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Field of Invention The present invention relates generallyé% l}Nn@UU#
imMmersion ion inplantation. In particular, the present inventron is
directed to a process for mnimzing ion inplantation of wundesired species
and enhancing the stability and repeatability of desired dopant ions.
Background of the Invention lon inplantlation is a widely used technol ogy
preferred in the industry for doping sem conductor wafer work pieces.
Generally, an ion beaminplanter generates a beamof ions in a source
chanber which are then directed with varying degrees of acceleration toward
the work piece. The beam PRETREATMENTPROEHLSSIFORsi tively charged ions

t hat i npinge upon an expgsed_surface of a _sem conductor wafer work piece

t her eby "dopi ng" or i nphk ‘g IMMERRION ION AMPLANTAMEONt h i ons. The
advantage to this process is that the user can selectively determ ne which
ions are inplanted by careful selection of an ionizable source gas. A

- conventional ion inplanter generally conprises three sections or

subsystens: (i) an ion source for outputting an ion beam ii) a beani ne”
i ncl udi Equ_lﬁ_ogikw_ml ysis magnet for mass resolving the ion beam and
(ii1) a targ chanb whi.ch cont ai ns m conduct or waf.er work pi ece
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i on beam by ionizing a source gas within a source chanber. to produce a
ptlasma at pressures of about 10'3 to 1 Otorr. Generally, the plasma is

formed tHLeMINnEof hk$iRnHgf the source gas with electrons froman are
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di schar ged simmmchdnﬂberoﬂuch are then directed with varying degrees of acceleration toward the

work piece. The beam of ions is comprised of positively charged ions that impinge upon an
exposed surface of a semiconductor wafer work piece thereby "doping" or implanting the work
piece surface with ions. The advantage to this process is that the user can selectively determine
which ions are implanted by careful selection of an ionizable source gas.

A conventional ion implanter generally comprises three sections or subsystems: (i) an
ion source for outputting an ion beam, ii) a beamline including a mass analysis magnet for mass
resolving the ion beam, and (iii) a target chamber which contains the semiconductor wafer work
piece to be implanted by the ion beam. The entire region between the ion source and the
semiconductor wafer work piece is maintained at high vacuum to prevent formation of neutrals

" by collision of beam ions with residual gas molecules.

Ion sources in conventional ion implanters typically generate an ion beam by ionizing a

source gas within a source chamber to produce a plasma at pressures of about 102 to 10° torr.
Generally, the plasma is formed through collision of the source gas with electrons from an arc
discharge, or cold cathode source. Typical examples of source gases include arsine (AsH,),
vaporized antimony (Sb), phosphine (PHS), diborane (B,H,), boron trifluoride or trichloride (BF,

or BCl,), silicon tetrachloride (SiCl,), vaporized gallium (Ga), vaporized indium (In), ammonia



source and directed al ong an evacuated beam path provided by the beamline
toward the target chanber. The ion beam produced in the2i ?SJWrmlichanber
is mass filtered such that substantially only the desired dopant species

- enter the target chanber. For exanple, ionized BF3 gas will dissociate
into B, B+ and BFZ* after collision with electrons froman arc discharge.
The separation of ions by nmass anal ysixz is perforned by adjusting a
magnetic field about the beam |ine as the ions are discharged fromthe ion
sour ce. (WEL), hedioges (F))ane Nitrdgeaudyt). t Pesitivgyehdrged o ske dischargsll FROAVIHR iomd
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PIll system a voltage differential is periodically establis etween a
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sur f ace cadventienaliomkmdlantbtibh pf20ibusly described in that the work piece to be selectively doped

with ions is immersed within a plasma in the target chamber. Thus, unlike conventional ion

implantation, the target chamber of plasma immersion ion implanters functions as both the
o processing chamber and the plasma source. Accordingly, PIII systems do not have mass
| filtering magnets for separating mass ions. Advantageously, this allows plasma immersion
implantation of ions to occur at higher dose rates with much lower energies than that typically
_~observed with conventional ion implantation. Typical energies employed in PIII systems range
from about 0.1KeV to about 10KeV. Higher dose rates translate directly to increased throughput

whereas lower energies minimize implant daﬁlage. '

