFNAY SiRcBh I erBd g ﬁ%?rﬁ@ﬁvéir&%&sﬁﬁﬁdﬁ‘ggmately 3.0to

Locati on Update attenpts fromthe sane | NS
3.7, yhile a/pEc3tAR supportitempieratureof leseditan AE0Y® andvide an amorphous

- devi,ce | ua de.and will continue to reject the
siof M bR DofoE PR R U e PLA RS e i vt
suppdre teaipergura i egrehtersthahd7 19T proviged & poly@diblliRe adllicon film

exenpl ary enbodi nent of the invention, the
configurable threshold time gnterval may be changed
periodically. [0042]1n a further enbodi nent of the
invention, anti-anti-TR block 110 may statistically
change the configurable threshold tinme interval over a
period of time. This statistical calculation may be
based on the frequency of LUPs received from various
VMSC/ VLR, Such a sol ution provides robustness agai nst
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bl ock 110 would check if it has cone within the

configurable threshold tine interval. If it has, then
wanbic10R3noul d be detected 306 and LUP rej ecti 8QTRIS2@E/009118

woul d be sent 307, without increnmenting the LUP

rejection counter. This way the nobile station would
haeinbeat t the tx at p

o oractive AL o syt 290, £° b8l Hd 2HAN. b XifESRate suppor
tempe@tigrepef h@twaerbebﬂeteﬁﬂ[)‘t@mmemtam(D°(hnbrre§;5bnds to the phase

in.both the in n ath node of

i RhAEETe HRIRER Serb e PPRYS Sl iiainasd e Polyerystaline
silibet &gfeir on and Def ense [ 0045] Anot her approach taken by
an anti-TR solution is to fool HPMN 102 to think that

the h ndset/rmblle station is special, by extending
[002He | b ¥asafispeiowaenthrbdhe iuse obbxd@gennditited Suimgaerher than

t% V) n ext endi ng

i R EMSRER B BMEEN BHSES Sinlpf kA% obtan <

hemaph@nkel gmlmemafklllqort layav.oFdr bmainpuﬁmmﬁ peXnsitro§8s @s the carrier,
al | ow subsequent | ocatl on update to

pf°§88% &é’g@ “[Oﬁézféﬂ'ﬂfef'%'é@ &aueﬁgﬁtﬁsturtnﬂrgteaﬂperatﬂet efcabeut 675°C to

béurezgdPN
a ey OF oma;sﬂan%gllbyrvl%gé kz)fo%gom Q@Fg ﬁgé‘el;bordf? %5?%0% afd a chamber
presgdis efcaboat (180 Torr bo abbiol 360 Tow qrerpreﬁaraa‘ct ewhllehfrob@&t conditions

cor o, TPk Le RS oo a5 %A S 10°G ar
prefértdtbuhensSing TPt HRIrGHS irﬁn%gbh% the Reriér %&ZC' al

handset and therefore 1ssue an LUP ack. For npl e

t hi smW Eegurabl e extended time period @2/ be about 2
[0036h, niYiile gisypsirate sweparbieraperattisy Kﬂﬂge( @ 0°8bieabout 710°C is

prefé?FHd g 8d Q&tlﬁ@%{?ﬁ%k}ﬁ@ﬁ{%& i léi‘c@ %&‘1\2?1%"’}%@ carrier gas

| ocati on updat IS rec

correm@ngjmmgereapérupmb about 1404 IhyEHR)gb’l:DaE&NJdﬂwgﬁfd ehbodiments of
bad custoner

the Iﬁgecto th g is derh ; ?‘@(ﬁ
eV ! H@E/RBTG? vinet '§Pmﬁ”<talf@ta'rtqq Silisepelayess may be
deploelt@di vl hPﬁér aubeithidd 4B Pbﬁ t'emﬂtﬁgtrtg?s Gf alhi c(gtert éJFFC%ntratlon of

genera | ess than 2 I Mes ore on
hyd tmeét i yseg indBetasaion grs. | Bor exampbeiusit wdatnne;r gdtreof 3000 scem

t t ked if
of HRESAH AL SO AR LS Bl J¥iestiica aramec
silicohdaydrimay befdepaispbl &t AUTRR o
" a:m;{t:enag LUP ack |stsent .g_rfgé ?gb &ﬂgerdturd&?%tfoﬂf’ C. A

he"t'ﬁéh?@auﬁfamde@t'lcp@ e 1oy Aed oten@séad ealded substrate support

tomp Pl (DB 27 e ERRTE ot ARG o P pighuand 4000

sccmaritropen 809% dryeinigear)ed scenario. At 401 the nmobi | e
station initiates registration with VPWMN 104 and VPWN

04 d h, | MSI d VLR f
002y G Wav Db Yougth it tiRrdraips ae i Gy Bemiaperiopbpeme siicon
layet RanLbE do%%llé@cbfgadﬁt Oﬁﬂlc%"rﬁ 8n-®' e e{:ér‘?% gfal.%::\le £ -example, an

This way VPMN 104 dete presence o
averggp @ebhsizeof 4% Aewrserbtaimed- Wﬁ)etbltmtg oftrodeNad @4e carrier gas,

wh;l?raquv%gegﬁ%ﬁ} %He &é‘?ﬁbsﬁ h@%%w@h%ﬂ&i&édydmgen in

nitrogeh dshtaeeyriexd=ndi ng the period between two
consecutive LUPs so as to fool HPMWN 102 to treat the

nobi l;f station as speci al handset. However because of
[00281 e fyé’t‘-‘@ﬂiénﬁftgh&? étleguwlterﬁﬁattgwnedzslbqqn Iawensisie@osned it is

dopé@mﬁtaﬂﬁséf‘%etgéggic& ant M&b]e(;émple;r {ngt n%@yﬁgncgp gralned silicon

station wou reimn
regi stration process in a nog mal manner 409 despite of
anti-TR solution intercepting i n bet ween. [0048] Thi s
anti-anti-TR solution works in both the in-signaling
path node of TR and the nonitoring node of TR Detect
and Defense against a GLR-based anti-TR Sol ution

[ 0049] Anot her basic idea of anti-TRis to avoid
subsequent Iocat| on update betvveen VPIWN 104 and HPMN
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wat chf ul node maybe 1 i.e. even if one subscriber does

not update the location within the configurable tine
wonomrivai32t hen a corrective action woul d be taRemus2006/009118

However a nore rational approach may be nore

cal cul ative, in which the nunber of subscri bers to be

Ia éhWg%%?e\gﬁtﬁs?‘eﬁbgpﬁérughs?{] par | CU?&T%W%%Eem'Sphencal

graimed hiicabdayertmay bendkiad as ainaglectnode, salchsdd athdtiodn electrode in a
sequent _.LUPs_have been r ece| ved 214 and_even if

DRARSRRIEEE FiliTera SROV 26 S biBdha dapackBpmisphenopigrained silicon

layEPEY21Hhat 35 JHPRSitee - Qéﬁﬁ%ténﬁd)o -Eﬁ’z a?%l*{'AI\/PBev:ce | bhe doped

depl oyed. However, if it is found that subsequent
hemisplerisal waited silieon dayarid0f setvies amafbcgtnmlﬁlea:ttadm A dielectric

layér 308 shirfed BB 15 oBBRR RRBTemtH clhin®d aBupTer 302, and a
dopeat atalywsilioves &g@e 248 dverl Me did1OSHE] I%fyb?rsdéf'%erves as an upper
det ct| on of GLR based anti-TR sol ution,
elegifede-anti - TR solution will wait for a confl gurabl e
interval (for exarrpl e 10 mnutes) to issue a VAP

ncelpko I : R
[ooﬁﬁoun g‘lnogit?AMB% Sia iohg'an(gf %ﬁéaéggg}m%?fe?t?% a{?@%;)’ gﬁN con layer
wﬂbphbspinmrusoammmgdeld\hedmm Aftrdhe seimisphdiidag graiabdtsiion layer is

