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INTORODUCTION Silicon-on-Sapphire (SOS) technology is currently used in low-power

high-speed integrated circuits. However, there are some problems with S0S technology

that remain to be solved, such as residual stress and a high density of crystal

defects. These probLems degrade the el-ectrical properties of M0SFETs. Recently, laser

annealing techniques have been applied in an effort to improve the crystaLline quality

of silicon I"y".".1'2) The authors have reported that the crystalline quality of SOS

can be improved by Q-switched pulse ruby laser annealing.3'4) This paper reports on

the use of laser annealing to increase channeL rnobillty in S0S/MOSFETs.

EXPERII'{EN'IS SOS wafers consisted of 0.4 pm thick (10O)-oriented silicon layers on

(1102) sapphire substrates grown at l020oC by pyrolyzing silane (SiH4). The S0S wafers

were exposed from the silicon layer side to a 25 ns pulse from a ruby laser ( wave

o
length = 6943 A, beam dlameter = 10 mm ) with an out-put energy density of 1.3 J/"2.

Each wafer was exposed 3 tlmes. Al-gate n-channel MOSFETs, which were ring type FET,

were fabricated with standard thermal oxidation and thermal diffusion techniques. The

thickness of the gate oxide film was S00 i. The gate length and the gate width were 20

ar.d, 723 pn, respectively.

RESULTS Fig. I (a) and Fie. 1 (b) show typical IO-VO characteristics of MOSFETS

fabricated on unannealed and laser anneal"ed layers, respectively. Fig.2 shows the gate

voltage dependence of channel mobility. Channel nobility in the laser annealed

SOS/MoSFET is increased about 30 % ovet that in unannealed SoS/MoSFET. Fig.3 shows

scanning electron microscope photographs of etched silicon surfaces after M0S

fabrications. The defect density in the laser annealed S0S/MOSFET is lower than that

in the unannealed SOS/MOSFET. ;. stress in the silicon layers were lnvestigated with

laser Raman spectroscopy. This investigation showed that the residual stress in the

as-grown silicon layer is compressive stress and that in the laser annealed silicon

layer is tensiLe stress. However, thermal treatment caused the residual stress in the

laser annealed silicon layer to become compressive stress. Therefore, the increase in

channel mobility that was observed seems to be the result of a reductlon in crystal

defect density caused by the laser annealing.
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CONCLUS10N Q-snitched puLse ruby laser annealing causes a reductlon in cryatal

in the channel rnobltitydefect density, and thls reductlon produces about 30 z increase

of SOs/MosFET.

ACKNOWLEDGEMENT     The authers wOuld like to express their sincere thanks tO Dro M.

Okamura, Mr. M. Maki, and Dr. M. Tamura fOr their guidunce.

JFERENCES       l) M.  E.  Roulet,  Poschwob,  M.  vOn  Allmen,  M.Fallavier,  Jo  M.

Msckowiski, M. A. Nicolet and 」. P. Thomas : J. Appl. Phys. 
重0 (1979) 5536.  2) G。

Yaron and G. D. Hess : Applo Phys. Lett. 16 (1980) 220。   3)Y. Kobayashi, To suzuki, T.

Kamei and M. Tamura t ECS Extended abstracts 80-2 (1980) 1195.  4)Y. Kobayashi, T.

Suzuki and M. Tamura : TO be published in 」pno J. Appl. Phys. 20 (1981).

-10123
GATE VOLTA6E(v)

FLg. 2 Gate vol.tage dependence of channel mobllity

-3

a) Unannealed SoS/MOSFET

Fig. I IO-VO characteristicg

b)Laser annealed SOS/MOSFET

of unannealed and laser annealed SOS/MOSFET

a) Unannealed surface

Fig. 3  SEM phOtographs Of etched silicon

surfases after MOS fabrication
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b) Laser annealed surface


