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METHOD OF EPITAXIAL-LIKE WAFER
BONDING AT LOW TEMPERATURE AND

BONDED STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a method of epitaxial-like

bonding of wafer pairs at low temperature, and more par-
ticularly to a method of bonding in which the wafer surfaces
are modified to create surface and subsurface defect areas,
and possibly amorphized, by ion implantation or plasma,
preferably by boron-containing ions or a plasma such as
BH 6.

2. Discussion of the Background
For many optoelectronic and electronic device

applications, homo-epitaxial single crystalline layers con-
sisting of same material with same crystalline orientation but
different doping types or levels are necessary. For some
device applications, active layers comprising single crystal-
line dissimilar materials are required. The active layers
should be high crystallographic quality with interfaces that
are thermally conductive and almost optical loss free. Con-
ventional hetero-epitaxial growth techniques applied to
these lattice mismatched active layers usually result in a
large density of threading dislocations in the bulk of the
layers. Bonding of single crystalline wafers of identical or
dissimilar materials is an unique alternative approach to the
epitaxial growth. Not only highly lattice-mismatched wafers
can be bonded but also wafers with different crystalline
orientations can be combined. Ideally, the mismatches of
single crystalline bonding wafers are accommodated by
dislocations (in lattice-mismatch case) or an amorphous
layer (in orientation-mismatch case) localized at the bonding
interface with no defects generated in the bulk area. This
approach is termed epitaxial-like bonding. The epitaxial-like
bonding can also be employed to prepare unique devices by
integrating already processed device layers.

However, conventional epitaxial-like bonding is achieved
by high temperature annealing. To bond wafers composed of
thermally mismatched materials, severe and often damaging
thermal stresses can be induced with high temperature
annealing. Since thermal stresses can increase significantly
with the size of dissimilar wafers, only small wafers cur-
rently can be epitaxially bonded at high temperatures. The
high temperature annealing process can also produce
unwanted changes to bonding materials and often prevents
the bonding of processed device wafers. The bonding mate-
rials may decompose at high temperatures, even if the
bonding wafers are thermally matched.

In order to epitaxially bond large wafers of dissimilar
materials or processed wafers, an epitaxial-like bonding
interface must be achieved at or near room temperature, or
one wafer of the bonded pair must be thinned sufficiently
before annealing to elevated temperatures. Although G
oesele et al. in Applied Physics Letters 67, 3614 (1995) and
Takagi et al in Applied Physics Letters 74, 2387, 1999
reported room temperature epitaxial-like bonding of silicon
wafers in ultrahigh vacuum, high temperature (>600 ° C.)
pre-annealing in the former case or high external pressure
(>1 MPa) in the latter case were required to achieve the bond
that may introduce undesired effects to the bonding wafers.

Recently, M. Bruel in Electronics Letters 31,1201 (1995)
reported a promising generic thinning approach using a 6
hydrogen-induced layer transfer method (so-called smart-
cut method). In this approach, H atoms are implanted into a

Si wafer to such concentration that a significant fraction of
Si-Si bonds are broken creating a buried H-rich layer of
micro-cracks susceptible to cleavage or fracture. By bonding
the topmost oxide covered hydrophilic Si wafer surface to

5 another substrate, a thin layer of the Si wafer can then be
transferred by fracture of the H-rich region. However, this
process requires that the bonding energy between the
bonded wafers be higher than the fracture energy of the
hydrogen-induced crack region at the layer transfer tem-

lo perature. The layer transfer temperatures must be lower than
the temperature beyond which hydrogen molecules in the
material become mobile. For silicon, the temperature is
about 500° C. (see Chu et al in Physics Review B, 16, 3851
(1987)). The bonding energy of conventional HF dipped

is hydrophobic silicon wafer pairs is higher than the hydrogen-
induced region only after annealing at temperatures higher
than 600 ° C. Therefore, this process does not work for
oxide-free hydrophobic silicon wafer bonding.

Typically, HF-dipped, hydrogen-terminated hydrophobic
20 silicon wafers are used to realize epitaxial-like bonding after

annealing at >700* C. In order for bonded hydrophobic
silicon wafer pairs to reach bulk fracture energy, Tong et al.
in Applied Physics Letters 64, 625 (1994) reported that
hydrogen (from HF-dip, mainly Si--H and Si-H termi-

25 nated hydrophobic silicon surfaces at the bonding interface)
must be removed so that strong Si-Si epitaxial bonds
across the mating surfaces can be formed. The reaction is
illustrated in Equation (1).

30 Si-H+H--Si-Si-Si+H2  (1)

The release of hydrogen from a stand-alone silicon wafer
dipped in HF was demonstrated to start at about 367" C.
from Si--H and 447° C. from Si-H in an ultrahigh

35 vacuum. Since hydrogen molecules become mobile in sili-
con only at temperatures higher than 500° C., annealing at
temperatures higher than 7000 C. have been found necessary
to completely deplete hydrogen from the bonding interface
that results in a high bonding energy. Therefore, the smart-

40 cut method for a layer transfer using conventional
HF-dipped silicon wafer pairs is not possible because the
bonding energy is too low at layer transfer temperatures that
are lower than 5000 C.

Based on above arguments, it becomes clear that the

45 development of a low temperature epitaxial-like wafer bond-
ing technology that is both cost-effective and manufactur-
able is essential for many advanced materials and device
applications.

SUMMARY OF THE INVENTION
50

Accordingly, one object of this invention is to provide a
wafer bonding method and bonded structure in which
epitaxial-like bonding is achieved at near room temperature
in ambient conditions without an external pressure.

s5 Another object of this invention is to provide a wafer
bonding method and bonded structure using bonding sur-
faces treated to obtain amorphized or partially amorphized
surfaces by ion implantation or plasma, preferably by boron-
containing ions or plasma.

so These and other objects of the present invention are
provided by a method for bonding first and second substrates
including steps of preparing substantially oxide-free first and
second surfaces of respective first and second substrates,
creating a surface defect region in each of said first and

i5 second surfaces, and bonding said first and second surfaces.
Creating the defective region may include plasma-treating
the first and second surfaces of the first and second sub-
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strates with a plasma, and preferably a boron-containing
plasma. The plasma-treating step may utilize a plasma in
reactive ion etch (RIE) mode using B2H6 gas, and possibly
a mixture of B2,H, He, and Ar gases. Other gas plasmas,
such as Ar may also be used.

As a result of the plasma-treating step, a thin amorphous
layer may be formed in the first and second surfaces. A
monolayer of boron may also be on said first and second
surfaces and first and second surfaces may be doped with
boron when a boron-containing plasma is used. Also, a few I

monolayers of boron are introduced into each of the first and
second surfaces during said plasma-treating step.

After contacting, the substrates are maintained in contact,
preferable under low vacuum but also in ambient air. A
bonding energy of about 400 mJ/m 2 may be obtained at 1
room temperature. Also, when the bonded pair of substrates
is maintained at a temperature no more than about 250* C.
after contacting, a bond strength of at least about 1500
mJ/m 2 may be obtained, and a bonding energy of about 2500
mJ/m 2 (bulk silicon fracture energy) may be obtained at 2
350 ° C. The method may also include step of annealing said
bonded first and second surfaces at a temperature in the
range of about 250-450 ° C., or at a temperature not exceed-
ing about 350 ° C. A substantial portion of said amorphous
layers in said first and second surfaces may be recrystallized, 2
possibly in a separate annealing step.

The creating step may also include ion-implanting the first
and second surfaces. As or B may be used to implant the
surfaces. In the case of B, a surface layer is formed on the
surface of the substrate and the energy of the implant is 3
chosen to place the peak of the concentration profile at
approximately the interface between the substrate surface
and the surface layer. In the case of As, the surface is directly
implanted and a thicker amorphous layer may be formed.

After contacting, the implanted substrates are maintained 3
in contact, preferable under low vacuum but also in ambient
air. The bonded pair may be heated at a temperature no more
than about 400 ° C. The bonded pair of substrates may be
maintained at a temperature no more than about 4000 C.
after contacting. A bonding energy of about 2500 mJ/m 2 4(
(bulk silicon fracture energy) may be obtained.

To obtain the substantially oxide-free surfaces, the sub-
strates may be immersed in a first etching solution, such as
a hydrofluoric acid solution, before said plasma-treating 4step, and immersed in a second etching solution, such as a
hydrofluoric acid solution, after said plasma-treating step.
The substrates may be cleaned before immersing in the first
etching solution, preferably using an RCA-1 solution.

The method may also include plasma treating an exposed 5c
surface of the bonded pair of substrates in a boron-
containing plasma, and bonding a third wafer to said
exposed surface.

The method may also include creating the defect region or
amorphous layer in the surface of a silicon layer formed on 55
a semiconductor device wafer. Two or more of the treated
wafers may be bonded together.

The first and second substrates may be selected from Si,
InGaAs, Inp; GaAs, Ge, SiC and other semiconductors.

The objects of the invention may also be achieved by a 60
method including amorphization of first and second surfaces
of first and second silicon substrates by ion implantation or
plasma, and contacting the first and second surfaces to form
a bonded pair of substrates. The substrates may be immersed
in a first hydrofluoric acid solution before said amorphiza- 65
tion step, and immersed in a second hydrofluoric acid
solution after said amorphization step by plasma. The sub-

strates may be cleaned before immersing in the first hydrof-
luoric acid solution, preferably using an RCA-1 solution.
The amorphization step may utilize arsenic (As) ion implan-
tation or argon (Ar) RIE plasma.

5 After contacting, the substrates are maintained in contact,
preferable under low vacuum but also in ambient air. The
bonded pair may be heated at a temperature no more than
about 400° C. The bonded pair of substrates may be main-
tained at a temperature no more than about 400 ° C. after

o contacting. A bonding energy of about 2500 mJ/m 2 (bulk
silicon fracture energy) may be obtained. The bonded amor-
phous layers at the bonding interface can be completely
recrystallized after annealing at 450° C.