Locat i R) of the roam ng device
derigitEq R SRR RSk moRAS FRgved fom it aagmber briefly
Forf @%araple, Wﬁb'é&s@ét@'rﬁéﬁ o (é\@)v&?tﬁ‘o‘ﬁl ttMeV\;‘Ha{hﬁé}eaNE '\&posed to
1 the handset wil be Torced to make a new cat
atmesahee bﬁeﬂxhbef@mbe:@retamecn\mbﬁhbechmmmaAeth(nlvrﬁ)amaldx.de may

o e B PRTFL o Pt Sk b 508 o, e

ox:d‘@Ebhfnhés tie avidiiyeMidntestt the Sficdh @itdPan®ich ?na@'mbyhemlsphencal
the VPMN VLR wil | issue a MAP RestoreData to HPMN

graipgd siicturgAf; thq’ﬁ"@@ﬂdﬂ}'@nlsvﬁetam%dﬂrlﬂ@rSUQS@Wﬁntguﬂmﬂsmg The

t L
oA 811 RSB LA GG RO ATe D S, pressur
bet\an abpu\i0 3B ard abooBR®Toek. rﬁwrembsttehé iHPdN dlidsed to a flow
Hgy h urnlt{}gj #}E‘% 8nd roaner.' s real VPMN VVMSC to
of 1 hesRyiR il ViReenGRY & kPR RERYaRN IDAU &9 scom and
abo8€BdotRemMBsSatutt P td %ﬁoﬁfegb rNPM\éSV@Gh ad abb& Y& IWnu&es The

- VLR entry is enpty, the receive an erro
phogphine e aamerprsesp and thleeh@elsphengalsgramm siticomdayer is doped with

P HR for f tured 00 FI GURE 5
phoSRTES, FiES0heilele Sbrei P it finbia g damnRuIBAGHS between
aboateseErC and Abobfto@eC oam ng nobil e station registers

vvith VPWN 104. VPMN 104 sends a LUP nessage 501 to
%m% The | ocation Update profile of the roamer
[003%1ent peinente 20t dhetigrertiasy ayeMur&lerGi@cmsd by the following
VPMN 104
exa'ﬁgfé?ﬁtiﬁ% o8 g RS Sood bt i mygion
di scovering that no subsequent LUPs have been recei ved
[003flr omExamhpMBl after a successful LUP and a sinilar

occurrence for a nunber of IMSIs on sarre VPMWN 104,
R sol uti an has

s.that a GLR hased, a
oosflcon Aagp A ES AT haingin bR 350 BuRs d1er88R dasdRtroduced into
a P®E$’§é§9" 2ABmb206 NieohyBR ddviRbr %ﬁ@ iRy ﬁt%c@@qmouﬁ%a ber to
| ong period of time on 04 having LR base
Stabﬁlﬁﬁu ﬂ"FR SEREIoPresBUS 3 |arts éh%nwbsirate FepEwt uvamrheated to a

AT 0 OB R PRt i o v

certain approaches to anti-TR that would work in the

i nsignaling node only: Roami ng Restricted [0055] In a
TR nmechani sm enpl oyi ng i n-signaling approach, a

Roam ng Restricted error code can also be used is
response to a LUP nessage. Although this tenporarily,
puts the network | ocation area as forbidden in the
handset |t results i n afaster network reselectlon To

Y - " - ——— " . ———



error code can al so be used in response to a LUP

nmessage. Al though this puts the network as forbidden
wonodche783k M of a handset, it results in a fasteCT/US2006/009118

network resel ection. To defend against this TR, the

anti-TR solution can just drop the LUP ack/error

of %%%%%ﬁﬁ@tHdWﬁ@pgﬁ %Jo%‘rle%rfgééfﬁ\ﬁag@lg%gr L’@ée Sa%?r %ga flow rate

he sane transact
of ii‘@ﬂ_mm ranolrhynfrogemgasr g/aliddtow&d invethe (thambeSatV@ﬂowtrh’se of 6000
ndset has manual |y

TR t th
o BMRL peh 1 CE RS0 SacpBdied T Gsia geRnaverally degomposed,
andhavgyél ofavsflis Fhénéeﬁerérhbatéll%ntr%\}?@r%iﬁﬁﬁﬁégéjbf about 1400 A was

[0058] To counter agalnst this ant tact
depasitedopralthe éﬁuhST&@ﬁ& &heiherispheritadl grainiel stuMﬂrmufetHe)layer was

catl on update | s back w
Cor{fﬁ@%ﬁflﬁguﬁ\g’l e %lragfafgﬁa'rleﬁ'grﬁrﬂfethgga)é%rc\@ﬁﬂ?)bo&ﬁ 350 A. The
hemra;phpnemrgmmekmmnqay@mbai 8 réfadtiveahdeRbested Wi th
the RNA error. Defense against an Anti-TR solution to
QrA/ Slﬁgﬁgprogyh [0059] I n order to defend against a

[0033bn Pfﬁg depasitrt agcorling dRaambediraeneM! 1152 invention
md@h’@{Hgﬁftﬂtrﬁ ?AC}J gg%réé P;aos [ao(%@d%%%giggf%rf e{an%_{ Wure. Thus,
Unhkﬁepmromthq)ds @hefoemhgdhemrﬁpheﬁcalhgrarm@rﬁilic@ﬂ BN a separate

.respond ing RNA error code in the L
anbafndates i TR Bk, Todemy o hPavFRIAT 8L AtRIpeRAiiotUrS after the
laydragidepesigstd.at t enpting registrati on with VPMN 104

depl oying anti-TR solution to OTA/ SI M approach. Once
r oanmer regl sters with analternate network, HPWN
[003:!1)2 cAR embedieent oTAR meetbages f@meglmgﬂartodrystalhee grain-sized

poHELS 8 Y1080, KBBLTFTE0005 9 SEHRERY AEEHer oo

intredtdedTRis @l Bingtnsubsiphteyetbrhigal b&pMPNeboﬁlﬁrﬁ?%hfahﬂaer such as a
sol ution as expl ained herein works by

PO%%?V ﬁamﬁer WG R suberrierdispeted Re @ ewibstrate support in the
chaﬁ‘fb‘éfﬁqgreﬁ SRABY B PR %%ﬂlztehlﬁe%ln? fefé%uyéj MY RO in step

is not focused on counterin
400ap§h©a1t1ambﬂjr is e\m;uatmytdwaverelseere bem/@reabadt By driteabout 350
therefore it wou be difficult to

R L]
Tor Wi 1S Ehsticte G B elec dnid JampeLatire hebiean Shout 700°C
and athdilit T30S e dubte 8l BetwkbBACH Mt GATREt q UBBH! P20 Yo substrate

cl ai med herein incl udes conmput er usabl e programcode
may,APERIigAen Wicosutsdivopoaxrder or tilisomn nitiddR Iayerutfororexample The

con S AY58, B P TS, A TS TR oS85 Flu (e

or cmeﬂ:sra@mds;ethmeﬂ t 7 YBfe@méréine aiPMint T8 C0aRHLvhich is not
nedi um further includes conputer “usabl e program

CO”%{SH%C’ ?’M O Wik sloesiptinraticipaledn the raactiarpused to deposit the layer

0063] Th
and Ec%%%gﬁgﬂdst@éfcwx ﬂreocﬁéﬁ{br Eg%é) \é?feng% o[(%luﬂt%\e %érer deposition.
The Spmemawmalsd mw@ hgidaigev;e(Hng P! Qex&ﬁ)plé Offiel dtatibPPas may
conmputi.ng ¢ n and devi ces operatin
comBia ARAPeH Hns UBRe N Ao (ado APROST08% by G9dss (Ha), such as
20%CONEHYIR V0D 99 hy dHRRAS T(?{E')’“Z()ngc’éégblg Rkl Wit SVRYRE i about 40%

system or networKk. nponents can al'so

hydregem|(Ed). wiln lPnengspretbie cdrriet lyas Imrpmf?d:r@n( hgdirogen (Ho)/inert
xa ot uses, controllers, nenor

gas G Mratof o 3B ol 1BR uBSef el Bedsnad mySkrbiayer has a
predomiaitlyi Rat i ONGrystap cﬁ@r‘téﬂdﬁn r&¥r HAR e @ZZO&OGE}}S@Qt bﬁ?ntation.

