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[0003] An ion implantation process is typically utilized to implant and dope
ions into the substrate, forming the gate and source drain structure with desired
profile and concentration on the substrate. During an ion implantation process,
different process gases or gas mixtures may be used to provide ion source
species. As the process gases supplied into the ion implantation processing
chamber, a RF power may be generated to produce a plasma to promote ion
dissociation in the process gases and accelerate the dissociated ions toward
and into the surface of the substrate. Impurities, such as byproducts combined
from the dissociated ion species, may be formed during plasma dissociation and
be driven and/or implanted along with the desired ions into the substrate,
thereby contaminating the structure in the substrate. The undesired ion species

may also alter the concentration, profile, dimension, and ion distribution of the
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.
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voltage as desired. The supplied gas mixture provides different ion species,

providing certain dissociated ions that are interactively reacted and/or combined
with byproducts that are then pumped out of the processing chamber. The
interacted reaction and/or combination of certain ions prevents undesired ions
from being implanted along with the desired ions into the substrate.

[0014] Figure 1A depicts a plasma reactor 100 that may be utilized to
practice an ion implantation process according to one embodiment of the
invention. One suitable reactor in which the process may be practiced is a P3i®
reactor, available from Applied Materials, Inc., of Santa Clara, California. It is
contemplated that the methods described herein may be practiced in other

suitably adapted plasma reactors, including those from other manufacturers.
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embodiment, the first and second external reentrant conduits 140, 140’ are
configured to be orthogonal to one another, thereby providing the two ends
140a, 140a’, 140b. 140b’ of each external reentrant conduits 140, 140’ disposed
at about 90 degree intervals around the periphery of the top 126 of the chamber
body 102. The orthogonal configuration of the external reentrant conduits 140,
140’ allows a plasma source distributed uniformly across the process region
104. It is contemplated that the first and second external reentrant conduits 140,
140’ may be configured as other distributions utilized to provide uniform plasma

distribution into the process region 104.
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of the respective RF source power generators 146, 146’, which may be the
same or slightly offset from one another.

[0019] In one embodiment, the process gas source 152 provides different
process gases that may be utilized to provide ions implanted to the substrate
106. Suitable examples of process gases include BoHg, BF3, SiHs, SiFs, PHa,
P-Hs, PO3, PF3 PFs and CF,4, among others. The power of each plasma source
power generators 146, 146’ is operated so that their combined effect efficiently
dissociates the process gases supplied from the process gas source 152 and

produces a desired ion flux at the surface of the substrate 106. The power of
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same or slightly offset fromone another. [0019] In
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il ALRiHs At Wbl By a plasma immersion ion implantation
process. The process 200 may be performed in a plasma immersion ion
implantation processing chamber, such as the processing chamber 100, as
described in Figure 1A-1B.

[0022] The method 200 begins at step 202 by providing a substrate in the
processing chamber 100. In one embodiment, the substrate may be a material
such as silicon oxide, silicon carbide, crystalline silicon (e.g., Si<100> or
Si<111>), strained silicon, silicon germanium, doped or undoped polysilicon,
doped or undoped silicon wafers, doped silicon, germanium, gallium arsenide,
gallium nitride, glass, and sapphire. The substrate may have various

dimensions, such as 200 mm or 300 mm diameter wafers, as well as,
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implanting ions into a substrate by a plasma i mrersion
ion inplantation process. The process 200 nay be
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1o dIreee JoarfPesiesniardbe quhsenyent aplaniatigneprocess. The gas
e RS s oL i Bldea? ootaal Lo 187 K4 Bl O Bsiputin

systerhi 138 asaldseribed irg RigRirs AU oF by @theér suitapis inieans. | ayer

may be di sposed on a gate dielectric |ayer on the .
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Into the processing chanber 100 i ncludes a reacting
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reacting gas is BF3 gas, the BF; gas may be dissociated during the subsequent
implantation process as further detailed discussed below and produced
byproduct ion species in form of BF?*, BF,>* and F ions. The hydrogen ions
generated from the reducing gas efficiently react with the incompletely
dissociated B*, BF** and/or BF,* ions and/or the by-product F~ ions which are
then pumped out of the chamber, thus preventing the undesired ion species
from co-implanted into the substrate. In one embodiment, the hydrogen
containing reducing gas may include SiH4, BoHs, NH3, Hp, and the like.

