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DESCRIPTION

TITLE CF INVENTION
THERMALLY COXIDIZED HETEROGENEOUS COMPCSITE SUBSTRATE AND
METHOD FOR MANUFACTURING SAME

TECHNICAT FIELD

[0001]

This invention relates to a thermally oxidized
hetercgeneous composite substrate obtained from thermal
oxidative treatment of a heterogeneous composite substrate
comprising a single crystal silicon film formed on a handle
substrate cof glass, guartz, sapphire or the like, and a

methed for manufacturing the same.

BACKGROUND ART

[0002]

Silicon cn insulator (S0I) wafers are widely used for
the purpose of reducing parasitic capacitance, thereby
accelerating device performance. Attractive among 8CI wafers
are silicon on guartz {(80Q) and silicon on sapphire (808) in
which the handle wafer is a transparent insgulating wafer.
SO0 is expected to £ind use in optoelectronic applicaticns
that take advantage of high transparency of guartz, or in
high-freguency devices that take advantage of a low
dilelectric loss of gquartz. Singe 808 whose handle substrate
is made cof sapphire has high transparency, a low dielectric
loss, and a high thermal conductivity, which ig unavailable
from guartz, SOS is expected to find use in heat-generating
high-frequency devices.

[co03]

For stacking of & single crystal layer of guality, it
is ideal to form a silicon thin f£ilm by the bonding/transfer
process from a bulk silicon wafer. While several processes

including hetero-epitaxial growth of a silicon laver on
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rR-face sapphire, and CG silicon process involving growth of non-
gsingle-crystal gilicon on glass and subseguent laser annealing to
improve crystallinity have been developed, allegedly none of them
surpass the bonding process.

[0004]

It is noted that bonded wafers of heterogeneous materials
{e.g., 80C, 805 and S0G) leave concerans about defects induced during
the process. Specifically, typilcal device processes invelve heat
treatment at a high temperature in excess of 850°C to form a gate
oxide film. In these bonded substrates of hetercgeneous materials,
hereinafter referred to as "heterogeneous composits substrates, " such
high-temperature process applies strong compressive/tensile stresses
to the silicon thin film to form various defects such as micro-
crackg. The cauge originating from the heterogeneous composite
substrate is a substantial difference in coefficient cf expansion
between the support substrate known as "handle substrate" and the
upper layer or silicon thin £ilm. This i1s the essential problem of

heterogeneous composite substrates.

SUMMARY OF INVENTION

Technical Prcblem

[0005]

Embodiments of the invention seek to provide a thermally
oxidized heterogenecus composite substrate having a minimized number
of micro-cracks and other defects left after high-temperature
treatment in excess of 850°C to form an oxide layer, and a method

for manufacturing the same.

Solution to Problem

[ooos]

Making extensive investigationsg to attain the above objects,
the inventors have found that better results may be obtained when a
transparent insulating wafer (guartz, glass, sapphire or the like)
having a silicon thin film transferred thereon is subjected to heat

treatment, which may be referrad
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to as previous heat treatment, prior to high-temperature treatment
in excess of 850¢C, and the temperature of the previous heat
treatment ranges from 650°C to 850°C.

[0007]

gpecifically, the previous heat treatment is a treatment at
650°C to B50°C for reducing defects which are otherwise formed
during high-temperature treatment in excess of 850°C. The previous
heat treatment is also regarded as a treatment for averaging
iocalized stresses over the entire wafer surface. It is estimated
that the localized stresses are caused by material strains and
density gradation of the handle substrate, in-plane non-uniformity
of the bonding process and the like.

Also, the previcus heat treatment is a treatment for
increasing the bond strencgth at the bonding interface to a
gufficient level before the high-~temperature treatment temperature
is reached, for thereby preventing the silicon thin f£ilm from
peeling or shifting when strong stresses are applied thereto.

Hich-temperature treatment, typically oxidative treatment is
carried out subsequent to the previous heat treatment, with this
sequence being effective for reducing the number of defects left
after oxidation.
focoos]

Accordingly, aspects of the present invention provide a
thermally oxidized heterogeneous composite substrate and a methed
for manufacturing the same, as defined below.