In a typical PIII system, a voltage differential is periodically established between a
plasma and a platen holding the work piece to attract ions generated in the plasma toward the
work piece. An ionizable gas is continuously fed into the chamber and subsequently ionized by
an electromagnetic energy, either inductively or capécitively coupled, to form the plasma. A

sufficient voltage differential will result in a pulsed ion implantation into the surface of the work



3 pi €ce. However, since the entire work piece is exposed to the plasm, al
mat eri al exposed therein including any outgassed photorei%ﬁt\ﬁ;ﬂr%@@@ts,
may becone ionized by the plasma and undesirably inplant i Nt0 the wafer.
Thus, there is no mass discrimnation as is the case with conventional ion
i mpl ant ati on wherein generation of ions occur in an ion source chanber
spaced apart fromthe target chanber ahd are subsequently mass filtered
prior to inplantation into the work piece. Accordingly, it is inportant in
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implantation continues. In PIII systems, the outgassed material may then become exposed to the
plasma and ionized resulting in, among others, implantation of undesired species that could affect
the desired electrical properties for the work piece. Since most photoresists are organic, the
photoresist outgas includes various hydrocarbons species. Of all species of the resist which
outgas, carbon is of greatest concern during plasma immersion jon implantation since implanted

. _carbon has been generally known to increase leakage currents and degrade generation lifetime
in devices.

Additionally, in a manner similar to conventional ion implantation, the outgassed
photoresist can cause pressure variations within the chamber which in turn can affect the quantity
of impurity dopants implanted since measurement of implantation dose is essentially the sa:ﬁe
in PIIT and conventional ion implanters. It is believed that the outgassing of photoresist can
cause pressure gradients across the wafer, thereby inﬂuencing plasma density and doping rate

across the wafer.



across the wafer. 21 June 2004 4 Moreover, ion inplantation in general, is
known to cause degradation of critical dinensions (CD) in tgﬁ phoggbgsist
mask which can lead to a decrease in the yields of high end éWP% > For
exanpl e, high energy and high current ;ion inplantation can cause
blistering, reticulation, burning and*thermal flow of the resi st, thereby

effecting crijical dinensions. As such, .subsequent etching or inplan

processeg e OF%Ogﬁf’thrfrr@ia{'ﬁ%ﬁ& B & eﬁ%’l éf‘nk’l"c%n ilg%tcﬁuﬁfng‘:ég? na‘?{erg%tl?f’; t he

under | Yii@nSieRS {CB} thegih@for@ﬁgt n#RRAABSH &M Tefd 18 dREreleaAThAFRRKI AlIagh W t h
u

phot or esi st out gassi ng ring ion inplantation general Ily foCussed on
meki ng €ife dewsesst Hasr exampds, shight eneegyo grd)digh eyrpnti m froplantatipmraant ¢asse or

et chi nQy;- e . h 2N t.he oresi,st pr.i.or, tQ | Op- i | ant ati on
L O noptisietinee S RN Sion BLATHL M (BERR Ho SHI ARG Bik S ndh Bl B 0
curi ng, dirisiondaks Rgclgrsubsaeit &ahing ort MEEAT protig¥@valay fehds én REDEES $£S

require additional tine and different equipnent sets, which in turn adds
to the WRlaing iptedindgsirpdiarsas of sundelying subsiral§uf act ur ed devi ces.
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ion inplantation process for inplanting dopant ions into a surface of a
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el ect ri gahificteRdQegices/e material, generating an i nplant plasma of ions from
a first ionizable source wherein said ions include electrically active
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Summary of the Invention

In an aspect, the present invention provides a plasma immersion ion implantation
process for implanting dopant ions into a surface of a substrate having an organic photoresist
mask thereon, wherein said plasma immersion ion implantation process includes placing the
substrate having the organic photoresist mask thereon into a chamber having walls of
electrically conductive material, generating an implant plasma of ions from a first ionizable
source wherein said ions include electrically active ions when implanted into the substrate,
and applying voltage pulses between the chamber walls and the substrate independently of
the forming of the plasma for selectively implanting the electrically active ions into the
surface of the substrate, wherein the substrate is pretreated prior to the step of generating the
implant plasma so as to substantially prevent implantation of carbon ions resulting from a
reaction of the electrically active ions with the photoresist, said pretreatment process
comprising the steps of: generating a plasma from a second ionizable source to produce

electrically inactive ions when implanted in the substrate; reacting the electrically inactive