[0026] In another embodiment, the gas mixture supplied into the processing
chamber 100 may include an inert gas. Examples of suitable inert gases include

No, Ar, He, Xe, and Kr and the like. The inent gas in the processing chamber
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gas. The reducing gas is configured to react with the
i on species other than the desired ion species to
w@e@seris4iindesi red i ons being i npl anted al ong RET/0S100B086848

' ' [,pLo the substrate. For exanple, in
Oﬂﬁ‘iéo%ﬁ?ﬁg)ﬁggﬁa\%&{;e the reacting gas is BF3 gas, the BF3
gas may be dissociated during the subsequent

100 pranicaéd ahe pioACc Bembasdrhent erthdegas | mikivhes aHesdy efficiently

. bel ow and produced byproduct ion species in form of

ingreasinggHhes posalpility | BhsProtges hgas ogelisiPBnsregeliibgatia d reduced
; i s efficiently react with the

relfc%@{(?rlrr% @tn[ewaﬁisggg%gat ed B3+, BF2+ and/or BF2 + ions

[oe2w)/ or Qptonially,pa adirogerk cooteiningi gés aray bbesuppliepadittodle gas

of the chanber, thus preyentin he updesired ion .

mihuie ST Ae Lol PEe vl Te PLIBEEs Whieh 248 g readily
i SN n i i

PTRRE SRCDT JhO SRLEEQEE BB, (T SROHEh RrBER T gas may

inalude N0, Ndo it iy, N2 agdsthei lilkeule onepginbedinentothenpitrogen

rocessi ng chanber 100 i ncl ude an iner a
cBRETLES bR Shpbfion, TS the BiaCetsiy 4iibePAf bepypen about
0 %ecmaBAd Kboah & oohscdrh KSucT B8 hétRieend@souts B6m and about 100
processi ng chanber 011316 PCT P/ FEP/ P31/ AG 100 pronotes

SQC® i on bonbardnent in the gas m xture, thereby

o LA e D °5, BB RARRI0 o, TpRREET hBess i
pefgfieeisto P13 iohet dererhiad, fremniter @@ MiRaRs at Bigpg204snto the

rg:g be s$gl ied with the gas m xture to assist the
syhstiaig-i Hribfsquiee \rowari iscanRlisdolPuaereigts enplastadpe the gas

i S/ Thy ;
8 ERETREC o 0P 9584 g g
gd¥ hiztude tihethei kleambgr dioe eslytjogismdies.thma:{ﬁi biasgeower may be
cqont.ai ni ng .ga e su ied into the progcessing,. .
RPN A WBDRRAaR SA5ER POWSE Shrcisaciatis ahd sib/ecbe Hissociated
th%%ﬁ‘ clReHHGRNhE mixtGREBVRIHE &P o 108eSR&Mepth from the

0028] At step 206, a plasma I nmersion ion
subsplatmsutface, phe &s sourcepand biasepower appliechto thenshamber 100

7 BB AL DR o5 g6 g ) Spgeies t
bl dissBridte@MARed@FSd with a desired concentration and depth in the
substrate.

[0029] In one embodiment, the source RF power may be maintained at
between about 50 Watts and about 2000 Watts. The bias RF power may be
maintained at between about 50 Watts and about 11000 Watts at a RF voltage
between about 0 Volts and about 12000 Volt.

[0030] Several process parameters may also be regulated during the plasma
immersion ion implantation process at step 206. In one embodiment, the
chamber pressure may be maintained at between about 4 mTorr and about 500
mTorr. The substrate temperature may be maintained at between about 25
degrees Celsius and about 400 degrees Celsius.