A first aspect of the invention provides a thermally oxidized
heterogenecus composite substrate, obtained by subjecting a
heterogeneous composite substrate compriging a gingle crystal
silicon film on a handle substrate to previcus heat treatment at 650
to 850°C prior to thermal oxidative treatment at a temperature in
excess of 850°C, and thereafter conducting thermal oxidative
treatment at a temperature in excess of 850°C, wherein the number
of defects, which is counted by a EF immersion test of the
heterogensous composite substrate having 150 mm diameter after
conducting thermal oxidaticn treatment, is 1,250 or less.
Preferably, the handle substrate 1s made of glass, guartz or

sapphire.
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preferably, a buried oxide layer intervenes between the handle
substrate and the single crystal silicon £ilm.

Preferably, the previous heat treatment is cenducted in an
atmosphere of argon, nitrogen, oxygen, hydrogen, helium or a mixture
of an inert gas and oxygen.

Preferably, the handle substrate has a coefficient cf thermal
expansion of 0.54 to 7.4 ppm at 400°C or lower.

Preferably, the handle substrate is made of sapphire, a sapphire
wafer having a coefficient of expansion of up to 7.4 ppm at room
temperature to 400°C.

A zecond aspect of the invention provides a method for manufacturing
a thermally oxidized heterogeneous composite substrate, consisting
of the steps of subjecting a heterogeneous composite substrate
comprising a single crystal silicon film on a handle substrate to
previous heat treatment at 650 to 850°C, and thereafter conducting
thermal oxidative treatment at a temperature in excess of B850°C.
Preferably, the handle substrate is made of glass, quartz or
sapphire.

Preferably, the heterogeneous composite substrate comprises a buried
oxide layer disposed between the handle substrate and the single
crystal gilicon £ilm.

Preferably, the previous heat tresatment is conducted in an
atmogphere of argon, nitrogen, oxygen, hydrcogen, helium or a mixture

of an inert gas and oxygen.



10

i5

20

25

30

35

Preferably, the handle substrate has a coefficient of thermal
expansion of 0.54 to 7.4 ppm at 400°9C or lower.

Praferably, the handle substrate is made of sapphire, a sapphire
wafer having a coefficient of expansion of up to 7.4 ppm at room

temperature to 400°C.

Advantageous Effects of Invention

[0009]
According to embodiments of the inventicon, a thermally
oxidized heterogeneous compogite gubsgstrate having a minimized number

of defects after thermal oxidation is available.

BRIEF DESCRIPTION OF DRAWINGS

[oCci0]

FIG. 1 is a graph pletting the number of HF defects in
thermally oxidized 808 wafer substrates when previous heat treatment
is conducted at varying temperatures.

FIG. 2 is a graph plotting the number of HF defects in
thermally oxidized 30Q wafer substrates when previous heat treatment
is conducted at varving temperatures.

FIG. 3 i1s a graph plotting the number of HF defects in
thermally oxidized S80S wafer substrates when previous heat treatment
is conducted on 808 wafers having a single crystal silicon film in

varying sapphire orientations.

DESCRIPTION OF EMBODIMENTS

[co11]l

According to the invention, a thermally oxidized heterogeneous
composite substrate is obtained by subjecting a heterogeneous
composite substrate comprising a single crystal silicon f£ilm on a
handle substrate to previcus heat treatment atbt 650 to 850°C, and
thereafter conducting thermal oxidative treatment at a temperature
in excess of 850°C.

Herein, a buried oxide (BOX} layver may intervene between the

handle substrate and the gingle crysgtal gilicon £ilm.
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[001Z2]

In the composite subgtrate to which the invention
pertains, the material of which the handle substrate is made
is typically glass, quartz or sapphire. These materials have

a coefficient of expansion (CE) largely different from
silicon. Their CE is shown in Table 1.

rooLal

[Table 1]
Sapphire Sapphire
Material Silicon Quarte (C-face, (A-facea, parallel
perpendicular to O awis
to ¢ axis) - ’
CE B 7.0 7.7
(®107/K = ppm) 2.8 0.54 {up te 400°0) {up to 400°Q)

[0014]

80Q obtained by bonding silicon to guartz has a CE
difference of 2.04 ppm, and S0S hag a CE difference of 4.4
ppm at minimum and 5.1 ppm at maximum. Since the CE of
sapphire varies with orientation, a choice of a sgapphire
substrate having a low CE for reducing the CE difference may
further increase the benefits of the invention. Specifically,
it is effective to use (C-face wafers (7.0 ppm) or R-face
waferg {(~7.4 ppm) rather than A-face wafers having a high CE.
[0015]

Agcordingly, in a preferred embodiment, the handle
substrate has a coefficient of thermsl expansion {CTE) of
0.%4 to 7.4 ppm at 400°C or lower, and a sapphire wafer has a
CE of up te 7.4 popm at room temperature to 400°0.