The objects of the invention may also be achieved by a
5 bonded structure having a first substrate having a first

surface, a first amorphous layer formed in the first surface,
and a second substrate having a second surface, a second
amorphous layer formed in the second surface. The first
surface is bonded to the second surface to form a bonded

0 pair of substrates.
One of said first and second substrates of said bonded pair

may have a third surface with an amorphous layer. A third
substrate having a fourth surface, with a fourth amorphous
layer formed in said fourth surface may be bonded to the

5 bonded pair.
The first and second surfaces may comprise a surface

exposed to boron-containing plasma. One of the first and
second substrates of the bonded pair may have a planar
surface exposed to boron-containing plasma bonded to a

0 third surface of a third substrate exposed to boron-
containing plasma. The first, second and third substrates
may be selected from Si, InGaAs, InP, GaAs, Ge, SiC and
other semiconductors.

The first and second substrates may comprise respective
5 first and second semiconductor devices, the first surface may

comprise a substantially planar surface of a first silicon layer
formed on the first device, and the second surface may
comprise a substantially planar surface of a second silicon
layer formed on the second device.

0 The first surface may comprise a first silicon surface
exposed to an inert gas plasma, and the second surface may
comprise a second silicon surface exposed to an inert gas
plasma.

The first surface may comprise a first silicon surface
implanted with boron, and the second surface may comprise
a second silicon surface implanted with boron.

The first surface may comprise a first silicon surface
implanted with arsenic, and the second surface may com-

o prise a second silicon surface implanted with arsenic.
The bonded structure according to the invention may

include a first substrate having an amorphized first surface
and containing boron and a second substrate having an
amorphized second surface and containing boron, with the

s first surface being bonded to the second surface to form a
bonded pair of substrates. The first and second substrates
may be selected from Si, InGaAs, InP, GaAs, Ge, SiC and
other semiconductors.

The first surface may comprise a first silicon surface
exposed to a boron-containing plasma, and the second
surface may comprise a second silicon surface exposed to a
boron-containing plasma.

The first surface may comprises a first silicon surface
implanted with boron, and the second surface may comprise
a second silicon surface implanted with boron.

The bonded structure may also have a first substrate
having a first surface implanted with boron, and a second
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substrate having a second surface implanted with boron. The
first surface is bonded to said second surface to form a
bonded pair of substrates. One of the first and second
substrates of the bonded pair may have a planar surface
implanted with boron. A third surface, implanted with boron, 5
of a third substrate may be bonded to the planar surface. The
first, second and third substrates may be selected from Si,
InGaAs, InP, GaAs, Ge, SiC and other semiconductors.

BRIEF DESCRIPTION OF THE DRAWINGS o0

A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to the
following detailed description when considered in connec-
tion with the accompanying drawings, wherein: is

FIG. 1 is a flow chart illustrating method steps of the
present invention;

FIGS. 2A-2E are sectional diagrams illustrating a first
embodiment of the method according to the invention, and 20
a bonded structure according to the invention;

FIG. 3 is graph depicting room temperature bonding
energy as a function of storage time of bonded pairs of B2H6
treated hydrophobic silicon wafers;

FIG. 4 is a graph depicting bonding energy as a function 25
of annealing temperature of B2H6 treated, boron-implanted
treated, Ar plasma treated, and conventional hydrophobic
(HF dipped only) silicon wafer pairs;

FIG. 5 is a graph depicting bonding energy as a function
of annealing time at 2500 C. for BH, treated wafer pairs; 30

FIG. 6 is a schematic of surface terminations on B2H6plasma treated and HF dipped silicon wafers;
FIG. 7 is a flow chart showing a second embodiment of

the method according to the present invention; 35
FIGS. 8A-8C are sectional diagrams illustrating a second

embodiment of the method according to the invention, and
a bonded structure according to the invention;

FIG. 9 is a graph depicting bonding energy as a function
of annealing temperature; 40

FIG. 10 is an TEM (Transmission Electron Microscopy)
image of an As-implanted amorphous-Si/amorphous-Si
(a-Si/a-Si) bonding interface;

FIG. 11 is a HRTEM (High Resolution TEM) image of an 45
As-implantation induced amorphous layer in a bonding
wafer;

FIG. 12 is a HRTEM image for an As-implanted bonded
pair after annealing;

FIG. 13 is a graph depicting bonding energy as a function 5so
of annealing temperature of B 2H6 treated InP/InP wafer
pairs;

FIG. 14 is a graph depicting bonding energy as a function
of annealing temperature of B2H6 treated Si/InP wafer pairs;

FIGS. 15A-15C are diagrams of a forming a bonded 55
structure according to the invention; and

FIGS. 16A-16E are diagrams of a forming a bonded
structure according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts
throughout the several views, and more particularly to FIG. 6ss
1 thereof, FIG. 1 shows method steps of the present inven-
tion. In step 100, the substrates are cleaned using, for

6
example, a wet RCA-1 (H2 0O+H2O2+NH4OH) solution.
Other cleaning methods are possible, such as HZSO 4+H,2O
or dry clean. Following the cleaning step using the RCA-1
solution, the substrates are immersed in step 101 in a
hydrofluoric acid aqueous solution such as 1%HF solution to
remove the surface thin native oxide layer. Upon removal
from the hydrofluoric acid solution, the surfaces of the
substrates are modified by creating surface and/or subsur-
face damage areas by ion implantation or plasma, preferably
using boron-containing ions or boron-containing plasma, in
step 102. By subsurface, it is meant at least the layer of
atoms below the surface layer. The treatment may approach
or reach amorphization to form a thin amorphous layer may
be formed in the surface of the substrates. The surface
treatment, when using boron, may introduce boron into the
substrate surface.

Upon termination of the treatment, the substrates in step
103 are immersed in a dilute hydrofluoric acid aqueous
solution such as 1%HF solution to remove the surface thin
native oxide layer or any other oxide formed on the surface.
Surfaces of the substrates which were treated in step 103 are
placed together in step 104 at room temperature in atmo-
sphere and form a room temperature bonded substrate pair.
The attached substrate pair is preferably placed inside a low
vacuum system, but may also be placed in ambient. The
bonded pair is then annealed at low temperatures in step 105.
The temperature may be selected to recrystallize the thin
amorphous layers formed during the ion implantation or
plasma treatment. Recrystallization may also be carried out
in a separate annealing procedure. The wafer bonding
method of the present invention achieves high bonding
energy near room temperature.

FIGS. 2A-2E show sectional views of the first embodi-
ment of the method according to the invention. In FIG. 2A,
a substrate 200, after immersing in the aqueous HF solution,
is exposed to a plasma 201. FIG. 2B illustrates wafer 200
after the plasma treatment. The plasma modifies the surface
202 of the wafer to create defect areas and possibly a thin
amorphous layer. Subsurface (the layer adjacent the surface)
defect areas may also be formed. Surface 202 is drawn with
a heavier line to illustrate the defective area or amorphous
layer formed by the plasma treatment. The amorphous layer
formed is about a few nm or more in thickness. In a preferred
case, the plasma is a boron-containing plasma and, most
preferably, a B2H6 plasma. The position of the B in the
surface structure will be described below in connection with
FIG. 6.

The wafer is immersed in the aqueous HF solution as
described above. Another wafer 203 having a similarly
plasma treated surface 204 is placed in contact with wafer
200 with surfaces 202 and 204 directly contacted to form the
bonded structure at room temperature in FIG. 2C. The
bonded structure is annealed at a low temperature and is then
ready for further processing, such as low-temperature
annealing, substrate lapping, device formation, etc., or a
combination of processes. The process may be continued by
plasma-treating the exposed surface 205 of wafer 203 (FIG.
2D) and bonding it to another plasma-treated surface 207 of
wafer 206 (FIG. 2E). Any number of substrates may be
bonded together.

EXAMPLE

75 mm diameter, 1-10 ohm-cm, p-type Si (100) substrate
wafers were used. The wafers were cleaned in a RCA-1
solution, dipped in a 1% hydrofluoric aqueous solution
followed by treatment in B 2H6 plasma for an appropriate
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time period depending on the plasma system used. Appro-
priate plasma treatment times have ranged from 30 sec. to 5
min. The B2H6 plasma treatment consisted of a mixed gas of
20 seem of 0.5% B2H6/99.5%He and 20 seem Ar in an
inductor coupled plasma (ICP) operating in a reactive ion
etch mode with a RF power of 38 W at a pressure of -5
mTorr. A -100 V self-biased voltage was generated. This
self-bias is the lowest possible self-bias for a stable plasma
treatment in the plasma treatment system used herein. The
wafers were then dipped in a diluted 1% HF solution to
remove any oxide on the wafer surfaces. The wafers were
then placed together without water rinse and bonded in air
at room temperature.

The bonded wafer pair was stored in a low vacuum
chamber at a vacuum level of about, for example, 700 Pa.
The vacuum level is not critical. The bonding energy
(specific surface energy) of the bonded pairs was determined
by measuring the crack length introduced by inserting a
razor blade into the bonding interface to partially separate
the two wafers. FIG. 3 shows the room temperature bonding
energies as a function of storage time for B2H6 plasma-
treated hydrophobic bonded silicon wafers. Compared with
a typical room temperature bonding energy of -10-20
mJ/m 2 for conventional HF-dipped silicon wafer pairs, the
bonding energy of -400 mJ/m 2 for the B2 H6 treated pairs is
remarkably higher. A few interface bubbles were formed
during low vacuum storage at room temperature, which
supports the latter explanation that hydrogen released from
the bonding interfaces is responsible for the increase of
bonding energy at room temperature.

