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Abstract: GeSi source/drain structure is purposefully adopted in SOI p-MOSFET s to suppress the short channel
effect (SCE). The impact of GeSi material (as source only, drain only or both source and drain) on the threshold
voltage rolling-off and DIBL effect is thoroughly investigated, as well as the influence of the Ge concentration and
silicon film thickness. The Ge concentration should be carefully chosen as a tradeoff between the driving current

and SCE improvement. The detailed physics is explained.
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material as

In SOI MOSFET’s, GeSi

source/drain is also used to improve the floating

1 Introduction

body effect'®. Yet there is no report on the short

With the continual scaling down of the device channel characteristics for GeSi source/drain struc—

ture in SOl MOSFET ’s. As for p* GeSi/n-Si, the

feature size, short channel effect becomes more and

more prominent. High channel doping concentra-
tion is applied to improve the short channel effect
( SCE)., but

tion'” . Shallow junction, thin gate oxide and

results in the mobility degrada—

channel engineering can also be used to suppress

SCE by trading off the technology limitation, tun-

band offset in the valence band can reduce the de-
pletion width and the electric flow line penetra-—
tion. In this paper, the dependence of SCE, in terms
of threshold voltage rolling—off and DIBL effect, on
the adoption of GeSi material in SOI PMOSFET is

investigated using two-dimensional simulation tool

. R |
neling current and performance optimization )

MEDICI. The impact of the Ge concentration and
GeSi material has been used as the channel to im-

PMOSFET performance in

transconductance, mobility

silicon film thickness on the improvement of SCE
in SOI MOSFET “s with GeSi source/drain struc—

ture is also evaluated. The related physics is ana-

prove terms of

and cutoff frequen-
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lyzed and explained.

2  Simulation

The cross sectional view of the simulated de—
vice is shown in Fig. 1. Two-dimensional numerical
simulator MEDICI is used. Energy equilibrium e-
quations for both electrons and holes are taken into
account, as well as the influence of the lateral and
vertical electric field on the carrier mobility. GeSi
material as source/drain, is characterized in MEDI-

CI by the necessary material parameters.

FIG. 1
GeSi Source/Drain MOSFET

Cross Sectional View of

In the simulation, the source, body and drain
are all assumed to be uniformly doped, which basi-
cally satisfies to the SOI devices fabricated by
SIMOX materials. The buried oxide thickness and
the doping concentration of the source/drain are
chosen as 400nm and 1 X 10” em™ 7, respectively.
The gate oxide thickness is chosen as 4nm. Other
device parameters will be addressed in the follow-
ing sections. The threshold voltage is defined as the
gate voltage when the drain current reaches 1077 A
(W/L) at the drain voltage Ve of 0.05V. The DI-
BL effect, expressed as the DIBL voltage Vo, is
the difference in gate voltage between the one act-
ing as the threshold voltage and that producing the
drain current of the same magnitude with the ap-
plied drain voltage.

Our investigation is focused on the efficiency
of SCE suppression by GeSi source/drain structure
in terms of the DIBL effect and short channel ef—
fect, as well as the dependence of short channel

characteristics on the device parameters, such as

the Ge concentration and silicon film thickness.
The difference in the improvement in the device
performance due to the adoption of GeSi material
on source only, drain only, or source and drain is

also studied.

3 Results and Discussion

Figure 2 gives the comparison between the ef-
fectiveness of the adoption of GeSi material with
source only, drain only, source and drain for SCE

suppression at the drain voltage Vaof — 0.5V. The
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FIG.2 Transfer Characteristics of MOSFET *s with Si
Source/Drain, GeSi Source, GeSi Drain and GeSi

Source/Drain  tsi= 40nm, Nav= 2X 107 em™ %, L =
0. lpm, Ge% = 0. 3.

channel length L is 0. lum. T he silicon film thick-
ness tsi and channel doping Na are 40nm and 2 X
10" em”