of ot her processorbased conponents may be carrying

the functions of the ATRCS. { 0064] It should be noted

that the various conponents disclosed herein nmay be

descri bed using conputer aided design tools and/or

expressed (or represented), as data and/or

i nstructions enbodied in various conputer-readabl e

media, in terns of their behavioral, register

transfer Ioglc conponent tranS|stor Iayout
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"herein," "hereunder," "above," "below " and words of

simlar inport refer to this application as a whole
wanawenotssto any particular portions of this PCT/US2006/009118

application. Wien the word "or" is used in reference

to alist of two or nore itens, that word covers all

Al 14 218 bRATSRIHAL. BB 2 S g fien o
corcehtamipnCcatiol sadh dmatofhe Babsé ltl?/ndéﬂ)‘cﬁslﬂeldspolysmcon layer has a

r{9{()}066 The above description o ustrated enbodi
ra ARTHEESTIE Wab ﬁ"h@!ﬁt?&? OEAIB 125 9 EOLY & Do tpoetbout 120 A

acédrfing thhe didnti form di scl osed. Wile
spe(?ltg fic é%g mantns % exanpl es for, the ATRCS
are descri bed hereln for |Ilustrat|ve pur poses,

[00gr i oUdecgarnal gas meyi bé ciatrodusedirivtp diss i dilaenivert Iat m flow rate

e s f the AT skllle inthe a
oely¥er FBBG.R v SnflehaitcFE B o hEnEA e RS o tGelioed into the
chdraber I‘lhl@@?h bg sﬂﬂﬂwl'érﬁdaél OinOfHéehd p(ﬁioﬂrﬁas%'hﬁ%b%\fsé@d% %‘i@' substrate
nmet hods not be limted to the systens and

Sun%trh@d@ecfé@mb%e dT heneareer QQGGTHVTﬁ@OéJeewHﬁdQC@% inta@t lower portlon

o s A0 65, RCARTRIL 5, G304 A NG ABf  poic

layet tem @et]ﬁiwafg @atiodmpoﬁadl% ih@hé havé¥Tgelion df tHegbtharbet. he
above detail ed description. her Variations [0068]

Provi ded apove for the edification of those of
100 G AT SR CalTRr (B i, SRATIGY BISSAUIS, nRvd: suhstiate support

ten{;ﬁ#aﬁﬁép&reogtatbh%ebm’ae%‘iﬂcgﬂaccﬁﬁgnﬁg 'ré@d?'sbrl \%m@&g@?ﬁ into the

a scheme for countering anti e ween
chanpipgy, fs siewn cainstag 40i Wblla;tthelftﬂw ofithercauder gas is maintained.
ndrmlflcatl b the.spirit of

Prof b A BRI SHRINTS BroEBaPs bs L ACH Al bepty of less than

abdutdi BErat $lsubbtrate duppod fenperatd d¥fledd ehBNEBGIITEIEE. The low
t hat have been disclosed. For exanple the present

activaljmEensrov, 4 & ripse iam aloywr 1 /Yy resultsriom taer gepasition rate that is
not'\Hi n@’ﬁ’&q ng@ﬁ%ﬂﬁ@‘mv\é@% ESB %tgstfzﬁ@) qgtgj% waetflke préglg%tnftnghly sensitive

to tempenaiuen fluamaab:s@ obeadbfi@nd hulsy thapiubmsrateed Eaarr@w%f silicon-
W Fi or any o

G . WCDMA, GPR
COf\f@{‘W@rrkfeswse gy be é&seﬂéP@Hgﬁﬂﬁﬁa@&t(ﬁdﬂ% ﬁﬂdml@ne (SigHs).
Pro ol W ORI PR s PR T i Romiaining

pregiarser triay iwpmtmdm:egi irgh thé shaober at arfipvo ratetueeween about 30 sccm

o 4085 BBy BT3B 585250 g w0 scom whie

the Plo@s&Bartiay R%ESB Irﬁ’é‘ tlﬂf‘bhaﬁbéf fd ﬁaﬁﬁénhé@‘ﬁt'aoﬁbﬁé‘t@tlfétbvﬁgn about 2
System (AT detailed in the illustrative exanple

S*mcaﬂﬂ abﬁ@d%cskmamdahh@ cheshbebpiesadianis m@mtemadcbetween about 150

hile.tel egh
and QBSLL 855752 e, OB BRI ST fofereratar
betWeen rbuprA0ed had |abvut i TRDChe 'lTygo i eie ts@bt:ﬁé?l%etemperature is
Anti-Traffic Redirection untering System -

ab%?ﬂga t¢ gbowindhCelesa dhamihe teroprraike @fmlaﬁéﬁtﬂrsmpgﬂ In one
emﬁcﬁlﬁﬂeﬂ?%@%ﬂ{lﬁw Ao‘;ﬁtébﬁ'fq [?L%C'ups %%B ty}ﬁfé flgﬁv of the carrier gas

agnostic to capabi I'es visite
andnipheducrdsintortick m‘rastmbetkwmamé)eanfer@ae and provi ded
t hrough any type of tel econmunications nedi um
out |i

bil e tel epho, .
10037 ol RE AR UECHPAY (51 FBAhelk Cosaeinossg, 18, in the
abs6R of WM A% cgsﬁ%toﬁaéﬁﬁérﬁéeﬁnmoﬁﬁ% SHlicOn rh?{d @r‘\%y@n, and a

t el ephone networks or syst emg, I) any so-cal
apparatus normally used in a hone or subscrlbed

net wor k, but also configured for use on a visited or
non- hone or non-accustonmed network, including
apparatus not dedicated to tel ecommuni cations such as
per sonal conputers Pal mtype or Wndows Mobile
deV|ces (|||) an entertalnnent console platforn1such
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Mobi | e Application Part (MAP) Specification (3GPP TS

09.02 version 7.9.0 Rel ease 1998) Q71X SCCP Q70X MIP
WQ2I06/103AP GSM 1111 SIM and Mobile Interface GBMrAS1006/009118

SIM Tool kit IR 7320 Steering of Roam ng GSM 348

Security and OTAl GSM 31048 Security and OTA, GSM 231

B i s AR e, s shour

in Bieye d0dr eSinod! RA0GeMibial By-Bestiuet IonttRe fiBegnMNedadkposition of the
.Layer GSM2201 1 Service Accessibility GSM5304 Idle o
siligghecosiaiping; dHeesveno toe EFPePMRESitien k ralep e nihassilicon-containing

88055, W85 B okee TIPSR T e, win

tunanba0RE S The fdrMEtIGRAT 8- (S iz dPOaYSt hadais BATKERGHINoRFgrains.
THE I NVENTION Field of the Invention [o000i]

di t f t [ ti [
oo 2 A nie e kG Ty 1Psgery I eFmbhgeets” Ot Uepositing a
hepfsphgicapigraine8 "IRHNTRIVe?, Rf whd s \Emtd qn?t:r #lA8et& hydrogen-

et hods of formng hem’spherical grained silicon
dilptggle pirogen ﬁ%ﬂiﬁ'@ér&ﬁﬂahltmﬁl@ﬂgﬂéi ths zadrigrolgpsi bifecied the process

| ec S| i aduct or devij ces. ..
coh@5hE SR e Pug e AP S Sl ver. o
exaleple; ewitie care30% elydragen dsanmtrieéddry captsregasdal Bulsdtile support
since such devices were first introduced Sever al

tereratiie Qlgy. leaptrlout 2 C intrsglestastitocdepesit @ naaperystalline grain-
; RV : |.f - Si |
sz8EPA R G4y DU HEBHEARLTs 4L Ll cuppon

terolesriaties afrat deashiahodbdDOS mewelvy ubud ty dapssit Ahanocrystalline grain-
new et hods of

._sen oqduct or device sfi zeé decr ease
sizi BOIHICRD 'avers i RiFTeHed paIRadiaRst o SHiiate sHBRRi temperature
of BEtAIH GBBAHEHOTC A GBSURTSO* S IYIUEH fRn RY RUHAS gas comprising
conmponent s havi ng the appropriate characteristics %o

nitregP A tegidrbesween edotie 0%hie gt GOFahydrogent he devi ces
conpared to prior, larger devices. [0003] Many. nethods

de LLi LLJ I Lysd - cont ai ni ayers ‘

oot o “BORES it P8l Rl Rl MR RGB g bRV er as atfeots
thesstep conetagecst td_e\dmofﬁﬁliir@bf%iz@@?cﬂ%@lmﬂrﬂay@?bh Qdsubstrate.

