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Design Guideline of Ultra Thin Body MOSFET
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Abstract: Simulation method is used to provide a guideline for ultra thin body(UTB) MOSFET designs. T hree im—
portant parameters of the UTB MOSFET, i. e. the raised S/D height, Ge mole fraction of the Ge:Sii- « gate, and the
silicon body thickness, are comprehensively analyzed and optimized. The optimal region of feasible Ge mole fraction
and the silicon body thickness for low operating power device are given. As the simulation results show that

through changing Ge mole fraction coupled with the silicon body thickness tuning. UTB device with good perfor—

mance can be obtained.
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1 Introduction

Ultra thin body (UTB) MOSFET, which com—
bines the best features of bulk CMOS (e. g.. deep
source/drain regions) with those of SOI (e. g., ul-
tra-thin channel and dielectric insolating layer), is
considered as the promising structure for ultimate

-3 . .
U= There are many literatures related with

device
UTB MOSFET, yet, most focus on the experimen—
tal research which only gives some results on a
special structure without pointing out what kind of
device parameters are optimal. Until now, there is
still no analytical model that can clearly describe
the operation mechanism of UTB MOSFET, espe-
cially for the mechanisms of coupling effect be-

tween the front and back interfaces and the channel

quantization effect. Moreover, for different perfor—
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mance requirement, the choice of device parameters
is very important due to the tradeoffs among the
device parameters. In order to reduce some negative
effects caused by the ultra thin body, such as
strong coupling effect between the front and back
interfaces and channel quantization effect, opti-
mizations on different aspects of geometric parame-
ters and physical parameters of UTB structure are
amply necessary, especially for nano-scale UTB ap-
plic.utiut)rmH‘SI

In most reported UTB structures, the p”
doped Ge:Sii-. which is fairly compatible to the
standard Si CM OS process is used as the gate ma-
terial in order to maintain the positive threshold
voltage'”. Ge.Sii- . is adopted as a gate material al-
so because the work function can be easily adjusted
with changing Ge mole fraction'”*. However, when

the workfunction is being adjusted, some negative
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effects will appear as shown in our simulation re-
sults and optimal Ge mole fraction range should be
found. In addition, in UTB MOSFET, there is an-
other key dimensional parameter, i. e. , thickness of

the

thickness of the silicon body has a significant effect

silicon body. Simulation results show that
on the device performance. But what kind of thick—
ness should be used under specific channel length is
still an unanswered question as far as the knowl-
edge of the authors. Finding an optimal range of
the body thickness for different feature size of
UT B, especially the combinations of optimal silicon
body thickness and optimal range of Ge mole frac—
tion, is what we have done in this paper. A ccording
to International T echnology Roadmap for Semicon-
ductors (ITRS) criterion for low operating power
(LOP) device, we focus our attention on optimizing
three important parameters of the UTB MOSFET
with Ge:Sii-. gate. For the first time, the opti-
mized range of Ge mole fraction and the silicon
body thickness is given for the LOP device. Our
simulation results show that a significant improve-
of the MOSFET performance be

achieved, without any degradation of the short-

ment can
channel performance or sacrifice on on-state and
off-state” behavior of the devices, by careful tuning
of the Ge mole fraction and the silicon body thick-

ness.

2 Simulation structure

Simulations are performed with a two-dimen-
(2D) 8.0. The

schematic cross section view of the simulated

sional device simulator-SE
structure is shown in Fig. 1. The gate length of the
simulated UTB MOSFET is 50nm with 2nm gate
oxide. Correspondingly, a light and uniform body
doping (10”em™?) is adopted. The doping concen—
trations for LDD region and source/drain region
are fixed to 5X10”em”™* and 10”em™ 7, respective—
ly. The height of the Ge:Sii- « gate and the silicon
150nm. The
100nm. Moreover, the S/D electrodes are at the

oxide sidewall is buried oxide is

side of the S/D region. In this paper, we optimized
three important parameters of the UTB device,
they are. height of the raised S/D(tsv). Ge mole
fraction (x), and the silicon body thickness (tsi).
As conducting the optimization, we use ITRS spec—
ification for LOP application, which determines
what kind of value ranges of these three parame-
ters is optimal., i. e.. Juw> 600uA/um, Jur< 300pA/
pm, and AVrom./Vr< 0.3 as the criterion.
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Fig. 1 Schematic cross section view of the simulat—