Bonding energy as a function of annealing temperature of
B2 H6 treated, boron-implanted treated, Ar plasma treated,
and conventional hydrophobic (HF dipped only) silicon
wafer pairs is shown in FIG. 4. It is important to note that
for the B2H6 plasma treated samples, the bonding energy
was -900 mJ/m2 at 1500 C. and -1800 mJ/m2 at 2500 C., and
reaches the fracture energy of bulk silicon -2500 mJ/m 2 at
3500 C. For comparison, FIG. 4 also shows the bonding
energy as a function of annealing temperature of conven-
tional BF dipped silicon wafer pairs. TEM (Transmission
Electron Microscopy) measurements have shown that the
expitaxial bonding interface in the Si/Si bonded pairs was
realized after 350 ° C. annealing.

A typical example of bonding energy as a function of
annealing time at 2500 C. is shown in FIG. 5. The bonding
energy increases quickly with annealing time and is satu-
rated after -20 h annealing at 250 ° C. A few bubbles were
generated during annealing indicating that the increase in
bonding energy is associated with the release of hydrogen at
the bonding interface.

The B2H6 plasma treatment of present invention places
boron not only on the surface but also in subsurface layers
due to the self-bias voltage. After the HF dip, in addition to
Si-H z, Si-H and Si-F surface terminations, the B2H6plasma-treated silicon surfaces will likely be terminated by
Si-B:H from top surface boron atoms forming Si--B
groups, by Si-B-H groups by boron at the first surface
layer, and by Si-H and Si-H 2 groups that have subsurface
boron atoms terminated to the silicon atoms, see FIG. 6. The
bonding interface between the silicon wafer pair is most
likely bridged by HF molecules resulting from the HF dip
that can be removed by storage in low vacuum or in ambient
at room temperature.

Since B-H complexes are very weakly polarized due to
their similar electronegativity, the following reactions at the

bonding interface are likely responsible for the increase in
bonding energy at room temperature:

Si-B:H+H:B--Si- Si-B-B-Si+H2 (2)

Si-B-H+H-B-Si- Si-B-B-S+H 2 (3)

The removal of hydrogen terminations on the boron atoms
leads to a Si-B-B-Si bridging bond attaching one sub-
strate to another. Moreover, as reported by Kim et al. in
Applied Physics Letters 69, 3869 (1996), subsurface boron

10 in the second layer weakens the surface Si-H bond. Hydro-
gen desorption from the bonding surfaces of B2H6 treated
silicon wafers can take place at low temperatures resulting
in a silicon covalent bond formation across the interface
between the substrates as shown by the following reaction:

15
Si-H+H--Si-Si-Si+H

2  (4)

The boron-assisted reaction completely depletes hydrogen
from the bonding interface at temperatures of 350-400° C.
which is lower than a 700 ° C. temperature which is required

20 for conventional HF dipped silicon substrate bonding, when
no boron is present.

In a second embodiment, an inert gas plasma is used to
create the defective area and thin amorphous layer. The third
embodiment preferably uses an Ar-only plasma treatment to

25 enhance the bonding energy at low temperatures, also shown
in FIG. 4. Method steps for an Ar-only plasma treatment
bonding process follow all the steps shown in FIG. 1. After
cleaning in RCA1 solution (step 100), silicon wafers are
dipped in 1%HF solution to remove the native oxide layer of

30 any other oxide layer (step 101). The wafers are placed in the
RIE plasma system and treated with Ar plasma in 30-100
mtorr for 15 seconds to 20 minutes. Ar plasma is generated
by applying a RF power from 80-200 W at 13.56 MHz (step
102). The surface self-bias voltage is in the range of 200 V

35 to 400 V. These Ar plasma treated wafers are dipped in
1%HF to remove any surface oxide layer (step 103) and
bonded at room temperature in air (step 104). After storage
in low vacuum for -20 hrs (step 105), the bonded pairs are
annealed. The bonding energy reaches the bulk silicon

40 fracture energy (2500 mJ/m2) at 4000 C. The bonding energy
enhancement is likely due to that the amorphous layer
formed by the Ar plasma treatment readily absorbs the
hydrogen released from surface Si-H 2 and Si-H groups
that takes place at about 300 ° C. The amorphous layer at the

45s bonding interface may be recrystallized at low temperatures.
Ar-only plasma treatment to enhance low temperature
epitaxial-like bonding is especially attractive for applica-
tions that requires no monolayers of boron at the bonding
interface.

o50 A third embodiment of the present invention (shown in
FIG. 7) is to use ion implantation to place boron onto the
surfaces of bonding substrates. In step 700, the substrates are
covered by a masking layer, preferably an oxide layer. The
substrates are cleaned using, for example, a wet RCA-1

5s solution and dried. in step 701. Surfaces of the substrates are
implanted with boron using BF3 as shown in step 702 to
place the boron concentration peak at the oxide/silicon
interface. As an example, forming an 800 A thick thermal
oxide on silicon wafers, boron implantation at an energy of

o 20 keV with a dose of 5x1014/cm 2 places boron concentra-
tion peak of 6x1019/cm2 at the oxide/silicon interface.
Employing a 6700 A thick thermal oxide on silicon wafers,
boron implantation at an energy of 180 keV with a dose of
5x1014/cm2 places boron concentration peak of 2.5x1019/

5 cm2 at the oxide/silicon interface.
Following boron implantation, the substrates in step 703

are immersed in a dilute hydrofluoric acid solution to
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remove the oxide layer. Surfaces of the substrates which
were boron-implanted in step 702 are bonded at room
temperature in step 704. The attached pair is preferably
placed inside a low vacuum system and annealed in air at
low temperature in step 705.

Boron implantation in bonding silicon wafers can achieve
the bulk silicon fracture energy at -400 ° C. The bonding
energy enhancement at room temperature seen with the
boron plasma treated wafers is not achieved. Instead, a
significant increase in bonding energy is seen at tempera-
tures above than 300* C., as shown in FIG. 4. It is likely that
lower boron concentrations on the wafer surfaces for the
boron implantation treatment in comparison to the plasma
treatment case delays bonding enhancement until higher
annealing temperatures are used.

Released hydrogen shown in equation (4) can build an
internal pressure that offsets the bonding strength at the
bonding interface. In order to alleviate the internal gas
pressure, released hydrogen molecules need to be removed
from the interface. The plasma or ion implantation treatment
according to the invention induces a defective surface layer
towards amorphization providing hydrogen trapping sites.
Plasma or ion implantation treatments using other gases
containing boron are expected to work as well.

FIGS. 8A-8C show cross sectional views of the third
embodiment of the method. Ions 801 are implanted into a
wafer 800 having a masking film 805, such as SiO 2, formed
on the surface, as shown in step 8A. The masking film 805
allows the energy of the implant to be adjusted so that the
peak of the concentration distribution is at the surface of
wafer 800. As shown in FIG. 8B, the wafer 800 has a
modified surface 802 (shown with heavier line for illustra-
tive purpose only) after removing the masking layer by
immersing in an aqueous HF solution, in the case of layer
305 being SiO2. Another wafer 803 similarly treated with a
modified surface 804 is placed in contact with wafer 800 at
room temperature. The bonding of the two wafers is allowed
to enhance with low-temperature annealing, as discussed
above.

A fourth embodiment of the present invention is to use As
(arsenic) ion implantation to silicon wafers to form an
amorphous layer on the wafer surface. Method steps for an
As ion implantation treatment bonding process follow the
steps shown in FIG. 1. After cleaning, As ion implantation
is performed at an energy of 180 keV with a dose of
9x1014/cm 2 . Any oxide layer is then removed prior to
bonding. The As doping concentration peak of 8x1019/cm3

is located at 1150 A from the silicon surface. Although this
implantation induced a very low As doping on the wafer
surface, an amorphous layer with 1650 A thick was formed
as confirmed both by a Monte Carlo simulation and TEM
measurement (FIG. 10). The thickness of the amorphous
layer can vary and is not limited to the value of this example.
For instance, other ions may be implanted to create the
amorphous layer. Arsenic is a dopant, and there are appli-
cations when it is desired not to dope the substrate so another
ion, such as a non-doping ion like Ar, would be chosen.

After an HF dip to remove any oxide on the implanted
surfaces, the wafers are bonded at room temperature in
ambient conditions. After storage in low vacuum for -20 h
the bonded pairs are annealed in air. The bonding energy as
a function of annealing temperature is shown in FIG. 9. The
bonding energy reaches the bulk silicon fracture energy
(2500 mJ/m 2) at 400° C. Bonded pairs of the As implanted
silicon wafers that were annealed at 900° C. to fully recrys-
tallize the amorphous layers before bonding have shown the
same bonding energy of -400 mJ/m2 as the conventional HF

dipped Si/Si pairs after 400 ° C. annealing. It is clear that as
in the Ar plasma treatment case, the amorphous layers rather
than As doping at the bonding interface play a key role in
enhancing bonding energy at low temperatures.

5 FIGS. 10-12 show TEM images of the As-implanted
substrates, and As-implanted bonded substrate pairs. In FIG.
10, a TEM image of bonding interface between the amor-
phous silicon layers (a-Si/a-Si) that were formed by As
implantation is shown. FIG. 11 shows an HRTEM image of

10 the interface between the amorphous silicon and the crystal
silicon substrate (a-Si/c-Si). The amorphous layer is reduced
to 100 A in thickness after annealing for 24 hours at 450° C.,
as shown in FIG. 12.

The above methods can be applied to other substrate
15 combinations involving materials such as InP, GaAs, Ge,

SiC, etc. Using the B 2H6 plasma treatment process described
in the first embodiment to InP/InP epitaxial-like wafer
bonding, the bonding energy of the bonded InP/InP pairs
reached the (100) InP bulk fracture energy of -600 mJ/m 2

20 after annealing at 2000 C. for 24 h. FIG. 13 shows the
bonding energy as a function of annealing temperature of the
B2H6 treated InP/InP wafer pairs. For comparison, the
bonding energy as a function of annealing temperature of
conventional HF dipped InP/InP pairs is also shown.