[0031] The gas mixture flow rate and/or gas mixture flow ratio among the

reacting gas, reducing gas and the inert gas supplied at step 204 may be
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m xture in the processing chanber 100. The generated
pl asma di ssoci ates the gas m xture in the chanber 100
wW@sg00s0m88speci es. A RF bias power may be appl i eRBCHIUS097/086848

01:3@%1'3%.}15”:55/,3%%&@ power to dissociate and drive the

i'SsoCl ated the”i on species fromthe gas m xture
toward and into a desired depth fromthe substrate

selactedde.contrel Bie salativieeamodints aftheodissociated iefl dpecidiebetween

chanber 100 be controll ed at desi red energy .
e@&wp,e oficaseBy e Pelacied oae Mighra flavirate abdige flow ratio enables

tg, SEP ShARE R] 6 HRStoileld 88 of FTeOSRmRRREC ARt Al ratios
among cdiffefenp dvirds mdyiohespexdias,athesebatpreeentingn gaberatingOexcess
WAt t d ab 2000 Watts, T bi RF be .. .
aaiif tnceran- beerodh Rus.In SHSvBIdesaRng’ Semben: gpgHiting in
ubantedasida RBackeh ladfoPeERG @hiutirced Hith toh vkl saBethte. For

12000 Volt. [0030] Several process paraneters may al so
exampleg ana@xeesd @meoigntt ofecertain ype windors ispeciesnsuch as fluorine or

ofB Bfieibal pPEEEERY RapSyE g st A rESR ey damaging
arid qtgheriing' theaBdbatbatdt sPibadTAlSo, ah@x8u8s tdrdent of another
tenperature may be nmaintai ned at bet ween about 25

ceitain dureef 4onISPaAgsasyeh as0BxdegplysrereeMmayuBot peosagily and
L . i / ; .
ofEr7 BB O R0 Pl FEFY Goditing on the

feacti ng gas;

substiate gad resylihg adsulisteite godtdninatiohaid Hbpaht p¥cfile change.
P/ FEP/ P31/ AG sel ected to control the relative amunts

[0832] ¢ he IRjioBeeMRPEINeREn t@%é@i"‘é?@eﬁl@eﬁf thecrpadlipg gas and the
re@ﬁéﬁg- %%%Epé}‘? e R 'eﬁ%éft o.6.528A4 ?bgdt 21’5’0.1. In

rati es the gas mxture to be dissociate
ampribeie teenbodiment nthen treactiigo masatriays banfiogedi inteertbat processing

nilos 3L, te "B Sebiten ABpyp ST i At RE0SecR suon as
bdtVRERS abAGt CitAEeMm drRP WHouhJbd sHRNtTRd ﬁkgﬁ‘)gen containing

reaction and/or formng undesired filmon t
redupiegr gas masbbe dlawgd & tatheprecassinghchamber aéra mta between

2tiolf, rrp SRS SR, ST S0 pEHePRoB (R & sl g abour
50(psEgh for ardmpiIBERVEaMab S Sedrs bihatabottilbeeecmATHe inert gas

an excess anmount of anot_her certaln types of 1o0n

mayde Bewed ik fo 48e miPressing shambera) aqaateueet\frv@aaiatgm&rmsccm
and about 1200 sccm, such as between about 5 sccm and about 1000 scem.

[0033] In an exemplary embodiment of the invention, the gas mixture may
include BF; and SiHs. As described above, the BF; and SiH; gas are
dissociated as ion species by the plasma in form of B>, BF?*, BF,?*, F, Si* and
H*. The active H species provided from the SiH, gas reacts with the F species
and other dissociated byproducts, forming HF or other types of volatile species,
thus preventing the F species and other types of the byproducts being co-
implanted into the substrate. A suitable amount of SiH, gas flow is selected to
prevent excess dissociated Si ions forming an undesired silicon film on the
substrate surface. In one embodiment, the BF; gas and the SiH, gas may have

a flow rate ratio between about 1:50 and about 1:100, such as 1:80.
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efficiently punped out of the processing chanber,
t hereby accunul ating on the substrate and resulting in
W@ esHr®ee contam nati on and dopant profil e cheeiyes2007/086848