reaction of the electrically active ions wth the photoresist, said
pretreat ment process conprising the steps of. generating a ehqmﬁgzbbgnla
second ioni zabl e source to produce electrically inactive ions Whéen

i nmplanted in the substrate; reacting the electrically inactive 21 June 2004
5 ions with the organi c photoresist mask to cause outgassing; and
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i oni zi ng the outgassed material; turning off the flow of the first gas;
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accelerating the electrons _to the surface of the substrate having t
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can be ysgfhel 0 overcone problens associated wi th photoresist outgassing
occurring as a result of plasma imersion ion inplantation. Mreover, the
present i nveht & darthetdrspssdesf theabkeent inventios 4 angthak far useneithisoplasma ion
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si | i conptafefesansiteiRl Mekss is PFRiRa e/ methd8 dRhfiisBRal tABRteps of: placing the
substrate in an evacuated chamber; ionizing a gas to produce positive ions and electrons; and
extracting and accelerating the electrons to the surface of the substrate having the patterned
photoresist for curing the photoresist.
The present invention can be used to overcome problems associated with photoresist
outgassing occurring as a result of plasma immersion ion implantation. Moreover, the
present invention addresses problems unique to plasma immersion ion implantation, i.e.,
ionization by the implant plasma of any material exposed therein such as photoresist outgas.
Preferably, the substrate is a silicon semiconductor wafer. Preferably, the pretreatment
step may include generating a plasma from an ionizable source to produce electrically
inactive ions or electrons. The electrically inactive ions produced in the plasma react with the
organic photoresist mask to cause outgassing. The outgas material may be removed by
evacuating. Preferably, the evacuation is performed as the outgassing material evolves from
the wafer. Advantageously, this prevents subsequent implantation of any undesired species
that may occur during the implant process steps. The source for the ionizable gas in the

pretreatment process is preferably a selected one of a noble gas and vaporizable material.



step 'may include generating a plasma froman ionizable source to produce
electrically inactive ions or electrons. The electrically ingcfiueghens
produced in the plasna react with the organic photoresist nmask to cause
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t et r achbbagon defluaredsorr rietlogidk) silicon tedmachlbrée) vapdiized, galhump niporizeg dndigean and
nitrogen. Further featyres and advantages of the present invention wll
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drawi ngs whigftep fébndrePdhd a®antdds of BRCIrbdABIdVeRoBWiIE beddRSCippatdtof  he
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swi t chi ﬁ’g nechani sm shown in Figure 1;

Brief Description of the Drawings

Figure 1 is a cross sectional plan view of a plasma immersion ion implantation system
suitable for use in the present invention;

Figure 2 is a block diagram of a platen voltage controller that includes the modulator
switching mechanism shown in Figure 1;

Figure 3 is a partial cross sectional view of a semiconductor wafer and a patterned
photoresist layer;

Figure 4 is a schematic illustrating the sequence of steps for use with plasma
immersion ion implantation in accordance with one embodiment of the invention; and

Figure 5 is a schematic illustrating the sequence of steps for use with plasma
immersion ion implantation of a method in accordance with another embodiment of the

invention,

Detailed Description of a Preferred Embodiment

The present invention is directed to methods for use with plasma immersion ion



Figure 3 is a partial cross sectional view of a sem conductor V\ff m&% a
patterned photoresist layer; Figure 4 is a schematic iIIustrgt n.z Dlr

sequence of steps for use with plasma imersion ion inplantation in
accordance with one enbodi ment of the invention; and Figure 5 is a
schematic illustrating the sequence of steps for use with plasma i nmrersion
lon inplantation of a nethod in accordahce with another enbodi nent of the

i nvention. Detailed Description of a Preferred Enbodi nent The present
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i mersion ion i nplantation. As discussed previously, hardening the
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i npl ant ati on,.hi gh vol tage negative | se re.typically used tp attract
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pul se voltage, el ectrons ‘generated’in the Inplant plasma can be attracted
to the puysiusht, bardthing cheepliotamsistrie koewmid initimdzephudgssiagi & plhsmhanohersidhe
hot or esi s nd .mninize outgassing during .subsequent ion inplantation.
\F/)\m | e nictnl @qtﬁtbon(, g\}gryev BER aggﬁwe p%lses are tgplcéi]l?y usce]:d to attract posrirtli)vely charged