25 The similar results were obtained for bonding a silicon
wafer to an InP wafer. Using the B2H6 plasma treatment
process described in the first embodiment to Si/InP epitaxial-
like wafer bonding, the bonding energy of the bonded Si/InP
pairs reached the (100) InP bulk fracture energy of -600

30 mJ/m2 after annealing at 2000 C. for 24 h. FIG. 14 shows the
bonding energy as a function of annealing temperature of the
B2H6 treated Si/InP wafer pairs. For comparison, the bond-
ing energy as a function of annealing temperature of con-
ventional HF dipped Si/InP pairs is also shown

35 Two or more wafers having a silicon layer formed on the
surface may also be bonded, as shown in FIGS. 15A-15C.
Silicon layer 1502 of substrate 1500 is exposed to plasma
1503 in FIG. 15A. A similarly treated surface 1505 of wafer
1504 is placed in contact with surface 1502 and bonded

40 (FIG. 15B). Surface 1505 may also be ion-implanted. The
exposed surface of substrate 1504 may also be exposed to a
plasma and bonded with treated surface 1507 of wafer 1506
to form a three-substrate bonded structure, as shown in FIG.
15C. These wafers may be processed wafers having devices

45 and/or circuits formed therein with the silicon layer formed
after device and/or circuit formation. The silicon layer
should be planar, and may be planarized using techniques
such as CMP. The silicon layer is treated using a plasma or
ion-implantation, as discussed above. This structure prefer-

5so ably used the boron-containing plasma or boron implanta-
tion. Also, unique device structures such as double-sided
power diodes, pin photodiodes and avalanche photodiodes
may be realized. While the above embodiments are directed
to substrates, it should be understood that a substrate may be

55 of varying thickness. In other words, thin substrates may be
bonded to other substrates, or bonded with two substrates to
be between the substrates. A bonded substrate may also be
thinned to a desired thickness by lapping or polishing, as
discussed above. FIGS. 16A-16E illustrate this. The surface

60 of substrate 1600 is exposed to plasma 1601 to form treated
surface 1602 (FIGS. 16A and 16B). Surface 1602 has a
surface defect region and may be amorphized. Another
substrate 1603 with a treated surface 1604 is bonded to
surface 1602 (FIG. 16B). In FIG. 16C, a portion of substrate

65 1603 is removed by lapping, polishing, etc. to leave portion
1605 with surface 1606. Surface 1606 may then be exposed
to a plasma (FIG. 16D) and another wafer 1607 with treated
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surface 1608 may be bonded to surface 1606 (FIG. 16E).
Unique structures where different materials of desired thick-
nesses may be bonded and formed according to the inven-
tion.

Some advantages of the wafer-bonding process of the s5
present invention are that the process utilizes manufactur-
able steps which bond wafers at room temperature in ambi-
ent air and annealed at temperatures no higher than 450 ° C.
to reach an epitaxial-like bond. Pre-annealing at elevated
temperatures, external pressure, or high vacuum to achieve o0
a high bonding energy are not required. The process uses
common RIE plasma treatments or ion implantation that are
economic, convenient and easy to implement.

In addition to the epitaxial-like wafer bonding for mate-
rials combination for preparing advanced devices such as 15
pin and avalanche photodiodes, the process shown here can
have applications in bonding unique device structures such
as bonding back sides of two fully processed power devices
to form double-sided power devices, can allow the device
layer transfer onto carrier substrates with an epitaxial-like 20
interface, and can be used to transfer device layers to more
thermally conductive materials thus enhancing thermal man-
agement.

Numerous other modifications and variations of the
present invention are possible in light of the above teach- 25
ings. It is therefore to be understood that within the scope of
the appended claims, the present invention may be practiced
otherwise than as specifically described herein.

What is claimed as new and desired to be secured by
Letters Patents of the United States is: 30

1. A bonded structure, comprising:
a first substrate having a first surface, a first nearly-

amorphized layer containing one of boron and arsenic
formed uniformly over said first surface; and

a second substrate having a second surface, a second 35
nearly-amorphized layer containing one of boron and
arsenic formed uniformly over said second surface;

said first surface being bonded to said second surface to
form a bonded pair of substrates.

2. A structure as recited in claim 1, comprising: 40
one of said first and second substrates of said bonded pair

having a third surface, said third surface having a
nearly-amorphized layer;

a third substrate having a fourth surface, a fourth nearly- 45
amorphized layer formed in said fourth surface; and

said third surface bonded to said fourth surface.
3. A structure as recited in claim 1, wherein said first and

second substrates are selected from Si, InGaAs, InP, GaAs,
Ge and SiC. 5o

4. A structure as recited in claim 1, wherein:
said first and second substrates each comprises a silicon

substrate; and
said first and second surfaces each comprises a silicon

surface. 55
5. A structure as recited in claim 1, wherein:
said first and second substrates comprise respective first

and second semiconductor devices.
6. A structure as recited in claim 1, wherein:
said first surface comprises a first silicon surface exposed

to a boron-containing plasma; and
said second surface comprises a second silicon surface

exposed to a boron-containing plasma.
7. A structure as recited in claim 1, wherein: 65
said first surface comprises a first silicon surface

implanted with boron; and

said second surface comprises a second silicon surface
implanted with boron.

8. A structure as recited in claim 1, wherein:
said first surface comprises a first silicon surface

implanted with arsenic; and
said second surface comprises a second silicon surface

implanted with arsenic.
9. A structure as recited in claim 1, comprising:
at least one of boron-boron and Si covalent bonds formed

between said first and second substrates.
10. A structure as recited in claim 1, wherein:
said first and second amorphous layers are each in the

range of a few nm in thickness.
11. A structure as recited in claim 1, wherein said first and

second layers each comprise a few monolayers of boron.
12. A structure as recited in claim 1, wherein:
said first surface comprises an amorphous boron-

containing layer; and
said second surface comprises an amorphous boron-

containing layer.
13. A structure as recited in claim 1, wherein:
said first surface comprises a surface exposed to a boron-

containing plasma; and
said second surface comprises a surface exposed to a

boron-containing plasma.
14. A structure as recited in claim 1, wherein:
said first surface comprises a first surface exposed to an

inert gas plasma; and
said second surface comprises a second surface exposed

to an inert gas plasma.
15. A bonded structure, comprising:
a first substrate having a first surface, substantially all of

said first surface being amorphized and containing
boron;

a second substrate having a second surface, substantially
all of said second surface being amorphized and con-
taining boron; and

said first surface being bonded to said second surface to
form a bonded pair of substrates.

16. A structure as recited in claim 15, wherein said first
and second substrates are selected from Si, InGaAs, InP,
GaAs, Ge, SiC.

17. A structure as recited in claim 15, wherein:
said first surface comprises a first silicon surface exposed

to a boron-containing plasma; and
said second surface comprises a second silicon surface

exposed to a boron-containing plasma.
18. A structure as recited in claim 15, wherein:
said first surface comprises a first silicon surface

implanted with boron; and
said second surface comprises a second silicon surface

implanted with boron.
19. A structure as recited in claim 15, comprising:
forming at least one of boron-boron and Si covalent bonds

between said first and second substrates.
20. A structure as recited in claim 15, wherein:
said amorphized first and second surfaces are each in the

range of a few nm in thickness.
21. A structure as recited in claim 15, wherein:
said amorphized first and second layers each comprises a

few monolayers of boron.
22. A bonded structure, comprising:
a first substrate having a first surface, a first amorphous

arsenic-containing layer formed in substantially all of
said first surface; and
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a second substrate having a second surface, a second
amorphous arsenic-containing layer formed in substan-
tially all of said second surface;

said first surface being bonded to said second surface to
form a bonded pair of substrates.

23. A structure as recited in claim 22, comprising:
one of said first and second substrates of said bonded pair

having a third surface, said third surface having an
amorphous layer;

a third substrate having a fourth surface, a fourth amor-
phous layer formed in said fourth surface; and

said third surface bonded to said fourth surface.
24. A structure as recited in claim 23, wherein:
said third surface comprises an amorphous arsenic-

containing layer; and
said fourth surface comprises an amorphous arsenic-

containing layer.
25. A structure as recited in claim 22, wherein said first

and second substrates are selected from Si, InGaAs, InP,
GaAs, Ge and SiC.

26. A structure as recited in claim 22, wherein:
said first and second substrates each comprises a silicon

substrate; and
said first and second surfaces each comprises an arsenic-

containing silicon surface.
27. A structure as recited in claim 22, wherein:
said first surface comprises a substantially planar surface

of a first arsenic-containing silicon layer formed on said
first substrate; and

said second surface comprises a substantially planar sur-
face of a second arsenic-containing silicon layer
formed on said second substrate.

28. A structure as recited in claim 22, wherein:
said first surface comprises a first silicon surface

implanted with arsenic; and
said second surface comprises a second silicon surface

implanted with arsenic.
29. A structure as recited in claim 28, comprising:
Si covalent bonds formed between said first and second

substrates.
30. A structure as recited in claim 22, comprising:
said first and second surfaces being substantially oxide-

free.
31. A structure as recited in claim 22, wherein:
said amorphized first and second surfaces are each in the

range of a few nm in thickness.
32. A structure as recited in claim 22, wherein:
said amorphized first and second surfaces each comprises

a few monolayers of arsenic.
33. A bonded structure, comprising:
a first substrate having a substantially oxide-free first

surface, a substantial portion of said first surface being
amorphized and containing one of boron and arsenic;
and

a second substrate having a substantially oxide-free sec-
ond surface, a substantial portion of said first surface
being amorphized and containing one of boron and
arsenic;

said first surface being bonded to said second surface to
form a bonded pair of substrates.

