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Abstract — A consistent point-defect diffusion
model including the impurity clustering was imple-
mented, and the reverse short channel effect(RSCE)
strength of the nMOSFETs was compared with the
pMOSFETs using a common model parameter set.
As the result of simulations for typical single-drain
MOSFETs, the RSCE was calculated in the nMOS-
FETs but not in the pMOSFETs. The reason of this
RSCE difference is that in the nMOSFETSs the inter-
stitials are generated during the arsenic(As) cluster-
ing process in the source/drain(S/D) region, but in
the pMOSFETs the interstitials are absorbed during
the boron(B) clustering process. It is clarified that
this interstitial generation or absorption plays a sig-
nificant role in the difference of the RSCE between
nMOSFETs and pMOSFETs.

I. INTRODUCTION

It has been widely accepted that channel boron(B)
re-distribution which is caused by the point-defect gener-
ation due to the S/D implantation is responsible for the
RSCE. It is not well-understood why the strong RSCE
is observed in nMOSFETSs but not in pMOSFETs. Al-
though many RSCE simulations using a point-defect dif-
fusion model have been reported so far, most of them
used specially fitted parameter sets to reproduce RSCE [1]
and there has been no consistent explanation of the origin
of the RSCE difference between nMOSFETSs and pMOS-
FETs. In this paper, a consistent point-defect diffusion
model for B, phosphorus(P) and As was implemented and
the RSCE strength of the nMOSFETSs was compared with
the pMOSFETSs using a common model parameter set.

II. MODEL AND PARAMETERS

A set of point-defect diffusion model including clus-
tering effect [2-4] was applied to B, P and As. B cluster(
B, = Ennt?) ) was assumed to be an accumulation
of boron-interstitial(BI) pairs and As,V and Asg compo-
nents [4] were assumed for As clusters. Both {311} clus-
ter(Ia =3, nI(c?) ) [5] and sink term due to ion implan-
tation damage were taken into account. The reactions
considered in this model are:
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B+1 = BI (1)
BI+V = B (2)
BI+BI = BY (3)

BY)+Bl = BG™ (1)

P+I = PI (5)
P+V = PV (6)
PI+V = P (7)
PV+I = P (8)
As+1 = Asdl (9)
As+V = AsV (10)
AsI+V = As (11)
AsV+I = As (12)

As+ AsV = AsV (13)
AsyV+Asl = Asg (14)

I+V = ¢ (15)

I+1 = 19 (16)
P41 = 13t an)

The initial excess point-defect concentration was as-
sumed to be zero in the amorphous region and “+1” in
the other region as shown in Fig.1. Here, the amorphous
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Fig.1: Initial condition after the implantation.
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region was defined as the region where the implanted im-
purity concentration was larger than the critical concen-
tration Cpiy. The value of C,,.;y depends on the implanted
ion and 3 x 10%cm™3 for As* and 2 x 102°cm™~3? for BFF
were used according to the TEM measurements. In the
amorphous region the part of impurities whose concentra-
tion exceeded 3 x 102%cm™2 for As and 2 x 10*°cm~? for
B were assumed to be the cluster. The initial As cluster
was assumed to be Asj.

The model parameters were determined so that the
simulation results should agree with experimental 1D pro-
files. For example, the simulated and the measured pro-
files of the n-type and the p-type MOSFET S/D regions
are shown in Figs.2 and 3, respectively. The simulated B
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Fig.2: Simulated and measured profiles after B
30keV 1x10"cm~2 + As 30keV 3x 10'cm ™2
implantation followed by 850°C 60 min anneal.
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Fig.3: Simulated and measured profiles after BF;
50keV 3 x 10*cm™~2? implantation followed by
850°C 60 min anneal.
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Fig.4: Simulated and measured AVi4-Lgate charac-
teristics of the nMOSFETs.

profiles in these figures agree well with the measurement.
Therefore, it is clear that the relative strength of the
transient enhanced diffusion near the n-type and the p-
type S/D regions can be well reproduced by the extracted
model parameters. It was also confirmed that the RSCE
simulation result of actual nMOSFETSs by using these pa-
rameters agreed with the measurement within 30mV error
as shown in Fig.4.