OF‘ deposi.ting silicon |layers having different grain )
As ghowa R LjdHTBex R pRvRtrgaline grabrsized pplysticemyayes deposited using
a i i f 2 Ane : t

e orns el ARL80%n (FEF (R AR B 4B 4P 8hoe than
narssrysialiine grainesized fpodysiiRan! ldgei depbsiteal beieg develiapgss that did

Hem erical grained silicon has textured surface
ot QIR TG & B OR Rl pseResEIn S P kiechien Gavarage was
obtaineARAISWELASRsRiGH EhtedlUS provi des an i ncreased

capaci tance for a DRAM capacitor containing a

hem spherical grained silicon electrode. [0004] Prior
(00403t ho%ég%ﬁa & shows dhatdhe syomeentration phhpdedgshl (Hopin trevearrier gas

ical i u it n anpor phous .sil.i con .
aiteetD 58 Aol BE S FRPRGA Tl CARCERNE 15 SR g potysitcon
layert eeposited mated tsubbga@NBliglit Serfipéiad@@s| GFYRI0°OhAd 720°C with at

hem spherical grained silicon layer. The prior
'eaﬁe%@eaﬁoh/a 'Qltg% cpERiigasdas imprPved.righgedgcedriougbaess (rms).
conditions that can be difficult to achieve. [0005]

t hoglge 0 s | rsanilaye : | |
ot ¥ O e SRRy U B34 B b8 cgpan by
intregiidingl asf Nk oempriypa dopant dnidithe astembar ingaddition to the silicon-

| rodes has_been devel gped. . Thi s net hod i ncl udes
conf By PRl =87 BRERXoBPlFs A TRTLAT PAYEBETVARAU 3 5o6Gcih abshabout 100

grain structure foll owed by upper polysilicon |ayer

having a columar grain structure. The col umar grain

structure provides relatively few grain boundaries in

the silicon bi-layer. It has been observed that a

| arge nunber, i.e., thousands, of grain boundaries

provi de enhanced el ectrical properties, such as

increased carrier nobility in a gate structure.
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uniformgrain structure and size, a |low fil mroughness
such that subsequently deposited |ayers adhere well to
woheoepiot3gsi | i con | ayer, and that maintains itsPQraiSzn06/009118
size and structure after subsequent sem conductor
processing steps. [0006] Thus, there remains a need

scdrfifof T84 BRGRdrsherdn ;ﬂﬁ)sﬁ ‘H&ﬁ%y%&é& qu@[&\%%? ggk’ﬁ,%%opant or

as el ectrodes in sem conduct or I ces.
a flomvelreiwregrogomyt Znbecrnmntt aboit 10 scemenft 1%ndiluted diborane may

. Vi a, net hod of depositing silicon or
be g‘%ggggé Hvl'(g‘%ﬁ H'&@Srdsop&ﬁ"-a substrate. In one
enbodi ment, a nethod of form ng a heni spherical
[oo4p1ai ndtheshamearystadiner giin-8izedDssySilicort MW H8F be deposited at a
[ g%te::odum g a silicon-containing precursor and a
rate fEtveen gag%oqflep%PSiaﬁ@ abeyihdPPQitAe pememintde, pegferably at a rate
Sintd I ing the ..
Dot D TR R ol 2880 ek HEERTT Ut abpSition rates are
possérie dvaise st single nebstiaté chenlicolevapyt defsadisd @h&n®Rr is used
ratiésS bstralt%etﬁauiﬂigort | r]_é_t ne chanber. The substrate )
MRS BT 21 RAtGR; THAGR g HiIgNPlesHERar 293% dloveraiesnusasbin the single
subBtife amshmrRPYApdrldbdYsitidn¢h (%L?Hm&r. i ' ' it
at a pressure l%ert \/\E@%ﬂgboutén?lg%rc orr gﬁﬁéﬁ%bw@@%?&mon rates.

Theriigh sitipnt latesieploaiad ihe. folihatiomof sewmligasinsayhich are preferred
ogen. The

ST SR i —
in subgequait fretussng o, r%\s@tiﬁ@qln aPRigh &VFGT?%%@?%-?F%UT@ 7is a

si ze between about - A and about 700 A.
graph frat Iktseie ikt relatignabiprriwebnigsaim size and deposition rate.
nanocrystalline grain-sized polysilicon layer is
004B] OVi fig4l. ogi e t conpri ses .
[ i_fnt r oduci %%gﬂbzﬂkﬁ ?'ﬁ@%n&ggﬁg %le(rj]i E‘g’ygﬁé@ﬁﬂ%?r i d Z)e deposited to
varyiag thieknessesj deperdiagruyl thesuls of #he lafee i gl eXdRgIE, for use in a
ated%l’?oii H on chaitﬁ)er. ?)gg .thermal | y deconposi ng _the
9ate ;S oT e B thiHTURICD PR S Bt Prevedd pdisequently” implanted dopants,
sucthaa® chydhal fkdme passhg- #Hré6 ey $iidd Laye i
. Substrate on a qubstgzal.t(er S%B@g%ﬁ&% éﬂén%%é)mﬁeélymg gate
dielegifet hatnanogpystating graiaisite pelgsiicora ldyemiedaposieed to a sufficient
; a 0 out . 730C he chanber is
iote e halicct Badrihaliouta 2205 o8B AT SHRTRS Il rovent o
dopaiiouom3difluding rih ebuighn@et IagedRBO e gare diftric during a subsequent
%%nocryst al |1 ne (E:;r ai n-si zed %g ysilicon layer 1s
annegiigsieR usprde activate thesloproed. The nanocrystal | ine
grai n-si zed polysilicon |ayer may be deposited in a

00441WO PAT 4 i h r Jdine . . "

[ g]r_ai n- si ;@% _poi ys%?%@h{%nté’yg}@?%% gégsgiﬁl'#é% Fpinssiged gpolysilicon

layetldp oddpoisiiadriat @ tval paremethpdsi tiedhat firgt $2e0QNd silicon-containing
ositi.on,| ess. L(iréan the first deposition rate. BRI EF

prec. ) Wf?ﬁ%’c@g i am%gsat[@@l@gﬂ rat@, sueh aseflawnate between
aboutng@higdin tdiR1 apRVE JRFikesh faal gﬁgﬁnz@fy geﬁg@@%S@tto deposit a

i nvention can be understood i n detal
nanqegystaline sgrainesized polysilicoh taper, i ass desdrived jor $tepky402 and 404 of
: j ove, nmy be had reference to
PR e SR ol B LR 158 7ermand abour as0
Torr alppagdied dépauitiogs In lihie s8cédr BErNPHeLbw tﬂé’[’é_edfei"ue dilkh-containing
t he appended drawings illustrate only typica
Preciisgp diviQetiies ChAMPAY & reduaed, shichras o @ flber retehetween tabout 10

' i gt ' cope,. for the invention
scon Sy 98817 Sl B el bindSRG bl Sehd HETIn tayer
is dep06ild] ofritigel pesviously depbsited handcriepilipkl dielird&ied polysilicon layer

embodi ment of the inventiony4[0011] Figure 2 is a
graph showing the refractive index vs. substrate
support tenperature of |ayers deposited according to
enbodi nents of the invention. [0012] Figure 3 is a
cross-sectional view of a structure including a

hem spherical grained silicon |ayer according to an
enbodi nent of the invention. [0013] Figure 4 is a flow