34. A structure as recited in claim 33, wherein:
said first substrate comprises one material having said first

surface; and
said second substrate comprises one material having said

second surface.

35. A structure as recited in claim 33, comprising:
one of said first and second substrates of said bonded pair

having an amorphized substantially oxide-free third
surface;

5 a third substrate having an amorphized substantially
oxide-free fourth surface; and

said third surface bonded to said fourth surface.
36. A structure as recited in claim 33, wherein said first

and second substrates are selected from Si, InGaAs, InP,
10 GaAs, Ge and SiC.

37. A structure as recited in claim 33, wherein:
said first and second substrates each comprises a silicon

substrate; and

15 said first and second surfaces each comprises an amor-
phized substantially oxide-free silicon surface.

38. A structure as recited in claim 33, wherein:
said first surface comprises a substantially planar surface

of a first amorphous substantially oxide-free silicon

20 layer formed on said first substrate; and
said second surface comprises a substantially planar sur-

face of a second amorphous substantially oxide-free
silicon layer formed on said second substrate.

39. A structure as recited in claim 33, wherein:
25 said first surface comprises a surface exposed to a boron-

containing plasma; and
said second surface comprises a surface exposed to a

boron-containing plasma.
40. A structure as recited in claim 33, wherein:

30 said first surface comprises an ion-implanted surface; and
said second surface comprises an ion-implanted surface.
41. A structure as recited in claim 33, wherein:
said first surface comprises a surface ion-implanted with

one of boron and arsenic; and
35 said second surface comprises a surface ion-implanted

with one of boron and arsenic.
42. A structure as recited in claim 41, comprising:
boron-boron formed between said first and second sub-

strates.
40 43. A bonded structure, comprising:

a first substrate having a first surface with an amorphized
first surface region extending only one to a few mono-
layers into said first substrate; and

45 a second substrate having a second surface an amorphized
second surface region extending only one to a few
monolayers into said second substrate; and

said first surface being bonded to said second surface to
form a bonded pair of substrates.

50 44. A structure as recited in claim 43, wherein:
said amorphized first and second surface regions are each

in the range of a few nm in thickness.
45. A structure as recited in claim 43, wherein:
said first and second surface regions each comprise at

55 least one region extending over a substantial portion of
a surface of said first and second substrates, respec-
tively.

46. A structure as recited in claim 43, comprising:
one of said first and second substrates of said bonded pair

60 having a third surface with an amorphized third surface
region;

a third substrate having a fourth surface with an amor-
phized fourth surface region; and

said third surface bonded to said fourth surface.
65 47. A structure as recited in claim 43, wherein said first

and second substrates are selected from Si, InGaAs, InP,
GaAs, Ge and SiC.
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48. A structure as recited in claim 43, wherein:
said first and second substrates each comprises a silicon

substrate; and

said first and second surfaces each comprises a silicon
surface. 5

49. A structure as recited in claim 43, wherein:
said first surface comprises a surface exposed to a boron-

containing plasma; and

said second surface comprises a surface exposed to a t0
boron-containing plasma.

50. A structure as recited in claim 43, wherein:
said first surface comprises an ion-implanted surface; and
said second surface comprises an ion-implanted surface.
51. A structure as recited in claim 43, wherein: s1
said first surface comprises a surface implanted with one

of boron and arsenic; and
said second surface comprises a second surface implanted

with one of boron and arsenic.
52. A structure as recited in claim 50, comprising: 20
boron-boron covalent bonds formed between said first and

second substrates.
53. A bonded structure, comprising:
a first substrate of substantially one first material amor- 25

phized substantially only in a first surface of said first
material and containing one of boron and arsenic; and

a second substrate of substantially one second material
amorphized substantially only in a second surface of
said second material and containing one of boron and 30
arsenic;

said first surface being bonded to said second surface to
form a bonded pair of substrates.

54. A structure as recited in claim 53, comprising:
one of said first and second substrates of said bonded pair 35

being amorphized only in said first surface and in a
third surface of said first material;

a third substrate of substantially one third material amor-
phized only in a third surface of said third material; and

said third surface bonded to said fourth surface.
55. A structure as recited in claim 53, wherein said first

and second substrates are selected from Si, InGaAs, InP,
GaAs, Ge and SiC.

56. A structure as recited in claim 53, wherein:

said first and second substrates each comprises a silicon
substrate; and

said first and second surfaces each comprises a silicon
surface.

57. A structure as recited in claim 53, wherein:

said first surface comprises a substantially planar surface
of a first silicon layer formed on said first device; and

said second surface comprises a substantially planar sur-
face of a second silicon layer formed on said second
device.

58. A structure as recited in claim 53, wherein:

said first surface comprises a surface exposed to a boron-
containing plasma; and

said second surface comprises a surface exposed to a
boron-containing plasma.

59. A structure as recited in claim 53, wherein:

said first surface comprises a surface implanted with one
of boron and arsenic; and

said second surface comprises a surface implanted with
one of boron and arsenic.

60. A structure as recited in claim 59, comprising:

boron-boron covalent bonds formed between said first and
second substrates.

* * * * *
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2025-0180-20

TITLE OF THE INVENTION

A METHOD OF EPITAXIAL-LIKE WAFER BONDING
5 AT LOW TEMPERATURE AND BONDED STRUCTURE

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a method of epitaxial-like bonding of wafer pairs at

10 low temperature, and more particularly to a method of bonding in which the wafer surfaces

are modified to create surface and subsurface defect areas, and possibly amorphized, by ion

implantation or plasma, preferably by boron-containing ions or a plasma such as B 2H6.

Discussion of the Background:

15 For many optoelectronic and electronic device applications, ho o-epitaxial single

c stalline layers consisting of same material with same crystalline rientation but different

doping types or levels are necessary. For some device applicatns, active layers comprising

single crystalline dissimilar materials are required. The actde layers should be high

crystallographic quality with interfaces that are therma conductive and almost optical loss

-20 free. Conventional hetero-epitaxial growth techniq s applied to these lattice mismatched

active layers usually result in a large de~- of reading dislocations in the bulk of the

layers. Bonding of single crystalline wafe i enti al or dissimilar materials is an unique

alternative approach to the epitaxial gro , Not/only highly lattice-mismatched wafers can

be bonded but also wafers with differ t crys alline orientations can be combined. Ideally, the

25 mismatches of single crystalline b hding waf are accommodated by dislocations (in

lattice-mismatch case) or an a rphous layer (i orientation-mismatch case) localized at the

bonding interface with no d ects generated in the bulk area. This approach is termed

expitaxial-like bonding. )he epitaxial-like bonding can also be employed to prepare unique

devices by integratingA ready processed device layers.

30 However, conventional epitaxial-like bonding is achieved by high temperature

annealing. To bond wafers composed of thermally mismatched materials, severe and often

damaging thermal stresses can be induced with high temperature annealing. Since thermal
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stresses can increase significantly with the size of dissimilar wafers, only small wafers

currently can be epitaxially bonded at high temperatures. The high temperature annealing

process can also produce unwanted changes to bonding materials and often prevents the

bonding of processed device wafers. The bonding materials may decompose at high

5 temperatures, even if the bonding wafers are thermally matched.

In order to epitaxially bond large wafers of dissimilar materials or processed wafers,

an epitaxial-like bonding interface must be achieved at or near room temperature, or one,

wafer of the bonded pair must be thinned sufficiently before annealing to elevated

temperatures. Although G6esele et al. in Applied Physics Letters 67, 3614 (1995) and Takagi

10 et al in Applied Physics Letters 74, 2387, 1999 reported room temperature epitaxial-like

bonding of silicon wafers in ultrahigh vacuum, high temperature (>600°C) pre-annealing in

the former case or high external pressure (>1 MPa) in the latter case were required to achieve

the bond that may introduce undesired effects to the bonding wafers.

Recently, M. Bruel in Electronics Letters 31,1201 (1995) reported a promising generic

.. 5 thinning approach using a hydrogen-induced layer transfer method (so-called smart-cut

method). In this approach, H atoms are implanted into a Si wafer to such concentration that a

significant fraction of Si-Si bonds are broken creating a buried H-rich layer of micro-cracks

-$. susceptible to cleavage or fracture. By bonding the topmost oxide covered hydrophilic Si

wafer surface to another substrate, a thin layer of the Si wafer can then be transferred by

20 fracture of the H-rich region. However, this process requires that the bonding energy between

the bonded wafers be higher than the fracture energy of the hydrogen-induced crack region at

the layer transfer temperature. The layer transfer temperatures must be lower than the

temperature beyond which hydrogen molecules in the material become mobile. For silicon,

the temperature is about 500°C (see Chu et al in Physics Review B, 16, 3851 (1987)). The

25 bonding energy of conventional HF dipped hydrophobic silicon wafer pairs is higher than the

hydrogen-induced region only after annealing at temperatures higher than 600°C. Therefore,

this process does not work for oxide-free hydrophobic silicon wafer bonding.

Typically, HF-dipped, hydrogen-terminated hydrophobic silicon wafers are used to

realize epitaxial-like bonding after annealing at >700oC. In order for bonded hydrophobic

30 silicon wafer pairs to reach bulk fracture energy, Tong et al. in Applied Physics Letters 64,
625 (1994) reported that hydrogen (from HF-dip, mainly Si-H 2 and Si-H terminated

-2-
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hydrophobic silicon surfaces at the bonding interface) must be removed so that strong Si-Si

epitaxial bonds across the mating surfaces can be formed. The reaction is illustrated in

Equation (1).

Si-H + H-Si -) Si-Si+H 2  (1)

5 The release of hydrogen from a stand-alone silicon wafer dipped in HF was

demonstrated to start at about 367 °C from Si-H 2 and 447 °C from Si-H in an ultrahigh

vacuum. Since hydrogen molecules become mobile in silicon only at temperatures higher

than 500°C, annealing at temperatures higher than 700°C have been found necessary to

completely deplete hydrogen from the bonding interface that results in a high bonding energy.

