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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
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in a source chamber which 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



2 (NH3), hydrogen (HZ) and Nitrogen (N2). Positively charged ions are

M scharged fromthe ion source and directed al ong an evgc‘pa pat h
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Plasma immersion ion implantation (PIII) is an emerging technology that differs from the

-conventional ion implantation previously 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
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during the initial bombardment of ions on the photoresist material and tapers off dramatically as

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.
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would be desirable if during plasma ion immersion implantation that the resist could be

hardened in situ to minimize outgassing of the resist during ion implantation.

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
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photoresist patterned thereon is provided, the method comprising the steps 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.
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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
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into a substrate surface having thereon a photoresist nmask. The inventive
net hods Afcpidingly theprogessadvantegeopsly eveids inmplanfingrnysquigpssedaphoteresistapesies
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electrically inactive ions with the photoresist to cause outgassing prior
to the sasgrialonsed g theimplgniggaimad dopant ions. The out gassed phot oresi st

material is There is also disclosed herein a method for hardening a photoresist in the process

chamber prior to ion implantation by plasma immersion ion implantation. As discussed
previously, hardening the photoresist is known to minimize outgassing. In plasma immersion -
ion implantation, high voltage negative pulses are typically used to atiract positively 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



contrnuously evacuated fromthe process chanber during reactionswith the
electrically inactive ions to substantially prevent photoresist outgassing
by a subsequent inplant plasma. Accordingly, the process agk dﬁK}

avoi ds inplanting any outgassed photoresist species (i.e., carbon) by the
I mpl ant pl asma. Moreover, the use of a source material that generates the
electrically inactive ions, such as ardgon gas, is relatively inexpensive
conpared to source materials used for the inplant plasma. There is al so
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enbodi nmeignal to Flgendrhllsusltnan autansy28, bamid@innercinddater aincular coils, via leads 30 and 32.
Matching the impedance of the RF generator 22 with that of the load insures maximum power
out the antenna 28 by minimizing reflection of 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.
7 The RF current generated within the antenna 28 creates a magnetic field that passes
' 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.



evacuat ed process chanber 12 that is defined by an electrically activatable
waf er support platen 14 nounted on insulator 18, an el ect? i‘[cgl['w @q nded
chanber housing 16 having conductive walls 17, and a quartz w ndo .

Pl asma generated within the chanber contains ions of a desired dopant
species that are inplanted into a substrate, such as a sem conductor wafer
Wor the like, located therein, when & negatively charged voltage is
applied to the platen 14. As shown in Figure 1, the wafer Wis lifted off
of the [Ahatparpobyofithticoild3s wparethe thayetioifielbwithintthd groceadchaiber 1 hicseffeativedy |,
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behind the |ens:
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



El ectromagnetic coils 34, 36, 38 and 40 are | ocated outside of the process
chanmber 12. 21 JUN 2004 9 The purpose of the coils is to vznypﬁgghgﬁﬁzetic
field within the process chanber 12 to effectively vary the $

diffusion rate, which varies the radial distribution of plasna density
across the surface of the wafer, to insure a uniforminplant across the
waf er surface. The el ectromagnetic coit®s includes two |arger main coils 34
and 40 di sposed above and bel ow respectively, two smaller trimcoils 36
and 38, inthithdplasraa dEf &l nage exripioxwaldrtyatedaltib desiteds boonqiBI Uk 3Ga) Br
addition, .the wafer platen 14 includes a dosinmetry detector such as a_
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species will become ionized after a period of time and deleteriously implant into the exposed
areas of the wafer. Moreover, photoresist outgassing 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 chosen. The photoresist is coated onto the wafer and patterned using
conventional photolitho'graphic 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



distribution and m nimze charge accunul ati on of a substrate inplanted by
system 10 such as that described in U S. Patent Appli C?Hogm.

09/ 369, 560, filed on August 6, 1999 to Kellernman et al & 'h wZUU[f

i ncorporated by reference in its entirety. The source material for ion

i mpl antation may include an ionizable gas or vaporized source material.
Source nmaterial in solid formis deposilled into a vaporizer which is then
injected 2 1 JUN 2004 10 into the plasma. If an n type extrinsic wafer
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surface of the wafer on the platen as shown in step 2 of Figure 4. The positively charged ions

react with the photoresist to cause scission of chemical bonds in the photoresist 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.



underlyi ng substrate. The present invention is generally applicable to
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resul ti g step of generating the jons. The process includes the step of reversing the polarity of the

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.