Also preferably, the handle gsubstrate has a thickness
of 500 to 800 um, especially 800 to 725 um, and the single
crystal silicon £ilm has a thickness of 50 to 500 nm,
egpecially 100 to 350 nm. The buried oxide (BOX) layer, when
interposed, preferably has a thickness of 25 te 150 nm. It
is noted that the BOX laver may bes formed by the same method
as digclosed in JP-A 2002-305292 with regard to the formation
of BCX laver in 3801 wafer.
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[o016]

Before the heterogenecus composite substrate is
subiected to thermal oxidative treatment, previous heat
tregtment 1g carrised out at a temperature of 650 to 8590°(,
preferably 700 to BBO°C.

The atmosphere of previous heat treatment is not
particularly limited as long as it is sasy to handle.
Typical of the atmosphere are argon, nitrogen, oxygen,
hydrogen, and helium. A mixture of an inert gas such as
argon or nitrogen with an oxidizing gas is acceptable.

The time of previcus heat treatment is preferably 0.5
to 6 hoursg, especially 1 to 3 hours. Too short a time nay
fail to achieve the object of the invention whereas toc long
a time may invite a cost increase.

[0017]

The previcgus heat treatment ig followed by thermal
oxidative treatment. The conditions used in the thermal
oxidative treatment may be selected from well-known
conditions. The heat treatment temperasture should exceed
g50°C, and is preferably from higher than %00°C to 1,000°C,
more preferably 950 to 1,000°C, aithough the heat treatment
temperature 1g not particularly limited as long as an oxide
£ilm of the desired thickness ig available. When & heat
trsatment temperature in excess of 800°C is selected, the
previous heat treatment may be at a temperature of 650 to
900, especially 700 to 500°C. The heat treatment
atmosphere 1s typically dry oxygen or water vapor.

The heat treatment time is not particularly limited as
long as an oxide f£ilm of the desired thickness is available.
(00181

According to the invention, a thermally cxidized
heterogeneous composite gubstrate having an outstandingly
reduced number of defects is cbtained. The number of defects
in a composite gubgtrate may be determined by a HF immersion
test. In the test, S00 or S0O8 is immersed imn a HF solution,
with which the inside buried oxide (BOX) layer im etched via

defects, during which defects are enlarged to a sufficient
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gize to be detectable even under an optical microscope. ERasy
inspection is possible with this test as long as the BOX
layer has a thickness of 25 to 500 nm. If the BOX layer is
too thin, HF may not penetrate. If the BOX layer ig too
thick, HF may penetrate too fast, which is detrimental to

inspection.

EXAMPLES

[co19]

Examples of the invention are given below by way of
ililustration and not by way of limitation.
[0020]
(Example 1]

There were provided a plurality of 808 wafers including
a sapphire wafer (R-face) of 150 mm diameter and 600 pm thick

as the handle substrate. The gilicon layer had a thickness
of 200 nm, and the BOX laver had a thickness of 200 nm. The
wafers were subjected to previous heat Creatment at 600°C,
650°C, 706G°C, BQO®C, B850°C, and 200°C. The atmogphere was
argon, and the holding time was 1 hour. One more wafer was
provided ag a reference without previous heat treatment. On
these wafers, wet oxidation wag carried out at 1,000°C to
form an oxide film of 200 nm thick. The wafers as oxidized

were immersed in 10% HF soluticon for 30 minutes, after which
the number of defects was counted, with the results shown in
FIG. 1. Where previous healt treatment was at 650°C to 850°C,
the number of defects was reduced. Where previoug heat
treatment was at 600°C, the number of defects was not so
reduced, probably because 600°C was an ingufficient
temperature to gain the degired effect. Where previous heat
treatment was at 200°C, defects formed already during the
previous heat treatment. The optimum temperature seems to
range from 650°C to 850°C.
[co211
[Example 2]