10 Therefore, the smart-cut method for a layer transfer using conventional HF-dipped silicon

wafer pairs is not possible because the bonding energy is too low at layer transfer

temperatures that are lower than 500 °C.

-= Based on above arguments, it becomes clear that the development of a low

temperature epitaxial-like wafer bonding technology that is both cost-effective and

.;15 manufacturable is essential for many advanced materials and device applications.

SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to provide a wafer bonding method and.

bonded structure in which epitaxial-like bonding is achieved at near room temperature in

20 ambient conditions without an external pressure.

Another object of this invention is to provide a wafer bonding method and bonded

structure using bonding surfaces treated to obtain amorphized or partially amorphized

surfaces by ion implantation or plasma, preferably by boron-containing ions or plasma.

These and other objects of the present invention Oe provided by a method for bonding

first and second substrates including steps of preparing substantially oxide-free first and

second surfaces of respective first and s o syb strates, creating a surface defect region in

each of said first and second surfaces, an $ b ingOid first and second surfaces. Creating

the defective region may include plasm, teating th frst and second surfaces of the first and

second substrates with a plasma, andpre y a boron-containing plasma. The plasma-

30 treating step may utilize a plasman reactiv on etch (RIE) mode using B2H6 gas, and

-3-
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possibly a mixture of B2H6 , He, an Ar ase-Other gas plasmas, such as Armay also be

used.

a result of the plasma-treating step, athilia"slayetaytitrnmeii libSl-Sl yeb-l'ormed-in te-----

first and second surfaces. A monolayer of boron may also be on said first and second

5 surfaces and first and second surfaces may be doped with boron when a boron-containing

plasma is used. Also, a few monolayers of boron are introduced into each of the first and

second surfaces during said plasma-treating step.

After contacting, the substrates are maintained in contact, preferable under low

vacuum but also in ambient air. A bonding energy of about 400 mJ/m2 may be obtained at

10 room temperature. Also, when the bonded pair of substrates is maintained at a temperature

no more than about 250°C after contacting, a bond strength of at least about 1500 mJ/m2 may

be obtained, and a bonding energy of about 2500 mJ/m2 (bulk silicon fracture energy) may be

obtained at 350 °C. The method may also include step of annealing said bonded first and

second surfaces at a temperature in the range of about 250-450 °C, or at a temperature not

,j15 exceeding about 350°C. A substantial portion of said amorphous layers in said first and

second surfaces may be recrystallized, possibly in a separate annealing step.

The creating step may also include ion-implanting the first and second surfaces. As or

B may be used to implant the surfaces. In the case of B, a surface layer is formed on the.

surface of the substrate and the energy of the implant is chosen to place the peak of the

20 concentration profile at approximately the interface between the substrate surface and the

surface layer. In the case of As, the surface is directly implanted and a thicker amorphous

layer may be formed.

After contacting, the implanted substrates are maintained in contact, preferable under

low vacuum but also in ambient air. The bonded pair may be heated at a temperature no more

25 than about 400°C. The bonded pair of substrates may be maintained at a temperature no

more than about 400°C after contacting. A bonding energy of about 2500 mJ/m 2 (bulk silicon

fracture energy) may be obtained.

To obtain the substantially oxide-free surfaces, the substrates may be immersed in a

first etching solution, such as a hydrofluoric acid solution, before said plasma-treating step,

30 and immersed in a second etching solution, such as a hydrofluoric acid solution, after said
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plasma-treating step. The substrates may be cleaned before immersing in the first etching

solution, preferably using an RCA-1 solution.

The method may also include plasma treating an exposed surface of the bonded pair

of substrates in a boron-containing plasma, and bonding a third wafer to said exposed surface.

5 The method may also include creating the defect region or amorphous layer in the

surface of a silicon layer formed on a semiconductor device wafer. Two or more of the

treated wafers may be bonded together.

The first and second substrates may be selected from Si, InGaAs, InP, GaAs, Ge, SiC

and other semiconductors.

10 The objects of the invention may also be achieved by a method including

amorphization of first and second surfaces of first and second silicon substrates by ion

implantation or plasma, and contacting the first and second surfaces to form a bonded pair of

substrates. The substrates may be immersed in a first hydrofluoric acid solution before said

amorphization step, and immersed in a second hydrofluoric acid solution after said

.L15 amorphization step by plasma. The substrates may be cleaned before immersing in the :first

hydrofluoric acid solution, preferably using an RCA-1 solution. The amorphization step may

utilize arsenic (As) ion implantation or argon (Ar) RIE plasma.

After contacting, the substrates are maintained in contact, preferable under low

vacuum but also in ambient air. The bonded pair may be heated at a temperature no mere

20 than about 400°C. The bonded pair of substrates may be maintained at a temperature no more

than about 400°C after contacting. A bonding energy of about 2500 mJ/m' (bulk silicon

fracture energy) may be obtained. The bonded amorphous layers at the bonding interface can

be completely recrystallized after annealing at 450°C.

The objects of the invention may also be achieved by a bonded structure having a first

25 substrate having a first surface, a first amorphous layer formed in the first surface, and

a second substrate having a second surface, a second amorphous layer formed in the second

surface. The first surface is bonded to the second surface to form a bonded pair of substrates.

One of said first and second substrates of said bonded pair may have a third surface

with an amorphous layer. A third substrate having a fourth surface, with a fourth amorphous

30 layer formed in said fourth surface may be bonded to the bonded pair.
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The first and second surfaces may comprise a surface exposed to boron-containing

plasma. One of the first and second substrates of the bonded pair may have a planar surface-

exposed to boron-containing plasma bonded to a third surface of a third substrate exposed to

boron-containing plasma. The first, second and third substrates may be selected from S:,

5 InGaAs, InP, GaAs, Ge, SiC and other semiconductors.

The first and second substrates may comprise respective first and second

semiconductor devices, the first surface may comprise a substantially planar surface of a first

silicon layer formed on the first device, and the second surface may comprise a substantially

planar surface of a second silicon layer formed on the second device.

10 The first surface may comprise a first silicon surface exposed to an inert gas plasma,

and the second surface may comprise a second silicon surface exposed to an inert gas plasma.

The first surface may comprise a first silicon surface implanted with boron, and ':he

second surface may comprise a second silicon surface implanted with boron.

The first surface may comprise a first silicon surface implanted with arsenic, and. the

.. 15 second surface may comprise a second silicon surface implanted with arsenic.

The bonded structure according to the invention may include a first substrate having

an amorphized first surface and containing boron and a second substrate having an

amorphized second surface and containing boron, with the first surface being bonded to the

second surface to form a bonded pair of substrates. The first and second substrates may be

2 40 selected from Si, InGaAs, InP, GaAs, Ge, SiC and other semiconductors.

The first surface may comprise a first silicon surface exposed to a boron-contain:,ng

plasma, and the second surface may comprise a second silicon surface exposed to a borcn-

containing plasma.

The first surface may comprises a first silicon surface implanted with boron, and the

25 second surface may comprise a second silicon surface implanted with boron.

The bonded structure may also have a first substrate having a first surface implanted

with boron, and a second substrate having a second surface implanted with boron. The first

surface is bonded to said second surface to form a bonded pair of substrates. One of the first

and second substrates of the bonded pair may have a planar surface implanted with boron. A

30 third surface, implanted with boron, of a third substrate may be bonded to the planar sur'ace.
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The first, second and third substrates may be selected from Si, InGaAs, InP, GaAs, Ge, SiC

and other semiconductors.

BRIEF DESCRIPTION OF THE DRAWINGS

5 A more complete appreciation of the invention and many of the attendant advantages

thereof will be readily obtained as the same becomes better understood by reference to the

following detailed description when considered in connection with the accompanying

drawings, wherein:

FIG. I is a flow chart illustrating method steps of the present invention;

10 FIGS. 2A-2E are sectional diagrams illustrating a first embodiment of the method

according to the invention, and a bonded structure according to the invention;

. -FIG. 3 is graph depicting room temperature bonding energy as a function of storage

time of bonded pairs of B2H6 treated hydrophobic silicon wafers;

FIG. 4 is a graph depicting bonding energy as a function of annealing temperature of

.15 B2H, treated, boron-implanted treated, Ar plasma treated, and conventional hydrophobic (H]F

dipped only) silicon wafer pairs;

FIG. 5 is a graph depicting bonding energy as a function of annealing time at 250'C,

for B2H6 treated wafer pairs;

FIG. 6 is a schematic of surface terminations on B2H, plasma treated and HF dipped

20 silicon wafers;

FIG. 7 is a flow chart showing a second embodiment of the method according to the

present invention;

FIGS. 8A-8C are sectional diagrams illustrating a second embodiment of the method

according to the invention, and a bonded structure according to the invention;

25 FIG. 9 is a graph depicting bonding energy as a function of annealing temperature;

FIG. 10 is an TEM (Transmission Electron Microscopy) .image of an As-implanled

amorphous-Si/amorphous-Si (a-Si/a-Si) bonding interface;

FIG. 11 is a HRTEM (High Resolution TEM) image of an As-implantation induced

amorphous layer in a bonding wafer;

30 FIG. 12 is a HRTEM image for an As-implanted bonded pair after annealing;
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FIG. 13 is a graph depicting bonding energy as a function of annealing temperature of

B2H6 treated InP/InP wafer pairs;

FIG. 14 is a graph depicting bonding energy as a function of annealing temperature of

B2H6 treated Si/InP wafer pairs;

5 FIGS. 15A-15C are diagrams of a forming a bonded structure according to the

invention; and

FIGS. 16A-16E are diagrams of a forming a bonded structure according to the

invention.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like reference numerals designate identical or

corresponding parts throughout the several views, and more particularly to FIG. 1 thereof,

FIG. 1 shows method steps of the present invention. In step 100, the substrates are cleaned

using, for example, a wet RCA-1 (HzO+H 20 2+NH 4OH) solution. Other cleaning methods are

- 415 possible, such as H2SO4+H20 2 or dry clean. Following the cleaning step using the RCA-1

* -' solution, the substrates are immersed in step 101 in a hydrofluoric acid aqueous solution such

as 1%HF solution to remove the surface thin native oxide layer. Upon removal from the

hydrofluoric acid solution, the surfaces of the substrates are modified by creating surface

and/or subsurface damage areas by ion implantation or plasma, preferably using boron-

0 containing ions or boron-containing plasma, in step 102. By subsurface, it is meant at least

the layer of atoms below the surface layer. The treatment may approach or reach

amorphization to form a thin amorphous layer may be formed in the surface of the substrates.