-, . oy

______



In anot her enbodi ment, a nethod of formng a
nanocrystal line grain-sized polysilicon |ayer is
wonraesiided2 [ 0020] The processing conditions pra¢rasenosmo1s
t he enbodi nents bel ow are provided with respect to a
300 nmm substrate. It is recognized that the processing
at 69B8dkt HePSsiBY I ] 0 the substrate . .
Bt B3 oM & R e el My i Train-sized
polysiicep ;c dlhegrheimizer siebse@nmbagyber bevndentEbdla 160 & and about
wi.th, respect..to Eigure 1. A carrier gas is
350 Heb i AP udrh  aBle f sPinpasce Hiarasao ptpapcesses in which
thedepasdrystanineQfRin-6R a8y R '
on a substrate su%gort i¥1 t he %@%%&%rﬁﬁ%ﬂ glér%f)gﬁ‘gg%a” method
(Procags tH @ngbiin | whichhéhe hearimary gtabissugesinaszeshqalysilicon layer is
100. sirate conprise_a silicon,
de@f@goﬁp&i—[\&g S%r? I&\Ie?f?%dOKBﬁc?qqsisd%B.| afkocessgr Lxanghi2 were both
perfdrenaxhat b &ubghate®YpEEHRIhS6raliire! IOBS0ONBNd ¥ cidrhbh 8o
27@% il uted with hydrogenp(HZ), such as about YpbEpressure of
8Ut MsueRrHotgay i RIPpgssephbabd @ ineludgdmitiegerband hydrogen.
introduced at a flow rate between about 3000 seem and
[oogspout TZRROP seem [0022] An exanple of a single
substrate chem cal vapor deposition chanber that may
be used is a POLYgen(tn) chanber, available from
Applied Materials, Inc. of Santa Clara, California.

However, ot her depos'g;éi on chanber s%ci‘ﬁggﬁ ﬁil udi reip

ot herchem cal vapor F|bosi tion cha

showe?Bad abov®at stimst r Ehieknesppomiformityge bB#uslize Theoughness
substrate suppoft. issgeat ed 5‘? a tenpgrature between
about_6700C and about™7100C ‘Whi | e t he®chanber predsure

Procgsg 15t Rgpiosifiored at60a pe®8sur e9®et ween abBout 1084 Torgs and 36
about 350 Torr. Typically, the substrate tenperature

Procésszab[?eut i OO1C to9 about 300C | ess than the tenperature

of “t he "Stli¥tr at %uppdrt. After the chanber pressure

Is stabiljzed, a silicon-containing precursor is
i nt r odiCEP Nt 0 ©ne Ranber $8B2as showh3at st 8210286 27

[ooaEx anphes shdwai lih CTablO Nt ai faieNGwier S Ao MRSt
sed el ude silane (SiHN and @ ;ﬁfgngfe?ré%%% Vepeiting the
nanggiysialiico Aralnsizesl pebisilicedr laiey poevided rard impdbvedt, dowhe surface
t .50 seem and,abqut .
rougtBRR31eT Tt 26 AU dhh I BreSadh ARG 25 FREPET b Motic force
miciosaamer The high riepositionatiterof trawfirsapartosit eanemdUrovides a first
or 330%0 seem aF .about. 20000 seem_ [0023] The ]
5199 CEROEDNTIAENG Hiapreiged seelvailiaon naverthaehagaa maydom grain
truét@re WithQAWSIEHrdi i RS,
S AP i, SRR st Tafe SEMPROGI part of the
metfpdpvidas @ secord mahbgrydtatiovepgrsint sizedpalysilicornlayadthat provides

i n the ch er, i.e., in the absence of a_
o ot e, M SBNGhorinioad ebidisaena compring the
first gndiseednd ildyeron A RWRSr Jufa@8RBEHASESOR &ékﬁra%‘i’é)%&éﬁsee it provides
whil e the substrate support is maintained at a

a smeqip siusiagedhpienbancesm tir uBITONT depdstibous! SukaGeatiy deposited
M ' ' at _a essur.e between _ gbout
yorsoBeRTT AahEr S ASE ey Rss Js Bledor i Iirmiing finography
or patirainperoBupAdd BRYapss Vi @indacuriford SWPsdNPRidribly, the
cons{tl nt tenﬁe[ature during the deposition of the
nanqeeys @gﬂ%r on-sired elysilieare olayeaykas Fheoein-meart equare (rms)
rougBh r ur C | er S e.dg.., .
gt B B R e 81 B Fls Ty BBt S gt ptained
by atorwc &draetmeicroscOpg4AFMpi cal |y, the deposited ,
hem spherical grained sili cq)g | ayer has a refractive
i ndex between about 3.0 and 3.7. The |low refractive
index is a result of the |large nunber of voids forned
bet ween the hem spherical grains of silicon in the HSG
| ayer. As shown in Figure 2, a deposition process
usi ng silane and nitrogen at a substrate support
tenperature of approximtely 6700C to 7100C provi ded a



conprising a substrate support tenperature of about

6800C to about 710 OC are preferred when using 14%
wapaegess2zi n nitrogen as the carrier gas. [0028CTNW20106/009118

a substrate support tenperature range of 6700C to

about 710 OCis preferred for depositi ng heni spheri cal

odyai ne e as co ing . .
[0 nlltar ogg\r?sg;r(tégﬁglt% Fgﬁag {’Jé ﬁ%v @r ogen é‘o%“é’cﬁg? lﬁne Yrain-sized
polystliedn riemlsrsoﬂesmlenseantgaw ele(ttrodie bé@ﬂat;ﬁ&ﬂeﬁﬁ@} device, also

hem s a| ned Ilcon | ayers may be deposited
k"%‘t"”h?gqg I 98- SpSHEN t @ risiAes e nenogrysialing grain-sized

po%@iﬁ@@ﬁﬂéﬁr'rﬁﬁy% dpBR8E b Sn'bikib Pﬁtgog%lecc%r ¢ 'aerigd 88%xide nitride

or exanple, using a carrier gas o
OX'H?dﬁb@eWa&rflﬁ QQQQBI@@lem e soTpeith baﬂoé%twm‘reag&m)-,s:z@d polysilicon

lany mé?rg)ﬁﬁésﬂt {ISI F%F{ %I%%ngb?%sgﬁﬁmégrﬁ g%efy%je deposited
on ltesrbgipbertiiriciel oxgdelayed i tdhpRrie ttﬁé’&éte"@éct?t?déjepos' ted

at a substrate support tenperature of up to 720 0C

gﬂaqq?arrl er gas of 4000 seem of hydrogen and 4000
[O%Bée Dgén s sheys dhah)the] ddpumbler, wikichuis her measure of

hat ,t f
Bl o A Sl 2 B ARRER SR AR s o e
part meetbadris @rsggamuyzthe soarmafdsetheamnavaiRge (ﬁrzﬁhanét:@@téﬂfne grain-
Wa s tal ne usi n nitrogen as the carrier
S'Z%CZEO \%A'CPB éi}étﬂéégg 3}3’ ‘%ﬁ %t%a'&ff%eﬁbed,q %Rdmrabﬂw defined
as mefan@%frtae%ékfmmwaﬁnaﬂ rthmtn%zf?ﬂﬁﬂ # tﬁk‘/ﬁl fah Li8ho. djvided by

gas. [0028] Typically, after giralne
thest11lcorepkyerthe X- tmpdﬁfraetmbn (XRD3} sqbeptrdm/\/bt lheil‘ay@fs orFor highly

t he..h ph, d
T s O e
reqatre@lﬁd)rca Idye tdaredomsaadcphenhdsa eﬂé@gﬁ‘ﬁﬂ bé'el h&ﬁ@cr&@t\éﬂfne grain-

egaé be used as an el ectrode, such as a
sizeq RelysilfierRn [ayek DRAM devi ce. Figure 3 shows an exanpl e

