
Disest oJ Tech. Papers The 13th Con!, on Solid State Derices. Tohlo

IMPROVEMENT OF SOS DEVICE PERFORMANCEA -4 -3
BY SOLID-PHASE EPITAXY
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It is well known that crystalline quality of Si films on sapphire (SOS) markedy affects device characteristics, such as drain
leakage currents and carrier mobilities. Recently, it has been reported that crystalline disorder near the Si-sapphire interface

is reduced by solid-phase epitaxy (SPE) after amorphization, whereas crystallinity in the surface region is kept as it is de.

posited. 1)'3) This paper describes significant improvement in SOS device characteristics by doubly applying SPE technique

to both surface and interface regions in SOS films.

P-typeSi filmsof 0.3pmthickwereepitaxiallygrownonsapphireusingthepyrolysisof SiH+. Thesampleswereamor-
phized by Si ion implantation, and recrystallized by furnace annealing at 1000'C in an Nz ambient for 20 min. Test devices

were fabricated using Si-gate CMOS process. First, improVement in the interface region of SOS films was achieved by Si ion

implantatioh with 1 x 191 5 
"r-2 

at 190 keV (Rp = Z9S2A) and subsequentthermal annealing. Second,Si surface region was

amorphized by Si ion implantation with 2 x 101 5 cm-2 at 100 keV (Rp = 14694) and recrystallized from the inner region of
the film towards the surface. After the second SPE, effective mobilities of N-channel and P-channel transistors are 510 and

225 cm2 lY. sec at V6 - V1 of 4 V, as shown in Fig.2. which are 1.3 times and 1.1 times larger than those of as-grown sam-

ples,respectively, Asignificantlyreduceddrainleakagecurrentof 1.8x10-1 2Al50pmforN-channel transistorsisobtained,

whose value is about 1/100 of those in the as-grown samples, as shown in Fig.3. The higher mobility and lower leakage

current thus obtained, should be attributed to the drastic improvement of crystalline quality in the whole region of SOS films

by the double SPE.

The mechanism behind the above improvement has been also investigated.

After the first SPE, drain leakage current in N-channel transistors has a minimum value of 1 x 10-1 1 A/50trm at

1 x 101 5 cm-2, as shown in Fig, 4, which is one order of magnitude smaller than that in as-grown sample. On the contrary,

as shown in Fig. 5, effective mobilities of both N-channel and P-channel transistors in the SPE samples are nearly the same as

those in as-grown samples. This clearly suggests that improvement in crystalline quality is limited only in the interface region

but crystalline quality in the surface region still remains unchanged.

Consequently, the improvement in both mobility and leakage current can be realized only when SPE is doubly applied to

SOS structure as described in the present paper.

The present technique will offer greater feasibility for the SOS technology in the future VLSI era.
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Fig. 1. Double SPE processing steps.

GATE VOLTAGE , VC (V)

Fig. 3. Typical le-V6 characteristics
for N-channel SOS transistors.

Effective mobilities as a function of gate
voltage.

Si IMPLANTATIoN DoSE ( t/cmz)

Fig. 4. Drain leakage current as a
function of Si ion dose.

Fig. 5. Effective mobilities as a function of Si
ion dose.
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