The surface treatment, when using boron, may introduce boron into the substrate surface.

Upon termination of the treatment, the substrates in step 103 are immersed in a cdilute

25 hydrofluoric acid aqueous solution such as 1%HF solution to remove the surface thin native

oxide layer or any other oxide formed on the surface. Surfaces of the substrates which were

treated in step 103 are placed together in step 104 at room temperature in atmosphere and

form a room temperature bonded substrate pair. The attached substrate pair is preferably

placed inside a low vacuum system, but may also be placed in ambient. The bonded pair is

30 then annealed at low temperatures in step 105. The temperature may be selected to

recrystallize the thin amorphous layers formed during the ion implantation or plasma
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treatment. Recrystallization may also be carried out in a separate annealing procedure. The

wafer bonding method of the present invention achieves high bonding energy near room

temperature.

FIGS. 2A-2E show sectional views of the first embodiment of the method according

5 to the invention. In FIG. 2A, a substrate 200, after immersing in the aqueous HF solution, is

exposed to a plasma 201. FIG. 2B illustrates wafer 200 after the plasma treatment. The

plasma modifies the surface 202 of the wafer to create defect areas and possibly a thin

amorphous layer. Subsurface (the layer adjacent the surface) defect areas may also be

formed. Surface 202 is drawn with a heavier line to illustrate the defective area or amorphous

10 layer formed by the plasma treatment. The amorphous layer formed is about a few nm or

more in thickness. In a preferred case, the plasma is a boron-containing plasma and, mcst

preferably, a B2H6 plasma. The position of the B in the surface structure will be describ ad

below in connection with FIG. 6.

The wafer is immersed in the aqueous HF solution as described above. Another wafer

_415 203 having a similarly plasma treated surface 204 is placed in contact with wafer 200 with

surfaces 202 and 204 directly contacted to form the bonded structure at room temperature in

FIG. 2C. The bonded structure is annealed at a low temperature and is then ready for further

processing, such as low-temperature annealing, substrate lapping, device formation, etc., or a

combination of processes. The process may be continued by plasma-treating the exposed

" 20 surface 205 of wafer 203 (FIG. 2D) and bonding it to another plasma-treated surface 207 of

wafer 206 (FIG. 2E). Any number of substrates may be bonded together.

EXAMPLE

75 mm diameter, 1-10 ohm-cm, p-type Si (100) substrate wafers were used. The

25 wafers were cleaned in a RCA-1 solution, dipped in a 1% hydrofluoric aqueous solution

followed by treatment in B2H, plasma for an appropriate time period depending on the plasma

system used. Appropriate plasma treatment times have ranged from 30 sec. to 5 min. The

BH 6 plasma treatment consisted of a mixed gas of 20 sccm of 0.5% B2H6/99.5% He and 20

sccm Ar in an inductor coupled plasma (ICP) operating in a reactive ion etch mode with a RF

30 power of 38 W at a pressure of -5 mTorr. A -100 V self-biased voltage was generated. This

self-bias is the lowest possible self-bias for a stable plasma treatment in the plasma treatment

-9-
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system used herein. The wafers were then dipped in a diluted 1% HF solution to remove any

oxide on the wafer surfaces. The wafers were then placed together without water rinse and

bonded in air at room temperature.

The bonded wafer pair was stored in a low vacuum chamber at a vacuum level of

5 about, for example, 700 Pa. The vacuum level is not critical. The bonding energy (specific

surface energy) of the bonded pairs was determined by measuring the crack length introduced

by inserting a razor blade into the bonding interface to partially separate the two wafers. FIG.

3 shows the room temperature bonding energies as a function of storage time for B2H6

plasma-treated hydrophobic bonded silicon wafers. Compared with a typical room

10 temperature bonding energy of -10-20 mJ/m 2 for conventional HF-dipped silicon wafer pairs,

the bonding energy of -400 mJ/m 2 for the B2H6 treated pairs is remarkably higher. A few

interface bubbles were formed during low vacuum storage at room temperature, which

supports the latter explanation that hydrogen released from the bonding interfaces is

responsible for the increase of bonding energy at room temperature.

I15 Bonding energy as a function of annealing temperature of B2H 6 treated, boron-

implanted treated, Ar plasma treated, and conventional hydrophobic (HF dipped only) silicon

,. wafer pairs is shown in FIG. 4. It is important to note that for the BH 6 plasma treated

samples, the bonding energy was -900 mJ/m2 at 150°C and '1800 mJ/m 2 at 250°C, and

reaches the fracture energy of bulk silicon ~ 2500 mJ/m2 at 350°C. For comparison, FIG. 4

20 also shows the bonding energy as a function of annealing temperature of conventional HF

dipped silicon wafer pairs. TEM (Transmission Electron Microscopy) measurements have

shown that the expitaxial bonding interface in the Si/Si bonded pairs was realized after 350C

annealing.

A typical example of bonding energy as a function of annealing time at 250°C is

25 shown in FIG. 5. The bonding energy increases quickly with annealing time and is saturated

after -20 h annealing at 250°C. A few bubbles were generated during annealing indicat:.ng

that the increase in bonding energy is associated with the release of hydrogen at the bonding

interface.

The B2H6 plasma treatment of present invention places boron not only on the

30 surface but also in subsurface layers due to the self-bias voltage. After the HF dip, in additicn

to Si-H 2, Si-H and Si-F surface terminations, the B2H6 plasma-treated silicon surfaces will
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likely be terminated by Si-B:H from top surface boron atoms forming Si-B groups, by Si-B-H

groups by boron at the first surface layer, and by Si-H and Si-H 2 groups that have subsurface

boron atoms terminated to the silicon atoms, see FIG. 6. The bonding interface between the

silicon wafer pair is most likely bridged by HF molecules resulting from the HF dip that can

5 be removed by storage in low vacuum or in ambient at room temperature.

Since B-H complexes are very weakly polarized due to their similar electronegativity,

the following reactions at the bonding interface are likely responsible for the increase in

bonding energy at room temperature:

Si-B:H + H:B-Si -) Si-B-B-Si + H2  (2)

10 Si-B-H + H-B-Si - Si-B-B-Si + H2  (3)

The removal of hydrogen terminations on the boron atoms leads to a Si-B-B-Si

bridging bond attaching one substrate to another. Moreover, as reported by Kim et al. in

.fi Applied Physics Letters 69, 3869 (1996), subsurface boron in the second layer weakens the

surface Si-H bond. Hydrogen desorption from the bonding surfaces of B2H6 treated silicon

° J15 wafers can take place at low temperatures resulting in a silicon covalent bond formation

across the interface between the substrates as shown by the following reaction:

y- Si-H + H-Si - Si-Si + H2 (4)

The boron-assisted reaction completely depletes hydrogen from the bonding interface at

temperatures of 350-400°C which is lower than a 700°C temperature which is required for

20 conventional HF dipped silicon substrate bonding, when no boron is present.

In a second embodiment, an inert gas plasma is used to create the defective area and

thin amorphous layer. The third embodiment preferably uses an Ar-only plasma treatment to

enhance the bonding energy at low temperatures, also shown in FIG. 4. Method steps for an

25 Ar-only plasma treatment bonding process follow all the steps shown in FIG. 1. After

cleaning in RCA1 solution (step 100), silicon wafers are dipped in 1%HF solution to remove

the native oxide layer of any other oxide layer (step 101). The wafers are placed in the PIE

plasma system and treated with Ar plasma in 30-100 mtorr for 15 seconds to 20 minutes. Ar

plasma is generated by applying a RF power from 80-200 W at 13.56 MHz (step 102). The

30 surface self-bias voltage is in the range of 200 V to 400 V. These Ar plasma treated wafers

are dipped in 1%HF to remove any surface oxide layer (step 103) and bonded at room
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temperature in air (step 104). After storage in low vacuum for -20 hrs (step 105), the bonded

pairs are annealed. The bonding energy reaches the bulk silicon fracture energy (2500 mJ/m)

at 400°C. The bonding energy enhancement is likely due to that the amorphous layer formed

by the Ar plasma treatment readily absorbs the hydrogen released from surface Si-H2 and Si-

5 H groups that takes place at about 300°C. The amorphous layer at the bonding interface may

be recrystallized at low temperatures. Ar-only plasma treatment to enhance low temperature

epitaxial-like bonding is especially attractive for applications that requires no monolayers of

boron at the bonding interface.

A third embodiment of the present invention (shown in FIG. 7) is to use ion

10 implantation to place boron onto the surfaces of bonding substrates. In step 700, the

substrates are covered by a masking layer, preferably an oxide layer. The substrates are

cleaned using, for example, a wet RCA-1 solution and dried. in step 701. Surfaces of the

substrates are implanted with boron using BF 3 as shown in step 702 to place the boron

concentration peak at the oxide/silicon interface. As an example, fonning an 800 A thick

15 thermal oxide on silicon wafers, boron implantation at an energy of 20 keV with a dose :f

5x10 14/cm 2 places boron concentration peak of 6x10' 9/cm 2 at the oxide/silicon interface.