species in the implant plasma to the substrate for ion implantation. Applicant's have found that

by reversing the polarity of the pulse voltage, electrons generated in the implant plasma can be
attracted to the substrate. The electrons react with the photoresist to harden the photoresist and
minimize outgassing during subsequent ion implantation. While not wanting to be bound by
- ) theory, it is generally believed that the electrons react with the photoresist to cause an increase
in a crosslinking density of the resist so as to minimize free volume in the resist. As such, it has
been found that a photoresist hardened in this manner is less reactive with the energetic positively
.. charged ions produced during ion implantation and consequently, results in significantly less or
no outgassing and improved photoresist immunity. Accordingly, the resist can be
- advantageously hardened in situ without the need for other specialized processing equipment.
Thus, the inventive processes advantageously are cost effective compared to prior art
alternatives.
Referring now to the drawings, and in particular to Figure 1, there is shown a Plasma
Immersion Jon Implanter, generally designated 10, that is suitable for use in the present

invention. The invention is not limited to any particular plasma immersion ion implanter
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capacitors 26 that capacifively couples the RF sign to d ge

pl anar aigneltna gedsrallyaplawey antamey 28 havinginger andronter aircudari dods, vid lradssSdmd3Q. and -
32. Matghi t he. i npedance the RF nerator .22 with that of the | oad

i nsures #@%ﬂﬁwﬁ%m@%& SERhHar %WH{)%‘ Sf Relpabinswes BRKIWIM §PWehe RF
signal  Bafihebfichhe29 6 ahifhA%ing EHfecfibf Bf the RF signal back to the generator. One such

type of matching network is known as an "inverted L" network wherein the capacitance of

capacitors 26 are varied by servomotors, depending upon the operating conditions.
The RF current generated within the antenna 28 creates a magnetic field that passes
' _7 J through the quartz window 19 into the process chamber 12. The magnetic field lines are oriented
in the direction shown by arrows B, based on the direction of current through the antenna coils.
The magnetic field penetrating the process chamber through the quartz window 19 induces an
- electric field in the process chamber. This electric field accelerates electrons, which in turn
ionize the gas, which is introduced into the chamber through annular channel 21A, to create a
plasma. Because the implantation process occurs in a vacuum, the process chamber 12 is
evacuated by pumps (not shown) via pump manifold 29. A collecting lens (not shown) may be
arranged outside and behind the window 19 to collect the emission spectra of the plasma during
operation In this case, an optical emission spectrometer (not shown) is further arranged behind

the lens.

Electromagnetic coils 34, 36, 38 and 40 are located outside of the process chamber 12.
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positively charged ions, thereby minimizing the outgassing effects that normally occur during
implantation. Reversing the polarity so that negative pulses are periodically applied to the platen
_ 14 will cause the positively charged ions to implant in the wafer. Capacitor 52 installed between
) earth ground and the power supply 48, serves as a buffer to suppress power supply voltage.
Switch 54 is connected between the platen 14 and a lesser potential (in this case earth
ground) and used to limit the voltage applied to the platen 14 after the switch 50 opens. Switches
50 and 54 are preferably high voltage IGBT-type switches that are operated by controller 56.
Controller 56 may also be used to control the voltage output by power supply 48. The use of
switch 54 functioﬁs in a carefully controlled sequential manner to insure uniform implant energy
distribution and minimize charge accumulation of a substrate implanted by system 10 such as
that described in U.S. Patent Application No. 09/369,560, filed on August 6, 1999 to Kellerman
et al., herein incorporated by reference in its entirety.

The source material for ion implantation may include an ionizable gas or vaporized

source material. Source material in solid form is deposited into a vaporizer which is then injected



enabl'e reaction of the electrons in the plasma wth a photoresist mask
material on the wafer. This results in curing or hardenin h resi st
material prior to the ion inplantation with positively ch‘grt}em%%bﬁ!r
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areas of the wafer. Moreover, photoresist oufgassing causes pressure variations within the