[ odinment, the flowrate ratio of the
019%%3%%%@%&%%&%& he reduci ng gas may be control |l ed at

bet ween about 1:0.5 and about 1:0.1 . In another

Akerbativelpnthe BRggasdioW rige gaay besuppliéd deadeémt0 scem and 400
proceSS| ng . chanber at a rate of between about 5 seem

s apgde SHdegasEiay ResHPRlechetiesh heern ang S0sfcahsuch as
Og
5 %gghﬁb (ﬁ% sowitd: %E:@"H%Q?% EBHtfré‘i'le{:HhHﬁBE%’ééH d8oft*300 Volts

ocessi ng er at a
ark hebeecra about QOQéeVDHm(mnalbtmt b280REepowes vy he controlled at

elBRBAPCb A0y LB LA WSS ADOLJ2OBB oM | nor " gas

[OWA;{ be |4 baveérigkehid eerﬁb@&uﬁﬁaﬂt%céhﬁﬁ@?dtk@ reskbAt Pvention,
bef ween about 0 seem and about 1200 seem such as

theega® enixiue qUpplisd dnioatie alxmassmm@nbm 1p00may inpluge BF3,

I nbodi nent. of th
B 1, & rEORR Gt iaf grs. Ruth 80N ot Bh5. A, fad bleghs are
digsétisietlad sh pscies Byane lsﬁnasmf@ﬂn&ﬂ@*esFﬁv Brrb@ F, ByHy,
lasma in formof B3+, BF2+, BF2 2+, F , Si 4 and

NTaedddt i The actiysebl @%equr%éied from the:Bsrsgag aea¢t§azwtfs the F
sé@o r% %H& ﬁ@ cﬁg%(ﬁc??t%?dna&;rg&#ct @ﬁihﬁ%@@y%&s of volatile

spyo%semmwngatelmudﬁp@ae@ute@f m@dcmatrhber ttype preoferiting the F species
I’sci:products bei nfci'@?m npl anted into the substrate.

iQtaer dyrafm it ther bypredugis heiagy Frieleatadc dnico thé' substrate.

n
e SR B SR LS JALL e o o1 B,
lonnspemldmdgemrated HeonBRBeg s ga“sd mby % Htiliged toayedwvwith the

flowrab r betvvee out Q and bout 1: 100

pQvior" dais: By, oo B8 BCYORH feeppalhds Asedl out of the
f I

S s IR 8 B0 i

arid gdvenselydaffectingeiine dendoe strusturecin ofma ersbodiowenikithe BF; gas

r be controll ed at between about 100 and
i1 BAPY 9SSR bise ot fioMhras rhES BetSe apaie AT i apout
1:0Bt Al rhagy het BE g;aébﬂbw raR0méy bs @%hb@tb&\ﬁéen 50 scem

about 12000 Vol ts. g 034] In another exenpl a

anchfiBaiseen saebasdil 89 scem aed phe Sehls grsvaaY |b@nSUPP||ed between
10 sccm and 100 sccm, such as 10 sccm and the N, gas may be supplied

between about 5 sccm and 20 sccm, such as 10 sccm. The source RF power
may be controlled at between about 100 Watts and between about 1000 Watts
and the bias RF power may be controlled at between about 100 Volts and
between about 12000 Volis.

[0035] In yet another exemplary embodiment of the present invention, the
gas mixture supplied into the processing chamber 100 may include BF3;, BoHg
and SiH4. The BF3, BoHg and SiH, gas are dissociated as ion species by the
plasma in form of B*, BF*, BF.”, F, Si*, BH,, and H'. The B species is
accelerated and implanted into the substrate to a depth between about 10 A

and about 800 A below the substrate surface. The active H species provided
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the gas m xture supplied into the processing chanber

100 may include BF3, B2H6 and a nitrogen containing
w@a®s/osseh as N2. The BF3, B2H6 and N2 gas ar ePCT/US2007/086848

[ ' jon species by the plasma in form of
°1g§i":§'9§‘ing,%g§§§“é+, F, BxHy, N* and H+. The active H

species provided fromthe B2H6 gas reacts with the F

frometHec 8,Hp djast rieebtivblyaeacamm thepFodpedies driat mmg dﬂEsomated
are punp

or qther types of vo | e specjes, which
byRredyets ﬁ@yngngn!dgror Pﬂl%f B’P@geﬂft Nﬁlét'lehépﬁc@ﬁe@ir%‘éené'ﬁs the F
PSS b B dlod s B Al BELRRE Mp Bl @Y RS st
Tlﬁemmmnpbltelymilsgmated thl,mgaé axd-ly-l |d>h9'. mayspﬁexmes volatile gas

