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Considerable interest has been recently focussed on a silicon-on-insulator (Sor) material
system by using lasers in recrystallization of deposited po1ysi1i"o.r1-5). Some techniq,r""3-5)
for device fabrication have been reported in which a thick oxide layer wag used as an
insulating 1ayer. Though the polysilicon deposj.ted on a thin silicon nitride layer is easj.er
to recrystallize with laser irradiation than that on an oxide layert/, the nitride is not used
as an insulating material because it is difficult to get enough thickness for isolation
from the.substrate without any cracking.

In this paper double layer structure of thin nitride on oxide is proposed as the _--

insulating layer,which makes polysilicon more tolerant to be stripped off at high laser power.
very large and superior recrystallized polysilicon layer can be obtained and is applied for a
fabrication of a Bipolar transistor (Bip-Tr) by using this structure and optimizing laser scan
steP' Polysilicon layers by three kinds of deposition techniques are investigated. But clear
difference in recrystallization phenomena between them can not be found.

The supporting substrates rrere p-type silicon wafers with (100) orientation. A 5000 i,
thick layer of oxide was thermally grown on the wafers and a 750 i. thick layer of cvD nitride
was subsequently deposited on some wafers to form a nitride substrate. A 1 um thick layer of
polysilicon was then deposited by using three kinds of techniques. one was the conventional
LPCVD technique at 630"C (po1y-Si-A). Others were the epitaxial growth technique in which
two kinds of polysilicon were deposited. They were epitaxially grown polysilicon at 930oC at
normal pressure (poly-Si-B) and polysilicon at 1080 oC at reduced pressure (poly-Si-C) by using
SiHO and SiH2C12 as source gas' respectively. The poly-Si-C could be deposited on the nitride
substrate, but not stably on oxide substrate.

The samples were then irradj-ated with a cr,r-Ar scanning 1aser. A sample holder temperature
was kept constant at 450'c throughout the present experiment. Laser irradiating conditions were
as follows : Output power of 8 W to 12 W, Spot size of 60 un to 80 prn, Scan step for over-
lapping of 5 um to 50 pm, and Scan rate of 12.5 cm/sec.

The samples were then examined by using an optical microscope raith an interference contrast
attachment and Sirtl etching to decorate the grain boundaries which was found to be correlated
with an internal microstructure examined by TEM analysis.

Figure 1 shows typical optical micrographs of recrystallized polysilicon on nitride and
oxide substrate, respectively. Polysilicon on oxide tends to be stripped off as laser power

becomes higher. This is considered to be due to large thermal expansion coefficient of oxide
compared with those of nitride and silicon. So relatively low power should be used to get an
uniform recrystallization in a wafer and results in long grains as shown in Fig .Z-(a). But the
nitride substrate makes polysilicon more tolerant to be stripped off at high power leve1, and
resul-ts in a large grain growth with high power laser irradiation as shown in Fig.2-(b).

With decreasing the laser scanning step size less than l0 um, the lateral grain growth
was observed remarkably. Figure 3 shows the change of etched surfaces observed by optical
microscopy depending on the scanning step size.

Though each laser power level between three kinds of polysilicon for recrystalr izat1-.on
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shifted sLightly, any difference in recrystallized grain size and electrical characteri-stics in
fabricated devices stated as fol-lows could not be found.

Using the above mentioned recrystallized polysilicon layers on nitride as starting substrate,
a fully isolated Bip-Tr was fabricated with the oxide isol-ation technique. Figure 4 shows the

schematic cross section. Base, Emitter and Collector contact were implanted with boron ( 50 kV

^.^14, 2, zxtu lcm ) and arsenic ( 150 kV, 4x1015 /.*2 1, respectively. Each ion implantation rnras followed
by the annealing step in the N2 ambient. The junction leakage current ( tCUO , at VCBO= 10 V )
distributed widely in a wafer, but those of devices which showed a transistor action exsisted from

1 pA to 20 pA. These values were comparable to or about one order of magnitude higher than those
of conventional ones in bulk silicon. An example of the IC-UCU characteristics of the transistor
in poly-Si-C is shown in Fig.5. The current gain hFE, BVCBO, BVCEO, and BVUUO were 29, 73 V, 30 V

and 5.2 V, respectiveLy.
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Fig.2 0ptical micrographs of etched surfaces
(a) recrystallized polysilicon on oxide ar 10 W.
(b) recrystalLlzed polysilicon on nirride at 12.5 W

Fig.4 Cross sectional view of Bip-Tr. in S0I.

Opticai micrographs of the recrystallized polysilicon
on nitride substrate--(a) and on oxide substrate--(b)

Fig. 5
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Fig. 3

I-V characteristics