ed UTB MOSFET

3 Results and discussion

3.1 Impact of variable raised S/D height on the

device current

Due to the S/D series resistance, many report—
ed UTB MOSFETs obtain very small on-state cur—
rent. Obviously, this S/D series resistance is a hot-
tleneck when further improvement on UTB device
performance is wanted. In order to reduce the nega-
tive impact of the S/D series resistance on the de-
vice on-state current, S/D elevation technique
should be used in UTB device. Figures 2 and 3
show the effect of different raised S/D height on
the on-state and off-state current with increasing
silicon body thickness when Ge mole fraction e-
quals to 0 or 1. Tt can be seen that the raised S/D
height has a trivial influence on the off-state cur-
rent of the device, and the reason is that the off-
state current is the pn junction leakage between S/
D and the channel. When the raised S/D height in-
creases, it has no influence on the pn junction,

thus, the off-state current is unchanged. However,
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Fig. 2 Effect of the raised S/D height on the on-

state current of UTB MOSFET @ Ves= 1.2V, Vs

= 1.2V and Ge mole fraction equals to 0 or 1
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Fig. 3 Effect of the raised S/D height on the off-

state current of UTB MOSFET @ Vgs= OV, Vis=

1.2V and Ge mole fraction equals to 0 or 1

the raised S/D height has an observable impact on
the on-state current. T his is because at on-state the
cross area of the S/D will increase with the in-
creasing of raised S/D height. This will lead to re-
duce S/D extended resistance which is one part of
the S/D series resistance, resulting in enhanced on-
state current. But as the raised S/D height continu-
ously increases, the influence of the extended resis—
tance becomes smaller, thus the on-state current
will increase very little. As our simulation results
show, when the raised S/D height is over 100nm,
the on-state and off-state currents of the device
will not change. So in following simulation, in order
to neutralize the influence of the raised S/D
height, we adopt 100nm as the default value for

raised S/D height. Figures 2 and 3 also illustrate

the effects of Ge mole fraction on the on-state cur—
rent and off-state current. A more detailed analysis

is given in subsection 3. 2.

3.2 Optimization of Ge mole fraction and silicon
body thickness

Ge mole fraction and the silicon body thick-
ness are two important parameters in UTB MOS-
FET. The threshold voltage can be adjusted by
changing Ge mole fraction and the current path
from source to drain can be controlled by the sili-
con body thickness. The simulation results show
that if an optimal Ge mole fraction is combined
with an optimal silicon body thickness, good per-
formance can be obtained. Figure 4 shows the V1

rolling-off caused by DIBL effect with different Ge
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Fig. 4 Impact of Ge mole fraction and the silicon

body thickness on DIBL effect, where AVr o =

Vr(Vos= 0.05V) = Vo(Vis= 1.2V)

mole fraction and different silicon body thickness.
The dash-dot line marks our optimization criteri—

on, i. e., AVrom/Vr< 0.3, where Vr is the gate

voltage @ [4= %XSX 100 7A/um and Vps= 0. 05,
and AVrome= Vr(Vos= 0.05V) = Vi(Vos= 1.2V).

With decreasing silicon body thickness, the number
of electric lines from drain to source is also re-
duced, thus the influence of drain voltage on source
barrier is minimized. So the reduction of silicon
body thickness can efficiently suppress DIBL ef-
fect. In addition, if we do not change the silicon

body thickness, and only increase the Ge mole frac-
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tion, enhancement of the ratio AVrom./Vr can be
observed. For example, with 12nm silicon body
thickness, AVromw./V1 in the device, with Ge mole
fraction being equal to 0, is 0.355. However, it is
0. 726 with Ge mole fraction being equal to 1. This
is because that the barrier will decrease when the
Ge mole fraction is increased., which has been
shown in Fig. 5. From Fig. 5, we can see that when
the drain voltage increases from 0.05 to 1.2V, the
reduction of the channel potential is 0. 0697V with
Ge mole fraction being equal to 0, while the reduc—
tion is 0. 1347V with Ge mole fraction being equal
to 1. That is to say, with the increasing of Ge mole
fraction, the decrement of the barrier is increased,

which results in the enhancement of Vr rolling-off.
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Fig. 5 Comparison of potential distribution along

the channel with increased drain voltage, where Ge

mole fraction equals to 0 or 1

Figures 6 and 7 show the on-state and off-
state current of the device with different Ge mole
fraction and the silicon body thickness, the dash-
dot line marks the LOP IT RS criterion. As the sili-
con body thickness is reduced, some part of the
current path from source to drain is eliminated.
The electron density is also greatly affected by
changing the thickness of silicon body. Figure 8
compares the electron density in the channel region
at Ves= 0, Vos= 1.2V under different silicon body
thicknesses. From Fig. 8 it can be seen that the
electron density of UTB device with 4nm silicon
body thickness is much smaller than that of UTB

device with 12nm silicon body thickness. And this
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Fig. 6