i n outgassing of photoresist species 64.. Continuous evacuation by the
vacuum punp renoves the outgassed nmaterial as it evolves fromthe wafer
such that the outgassed material is not ionized by the l,aamv m t he
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Curing, nore commonly known as hardening, is known to mnimze outgassing
of the photoresist during subsequent processing such as ion, Iagﬁﬁ%ion
or etching. Step | of Figure 5 illustrates the step of gene

ions. The process includes the step of,reversing the polarity of the

pl aten 14 such that electrons instead of the positively charged ions are
attracted to the wafer W The elegéigigg#eact with the photoresist to

i ncrease the crosslinking density in step 2 of Figure 5. The
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curing contenpl ated by the inventors that the first step can be
done mﬂ!@p@&tdmmsve pﬂmr ip i sien O%g@pratmg tmmlm@tﬁqnlalsalalaa asho sulsstetiplly

el ectrons c ner fron1 urce electrons are
ised + PregiipdmpRatRE IS EhobioR; Rofipk b aiRHRg ol Sty AeReoRE o
the lnv\eﬂhﬂmphosora@ét éaﬁdvpﬂeaeath@n d;srbeesu&&npﬁsm?&m@mmr for the curing and
i npl anting steps. The foregm ng description of the preferred enbodi nents of
the inventi of S¢B¢@IBS A Rlasima deamp secong ronjsie sascep nrpdussteleptricsHy aragtive
descrl to be exhaustive or to limt the invention
to theggpgglslgljéﬁ?%%n@@gj ﬁsh(ngsgt%g%%’ Qovi ous nodi fications or variations are
possi bl e i n b)i ghttingf the ledecaialle ihatichiiogswithahe exguniy ghotdredstpmedk @atdmeat
process can be done in the sanme chanber as the inplant process or can be
separai%H%a Scﬁgked in different chanbers. The enbodi nents were chosen
and descri be &getv%lﬁﬁﬁg"tcfiﬁnfo%ﬂ?@é}t dg lustration of the principles of the
invention and its practical appl |%at| ons to thereby enabl e one of ordinary
skill in the art to

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.



utili-ze the invention in various enbodi ments and with various nodifications
as are suited to the particular use contenplated. Al such g#ﬁiéﬁghons
and variations are within the scope of the invention as det A& y the
appended cl ai ns when interpreted in afgordance with the breadth to which
they are fairly, legally and equitably”entitled. 21 June 2004 14 CLAIMS: 1.
In a plasm | rsion iog.i | ant at i ngroc SS ior inglan%bng dopant ions
into a "surfatel§FE BEYSTEAP & REVF ﬂg 6T T PRol OFE: '9F SHEEK SPHEF eon,
wher ei nflswb tht® HRUMBmbeITHRS SakdgrehteNtha B0 adin@t | on process incl udes placing
the substrate having the organic photoresist mask thereon into a chanber
having walls of electrically conductive material, generating an inplant

pl asma of i o0 first Jani I 0 €. rein L8 lons.incl ude

Gl ot ri Eat 1 y e plegEs ke to My S of o ieb il B ol gt WS MG I g
vol t agesifcdse@micdidueeesvafdne chanber walls and the substrate i ndependently
of the formng of the plasma for selectively inplanting the electrically
active ions into the surface of the substrate, wherein the substrate is
pretreaged 1 t i i1 TR t:

CUbst ands al | v proctis e Cordisgoahy BRE6E o Ehokin Rk B her iR i fintie'i€
react i oselated finem ehegionp cendistingaifiavsing, omsorized hixihbuey, phodphires dibbrans dhcton

pretreat nent. .process, .cqppri si ng the steps Of(&% enerating a.plas froma
second "‘l’i"?ﬁgl & %WB@H%OS%FB%U?@@% %i ¥ e‘?n%"ﬂ”@e ‘%P%%d\/\ﬁ’g‘%“m

i mpl ant gdmbhial RRirssEISIdati®ogd) reacting the electrically inactive ions with
t he organi c photoreéesi st mas% to cause outgassing; and c) evacuating to

renove the outgas. 2. The process according to claiml, wherein the second
source s a select one of. a _,noble gas and vaporjzable teri.al . _The
o1 ocess GocobdPRgey Stk it | ntEPuon tRiiin FRRREGF RY' GBS dfpiaatine ne
group @gspast Hhk o @fsufh@OsT a fidkiratdhadng al @8dhniApholdiesiftI SR IBero6E partialg t O

claim1l, wherein steps tgb) and (c)_are perforned sinultaneously
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.



5. The process according to any one of the preceding clains, wherein the
pretreatnment process occurs in the chanber. 6. The process %ﬁ%%595684t0
any one of the preceding clains, wherein the first source is ™ an ronrzable
gas and flows into the chanber at a rate of about 0.5 sccm 21 June 2004 15
7. The process according to any one oflghe precedi ng cl ai ns, wherein the

d i : . h 0 8.
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subst r aftguk $0 8ecoidld.i con sem conductor wafer. 9. The process according to
any one of the preceding clains, wherein the inplant gas is selected from
the group consisting of arsine, vaporized antinony, phosphine, diborane,

bor on i fl ' s hehl.ori de . nSk L : |.O% | WAL
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f or useofiarborasyscies prodused donmy #ieosutgayping riceurringrdusiep eodpi (de layd itwpairendfif ng
dopant .0 into.a surface of, a sybstrate havi an_organi ¢ photoresi st
mask t h@teg%ﬁ gﬁ&I’VIhF%ISIIefar GFEHFHRY! ﬁlﬁ‘@tl a9 @Egerdggqcﬁglesubst rate, said nethod
conprising the steps of: a) placing the substrate having an organic
photoresi st pattern thereon into a chanber; b) flowng a first ionizable
gas i nt b4t heThharetwd, acedrdingniozamygortehef dlainmst 1Qtes 13, mwhdreincfhemiogrthe Girsbrgasluce