wiiRRE HEnid O of T cadiiber BbralRnpievebfing the Agidnergas and

silior! §&H |dépBHﬁ'ﬂ§doﬁ%e0§uE§t?atéhé‘rﬁ@ee[dvetr&q eci’f’f’ec’ung:; the device
preventing the polynmer gas from depositi

n
stgmiwter & enerainbenineng| ttneﬁFFeg% ridp GI’GﬁSdélvdq &éHy gas may have a

struy ure one |- he BE3 a
M3 e R bt sBBREIOP Rio o AR EB R 000 410 AylgehBtvely,
th@@F@@@yﬂoﬂf ratdmafy Beﬁéﬁ@lléd%etwebh%(ﬁg&:rﬂaﬁldum\/sé@h%nd the
may be sup gl i ed between 50 seem and 400 seem such as

Bz!‘dkOQ%%é?ﬁYa @ supeliesh rhet\gaen rEysgsen Angh1 0@ cpex apdiha BiHs gas
mggeae @Uﬁ?%egaogéﬁféﬂn aﬂg F}] aﬁﬁfﬁc?ggﬁrfnherhﬁzs&%ﬁ’ﬁ;g power

supp Ween" a seem and seem ~SuC

mig beeeontrollee atdmmweeRl%mﬂoomnbearmbmmdne@b@tt 1000 Watts
bet ween about 100 Watts and bet ween about 1000 Watt
anghdhe rhlagiRfs PRWES ey %;F%éfoﬁﬁﬂt%towté\@e&t aB@%vé@ﬂ V°'tS and

?}W@% aln%QltYEbbéV%'}g bet ween about 12000 Volts. [0035]

n yet another exenplary enbodi nent of the present
[0o036y ent iThos, thhethgds fmrxnnp1mtm@p)d>m$dnhonaosulhﬁrate by a plasma

SIS, 08 BPRIENG RIOGRS 8 dToYgea: B adnpiGyed frethod
a&d&@?é LBW ﬁﬁlﬁan@l’s%?ﬂ@sﬁé’d faﬁfo”hf—’f)f 88pantBhirts a BESired deﬁth from

) , s . speC|es is accel erated and
aisqblstaratee@u ace, théogumtvemeéy tqorﬁammmgb@t wiering bdepant ion

cchbeftyBfitn SR8 hne. svaftadiarsy” BB Bl MidisdRorin e

subs@rab2With GrSire@ 2ddtNedlparagianset h the F species and

ot her dissoci at ed
[0037] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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byproducts, formng HF or other types of volatile
species, preventing the F species and other types of
w0 b@sloysedduct s bei ng co-inplanted into the suPSL/DS1087/086848
The. i di ssoci ated BxHy gas and H ions may
01f1§r%rnb§{:8}(ﬁélgﬁgﬁé¥gas whi ch i s punped out of the
chanber, thereby preventing the polyner gas and
Whdtiis ehaimets depositing on the substrate and adversely
affecting the device structure. In one enbodi nent, the

Trat | B BENGEUAT ARBROCAD iPrsinito A LERHEIS b6 & PaSHaimrBergion fon

implahtaBbAPrboedsy combpisBlg3 gas flow rate may be supplied
bet ween 50 seem and 400 seem and the B2H6 gas nmay be

suppproyitling aeubstrat® isteeapiecesd® ckambeand t he Si H4 gas

may be sup IiedI bet V\ﬁen about 5 seem g&ﬁi 20 seeg1 The d
sour $FRE "B%\ﬁePa M3 %NS INChidNE 8nea580¢ 9R§2nd @
rediicing gaxliniRb \wRambapoarid 1000 Watts and the bias RF

power nmay be controlled at between about 100 Volts and

bet wisdating ions oo thay plasmy inbste swhgirateet hods f or
implanting ions into a substrate by a plasna i mersion
ion inplanting process are provided. The inproved

2.ret hplke atbthod af elairm 1y whapbiarths reactity) gaglingneiestatdéast one of
dopants into a desired depth froma substrate surface,

BGs:tBeblst B&day EeBlel FHo dpalnf\eks ik & Fr al tering dopant i on
concentration on the substrate, thereby formng

el ectric devices on the substrate with desired

3.el ecThe asdthpe of olairani; evhdréb3ihe rdlutiegtdes iholuegeiatdeast one of
directed to enbodi nents of the present invention,