of a doped hem spherical grained silicon |ayer 302
oo45f1at The (RBR M.OSY! G8ak i
oot TR RRRRT B0 B P2 1215 Buble PP A2 B i i
a m;e@lsuées oﬁsaraddwomqassn é’hsctatmdshomd diechight eig, hbyer 2 30s shown in

h h | d |
Figys oFA 391 Bhcn eISTER L0 I EoR FayEmesoRistee bs an XRD
Spediéﬁlggﬁﬁt%ﬁgﬂ;lgynﬁ2§ﬂ§?a?@%fﬁoﬁ% Rs lWIQi?é’ aet)Sﬁ/tsﬁlBgr‘? film having a
ran sgw@;rpde g AR gpetirimonitth ayiaghm <t:h1 bhpeahoﬁ@Jres 8A and
65 B SHEH, 5 noelfiont Bn T & pulifand Skidire may nave an

asymuhﬁtttc glemknaly a hiiffraemoM eshdis @w bhe7 85, Whichf lsyrn rrgc,%rnve of a
g n%é t he substrate may be renoved fromthe cha
stacking Eoé@d arqdefaimatigihet @emfvéiﬁﬂ@edéﬁl@e;ewbde @grandom polysmcon

im b45E g b 4SRRI T ALl o1 B LR e 20 o

27 deigsedremay Treeusdd 1o prowidevan tmwlejet@ﬁtmaﬁ@n e a polysnllcon film is a
ement . of . tge silicon atons such that th

na"%wa'eﬁwsr gleai-sigeqi RRlysIigoLtaYE e AR inifial @eﬂenrmmattoayf@rat a silicon
film ii$ dr?’sitélhﬁ@dra‘t##{éfr4 MRS YRRF IS c?ﬁ ééﬁrgén@@ by V\E?%W"]gs <220> and

substrate is then returned to
<11ty heaks ddtheoXRDpspastunre, a@amphahmsmc@rﬁ)ﬂlms C?/pﬁzﬂﬂly do not have
weH@?ﬂHé 35? Torr ?F substrate is then exposed to a
8PS r2£0s Mgsph ﬁépﬂ?‘%ted with hydrogen at a flow
rate of between about 50 seem and about 300 seem for
about 5 to about 30 m nutes, such as about 10 m nutes.
The phosphi ne deconposes, agg the henispherica
grained silicon |ayer is doped with phosphorus. The
substrate support tenperature during the doping may be
bet ween about 680C and about 700C. [0030] Enbodi nents
of the invention are further described by the
foll owi ng exanple which is not intended to Iimt the
scope of the clalned |nvent|on [0031] Exanple [0032]

AN NN 1 .. . o s o



indicate that the | ayers as deposited have a

hem spherical grained structure. Thus, unlike prior
worbtsadss3of form ng hem spherical grained sili 20WUS2006/009118

| ayers, a separate annealing step is not required to

form a hem spheri caI grai ned structure after the | ayer

i s te enbodi nent of.
1005 i WD Rk e JBORAGth D QRIETIGS SR g M gfherrer equation
metXaMr?rué_Md to H%s@?e gﬁérﬁr érQ@dan‘l'htehné grhmh@ % aWéEeﬁ polysilicon

carrier gas IS | roduced into a | e substrat

BB PRSP LS9 B et

substrate support in the chanber for a period of tine
of the ma’PIUM i@lght@mhtalﬁ‘dbe graisssize.e Typicaindie rmaxistusp grain size of

Iy acuat ed .t o ressure betwe
the oGl g b 2o bSO 1hie Th O BbFalPE Siu 15 nm as
measufrpt )(RDaahdn’aBbat B MRt weemeaalkordd P TEMarebss-sectional
about 730 0C, such as between about 710 O0C and about
microscay. KL siRsUremeniselypicaiunsierestimatedba arain sigewhile TEM
me%bfel‘?réerﬂéa@eregtﬁﬂat@ tthlr's r%rrl\ @Yzﬁéé t"l*‘h%ra@tﬁgngha?n sA€is between the
valoes noegpaurdd\By XRD gad TEW) , hel i um (He) or conbi nati ons
thereof. As defined herein, an inert gas is a gas

oo’ e SRR i ey S0 BB AL RE" Beposied
acdd?&iﬁ@&@tth@ﬂetrﬁbdd?r%eﬁf@apﬁfe iROERIEAEScriHd AoV @hé AXBbCrystalline

depoSition. The carrier gas may al so | ncl ude hydrogen
gra(rt-rsn)zedmnly%bmrplaerer thay dgr ameealga,saﬁ@}nommr piop 406 of Figure 4.

Th% ﬁgyeaﬁrﬁ éﬁ @t gtggf/evc\’t {)h @Yﬁltt 1%&@ g%t—té ﬁ\%\?\%oﬁ/sygt/aqlrneg grain-sized

polﬁﬁrﬁécﬁf 2 VYA dhbuiaeﬁ)cws&aﬂnw@kﬂém@%d Polgbiivén HY¥r may be annealed

drogen (H2) . In one aspect, the carrier gas has a

at %Mﬁgﬁtﬁwﬁuw tRyERe (At Ph abpulg3@5Q°6n Eing® arep@ndsv &sing a rapid

theﬁrﬂgpahn@al ér{bﬁnﬁétb%‘?%egittli%p%?zﬂﬁfé LPGHBRY ¥R EGA, lfﬁﬁh%ce for 30

predom nant | 11> orrentation rat
mirtubes) d h=e2@@:roctrystatlrab grarreartzathpntys@lmbﬂ:rt layealnaintdifeits grain size,
arrier _ gas prefer y ha a suffjcient hydrogen . )

randiBg | SRk s St DY ORGSTeSoat 115" s QUbSes: CAylgrmity, and fiim

corfoisamy el Eénﬂﬁﬂmﬁri U eGeRPAN§! tHeS PaYidtRY e ih%sre?ra%ﬁ\r/’éj%ex of the
grain structure w an average grain size of t 70

nangcrystalioegraintsizechpelysiicony layer Xorasp alsdlisteate ioless than 0.1.
rreasurerrents [0035] The carrier gas may be introduced

o', S 18R RS SRR A5 eZp iy ventin

othéhandf’faﬁhéf ehtbodirgbnia 5rhmwrrheaﬂom Mdy ®el delvisdd Wiout departrng
chanber above the substrate support in the chanber.

fromilae pasici saopgdberasy, and therscong dg detarmined bydhe claims that

foll@r tion of the chanber bel ow the substrate support in
order to help prevent the polysilicon layer from
depositing on conponents in the |ower portion of the
chanber. [0036] After the carrier gas flow, chanber
pressure, and substrate support tenperature are
stabilized, a silicon-containing precursor is
i ntroduced into the chanber, as shown at step 402,
while the flow of the carrier gas is maintained.
Preferably, the silicon-containing precursor has an
activation energy of |less than about 1 eV at a
substrate support tenperature of |ess than about
7500C. The low activation energy, i.e., less than
about 1 eV, results in a Iaygr deposition rate that is
not hi ghly dependent on the fbstrate tenperature, and
thus, is not highly sensitive to tenperature
fluctuations or variations across the substrate.
Exanpl es of siliconcontaining precursors that may be
used include disilane (Si2H6) and trisilane (Si3H3)
Preferably, the srllcon contalnlng precursor |s

— s e o o




turn enhances the formation of a polysilicon |ayer
havi ng small and random grai ns. [0038] As discussed
wahosaovdsth respect to enbodi nents of depositi RQTAIS2006/009118
hem spherical grained silicon |ayer, it was al so found
that the use of hydrogendiluted nitrogen rather than
e the carrier gas affected the process
Vvﬂgﬁéggﬁﬁﬁg§%9eded to obtain a nanocrystalline
grai n-sized polysilicon layer. For exanple, with a 50%
hydr ogen, 50% nitrogen carrier gas, a substrate
1. suppomethedpdrfatmimg af herhispbastalap@iied 20iCon dayer on a substrate,
referred to deposit a nanocrystalline grainsized
00851 icon layer, while with pure nitrogen as a
car intRdduddy a2 shli ingP i i i
| east about 708ﬁlggﬁ1ncg3teggﬁgsgggcp§c§ggﬁgia% Lb;a(?né}f gé& nto a single
substiaiershemirali vapog depasitige ¢hpoibes; andton | ayer. In a

pre e [ a,substrate support tenperature .