chamber and can neutralize the desired positively charged implant ions which in turn affects the
quantity of impurity dopants implanted.
Photoresists are generally organic photosensitive films used for transfer of images to an
underlying substrate. The present invention is generally applicable to those organic photoresists
~used in g-line, i-line, DUV, 193nm, and 1570m applications or the like. This includes, but is not
limited to, novolaks, polyvinylphenols, acrylates, and cyclic olefins. Other photoresist
formulations will be apparent to those skilled in the art in view of this disclosure. The
photoresist may be positive acting or negative acting depending on the photoresist chemistries
and developers choseg. The photoresist is coated onto the wafer and patterned using
conventional photolithographic methods.
A method of plasma ion immersion implantation in accordance with the i)resent invention

is shown schematically in Figure 4 illustrating the sequence of steps for use with the plasma



photoresist to break resulting in the outgas of various species 64 fromthe
surface of the photoresist and into the process chanben 32. ALW gas
speci es depends on the conposition of the photoresist gn 'J but is
not limted to, species such as water, nitrogen, carbon oxides and various
hydr ocarbons. |If the outgassed material is exposed to the plasma, the

out gassed species will becone ionizedlafter a period of tine and
deleteriously inplant into the exposed areas of the wafer. Moreover,
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first gas for producing electrically inactive~ions include tthe noble gases
such as resctyaith theghhpiomsistiecausersdissibe of ¢Hemicalbiwels igtisehotoresist material resulting

in outgassing of photoresist species 64. Continuous evacuation by the vacuum pump removes

the outgassed material as it evolves from the wafer such that the outgassed material is not ionized
by the plasma. Once the outgassing is substantially completed, the RF current and first gas flow
are turned off. '
Monitoring the outgas material is conventionally performed by methods generally known
‘to those skilled in the art, such as by optical emission spectroscopy. The emission spectra of the
outgas material can be collected through the quartz window 19 in the process chamber 12. A
collecting lens (not shown) may be arranged outside and behind the window to collect the
- emission spectra thus passed. The optical emission spectrometer (not shown) or other
- spectroscopic means can be further arranged behind the lens. In particular, the emission signal
of carbon species can be monitored to accurately determine when outgassing is completed. The
pre-ion implantation steps on the wafer last about 10 seconds at which time, the ion implantation

process steps may begin.



suitable for use in the present invention for producing electrically
“inactive ions will be apparent to those skilled in the grg | ' of this
di scl osure. Argon is preferred since it is relatively iZéﬁpgqgrbﬁﬁgnd
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as shown in step 4 of Figure 4. plicants have Tound t
platen 14 such that electrons instead of the positively charged ions are attracted to the wafer W.

The electrons react with the photoresist to increase the crosslinking density as shown in step 2

- of Figure 5. The period of time for curing the photoresist is dependent on the voltage used and
“ ) determination thereof is well within the skill of those in the art in view of this disclosure. The
wafer is then periodically positive pulsed so as to attract and implant the positively charged ions

- into the exposed surface of the wafer. The hardened resist is less reactive to the positively
~charged implant ions and as such outgassing is insignificant or substantially eliminated. As
previously described, the plasma immersion ion implanter can be configured to switch the

polarity applied to the platen during operation thereof by the modulator 27. The modulator
includes the mechanism for controlling the voltage applied to the wafer platen wherein the

polarity voltage periodically applied. during use can be switched. The curing process can
pgrformed in combination with the aforementioned processes wherein the electrons are generated

by either the first or second ionized gases to react with the photoresist to effect the curing. It is

contemplated by the inventors that the first step can be done independently of the implant step.



outgassing fromthe reaction of the inplant ions with the photoresist is
substantially prevented by the pre-ion inplantation steps described above.
Once the desired inplant dose is achieved, the RF cur:ngi \jrgﬁﬂv m are
turned off. The wafers are then unloaded. In another e [ 45trated
schematically in Figure 5 the plasma imersion ion inplantation method

i ncludes curing the photoresist P prioi3to the steps of ion inplantation.
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et o wELREnERRARhI bALUGP Bl RN BAA08 S8Rl HEE R o
be swi t akitick thEhevention HOvapoOS &RBodiRBnts BAd WathVatohd m6 QRS 29 BreWuiiéd ke

af orenenti oned processes wherein the electrons are generated by either the

first omagicslnyse enteraplaigds 4dl ueh medificatiprsandierigtionsre siithin the sedrfeadithe he
i | i t l.at by t (4 th t.he fi t st
e bl R T eSO PRl Sl A B Sa