I tri I i ti i i I t in.th bstrate; d ti
The el ciif {1 b6 64 1egEErehiiE han ofReAB o5 doind eRborda b e Bl A B a8
mat er i af),5@Bgnconti nuously diluting and evacuating the outgassed materi al

fromthe chanber so as to substantially prevent ionizing the outgassed
material; e) turning off the flow of the first gas; f) flowing a second gas

into thes:ch ’ o) IPY4l in,th h e, roduce
el ot ri Bl 1y ooyt dsemlald daBER oM R b0 MRsfi R et et arSe
acti ve ioamsomptise gositivelyhbtrget ¢orsur face; i) turning off the second gas
flow, and

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.



j) unloading the substrate fromthe chanber. 11. The nethod according to
claim 10, wherein the first gas is selected fromthe group gqﬁshsgbgg of
hel ium neon and argon. 21 June 2004 i6 12. The met hod accor §i 5 ¥ aim
10, wherein steps (b)-(e) are conplet in less than about 10 seconds. 13.
The met hod according to claim 10, furtter conprising nonitoring the

em ssi o), si gpal ar bon. speci es._pr.qduceg, duri,ng t he out gassi occurring
during epg?‘?f) '%%%chlfrcﬁ?rﬁﬁlg% (S'iuﬁg ]% Pgtfj%aﬁlrtmgncws t%ﬁa(g s &Mn

si gnal dc%el@ﬁtihg ﬁiﬁﬁos@tﬁeﬁ@h@w e shfacelOthBRERDEtAIRAMHNR Pattned phordfeshit
claims 10 to 13, erein flowng the first gas into the chanber at a rate
gr eat erfot Heping theqwertivaiensinothagpriase. second gas at a rate of about 0.5
sccm 15. The nethod according to any one of clains 10 to 14, wherein the
electrically active ions conprise positively charged ions. 16. The net hod
accor di2ig t cTianmethiod a0tording t6BanlGbrefldaimshid &i 20, twhigereihahié bositild Jonsnaet i ve
speci es when inplanted into the substrate is 40Ar+. 17. The nethod

accor di #§clestednlp Biesubstrate byngeriogically ppplyike: A dregatiYre voltage artlsegisa jplaten

sel ect gg,14ik HE%QB&&&Q“p consi sting of arsine, vaporized anti nony,
phosphi ne, diborane, boron trifluoride or trichloride, silicon
tetrachl ori de, vaporized gallium vaporized indium ammonia, hydrogen and
nitrogen, 18, A_nethod for_use w a_plasnma i on i nmersjon i nter for
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phot oresi st patterned thereon, said nethod conprising the steps of a)

pl aci ng the substrate in an evacuated chanber; b) ionizing a gas to produce
posi tiv&3.i ond vefiet vdiase mapnfictuanihchbides shiermaethodof anydnaof elasmait ¢ tog2 . he

el ectrons to the surface of the substrate having the patterned photoresi st
for curing the photoresist. 19. The nmethod according to claim 18, wherein
step (c) conprises periodically pulsing a



posi tive voltage pulse to a platen holding the substrate. 21 June 2004 17
20. The nethod according to claim 18 or 19, further conprisi e ]
and accelerating the positive ions to the surface of the sugglﬁipg@gggrﬁg
the patterned photoresist for doping the positive ions into the surface.
21. The nethod according to any one of clains 18 to 20, wherein the
positive ions are accelerated to the 48bstrate by periodically applying a
negative voltage pulse to a platen holding the substrate. 22. A wafer
whose nmanufacture includes theégéocess of any one of clains 1 to 19. 23.- A

waf er whose manufacture i NEREGEEARMENTHRROCGESSHOBne of clains 10 to 21.
PRETREATMENT PROCESS K | ON ABSTRACT A
met hod for use with a%@%@%ﬁﬁ%%ﬁ% systens wherein a
substrate Whaving a pattened photoresist P thereon is inplanted. The

met hod includes ionizing a first gas in a chanber 12 to produce
electrically inactive ions and readXBSIHRAKH el ectrically active ions wth
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el ect ri gat inya chatibee! 2 soduct elechicallyihattivtiens MNdseadling theogedritAlyAchPs foas f or
curing th ggotoreslst prior to ion inplantation. A gas is ionized in the

chamber W nhptomsist Poigsreduss|opteassing 04 c tThsrantgasuematesiol 64 isscantioubuslyt

i th mber _havi h Si
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prevent ed. FLH. L .
electrically active ions into the substrate. Also disclosed is a method for curing the photoresist

prior to ion implantation. A gas is ionized in the chamber 12 to produce positively and electrons.
The electrons ate first attracted to a substrate in the chamber having patterned photoresist P
thereon for hardening the photoresist. The positively charged ions are then implanted into

substrate W wherein photoresist outgassing is substantially prevented.

Fig. 3