t HEED TR B e i ol dliEosaBREE pLEESY S, reposit a
hemigigherical @amedoslitbs i BYenidr ABE Ns@Hrhet VWeRNeiAbtHE L¥strate is

to about 50% hydrogen. [0039] It was al so observed

suppRitedi g ng AYRRtERIensPpRIt tie the chamber Hwes subsiaetes support is

he. t 0 t dne pn-si-zed
e AR R S MPETRBle BnBEI DGR’ GO Rl AkBHT SREC, and the
chﬁr,nbar nsarrgnmtymtai i agrgsaimne- lsétm@énlpaﬂac_){ﬁi 10'rgl:gnrﬁ @y@(@ﬂg;ﬂ 350 Torr
epqgsited uysing a carrier gas including hydrogen
du?‘@@&ﬁ—é?p%ﬁc%et ter step coverage than a
nanocrystaliine grain-sized polysilicon |ayer
deposited using a carrier gas that did not include
2. hydTbgenethed)of diaimihswhesin thes siliverd-cohtiningpremedosisdptroduced

. .cqQverage was .obt aj ned at | ower position rates
i UGS 8 raleo ke APret SEREEM O H4PLBr400 scom and the
caffipdigRg s iftrédudedl ke tiathambed as adbi€ pbivddif ab8HOBHES Scem and
of the deposited layer. As shown in Figure 6,
aboy) 3000 6/ ayers deposited at a substrate support
tenperatures of 710 OC and 720 OC with at | east about
20 % H2 in the carrier gas had inproved, i.e.,
3. r edlibednethodgdfnesien (11 Were{n%ﬂilid’d?ﬁc@ﬁt@ﬁﬁrﬁ%iﬁ'@édrb@neis silane or
. grain-sized polysilicon |layer may be doped by
dis #MSF-oduci ng an n- or p-type dopant into the chamber in
addition to the siliconcontaining precursor. For
exanple, a flow of between about 25 seem and about
4. 100%ke maihod @f diairatle cvhearsinrtbe earmETamshtompisss micogsedNy).
to provide an n-type dopant or a flow of between about
25 sccm and about 100 sccm of 1% dil uted di borane may
5. be Tis@dhdiRoR SIS @, WHeYBiR HePadtier E;QQ‘\‘ahhé—P@omprises hydrogen
nanocrystalline grain-sized polysilicon |ayer may be
Gbﬂeposited at a rate between about 1000 L and about
3000 A per mnute, preferably at a rate between about
1500 A and about 2500 A per mnute. Such deposition
6. I at'Hse atthpd$ chiih Regaish teshéralspheHbaltdralrRdCARdErERYer has a
vapor deposition chanber is used rather than a batch
refraghvey sleXx gt hetwieer abawl 3-§and alaut3af es used in the
singl e substrate chem cal vapor deposition chanber
contribute to the high deposition rates. The high
7. depHw trhethodabbslaimhancwhéfein fthemaimisphefricamgrhingdasifison layer
whi ch aﬁerﬁégterred as,gghysilicon | ayers containin%o
COMRIRSE Yieahaavieg g dr8inmsice Peheen abewetad Ml AN LE0; A
subsequent processing steps, resulting in a high
current | eakage. Figure 7 is a graph that illustrates
the rel ati onshi p between graig si ze and deposition
rate. [0043] The nanocrystal [Tne grain-sized
pol ysilicon |layer may be deposited to varying
t hi cknesses, depending on the use of the |ayer. For
exanple, for use in a gate electrode as a diffusion
barrier to prevent subsequently inplanted dopants,
such as boron, from passing through the electrode into

. . .



pol ysilicon | ayer. The chanber pressure may be between
about 150 Torr and about 350 Torr during the

wdepwsiotis3en. Table: 1 conpares the results of pCcoESs®ED09118
in which the nanocrystalline grain-sized polysilicon
| ayer is deposited in a one part nmethod (Process 1)

and | oG/l al line.qgrajn-sized . . .
8. Dor y oB HELEER S8R 3° SinteornPPsifg Mebirt, £ nemispigprical arained
silicéh tess 2). Processes 1 and 2 were both perfornmed at

a substrate support tenperature of 7200C and a chanber

pressure of 275 Torr. The carrier gas for processes 1

and a2 i de M & , - ] 1
% Gop THIfiod 5 8 By Theipl A polElcin tayer on 2
substrfter campfsiRg: Si ze Roughness seem sec A % A A Process

1 Deposjtion 60,2 2 990.LL 7 064 88 36 Process 2 . .

DepBLioPHEIRY 29pili80TheRRENNG (PIECUFOBRYES ¢aniprogeD igle a single
substrdt@ @ABIiAH vaRerBepasitidPbiSarkbef N€ two part nethod for

deposi ting the nanocrystalline grain-sized polysilicon

| aythermadyi gegomposimgr dhed  siliconesordainfrar epresucgureds  deposit a

. A)._than,the one part  neth as measur.ed
napdchyftaline qigbhiznd BRbislEad 1udaon, v SR s rBRTSHIES substrate
is ebippdreed idrbta Babbirae E0BpaRRtIAChaPICAMNIRS, hd Idublstidfe support is

seed nanocrystalline grain-sized polysilicon |ayer
majriainedaat 2 %ﬁ@@ﬁt@fﬁagﬁ%@%@b@ﬂé MOE endl abeutarde’C, and the

L Leithe: e L r f .t n t, of

chafibortis REIANEL, 48 B0 HehEnl applf 4357RAY Y dodlt as0 Tor
durgrgpihe-depositiqnolaydi | i con | ayer that provides a snpoth

surface for, the nanocrystalline grainjsized

pol $¥i9alipgihe Aappcrysiaiinesgrag-sred pofysilicaRdayie ond

| ayers. A |l ower surface roughness is desirable because

it provides a snooth surface that enhances the uniform
10.depbs methodfof kise QuéntHey aepoiking dopayetre haroaystallife grain-
: urface roughness is al sqg desjrable for avoidip )
sizq f MRS tBhy 5e SUAREI Al fies Rebestiol priper bytagystalite grain-
sizétapbnygma@;mdy@ir.f ormsurfaces. Preferably, the

nanocrystal l'i ne grain-sized polysilicon | ayer has a

root nean square (rms) roughness of |ess than about 3

nm [ . ess. can _bhe obtai ned b
Mt oTrrq%; rﬁ%{ﬂ?ga %’ecér?%@:%y%‘%%w.%O%?ﬁcoﬁ’r?oggad%lge quc}/Lgsor has a
reackion cactivatiohi ehegysmboldss nanocraisial i ¥ gtannsebé®ste support
olysilicon |ayer is desirable is a gate el ectrode of
te"‘%ef%'dﬁ%oﬁ'@ﬁ%rth HabPe 50 Cs0 known as the floating
gate. In such a device, the nanocrystalline
grai n-si zed polysilicon |ayer may be deposited on an
12. oxilde getieodioé| it D¢ whemeinaiheosilicten-obntairdieg @rec@sor is disilane
er _nmay be deposited on t snpot h nanocrystal |l i ne
andF EarliEa osiheses CRoPayN, S B eBoRarigh: | | con
| ayer, also known as the control gate, may be
deposited on the oxide nitride oxide |ayer to conplete
13. t hd hgameteod of raleien 9 00¥8EINTHIE eatoalystallsteogrintsized pelysilicon

- r i s a_neasure of randgm ,:0f a o
laye cOER e afltchdyinga SERD S Brtyer aitayh And Bbout 120 A

deposited by the two part nmethod is essentially the

sane as the randomess of a nanocrystalline grainsized
14. poly $i¢thednoll igrarng e awanoeeysiglling edrainesipad t potysitican layer on a

- is defined as the ratio of the peak ful

subdfBierodtBRshg! > e (FWHM) of the <220> divided by

the < 111> peak in the X-ray diffraction (XRD)

spectrum of the layers. For highly randomfilns, the

R- nunber is high. Asdeﬂneq§emﬂn,anF%nmmerof

>0.65 is required for a layer to be considered random

enough to be a nanocrystalline grainsized polysilicon

| ayer. [0049] The peak height ratio of the < 111> peak

di vi ded by the <220> peak is al so a neasure of

randomess. This ratio should be high, e.g., about 2.