el ect r.ong whith they S8TEH! BEaIfy A1 Quitatily alfifegsour ce wherein the electrons are
used to cure the photoresist prior to inplanting with electrons. As such,
the invention is not l'imted to the use of one chanber for the curing and
i npl anting steps. The foregoing description of the preferred enbodi nents of
the invention have been presented for purposes of illustration and
description. It is not intended to be exhaustive or to |limt the invention
to the precise fornms disclosed. Obvious nodifications or variations are
possible in light of the above teachings. For exanple, the pretreatnent
process can be done in




t he sane chanber as the inplant process or can be separately processed in
di fferent chanbers. The enbodi nents were chosen and describgﬂ‘@oe bggide
the best illustration of the principles of the invention and’i g % tical
applications to thereby enable one of;,prdinary skill in the art to wutilize
the invention in various enbodinents and with various nodifications as are
suited to the particular use contﬁaﬁgiﬁﬁg. Al'l such nodifications and
variations are within the scope of vention as determ ned by the
appended cl ai ns when interpreted in accordance with the breadth to which
they are fairly, legally and equitably entitled. 21 June 2004 14 CLAIMS: 1.
In a pl ksna Imindlasmenmbersiopppaimalanttiopriseesss feoimplagingndongt dwsanto fons
into a r e upst: I r.gani ot gresi st nmask_t her eon,
wher or 2k s, SR RSEL B PBADIIBOAA S BIRLE: SHckdn GRE" g0 ng

t he subifmetienhivni fgplah@tion gRodess intlodar phichilz RS kulisheteebavingtthe aorghtdeber
havi ng | 1s of electrically conductjve material, generating an inplant

pl asma BIOtorsHEt matknthsrepn iato’q shambes| bavdpg malls wheelestically eprdystive matetide

el ectri . Is i : | i 4 YT ’ iLn
Vol t aget Bt n@eh tEpInE BRI 7 (AR aHied AnDab o SHEHGRLE sl IhSBRME 10,
of the élestrivaily eftiviehionp| wiern irhiplanted einec the elitystiatep | aadt applyihp evadtage tpulseal | y

active jons into,the surface, of the substrate, wherein the ubstrate is
pret r eat emﬁﬂsﬁh@a‘g%%a_l e e Sﬁ&#@?%&ﬂfiﬁ@enéﬁ@}x ﬁfgﬁiﬂsmmb%eﬁél%@ﬂsg@ b
subst anéeléé'tibé’l%r iRbR¥EAE tHe BRICBILaRY 2Oy Sbns RO AR shffs S8R bitsRake] %Héfbﬁ&dthe

reaction of the electfically active ions wth the photoresist, sai
pr et r eatubstmate pr reteeatedcpmigrrip shagen dbganempiog diic m)pladpdasata sogpsdo piltstamtially om a

d jonizabl .od | ically. i ' ' hen,
o andv WPRnGAE £F cooR PRy ESufng gt & Yerciohrtche #lporrelY AU ishs wi ¢
t he or gahh ehehotERs] Sid pREKathRNCHYSEs cOmMbASASS tGktepaied C) evacuating to

renove the outgas. 2. The process accqrd_i&& to claiml, wherein the second

source is a Hcaeptne splaswr from poproad denizale seuapbiol pradice olrstrégellylinacgve The

process; | [ herein the noble gas is selected fromthe

group 1gggglﬁérﬁnﬁ:%afggdglr%g%ﬁﬁgg@um and neon. 4. The process according to

claim1, whelsedenctiigeths eldjriatig ifaivariengwithaheretkanic photoresist mask to cause
outgassing; and

¢) evacuating to remove the outgas.

2. The process according to claim 1, wherein the second source is a selected one of a

noble gas and vaporizable material.

3. The process according to claim 2, wherein the noble gas is selected from the group

consisting of argon, helium, and neon.

4. The process according to claim 1, wherein steps (b) and (c) are performed
simultaneously
5. The process according to any one of the preceding claims, wherein the pretreatment

process occurs in the chamber.