0. 3. It can be seen that GeSi located at the source

3 . ,1 . . .
, respectively. The Ge concentration is

side is more effective for the SCE improvement
than that at the drain side, and GeSi source/drain
structure is the most effective one, which is be-
cause the discontinuity of valence band results in a
high hole barrier at the source side even at a high
drain voltage. The energy bands of MOSFET ‘s
with Si source/drain and GeSi source/drain at Va
being — 0. 05V and — 1V are shown in Fig. 3. The
amplified figures explicitly indicate the variation of
the hole barrier with the changed drain voltage.
Obviously, for p-MOSFET “s with GeSi source, the
hole barrier shows indistinet reduction at a higher
drain voltage in with that in

comparison p—

MOSFET s with Si source. This clearly explains
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the improved DIBL effect in p-MOSFET s with
GeSi source/drain structure. T his kind of structure
is chosen in the following investigation. Yet GeSi
source/drain structure is not so effective in n-—
MOSFET ‘s as that in p-MOSFET due to the small
discontinuity of conduction band. GeSi material can
be used in the channel region in n-M OSFET to en-
hance the carrier mobility and the transconduc—
tance, as well as alleviate the mobility degradation
effect in small dimensional devices. And tradeoff
should be made for n- M OSFET “s between channel

doping. gate oxide and junction depth, ete. to sup-
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FIG. 3

press SCE. However, for p-M OSFET ‘s, there exist
many problems except that a tradeoff has to be
made. For example. p* -poly gate. instead of n" -
poly gate, should be used to improve SCE, but re-
sulting in the boron penetration. In addition, chan-
nel length should be further shortened due to the
faster diffusion of boron than phosphorus. Hence, it
seems that it is difficult to make the tradeoff for p-
M OSFET “s for the mitigation of SCE. The adop-
tion of GeSi source/drain structure is one of the

good choices for p-MOSFET s.
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(a) Energy Band of MOSFET “s with GeSi Source/Drain: (b) Amplified Figure of the Specified Region in

(a):(e) Energy Band of MOSFET s with Si Source/Drain: (d) A mplified Figure of the Specified Region in (¢)

Figure 4 describes the comparisons of the
threshold voltage rolling-off with the reduced
channel length, as well the DIBL effects between
GeSi and Si source/drain structure with tsi= 40nm,
Na= 2X10"em ", Ge%= 0. 3. It is noted that
compared with that with Si source/drain, MOS-
FET with GeSi source/drain shows appreciably im—

proved short channel effect in terms of threshold

voltage rolling-off and DIBL effect. In this way,
GeSi material is adopted in SOI MOSFET “s not on-
ly for the purpose of suppression of floating body
effect, but also for the improvement of SCE. Owing
to the higher barrier, GeSi source/drain structure
leads to the reduction of drain current in compari-
son with Si source/drain structure, as shown in

Fig. 2. The Ge concentration must be carefully cho-



124 o &

%

22 4

sen as a tradeoff between the driving current re—
duction and SCE improvement. Figure 5 illustrates
the tradeoff when tsi= 40nm, Na= 5X10"7em™ ", L
= 0. lpym, and the driving current is estimated as V,

= Vu= = 1. 0V. Threshold voltage rolling off is de-

1.0 ()

0.8
0.6
2 0.4

0.2
Zo,o 8 8/D
0.4 GeSi S/D
-0.2
0.0 0.1 0.2 0.3 04 I]S 05
Channel Length/pm

FIG.4

Drain and Si Source/Drain when tsi=
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FIG. 5 Tradeoff of Ge Concentration Between

SCE Improvement and Drain Driving Current when

tsi= 40nm, Na= 5% 107em” ‘, L=0.1pym

Figure 6 shows the impact of the silicon film
thickness on the improvement of DIBL effect in
GeSi source/drain MOSFET ‘s when Na= 5X 10"
em ', L= 0. lym. Similar tendency as Si source/
drain has been obtained, i. e., the improvement is
more distinet in fully-depleted regime than that in
partially-depleted regime, but saturated in partial-
ly-depleted regime. This is due to the similar fact

of the adoption of shallow junction to suppress the

SCE in bulk devices.

fined as (Vi(L= 0.5um) - V(L= 0. 1uym)).Taking
the experimental feasibility into account, Ge con-
centration can be chosen as 0.2- 0.3 for the trade-

off.
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FIG.6 Influence of Silicon Film Thickness
on Improvement of DIBL Effect for GeSi
Source/Drain MOSFET"s when Nuw= 5X
107em™ %, L= 0. lym. Ge% = 0.3

4 Conclusion

In this paper we have investigated the efficien—
cy of SCE suppression by GeSi source/drain struc—
ture, as well as the dependence of short channel
characteristics on some device parameters, such as
the Ge concentration, silicon film thickness. The
related physics is given qualitatively. In addition,
the Ge concentration should be carefully chosen as
a tradeoff between the driving current and the SCE

improvement.
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