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1. Introduction

The increase in power dissipation in VLSI circuits due to
aggressive scaling leads to high temperature operation. As
the temperature (T) rises, subthreshold current increases
exponentially, and this leads to further increase in power
dissipation and T. It is essential to re-examine the T de-
pendence in scaled high-performance MOSFETSs from the
viewpoint of off-current (Ioy). Extensive research works
have been done on the T dependence of threshold voltage
(V) [1-3], and it has been reported that FD SOl MOSFETs
have a better T dependence than bulk MOSFETs [3].
However, their device dimensions were much larger than
recent advanced devices and short channel effect (SCE)
was not considered. Moreover, they focused only on T de-
pendence of Vg, and T dependence of I,y was not dis-
cussed.

In this paper, we investigate T dependence of I, instead
of Vy, from 0.25um node to 65nm node, comparing bulk to
FD SOI MOSFETs. Analytical modeling and 2D device
simulations [4] are performed. It is found that, although the
advantage of FD SOI MOSFETs remains when the SCE
can be neglected, it diminishes when SCE is dominant as
the technology node advances.

2. Method

We compare I at 25°C and 100°C, and pay attention to
the ratio of Ioff@lo()cc/loff@25oc. It is found that loff@lo()cc/
Loff@as« consists of two components: Iorgi00 ¢ Tofr@2s ¢
caused by the degradation of S factor (S component) and
that caused by the decrease in Vg, (Vg component) as
shown in Fig. 1. The two components are analytically ex-
pressed as,

1 |
Viwarr| <
Iojf@HT =10 ”’\”R[[S@HT S@RTJ (N

1 off @RT

VawurViar
Loy qun zlof[T] )
Iﬂﬂ @RT
The Vy, component largely depends on T dependence of Vy,
(dVw/dT). Expression of dVy/dT for long channel bulk

MOSFETs is approximately expressed as [3],
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where d¢p/dT results from the T dependence of intrinsic

carrier concentration and can be improved by increasing N,.

In the case of FD SOI MOSFETs, dV/dT is roughly equal
to d¢p/dT, since there is no variation of the depletion
charge in the channel region. To examine the T characteris-
tics, we develop a new figure with vertical axis of Ioggiooc
Mott@ase and horizontal axis of Iogpsc. Primary device

parameters are shown in Table 1 [5].
3. Long Channel Devices

Fig. 2 shows analytical calculation results for long chan-
nel bulk and FD SOI MOSFETs from 0.25um node to
65nm node. L, is fixed to 1um to examine long channel
case. N, is changed to vary I,gpsc. It should be noted that
exponential relation between Iosaiooc/Totr@zse and Iog@asc
is obtained. Fig. 3 presents Iogiooc/Totrarsc at different
nodes at Iyfrgosc = IO'IO(A) from simulation, which agrees
well with analytical calculation. It is found that FD SOI is
superior to bulk MOSFETs at every node by 20%~30%.
Figs. 4 and 5 show the S component and Vy, component,
respectively. The S components are similar in all devices,
and the total Iog@iooc/Tof@esc 1S mainly determined by the
Vi, component. Fig. 6 presents the N, dependence of ana-
lytical dV/dT. N, is varied to meet the same Iofgps range
for each nodes. dV/dT of FD SOI agrees well with d¢p/dT.
In bulk MOSFETs, on the other hand, dV,/dT is larger than
d¢p/dT due to the N, term in eq. (3). As the node ad-
vances and C, increases, dVy/dT of bulk MOSFETSs im-
proves according to eq. (3). However, to achieve the same
range of Iyrgzsc, FD SOI must be doped more heavily than
bulk, result in better dV/dT in FD SOI. As a result, FD
SOI MOSFETs maintain the advantage at every node in
long channel case.
4. Short Channel Devices

Short channel effects must be considered in T depend-
ence for high-performance devices. For bulk MOSFETs, it
is reported that dV/dT improves by charge sharing [6]. Fig.
7 shows simulated L, dependence of Vg, component for
0.25um node at V4=0.1V and V4=2.5V. Parameters are
set so that both bulk and FD SOI MOSFETs have nearly
the same Vy, roll-off. It is obvious that the Vy, component
of bulk MOSFETs rolls off and approaches that of FD SOI
MOSFETs at V4=0.1V due to the charge sharing. At
V4=2.5V, the Vi, component increases in shorter devices
with SCE. This results in roll-up characteristics in FD SOI
and flat characteristics in bulk MOSFETs. We have found
that DIBL affects the T dependence of Vy, defined by con-
stant current due to further degradation of S. Therefore,
regardless of Vg, the Vi component of bulk MOSFETs
approaches that of FD SOI MOSFETs, and the advantage
of FD SOI diminishes in advanced short channel devices.
5. Conclusions

Systematic study has been performed on T dependence
of I for both bulk and FD SOI MOSFETs from 0.25um
node to 65nm node. Simulation results showed that if SCE
is negligible, FD SOI MOSFETs maintain the advantage
over bulk MOSFETs. When SCE is considerable, T char-
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acteristics of bulk MOSFETs improve due to charge shar-
ing and approaches that of FD SOl MOSFETs.
Acknowledgements
This work was supported in part by the program for the
"Promotion of Leading Researches" in the Special Coordi-
nation Funds for Promoting Science and Technology from
the Ministry of Education, Culture, Sports, Science and
Technology. The device simulator (MediciTM) has been
supplied through VLSI Design and Education Center
(VDEC), the University of Tokyo in collaboration with

References
[1] F. P. Heiman et al., IEEE Trans. Electron Devices,
12(1964) 142.
[2] D. Jeon et al., IEEE Trans. Electron Devices, 38(1991)

2101.

[3] G. Groeseneken et al., IEEE Electron Device Lett.,
11(1990) 329.
[4] MEDICI Ver.2002.2.0, synopsys Inc.
[5] http://public.itrs.net.
[6] J.J. Tzou et al., IEEE Electron Device Lett., 5 (1985)

Synopsys Inc. 250.
A LogId o . . . .
°81¢ 100°C Table 1 Device parameters for calculations and simulations.
25°C Tech. Node (nm) 250 | 180 | 130 | 90 | 65
Lg (nm) 250 | 140 | 65 37 25
Electrical tox (nm) | 5 3.3 |23 |20 |13
Vth component
Vas Vaa (V) 25 |18 |12 | 1.2 |11
>
tsor (nm) 60 35 16 9.0 | 6.5
Fig. 1 Schematics of T dependence of I, The S component and teox (nm) 400 | 225 | 100 | 75 50
Vi, component are shown.
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lytical calculation).
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