6. The process according to any one of the preceding claims, wherein the first source is

an ionizable gas and flows into the chamber at a rate of about 0.5 sccm.



si nmul't aneously 5. The process according to any one of the preceding clains,
wherein the pretreatnent process occurs in the chanber. 6. }5%u5r3§§£s
according to any one of the preceding clainms, wherein the first B is
an ionizable gas and flows into the chnber at a rate of about 0.5 sccm 21
June 2004 15 7. The process according 1o any one of the preceding clains,

wher ei n,th d . £ into.th nber. at t than 50
Scem 67 The B BESES SEHGR RA1E 6 8RN BeH A EHHGA it BF e FEIORS SOWREr oi

t he subﬂ&@@hﬁoﬁﬁ(ﬁamgglhgpﬂm§?@y§p@gygog&mmafer._9. The process according
to any one of the preceding clains, wherein the inplant gas is selected

fromthe group consisting of arsine, vaporized antinony, phosphine,

di b , b [ f ' ichlor] .S1 L . | oride, .
vapor 250 gart Eiee e SRRl Mk o B b AR RMARE Rbhi e e 10,

met hod §iicorsemivdridacior pagsa i on i rmersion i nplanter for selectively
i nplanting dopant ions into a surface of a substrate having an organic
phot oresi st mask thereon partially covering the surface of the substrate,

sai d nmeghod InSd : i . r i -an
organicgphotgge f%?kg%?%ggﬁﬁ%ﬁgfgg%°fﬂ%éﬂégﬁﬁ§%%%§§’§§§§ ﬁgéﬁﬁgﬁggggfgt
i oni zabteted@kfromttie pdoep chusidimg;of @ysine wagirizgd kiembny, phogphinel dibbtenecromer to

produce g] ectricall.y inactiye ions en, inplanted in the subhstrate; d)
react i n‘éﬁ‘{“ﬂ’é‘hﬁl GortrPlans siiges GeitiaRe, Pporked oiluRosysprized pdiee an
out gas afiRofifal BYdrageh S@Hitrspsausl y diluting and evacuating the outgassed
material fromthe Chanber So as to substantially prevent ionizing the

outgassed material; e) turning off the flow of the first gas; f) flowing a
second ﬁgs intoiéhﬁ &hagQEJ' g% i%pjzkn (;he second gas in.tqe.ch? er to
pr oduce!Gr ecrPEdPT e vk p s R Berdith JEPYRIeHITlePYely apanting
el ectr i gafahyioas ity @ suffice dfH ubbiigte HialIn aa el Sl esisti maskUhéret patiblly he
second gas flow, and 13 unl oadi ng the substrate fromthe chanber.
covering the surface of the substrate, said method comprising the steps of:
a) placing the substrate having an organic photoresist pattern thereon into a chamber;
b) flowing a first ionizable gas into the chamber;
¢) ionizing the first gas in the chamber to produce electrically inactive ions when
implanted in the substrate;
d) reacting the electrically inactive ions with the photoresist to produce an outgas
material and continuously diluting and evacuating the outgassed material from the chamber
so as to substantially prevent ionizing the outgassed material;
¢) turning off the flow of the first gas;
1) flowing a second gas into the chamber;
g) ionizing the second gas in the chamber to produce electrically active ions;
h) selectively implanting the electrically active ions into the substrate surface;

i) turning off the second gas flow; and

j) unloading the substrate from the chamber.

11.  The method according to claim 10, wherein the first gas is selected from the group

consisting of helium, neon and argon.



11. The nmethod according to claim 10, wherein the first gas is sel ect ed
fromthe group consisting of helium neon and argon. 21 Jun 8 §4
The net hod according to claim 10, wherein steps (b)-(e) are corrp éte

| ess than about 10 seconds. 13. The ne hod according to claim 10, further
conprising nonitoring the emn ssion si gﬁ of carbon species pr oduced

gac. el o RAREIACheRGEY oLl MR RISk Ko PR i cBigplhedt p el P

accor di sigput 00 agtynde of clainms 10 to 13, wherein flowing the first gas

into the chanber at a rate greater than 50 sccmand flow ng the second gas
at a rate of about 0.5 sccm 15. The nethod according to any one of clains
10 to 147 wh I i i I ar ged
Fons. 16 ThenelRil Sckirbiib i M 02kiE cork Mg AERforHE OB SRl 8
el ectri cﬁd:drlyon scies peoduspd dindisg tﬂwmtgamhgr«iceafrihgtchmh@&tm andthaning KDAr +.
17. The hod a COI’dI to a one f. cl 0 to. 16, wherein the inplant
gas is ¢ r%téia% %0%%% &% ngqr F%Fa% vapori zed anti nony,
phosphi ne, drborane boron trifluoride or trrchlorrde, silicon

