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Scaling Merits of Ultra Thin Film SOI/CMOSFET's
for Low Power Dissipation

S.Warashina, 0.Tsuboi, K.Sukegawa, and N.Sato

Fujitsu Ltd. Process Development Dept.

1015, Kamikodanaka, Nakahara-ku, Kawasaki ZL!, Japan

I.le analyzed the power dissipation of ultra thin film
S0I/CM0SFETs using a mixed-level device-circuit simulator at i
V. Difference_ of the power dissipation between S0I/CMQSFET
and butk/CMOSFET comes from reduction of the drain-substrate
capaci tan-ce. As deviee size decreases, the power dissipation
ratio of SOI/CM0SFET to bulk/CMOSFET decreases.

1. Introduction

The ultra thin film S0I/C}IOSFET, with its reduced drain-substrate capaeltance andhigh conductanee, operates well at hleh frequencies and low po1aer. AIso, steep
subthreshold characteristic leads to low suppiy voltages. Usin{ the simulator, wl
eompared the P_gpl_qissipation of the ultra thin film SoI/CMoSFE} operating at i V,nith the bulk/CMOSFET.

2, Simul ati on

_9q_pfocess simulator calculated the 2D-impurity profile of the ultra thin film
S0I/CM0SFET. .Using this profile, the mixed-levei devlce--circuit simulatorr) ran. Fig.1 shows the device strueture of S0I. Vth of NMoS is 0.2 V, and that of pl,|0s is -0.2-V
!y_qa:usting the doping concentration of ehannel region. Since the gates of NMgS and
PMOS are N-type silicon ' PM0S whose channel is P--type is the adeumulation modetransistor.

(a) Isc: short circuit eurrent
(b) Ig!, gatg capacitive energy dissipation of the next stage
(c) Ibd: backgate-drain eapaeitive energy dissipation of th; stage
(d) rcl: load capaeitive energy dissipa[ion of tte stage
(e) rdg: drain-gate capacitive- energy dissipation of tfie stage

and the total current is lto.
l,Ie caleulaled Isc, the minimum NMOS and PI4OS source current by averaging the

shadow area of Fig.- 3. l^le calculated Igt by averaging the positive gite current fortf,. periodic !il" T(Fig. 4). Ibd and Icl are calculated as w6ff. Ito is the average ofthe NM0s or PM0s source current. rto subtraet (a)^.(d is rdg.

3. Results and Discussion

The po!!r dissipation dependance of channel length L at 300 MHz is shown in Fie.
5.. Igt and Idg.are. in propo_rtion to L. The power dislipation dependenee on late oxiiethickness Tox is shown in Fig. 6. Igt and iag are in inverse pioportion to-Tox. Thusshortening L decreases the power dissipation, but thinning Tix -inereases the po*"t
dissipation.

He simulated the 4-sta-ge. c!l0s buffer. The tnput sine llave had a 0.5 V anplitude
and fin rrequency. And the load capacitances of thL 3rd and 4th stage were 0.04 pF.
_ T.he. power- disslpation of the urtra thin fitm soI/cH0sFET is aividea trito 5elenents(Fig. 2),
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A comparison between SOI/CMOSFET and bulk/CMOSFET at 100 MHz is shown in Fig. 7.
Ibd of S0I/CM0SFET is smaller than that of bulk/CMOSFET, because of reduction of
drain-substrate capacitance. The Ito of SOI/CM0SFET is 159_ smaller than that of
bulk/CMOSFET.

He will think about a power dissipation advantage of SOI/CM0SFET to bulk/CMOSFET
when we deduct device size. Then both L and Tox decrease. Igt and Idg are constant, as
they are in proportion to L/Tox. Ibd is in proportion to N/ld. N, which is shown in
Fig. 1, is the length of source and drain. ld of SOI/CMOSFET is the thickness of the
backgate oxide, and ld of bulk/CMOSFET is the wldth of the depletion area. Ibd is the
length between drain and substrate. Therefore Ibd of SOI/CM0SFET is constant. But Ibd
of bulk/CM0SFET increases as the impurity concentration of substrate increases to
decrease the short channel effect. As a result, the power dissipation of bulk/CMOSFET
increases. 0n the other hand, that of SOI/CM0SFET is constant. Hence, if r.le reduct
device size, the power disslpation ratio of S0I/CMOSFET to bulk/CM0SFET deereases.

4, Conclusion

I'le analysed the power dissipatlon of the buffer cireuit consisting of the ultra
thin film S0I/CMOSFET at 1 V operation using the mixed-leveI device-circuit
simulator.

ODifference of the po!{er dissipation between S0I/CMOSFET and bulk/CM0SFET eomes
from reduction of the drain-substrate capacitance. The power dissipation of
SOI/CM0SFET is 159l smaller than that of bulk/CMOSFET.
OIf !{e reduct device size, the power dissipation ratio of S0I/CMOSFET to
bulk/CMOSFET decreases.
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