SttenEBeHa i e @ r enbodi nents of the invention nmay be
devi sed wi thout departing fromthe basic scope
thereof, and the scope thereof is determ ned by the

4.cl ai hise niathod @if Iotaim01,1WwBeairdie BiatEP! BanéraBingrapldsna further
clai.med: 1. A nethod for inplanting ions into a

CANBYTF%at e by a plasma imersion ion inplantation

pr ocasgplyif§NAr hitlogeh BbANiihgJdgas switet fht @asnhéixiire into the

processing chanber; generating a plasma froma gas
precessing chambedi ng a reacting gas and a reducing gas in

t he chanber; and

5. The method of claim 4, wherein the nitrogen containing gas includes at
least one of NO, NO,, NH3, N» or N>O.

6. The method of claim 1, wherein the step of generating a plasma further
comprises:

supplying the reacting gas at between about 5 sccm and about 600
scem; and

supplying the reducing gas at between about 0 sccm and about 500

sccm.

7. The method of claim 1, wherein the reacting gas is BF3; and the reducing

gas is SiH4 gas.
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inmplanting ions fromthe plasma into the substrate. 2.
The nmethod of claim 1, wherein the reacting gas
w0 p@BAOTSSS at | east one of BF3, B2H6, BCl 3, P2HECT/B5R07/086848

Oﬁﬁé%PégE% ﬂirsgﬁgg’ 3. The nethod of claim1, wherein

i ncludes at | east one of SiH4, B2H6,
or H2. 4. The nethod of claim1l, wherein the step

Bof g@heméthod of cidims frewlhereirhtie aicting 9@s:is BRaping BiHgeand the
mtrogen [of0) Hgl ni ng gas with the gas m xture into the
SIUSHESASIS The nethod of claim4, wherein
the nitrogen cont a| n| ng gas includes at Ieast one of
NO, NO2, NH3, N2 or N2O 6. The nethod of claim1, .
9wher the nndztbodtoém:ladm teweerin the egoting gasfiaBRwand the reducing

g@iﬁ supplying the reacting gas at between about
&9ff-about 600 seem and suppl yi ng the reduci ng

gas at between about 0 seem and about 500 seem 7. The

met hod of claim11l, wherein the reacting gas is BF3 and

10he Tb@luneﬁh@dg@tsclagns Huhesein t1e 3tep PCTUPPlYIFRY Het gas mixture
of claiml1l, wherein the reacting gas is

t hod
f%rﬁﬁﬁ‘ ﬁg and the reducing gas is SiH gas. 9. The

met hegbpinglad el gadhwitiRitie GRS NiRALE MY tB8prbseddindy 8Rdmber,
the re m% gas |gs B2H6 ag 10. The nethod of claim

wheraj &Qemﬂtw@ @f:@sle@fatmppp@ Arhlleg¥s, K 2f Dee
further conprises: supplying an inert gas with the gas
m xture into the processing chanber, wherein the inert

1gas Thelmdtmdaibof [ daint IQnehefeidrtheHstepXef itkplantin2 ionkl further
The nmethod of claim1, wherein the step of inplanting
CQrBRYS®Sir t her conpri ses:

applying a RF source power; and

applying a RF bias power.
12. The method of claim 10, wherein the step of applying RF further
comprises:

applying the RF source power at between about 50 Watis and about
2000 Watts; and

applying the RF bias power at between about 50 Watts and about 11000
Watts.

13.  The method of claim 1, wherein the step of generating the plasma further
comprises:
reacting the reducing gas with a portion of dissociated ions from the

reacting gas.

14.  The method of claim 13, further comprising:

forming a volatile gas pumping out of the processing chamber.
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appl ying a RF source power; and applying a RF bias
power. 12. The nethod of claim 10, wherein the step of
w@ppBYrasgs RF further conprises: applying the RFCHUS200E086848

about 50 Watts and about 2000 Watts;
Ogﬁgggﬁﬁhﬁﬁﬁwgé RF bi as power at between about 50
Watts and about 11000 Watts. 13. The nethod of claim

