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VI. SUMMARY

Quick turn-around line (QTL) technology has been devel-
oped to fabricate custom LSI circuits in a short period of
time.

The main features of this technology are summarized as
follows:

1) Electron-beam direct writing for multilevel metallization.

2) Automatic data handling and transformation from logic
design data to electron-beam writing data.

3) Dry process technology including RIBE for Al-Si-Cu etch
without 2nd layer metallization process.

Using this technology, a number of 1500-gate ECL. gate
arrays have been produced for use in main frame comguters.
Electron-beam irradiation on the device induces a decrease of
hpg, which recovers with a 450°C anneal for 15 minin N, .

Bias-temperature tests have been done for various logic cir-
cuits, and showed no failures with over 1000 h of testing.

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. ED-30, NO. 10, OCTOBER 1983

ACKNOWLEDGMENT
The authors wish to thank Dr. H, Oka and Dr. H. Nakata,
and T. Kashiwagi for their support and encouragement,

REFERENCES

[1] M. Taniguchi, T. Yoshihara, M. Yamada, K. Shimotori, T. Nakano,
and Y. Gamou, [EEE J. Solid State Circuits, vol. SC-16, no. 5,
p. 492, 1981.

[2] Y. Watakabe, T. Kato, A. Shigetomi, and H. Morimoto, J. Vac. Sei.
Technol ., vol. 21, p. 1005, 1982,

[3] C. Tanaka, 8. Murai, H, Tsuji, T. Yahara, et 4l., in Proc. 18th De-
sign Automation Conf.,p. 812, 1981.

[4] J. S. Greenneich, Electron-Beamn Technology in Microelectronic
Fabrication, G. R, Brewer, Ed. New York: Academic Press, 1980,
p. 59.

[5] Y. Akasaka, K. Tsukamoto, H. Sakurai, T. Hirao, Y. Horiba,
K. Kijima, and H. Nakata, in IJEDM Tech, Dig., Dec. 1978.

6] S.Imamura,J. Electrochem. Soc.,vol. 126, no. 9, p. 1628, 1979.

] D. F.Downey, W. R. Bottoms, and P. R. Hanley, Solid-State Tech-

nol., vol. 2, 1981,

{8] M. Nakaya, S, Kato, K. Tsukamoto, H. Sakurai, and Y. Horiba,
IEEE J. Solid State Circuits, vol, SC-16, p. 558, 1981. '

{91 H. Harada, H. Yakushiji, T. Nishioka, H. Kotani, and Y. Hirata, in
Proc. 13th Conf. on Solid State Devices, Tokyo, Japan, 1981; also
Japan. J. Appl. Phys., vol. 21, Supplement 21-1, p. 205, 1982.

Threshold Voltage of Thin-Film Silicon-on-Insulator
(SOI) MOSFET's

HYUNG-KYU LIM, STUDENT MEMBER, 1EEE, AND JERRY G. FOSSUM, FELLOW, IEEE

Abstract—The charge coupling between the front and back gates of
thin-film silicon-on-insulator (SOI: e.g., recrystallized Si on 3i0,)
MOSFET’s is analyzed, and closed-form expzessions for the threshold
voltage under all possible steady-state conditions are derived. The ex-
pressions clearly show the dependence of the linear-region channe! con-
ductance on the back-gate bias and on the device parameters, inclading
those of the back silicon-insulator interface. The analysis is supported
by current-voltage measurements of laser-recrystallized SOI MOSFET’s.
The results suggest how the back-gate bias may be used to optimize the
performance of the SOI MOSFET in particular applications.

I. INTRODUCTION

HE RECENTLY demonstrated [1], [2] dramatic im-
provement in the quality of polycrystalline-silicon (poly-
silicon) films yielded by zone-melting recrystallization has
spurred new interest in silicon-on-insulator (SOI) integrated
circuits and devices. This new technology provides an alterna-
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tive to silicon-on-sapphire (SOS) in the fabrication of mono-
lithic circuits comprising advantageous dielectrically isolated
devices [3]. The silicon-on-oxide (hereinafter termed SOI)
technology furthermore has the flexibility to possibly enable
the fabrication of radiation-hardened nonplanar (“three-
dimensional”) integrated circuits [4].

Because SOI films are thin, the electrical properties of
MOSFET’s fabricated in them are typically influenced by the
charge coupling between the front and back gates. For ex-
ample, the (front-gate) threshold voltage Vyy differs con-
siderably from that of the bulk counterpart and depends on
the bias and properties of the back gate. Although much em-
phasis has been placed on the recrystallization technology,
little work has been done on the characterization of the elec-
trical properties of SOI MOSFET’s.

Worley [5] derived an analytic model for Vyy of the SOS
transistor in which similar charge coupling occurs. However
his model, which is unnecessarily complex, pertains only to
the usual SOS case in which the back silicon surface is de-
pleted. Sano et al. {6] developed a rigorous numerical model
for Vzr of the SOI MOSFET that illustrated important para-
metric dependences. However because no analytic expressions
were derived, their illustrations were limited and provided
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