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l.Introduction
In order to minimize short channel effects in sub-

100nm MOSFETs, retrosrade channel nrofile is
fabricated using he_avy q{d lofry:diffusivity dopants.
Indium is used for the nMOSFETs [11.

Tg_ obtair-r SSR (super- steep reirograde) channel
profrle, we have to ionlrol

(1) the as-implanted profile (e.s. channeline).
(2) the TED (transierit enhairce'd diffusion)tiused

FV t|e point defects introduced during indium
implantation, and

(3) tbg TED caused by S/D implantation.
In -this paper, we compare the amount of indium

and boron channeling using (100) wafer, and the
profile change causedby sucdes'sive thermil and S/D
tbrmation pr-ocess. We found that there is a trade-off
between channeling suppression and TED
fl\pnlession. Suppressing TqD through successive
ti/U tormatron process was also important, because
SlD implantation damage affects'the inhium re-
distribution.

2. Ae-implante d p rnfile :
FigurErs I and 2 show the as-implanted denth

profiles for boron (lbkeV) and indium ObOke\D.
respectivqly. Each figure shows the effect cif ttre tilt
?ngle (0- ,7' ). F-or on-axis (i.e.0" tilt) indium
implantation.at this energy, morb than 10 nm thick
screen-oxide is nece_sosar.y Iil minimize channeling, to
Lbe qatqe level .as ?" tilt implantition-as-shown rnFig.2. Ge pre-implantarion'was atso 61fdfie ai
f_lqplessing channeling even though an amorphous
rayer was not lormed.

_ When tilt implantation can not be used because of
the shadowing'problem, for examblo *[en -"sil;;
local channel [2J, chrapneling can be_ suppressed-by
ysirlB a . suitally thick scieen-oxide oi Ge prri-
rmplantatron.

3.tED caused bv indium implantation:
Figure 3 sho*s the diffusion coefficient of indium

and boron as a function of the RTA (rapid thermal
annealing) tenlperature. .D.6 denotes'tli'e maiitiat
effective ?iffusron coer'crenr, wiiicti-*;; di-tc"t"iea
using_as-implanted profiles'and post-RTA Drofiles.
and -D"6 includes tbo and- t-hefi;i -iliii"5iil:--ti
$p ng,tes rep,ortq^d diffu,sion qoe_fficie nt _cause d only by
the thermal diffusigrl [pJ, [4], [b].As the temperatur-e
increase,. the D"n of in'rliurir tetomes closer 6 

-tldft}
qo_rgn: !'igp_re 4 shows the as-implanted and post-
RTA (1050C, 2 sec) indium deptli piontesl Th66-
axls rndium implant^ation profile iloes not change
after RTA, but the 7" tilt iinplantaUon piome aoEs
change. T{ris. is probably because of the interstitial si
rntrod,uced durrng indium implantation. Therefore.
we _need to re4irce TED caused hV the indiuni
implanta.tioq. Channe-ling suppressron ana--Tpfj
suppression is trade-off refation.
- Figure 5 shows the indiun and boron profiles near

!h. *rface after_Rta ai gso"C and-110bt-i;;iG6.
The indiur-n surface profiles stro* l;w ioncentration
by gle or.de-rs of ma' itude llian lttat-oi- tn-e 

-t";;
protlles,. rndependently .of RTA temperature. This
prgn_lq drllerence marnly improves the performance of
sub-100nm nMOSFET. fhe high tenipeiilure ntA

reduces the concentration of the indium and boron at
the neak (at a depth of 60 nm) narticularlv so in the
case of indium, 'becauge of 'tfie increas6 in TED.
Figure 6 shows the component of out-diffusion, which
wis calculated from 'SIMS profrles. The' hieh-
temperature RTA increases- in out-diffusi6n,
espdcially in case of indium.

Figure 7 shows the carrier profiles according to
RTA condition after implantatioir. The process floiv is
shown in Fig.8. RTA was done for l0sec between
950 C and 1100 C with and without post-
implantation annealing. These carrier profrles are
calculated from C-\f curves using -the 

MOS-
capacitance. The measured carrier cohcentration is
Iowest without post-implantation annealins. This
result shows thafthe interstitial Si i_ntroduced by the
implantation of indium rem4ins before the -gate

oxfdation process and before other thermal Drocesses.
The low-femperature RTA iust alter tha indium
implantation - increases the active impurity
concentratron.

4.TED caused bv S/D imnlantation:
The interstitial Si and-vacancv introduced bv hieh-

dose implantation stronsly affect the imnuritv "re-

distribution and deactivition [6], and delradrS the
transistor performance. We investigated the re-
distribution and deactivation of indiirm caused bv
successive S/D formation process. Fisures 9 and 10
show the effect of a-n additioial hiqh-dose
implantation of arsenic on boron and indium p.-rofiles,
respectivelv. RTA was done at 1050C for 2srjc. After
RTA of the S/D anneal at 1050 C for 2sec. the
additional SID implantation and successive RTA re-
distributes the indium, just as it does with boron. To
suppress _ the qMOSFET degqadation, that is, the
revrlrse short channel effect,-damase baused bv the
SID implantation must be decreasedl Figure 11 shows
the effect of a low-d4mage SID formition process;
arsenic and assist-phosihorous imnlantation l7l
instead of simple aisenic S/D impfantation. The
n*junction depth shown in Fies. 10 and 11 are about
th-e same. This shows_ that r6-distribution, which is
caused by the S/D implantation, is suppresbed by the
Iow-damage S/D form-ation process.

6.Condusioue
We attained steep indium nrofi.les without

channeling by using asuitably thic'k screen-oxide or
Ge pre-implant, even in the case of on-axis
ipplantatioh. However, there is a trade-off between
the channeling suppression and the TED sunpression.
We therefore lontiolled the TED and dedclivation,
which were caused by the indium implantation. bv
usins low-temperatuie RTA iust aftei the indiufr
implSntation. W_e- also controlled the re-distribution,
which is cause{.hV th_e SID implantation, by using
low-damage S/D formation process. ThesE
technologi-es are essential for realizing sub-10Onm
MOSFETs by retrograde indium channel process.
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Fig. I B depth profiles for wafers
implanted using 0" and ?" tilts.
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Fig.2 In depth profiles for wafers
ffihnted using 0" and ?" tilts.
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Fig. 3 Effective diffusion coefficient for
In and B at various RTA temperatures.
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Fig. 6 The percentage of out-diffusion
according to RTA temperature.
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Fig. 7 Carrier profiles calculated by C-V
curves measured by MOS Capacitance.
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Fig.8 Process flow.
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Fie. 4 The as-implanted and post-RTA Fig. 5In and B depth-profiles near the

pr-ofiles for 0' and ?" tilt implantation. surface for various RTA temperatures.
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Fig. 9 B depth profiles with additional
S/D implantation or B-only implantation.

Fig. l0In depth-profiles with additional
S/D implantation or In-only implantation.
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Fig. I I In depth-profiles with additional
S/D implantation or In-only implantation.

In 150 keV lE13/cm2

5nm thick oxide
0' tilt
lOnm thick oxide

Deffw 0' tilt
Onm thick oxide In950'C In 1100'c

"k
OB 950'c l0 sec(C-v)

OIn 950b l0 sec(C-V)

- In ll00b 10 sec(C-V)

Awithout RTA(C-V)

B+As (30 keV 5El5/cm2)

t9