Impact of Ge mole fraction and the silicon

body thickness on the on-state current of the device
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Fig. 7 Impact of Ge mole fraction and the silicon

body thickness on the off-state current of the device
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Fig. 8 Electron density of the channel region with

4nm and 12Znm silicon body thickness at Ves= 0V,

Vis= 1.2V

phenomenon definitely explains the current reduc-
tion as shown in Figs. 6 and 7. From Figs. 6 and 7,
significant decreasing of on-state and off-state cur-
rent is observed with decreasing silicon body thick-

ness. But the current reduction extent is different
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for on-state and off-state. At on-state, although
some parts of the current path are eliminated with
decreasing silicon body thickness, the electron mo-
bility enhancement due to the channel being lightly
doped can make up the negative effect. In Fig. 6, if
the silicon body thickness reduces by Inm, the on-
state current will reduce by 1% . While at off-state,
the current path is the main factor to determine the
value of the off-state current. So, in Fig. 7 the cur-
rent decrement is 11% per nano-meter decrement
of the thickness. For example, with the silicon body
thickness decreasing from 9nm to 8nm, the on-state
current reduces from 3.8X 10" *A/um to 3.5X 107"
A/um, while the off-state current is 1.9X 10" "A/
pm to 1.5X 107 "A/um, respectively. In summary,
decreasing the silicon body thickness is a very ef-
fective way to increase the ratio of the on-state and
off-state current and get better performance device.

From above analysis, there is a matching prob-
lem between Ge mole fraction and silicon body
thickness just as shown in Figs. 4~ 8. According to
the optimization criterion, the optimization region
of the feasible Ge mole fraction and the feasible sil-
icon body thickness of UTB MOSFET can be ob-
tained, just as shown in Fig. 9. The shadow region
is the design window for UTB MOSFET. From
Fig. 9 we can see that the optimal Ge mole fraction
is varied from 0.35 to 1 and correspondingly the
varied from

optimal silicon body thickness is

4. 75nm to 8.25nm. For a given Ge mole fraction

AV prex V<03

Fig. 9 Region of the feasible Ge mole fraction and

the feasible silicon body thickness of UTB device

(e.g.0.5),the allowable range of the silicon body
thickness for ITRS specification can be chosen(e.
g. 6~ Tnm) in the shadow region, and for a given
silicon body thickness (e. g. 6nm), there is also a
feasible range (e. g. 0.5~ 0.6) for Ge mole fraction
to be chosen. In both cases, the device performance
with the selected parameters from the optimal win-
dow will meet the ITRS specification for LOP de-
vice. Figure 10 is the output characteristic compari-
son between the UTB MOSFET reported in Ref.
[ 8] and our optimized UTB MOSFET. It can be

seen that the on-state current of the optimized

10
(@) w/L=0.1pm/0.08pm
r t,=50nm
8t ¢ =20nm Vou=1.5V
|
PR
% {
S ¢ 12V
ZL 0.9V
T 0.6V
0 T i - ——
0 03 0.6 0.9 1.2 1.5
WiV
®
900} Ves=1.5V
£,,=100nm had
750+ t._,,i=3|1m
= r 1.2V
g 600
4 L
I asof
% L 0.9v
= 300}
150 0.6V
00 02 04 06 08 10 12 14
sV
Fig. 10 Output characteristic comparison between

UTB MOSFET reported in Refl. [ 8] (a) and opti-
mized UTB MOSFET (b)

UTB MOSFET is about 800uA/um, which is near—
ly 100 times of that reported UTB MOSFET.

Strong evidences show that better performance de-
vice which satisfies the ITRS LOP specification can
be obtained, without any degradation of the short-

e i“ »
channel performance or sacrifice of On-state” and
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off-state” behavior of the device, by careful tuning
of the Ge mole fraction and the silicon body thick—

ness.

4 Conclusion

Optimization of the three important parame-
ters of UTB MOSFET, i. e. the raised S/D height,
Ge mole fraction, and silicon body thickness, is car—
ried out in this paper. Simulation results show that
for gate length of 50nm UTB MOSFET, when the
raised S/D height is over 100nm, the on-state and
off-state current of the device will not change with
the increasing raised S/D height. For the first
time, the optimal region of Ge mole fraction and
the silicon body thickness is given according to
ITRS criterion for LOP device. Without any degra—
dation of short-channel performance or sacrifice on

6n-state” and Off-state” behavior of the device, a
significant improvement of the MOSFET perfor-
mance can be obtained by careful tuning of the Ge
mole fraction and the silicon body thickness. It will
be a very useful guideline of the nano-meter UTB

MOSFET design.
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