As shown in Figures 8A and 8B, a polysilicon film

\NZr N~ a a1




< 111> peaks in the XRD spectrum as anorphous silicon
films typically do not have well defined <220> and <
wa2a0s/1pesks. [ 0050] XRD nay be al so used to det eCmius2006/009118
grain size. The Scherrer equation may be used to
measure grain size in the nanocrystalline grain-sized
ilicon | ayer accordLng the fornul

pol ys [ cot wher e .

B 1 EUPRECREARASFoRREMRABNG dHRCUISORafTd 5 GaTTIEToPat HBto @ single
subEEiEVBhEREEt vapsk tddpbsitl Thainfbeéil Z@herdiRi &/ | MlicdPSontaining

maxi mum grain size of the nanocrystalline grain-sized
preeorsmiis irdmducag éntolibe ohambenedkifiist flaw sddeut 15 nm as

T2 S0 TR R TSR AR SHEROY, e = e

natdstestafihefhm-siked PolsilicohZiay#hbh ehd Blberasy Esinsthe substrate
overestimate the grain size. The actual grain size is

is peppeited tote as subekaieegupped By therhamberenhe [ pgsstfate support is
rt n I (e S b o

mefiiyfiec) 46 L SARPRIGHAL beRfod Uk FRL LB abbEP TR0, and the

chamibenis pnairdaped decd mbsstee Bdtwenarmmyuyi st5ll Tormreand about 350 Torr
grai n-si zed polysilicon |ayer nmay be anneal ed, as

dudnpile PG 466 of Figure 4. The annealing may be
useféeoﬁj‘air@c & qrcﬁv %E@@fSEHen sﬂiﬁ@n%ﬂ%ﬁ%@t éHdu’Fﬁr into the single
grai n-si Zzed polysilicon layer. The nanocrystalline

sulptate - sheetdcadol yegidri odepdsiticer  olsgmber,ararehl ddpasiting a second

Ly T RN e o Je—

siliésiRgeat ure of about 9000C in a furnace for 30
m nutes. The nanocrystalline grain-sized polysilicon
| ayer maintains its grain size, randomgrain

str ur fi [ | | | for mty.
16:3nd" i MHEBgH SR E0h 2PRuet sk e arePaY L fletang second
naiy@dry&hiling graintdiged pblyalicbn ¢ayerslex of the

nanocrystalline grain-sized polysilicon | ayer across a

substrate is less than 0.1 . [0052] Wile the

for i ' Frec t j fy
167 pvErg ReGR), B (RERE A4, MRICP SORTAITE [aorlfo fRERSE and second
nanoorgsttiline grain-bizedepolgsiican tdyews disjogr or mffef rtben ddposition of the

basi ¢ scope thereof, and the scope thereof is
lay8& er mi ned by the clains that fol l ow. Wat is claimed

is: 1. A nethod of form ng a hem spherical grained

silicon [ayer on a substrate, conprising: introducing
17.a sThe gvathodnohiaking 1gh evberstr thedsecarsr Nnaspciyataliing grain-sized

a_.single substrate chemcal Vv r.depnositi hanber
ol RS RRIRS A Errsael R s O bs HERPBbMVET g

precursor to deposit a hem spherical grained silicon

| ayer on the substrate, wherein the substrate is

18.supplae testhed of daimstidavdesainpihet firsh flowerain afdbe, siligan-containing

r; ' [ j t r :

preB RS S bENIOAP LB Sn el 3 Hpelh 280, GRRECAIIR flow rate of the
silicari-coataimiey aireeupoe s wedudeel e dretabentabdd® Tsecmndnd about 70

about 350 Torr during the deposition. 2. The nethod of
SCEM-ai m 1, wherein the silicon-containing precursor is

i ntroduced into the chanber at a rate between about 50

seem and about 400 seem and the carrier gas is
19.i nt Tioal meettod rafocliaine 1dh aviiereinatheananeaysiatlineegraieired polysilicon

3000 seem and apout 20000 see 3. Th d of ¢l aj 2
lay§1S Srap e et BRVIG S ORUN BN opr abarLe A avd bafitf2o A

or disilane. 4. The nethod of claim1l, wherein the

carrier gas conprises nitrogen (N2). 5. The nethod of

claim4, wherein the carrier gas further conprises

hydrogen (H2) - 6. The met hod” of claim1l1, wherein the

hem spherical grained silicon |ayer has a refractive

i ndex of between about 3.0 and about 3.7 7. The net hod

of claim1, wherein the hem spherical grained silicon

| ayer conprises silicon having a grain size between

about 450 A and about 700 A. 8. The nethod of claiml1,



is supported on a substrate support in the chanber,
the substrate support is maintained at a tenperature
woebtowmerssabout 700C and about 730C, and the chaabaIs2006/009118
mai nt ai ned at a pressure between about 150 Torr and
about 350 Torr during the deposition; and annealing
t he_nanocrystal |line grain-sized polysilicon | ayer.
20. Th HRaRRISG P! Elain] 6. wheiei e é@ﬁ%cgnt?gn'aemrﬁ@uwé's disilane.
nanocrystal line grainsized polysilicon |ayer during or
.after the deposition of the nanocrystalline grainsized
polysilicon layer. 11. The nethod of claim9, wherein
the silicon-containing precursor has a reaction
activation energy of |less than about 1 eV at a
substrate support tenperature of |ess than about
7500C. 12. The nmethod of claim9, wherein the
silicon-containing precursor is disilane and the
carrier gas conprises nitrogen (N2) and hydrogen (H2).
13. The nmethod of claim9, wherein the nanocrystalline
grai n-si zed polysilicon |ayer conprises silicon having
a grain size between about 70 A and about 120 A 14. A
met hod of form ng a nanocrystalline grain-sized
pol ysilicon [ayer on a substrate,
conprising:introducing a silicon-containing precursor
and a carrier gas into a single substrate chem ca
vapor deposition chanber, wherein the
silicon-containing precursor is introduced into the
chanber at a first flowrate; thermally deconposing
the silicon-containing precursor to deposit a first
nanocrystalline grain-sized polysilicon |ayer on the
substrate, wherein the substrate is supported on a
substrate support in the chanber, the substrate
support is maintained at a tenperature between about
7000C and about 7300Cl and the chanber is maintained
at a pressure between about 150 Torr and about 350
Torr during the deposition; and reducing the flow rate
of the silicon-containing precursor into the single
substrate chem cal vapor deposition chanber, and
depositing a second nanocrystalline grain-sized
polysilicon layer on the first nanocrystalline
grai n-sized silicon layer. 15. The method of claim 14,
further conprising annealing the first and second
nanocrystalline grain-sized polysilicon |ayers. 16.
The nmethod of claim 14, further conprising doping the
first and second nanocrystalline grain-sized
pol ysilicon layers during or after the deposition of
the layers. 17. The nethod of claim 14, wherein the
second nanocrystal line grain-sized polysilicon |ayer
has a surface roughness of |ess than about 3 nm 18.
The nethod of claim 14, wherein the first flow rate of
the silicon-containing precursor is between about 80
seem and about 200 seem and the flowrate of the
silicon-containing precursor is reduced to between
about 10 seem and about 70 seem 19. The nethod of
claim 14, wherein the nanocrystalline grain-sized
polysilicon |ayers conprise silicon having a grain
si ze between about 70 A and about 120 A. 0. The net hod
of claim 14, wherein the silicon-containing precursor
i s disilane.
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