18, Wrhe ehéthbli®f slaip QiwrgeeRrthbistgp bhmmhnmigafdrurfetrlcernpnses
conprises: reacting the reducing gas with a portio

di sstepianting fhmdons v the sueateater@ dgalh betwedn, abaut 10cA and

ing: formng a volatile
ag%%%@@fﬁmé%g‘té@ "ﬁéggﬁ%%%ss. ng chanber. 011316 PCT

P/ FEP/ P31 | AG 15 The mat hod of claim1, wherein the

1B onaTheborRe Suaaim h heraEnie ek 2 L3 08 e gas
a%?éﬁtfph%@%t% ém M&.&H%&é@i@ooﬁuﬁf@@q antPabolig (&t hod

aim1 erein the reacting gas and the reduci ng
gas are supplied at a gas flow rati o between about

: 0. d 1: 0.5, 17, The
hier 505 TRIE e FRJg s Wee iy oo (4 g2 ghydrogen
cé&airﬁ@gggod for inplanting ions into a substrate by a

pl asma rmmersion ion inplantation process, conprising:
providing a substrate into a processi ng chanber;

AR BEFR M Bl RO A g sin o

inhslaMmaltion drodersBompaginghe gas mi xture; and inplanting
i as mxture into the substrate. 19. The

ions fromthe ) .
met hBU)Vtﬁ"nQ:ﬁaﬁlﬁ%ﬁ'IBt,e iRt Srecassing eapbely gas i ncl udes
at | %Iyiﬂae aOfgas mixture including reacting gas and a hydrogen
containing reducing gas into the chamber;
forming a plasma from the gas mixture; and

implanting ions from the gas mixture into the substrate.

19. The method of claim 18, wherein the reacting gas includes at least one of
BF3, BgHe, BC|3, P2H5, PH3, GaN, ASF5, or PF3.

20. The method of claim 18, wherein the hydrogen containing reducing gas

includes at least one of SiH4 or BoHg gas.
21. The method of claim 18, wherein the step of supplying a gas mixture
further comprises:

supplying a nitrogen containing gas into the chamber.

22. The method of claim 21, wherein the nitrogen containing gas includes at
least one of NO, NO,, NH3, N2 or N2O.

14



BF3, B2H6, BCI 3, P2H5, PH3, GaN, AsF5, or PF3. 20. The
nmet hod of claim 18, wherein the hydrogen containing
WO e@8o738¢5 gas i ncl udes at | east one of SiH4 orrP@2HS2007/086848

thod of claim18, wherein the step of
Ogéi%FéﬁéFEE;%'gam xture further conprises: supplying a

nitrogen containing gas into the chanber. 22. The
28et hadnethodl far imglahtingii@isinto hisubstrateolgga mlasmaiimmegrsion ion
'n%és includes at |east one of NO N2, NH3, N2 or

IM@anigiion PEOERSE, BPMPBSIBY / AG 23. A nethod for

| npl ?f%/fdgﬁ? ia@u%sir%fé’in?o 8 PS¢ty MNarfib@l, asMa | mrer si on

ion at1on process, conprising: providing a
subssupplgingnaio gas pmdesss iingjudingmae reactingplgpsngnd gabydrogen

oA ranines sgestia bofite S5 Panfinto Sis BaHo. NHe, and
HS Pid M ERgmBbF4, B2H6, NH3, and H2 into the chanber;

applying a Rngower to forma plasma; dissociating the
gas applyinge pawerdpdeireq plasidagi n t he i on speci es

fr om0 S LR e Gad Al RREE ol shdkiBs ThSTiP e bR peties from
i on Spae'd ArBINY ot 'Vt SRy Pradiey's"t Fenot' e
thehasdeing gasl réams antH adirat periondofidht $putisd ahb@drg;gring out of

species fromthe gas m xture into the substrate.
bymreduelsHem dhe ehameg@ndaherein the reacting gas is

o, PR s, o SR 8 o mo

thel aibstrate. wherein the first portion of ion species are
F ions. 27. The nmethod of claim 23, wherein the ion
species fromthe reducing gas is H ions.

24. The method of claim 23, wherein the reacting gas is BFs.

25. The method of claim 24, wherein the second portion of the ions are B

ions.

26. The method of claim 24, wherein the first portion of ion species are F

ions.

27. The method of claim 23, wherein the ion species from the reducing gas is

H ions.

15