III. SIMULATION

In order to compare the RSCE of the nMOSFETs
with the pMOSFETS, simulations were performed for typ-
ical single-drain MOS device structures using the common
model parameter set described above. In the case of the
nMOSFETS, the following two conditions were also com-
pared using the same initial point-defect distribution.

(a) The point-defect diffusion model was used for all im-
purities (B, P and As).

(b) The conventional Fermi-level dependent diffusion
model was used for As instead of the point-defect
diffusion model (reactions (9)-(14)).

The same thermal budget was used for both the
nMOSFETs and the pMOSFETs. The ion implantation
conditions and the LDD sidewall thickness were deter-
mined so that the profiles and the effective channel lengths
of the nMOSFETSs coincided with those of the pMOS-
FETs. The concrete values are shown table 1.
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Table 1: Device structures and process conditions of typical nMOSFETs and pMOSFETs.

nMOSFETs pMOSFETs
Channel I/I B 30keV 1 x 1013cm~2 P 100keV 1 x 103 cm ™2
Anneal 1000°C 10sec
Sidewall thickness 8nm 13nm
S/D I/1 As 40keV 3 x 1015cm=7 | BF, 30keV 3 x 10 cm—2
S/D anneal 800°C 60 min

IV. RESULTS AND DISCUSSION

Simulation results of Vi4-Lgaie characteristics are
shown in Fig.5. The nMOSFETSs show the RSCE, while
there is no RSCE in the pMOSFETs. In the case of the
nMOSFETs(b), the RSCE is very weak. By examining
the changes of the impurity (B for the nMOSFETSs and P
for the pMOSFETs) profiles at the mid-channel according
to the Lgqse (Figs.7-9), it is clear that the difference in the
RSCE strength is calculated due to the difference in the
impurity re-distribution.

For quantitative discussion, the enhancement factors
of the diffusion constants (D.¢f)/Dinsr in the channel are
calculated and shown in Fig.10. Here, (D.ss) and D;p,,
represent the time averaged effective diffusion constant
and the intrinsic diffusion constant, respectively. In the
case of the nMOSFETs(a), the enhancement factor of the
diffusion constant is four times larger than in the case
of the pMOSFETSs, while they are similar between the
nMOSFETs(b) and the pMOSFETs. Since both B and P
diffuse mainly via interstitial mechanism [2,3], the follow-
ing relation is obtained:

(Deff)/Diner = / C1/Ctdt.
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Fig.5: Simulated Vjp-Lgate characteristics of typical
nMOSFETs and pMOSFETs.

Therefore, the large enhancement factor of the diffusion
constant in the nMOSFETs(a) is attributed to its higher
excess interstitial amount. However, the initial interstitial
amount in the pMOSFETs is seven times larger than the
one in the nMOSFETS, because the ranges of the amor-
phous region are different.

These phenomena can be consistently explained as
follows.  The difference between nMOSFETs(a) and
nMOSFETs(b) is due to the interstitial generation de-
scribed by the reaction (12) which is subsequently caused
by AsV and As;V cluster formation in the highly doped
As region. In other word, the As in the S/D region emits
interstitials when some part of it becomes inactive. Re-
cently, this phenomenon has been confirmed experimen-
tally as well by P. M. Rousseau et al. [6]. The significantly
smaller enhancement factor of the pMOSFETSs compared
with the nMOSFETs(a) is due to the interstitial absorp-
tion described by the reaction (1),(3) and (4) which cor-
respond to the B cluster formation in the highly doped
B region. In contrast to As, the B in the S/D region
absorbs interstitials during its deactivation process. This
difference in the interstitial related clustering plays a sig-
nificant role in the RSCE simulation.

V. CONCLUSION

A consistent point-defect diffusion model using a
common model parameter set is developed for both
nMOSFETs and pMOSFETs. It is clarified that there
are two origins of the RSCE difference between nMOS-
FETs and pMOSFETs. One is the interstitial generation
caused by the As clustering process in the nMOSFETs.
Another one is the interstitial absorption caused by the B
clustering process in the pMOSFETs.
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Fig.9: Change of the P profiles at the mid-channel of
the pMOSFETSs according to the Lgqt..
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