tetrachl oride, vaporized gallium vaporized indium anmonia, hydrogen and
ni trogett. 18Thevmettodoagcordmatoeany arte & ghiasntD tooh3,i wivereisi fowingphe first rga or
|rrplant1 nto a_ . surface of. a substrate havin nor ani c

ot or eo e bl & L EHehr fuf g 3eat Adh B Gy ¢ Bi€ of ooy

pl aci ngoskecrgubstrate in an evacuat ed charrber ionizing a gas to produce
positive ions and el ectrons; and c) extracting and accel erating the

el ectrons to the surface of the substrate having the patterned photoresi st
for curjng t tar Iy 0 erein
step (cwcorr?)fr?? is’%%gw ear%?%gﬁlg t[]:rgany Oﬁ?s ng 1319 1§§§q fvg Vo ag%e"?'?ai'é’%

pl at en ioab domgqid‘;mmubsrtma:tgeduﬂﬂ: June 2004 17

16.  The method according to any one of claims 10 to 15, wherein the electrically inactive

species when implanted into the substrate is 40Ar".

17.  The method according to any one of claims 10 to 16, wherein the implant gas is
selected from the group consisting of arsine, vaporized antimony, phosphine, diborane, boron
trifluoride or trichloride, silicon tetrachloride, vaporized gallium, vaporized indium,

ammonia, hydrogen and nitrogen.

18. A method for use with a plasma ion immersion implanter for implanting ions into a
surface of a substrate having an organic photoresist patterned thereon, said method
comprising the steps of:

a) placing the substrate in an evacuated chamber;

b) ionizing a gas to produce positive ions and electrons; and

c) extracting and accelerating the electrons to the surface of the substrate having the

patterned photoresist for curing the photoresist.

19.  The method according to claim 18, wherein step (c) comprises periodically pulsing a

positive voltage pulse to a platen holding the substrate.



20. The nmethod according to claim18 or 19, further conprising extracting
and accelerating the positive ions to the surface of the sul}?tratga Vi ng
the patterned photoresist for doping the positive ions into HE”E P ce.
21. The nethod according to any one of clainms 18 to 20, wherein the
positive ions are accelerated to the Substrate by periodically applying a
negati ve, vol.t.age | se to.a platen | di ng, the ,substrate. 22 A wafe
Whooe rhur abrmethod Pet@uieh o g §r "ty AEHEH SPruisfies SXtpdingoandy A
waf er whogeraiBg Hasdsiive iohe tgieSutfhe Gethb QGbsdatcA it @e Hattérned PhotbfsisP 21.
PRETREATMENT P SS FOR PLASVA | MVERSI ON | ON | MPLANTATI'ON ABSTRACT A

net hod Podopisg theinokitiye ponsdntg thesrsfaston i on i npl antati ons systens wherein a
substrate Whaving a pattenmed photoresist P thereon is inplanted. The

met hod includes ionizing a first gas in a chanber 12 to produce

el ect rizial | yThewmethod ecb@rtimgan thnfyadet dfngaiiisel 8210e20, rilgséih th@ @béitige idiBSre Wi t h
the photoresist P _to produce outgassing 64. The outgassed material 64 is
cont i nAsEeFiptedatpa g atubstraip o) P%W%&égﬁia@@l}il% aussativr velfasy ribseploet laterrhe
met hod ﬁdi'(ﬁihglﬁ{ed;iuﬂéﬂ#ges ionizing a second gas to produce electrically
active tons and 1 nplanting a positively charged species of the ‘
electrically active ions into the substrate. Al so disclosed is A nethod for

curing the photaresi st rpor to jon inplantatjon. A .is_ionized in the
chanberiZ7 tgwgﬁdﬁwewﬁﬁﬂr&mw&@as thegeesest et Y ane oL FBERY bR Sy o f1 1 st
attracted to a substrate in the chanber having patterned photoresist P
thereon for hardening the photoresist. The positively charged ions are then
i mpl ant23d i nA evafguidetse atapuiactneinsludep thetrosthed eff anyuingaf siaigs 1@ tos2ibst anti al |y
prevented. Fig. 3