There were provided a plurality of 800 wafers including

a quartz wafer of 150 mm diameter and 625 um thick asg the
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handle substrate. The silicon layer had a thickness of 200
nm, and the BOX layer had a thickness of 200 nm. The wafers
were subjected to previous heat treatment at £600°C, 850°C,
F00°C, BOHOC, B8509C, and 300°C. The atmosphere was argon,
and the holding time was 1 hour. One more wafer was provided
as a reference without previocus heat treatment. On these
wafers, wet oxidation was carried out at 950°C to form an
oxide film of 200 nm thick. The wafers as oxidized were
immersed in 10% HF solution for 30 minutes, after which the
number cof defects was counted, with the results shown in FIG.
2. Where previous heat treatment was at 650°C to BE0°(C, the
numpber of defects was reduced. Where previousgs heat treatment
was at 600°C, the number of defects wag not so reduced,
probably because 600°C was an insufficient temperature to
gain the desired effect. Where previous heat Lreatment was
at 900°C, defects formed already during the previous heat
treatment. The optimum tCemperafure seems to range from 650°C
to BRO°C.
[co22]
[Example 3]

There were provided a plurality of 808 wafers including
a gapphire wafer of 150 mm diameter and 600 pm thick as the
handle substrate. With respect to orientation, the =zapphire
waferz included C-face (CTE = 7.0 ppm), R-face (CTE = 7.4
ppm), and A-face (CTE = 7.7 ppm) wafers. The silicon lavyer
had a thicknegs of 200 nm, and the BOX layer had a thickness
of 200 nm. The wafers were subjected to previous heat
treatment at 800°C. The atmosphere wag argon, and the
holding time wasg 1 hour. On these wafers, wet oxidation was
carried ocut at 1,000°C to form an oxide f£ilm of 200¢ nm thick.
The wafers as oxidized were immersed in 10% HF solution for
30 minutesg, after which the number of defects was counted,
with the results ghown in FIGE. 3. In the case of C-face and
R-face, the number of defects was reduced more effectively
than in the case of A-face.



[0023]

Although the inventive method is illustrated with

raference to
invention 1s
intermediate

sapphire are

specific examples using gquartz and sapphire,
equally effective when materials having an
CTE (0.54 to 7.4 ppm) between guartz and
used as the handle substrate.

10~

the
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CLAIMS:

1. A method for manufacturing a thermally oxidized
heterogeneous composite substrate, consisting of the steps of
subjecting a heterogeneocus composite substrate compriging a
gingle crystal silicen £ilm on & handle substrate to previous
heat treatment at 650 to 850°C, and thereafter conducting thermal

oxidative treatment at a temperature in sexcess of 830°C.

2. A method for manufacturing s thermally oxidized
heterogeneous composite substrate according to claim 1 wherein

the handle substrate 1s made c¢f glass, guartz or sapphire.

3. A method for manufacturing & thermally oxidized
heterogenecus composite gubstrate according to claim 1 or 2
wherelin the heterogeneous composite substrate comprises a buried
oxide layer disposed between the handle substrate and the single

crygtal silicon £ilm,

4. A method for manufacturing a thermally oxidized
heterogeneous composite substrate according to any one of claims
1 to 3 wherein the previous heit treatment is conducted in an
atmogphere of argon, nitrogen, oxygen, hydrogen, helium or a

mixture of an inert gas and oxygen.

5. 3 method for manufacturing a thermally oxidized
heterogensous composite substrate according to any one of claims

1 to 4 wherelin the handle substrate has & coefficient of thermal

expansion of 0.54 to 7.4 ppm at 400°C or lower.

6. A method for manufacturing a thermally oxidized
hetercgeneous composite substrate according teo claim 5 wherein
the handle substrate is made of sapphire, a sapphire wafer having
a coefficient of expansion of up to 7.4 ppm at room temperature

to 400°C.

-11-
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7. The method for manufacturing a thermally oxidized

heterogenecus composgite substrate according to any one of claims
1 to & wherein the handle substrate has a thickness of 500 To 800
pm, and the single crystal silicon £ilm has a thickness of 50 to

500 nw.

8. The method for manufacturing a thermally oxidized
heterogeneous composite substrate according to any one of claims
1 to 7 wherein the buried oxide layer has a thickness of 25 to

150 nm.

e