Employing a 6700 A thick thermal oxide on silicon wafers, boron implantation at an energy

of 180 keV with a dose of 5x1014/cm 2 places boron concentration peak of2.5x 109 /cm at the

-, oxide/silicon interface.

20 Following boron implantation, the substrates in step 703 are immersed in a dilute

hydrofluoric acid solution to remove the oxide layer. Surfaces of the substrates which were

boron-implanted in step 702 are bonded at room temperature in step 704. The attached pair is

preferably placed inside a low vacuum system and annealed in air at low temperature in step

705.

25 Boron implantation in bonding silicon wafers can achieve the bulk silicon fracture

energy at -4000 C. The bonding energy enhancement at room temperature seen with the

boron plasma treated wafers is not achieved. Instead, a significant increase in bonding energy

is seen at temperatures above than 300 0C , as shown in FIG. 4. It is likely that lower boron

concentrations on the wafer surfaces for the boron implantation treatment in comparison to

30 the plasma treatment case delays bonding enhancement until higher annealing temperatures

are used.
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Released hydrogen shown in equation (4) can build an internal pressure that offsets

the bonding strength at the bonding interface. In order to alleviate the internal gas pressure,

released hydrogen molecules need to be removed from the interface. The plasma or ion

implantation treatment according to the invention induces a defective surface layer towards

5 amorphization providing hydrogen trapping sites. Plasma or ion implantation treatments

using other gases containing boron are expected to work as well.

FIGS. 8A-8C show cross sectional views of the third embodiment of the method.

Ions 801 are implanted into a wafer 800 having a masking film 805, such as SiO 2, formed on

the surface, as shown in step 8A. The masking film 805 allows the energy of the implant to

10 be adjusted so that the peak of the concentration distribution is at the surface of wafer 800.

As shown in FIG. 8B, the wafer 800 has a modified surface 802 (shown with heavier line for

illustrative purpose only) after removing the masking layer by immersing in an aqueous HF

solution, in the case of layer 305 being SiO 2. Another wafer 803 similarly treated with a

:. modified surface 804 is placed in contact with wafer 800 at room temperature. The bonding.

..5 of the two wafers is allowed to enhance with low-temperature annealing, as discussed above.

A fourth embodiment of the present invention is to use As (arsec) ion nimplantion

to silicon wafers to form an amorphous layer on the wafer surfac thod steps for an As .

Sion implantation treatment bonding process follow the steysown in FIG. 1. After cleaning

and removing any oxide layer, As ion implantation isperformed at an energy of 180 keV with

2:-=z0 a dose of 9x10' 4/cm 2. The As do 'n oncentration peak of 8x 0'/cm3 is located at 1150 A
from the silicon surface. Although s i fantation induced a very low As doping on tle

wafer surface, an amorphous layer th 1650A thick was formed as confirmed both by a

Monte Carlo simulation and TEM mea urenient (FIG. 10). The thickness of the amorphous

layer can vary and is not li 'ied to th lue of this example. For instance, other ions may be

25 implanted to create th morphous layer. rsenic is a dopant, and there are applications when

it is desired not to ,ope the substrate so another ion, such as a non-doping ion like Ar, would

be chosen.

After an HF dip to remove any oxide on the implanted surfaces, the wafers are bonded

at room temperature in ambient conditions.. After storage in low vacuum for ~20 h the banded

30 pairs are annealed in air. The bonding energy as a function of annealing temperature is shown

in Fig. 9. The bonding energy reaches the bulk silicon fracture energy (2500 mJ/m2) at 400°C.
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Bonded pairs of the As implanted silicon wafers that were annealed at 900°C to fully

recrystallize the amorphous layers before bonding have shown the same bonding energy of

-400 mJ/m2 as the conventional HF dipped Si/Si pairs after 400°C annealing. It is clear Ihat as

in the Ar plasma treatment case, the amorphous layers rather than As doping at the bonding

5 interface play a key role in enhancing bonding energy at low temperatures.

FIGS. 10-12 show TEM images of the As-implanted substrates, and As-implanted

bonded substrate pairs. In FIG. 10, a TEM image of bonding interface between the

amorphous silicon layers (a-Si/a-Si) that were formed by As implantation is shown. FIG. 11

shows an HRTEM image of the interface between the amorphous silicon and the crystal

10 silicon substrate (a-Si/c-Si). The amorphous layer is reduced to 100 A in thickness after

annealing for 24 hours at 450°C, as shown in FIG. 12.

The above methods can be applied to other substrate combinations involving materials

such as InP, GaAs, Ge, SiC, etc. Using the B2H6plasma treatment process described in the

first embodiment to InP/InP epitaxial-like wafer bonding, the bonding energy of the bor.ded

;i15 InP/InP pairs reached the (100) InP bulk fracture energy of- 600 mJ/m2 after annealing at

200oC for 24 h. FIG. 13 shows the bonding energy as a function of annealing temperature of

the B2H6 treated InP/InP wafer pairs. For comparison, the bonding energy as a function of

annealing temperature of conventional HF dipped InP/InP pairs is also shown.

The similar results were obtained for bonding a silicon wafer to an InP wafer. Using

20 the B2H6plasma treatment process described in the first embodiment to Si/InP epitaxial-like

wafer bonding, the bonding energy of the bonded Si/InP pairs reached the (100) InP bulk

fracture energy of- 600 mJ/m2 after annealing at 200 C for 24 h. FIG. 14 shows the bonding

energy as a function of annealing temperature of the B2H6 treated Si/InP wafer pairs. For

comparison, the bonding energy as a function of annealing temperature of conventional HF

25 dipped Si/InP pairs is also shown

Two or more wafers having a silicon layer formed on the surface may also be bonded,

as shown in FIGS. 15A - 15C. Silicon layer 1502 of substrate 1500 is exposed to plasma

1503 in FIG. 15A. A similarly treated surface 1505 of wafer 1504 is placed in contact with

surface 1502 and bonded (FIG. I 5B). Surface 1505 may also be ion-implanted. The exposed

30 surface of substrate 1504 may also be exposed to a plasma and bonded with treated surf ce

1507 of wafer 1506 to form a three-substrate bonded structure, as shown in FIG. 15C. These

-14-

 
Page 50 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



wafers may be processed wafers having devices and/or circuits formed therein with the

silicon layer formed after device and/or circuit formation. The silicon layer should be planar,

and may be planarized using techniques such as CMP. The silicon layer is treated using a

plasma or ion-implantation, as discussed above. This structure preferably used the boron-

5 containing plasma or boron implantation. Also, unique device structures such as double-

sided power diodes, pin photodiodes and avalanche photodiodes may be realized. While the

above embodiments are directed to substrates, it should be understood that a substrate may be

of varying thickness. In other words, thin substrates may be bonded to other substrates, or

bonded with two substrates to be between the substrates. A bonded substrate may also be

10to thinned to a desired thickness by lapping or polishing, as discussed above. FIGS. 16A-16E

illustrate this. The surface of substrate 1600 is exposed to plasma 1601 to form treated

surface 1602 (FIGS. 16A and 16B). Surface 1602 has a surface defect region and may be

amorphized. Another substrate 1603 with a treated surface 1604 is bonded to surface 1602

(FIG. 16B). In FIG. 16C, a portion of substrate 1603 is removed by lapping, polishing, etc. to

15 leave portion 1605 with surface 1606. Surface 1606 may then be exposed to a plasma (FIG.

16D) and another wafer 1607 with treated surface 1608 may be bonded to surface 1606 (FIG.

16E). Unique structures where different materials of desired thicknesses may be bonded and

formed according to the invention.

Some advantages of the wafer-bonding process of the present invention are that the

-20 process utilizes manufacturable steps which bond wafers at room temperature in ambient air

and annealed at temperatures no higher than 450 0C to reach an epitaxial-like bond. Pre-

annealing at elevated temperatures, external pressure, or high vacuum to achieve a high

bonding energy are not required. The process uses common RIE plasma treatments or ion

implantation that are economic, convenient and easy to implement.

25 In addition to the epitaxial-like wafer bonding for materials combination for preparing

advanced devices such as pin and avalanche photodiodes, the process shown here can have

applications in bonding unique device structures such as bonding back sides of two fully

processed power devices to form double-sided power devices, can allow the device layer

transfer onto carrier substrates with an epitaxial-like interface, and can be used to transfer

30 device layers to more thermally conductive materials thus enhancing thermal management.
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Numerous other modifications and variations of the present invention are possible in

light of the above teachings. It is therefore to be understood that within the scope of the

appended claims, the present invention may be practiced otherwise than as specifically

described herein.
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WHAT IS CLAIMED AS NEW AND DESIRED TO BE SECURED BY LETTERS

PATENTS OF THE UNITED STATES IS:

1. A method for bonding first and second sub rates, comprising:

5 preparing substantially oxide-free first and s ond surfaces of respective first and

second substrates;

creating a surface defect region in each o said first and second surfaces; and

bonding said first and second surfaces.

2. A method as recited in claim 1, wh rein said creating step comprises:

10 forming an amorphous layer about ai ew nm or more in thickness in each of said first

and second surfaces.

3. A method as recited in claim 2, comprising:

forming said amorphous layer us' g one of ion implantation and plasma treatment.

4. A method as recited in claim 3, comprising:

y;'15 forming said amorphous layer sing As implantation.

5. A method as recited in cla' 2, comprising:

forming said amorphous lay, r using a boron-containing plasma.

6. A method as reo ted in aim 5, comprising:

forming sa' amorp ous 1 yer using a BH 6 plasma.

':20 7. A meth re ited i' claim 2, comprising:

forming said orphoul layer using an inert gas plasma.

8. A method as recite in claim 7, comprising:

forming said amorp us layer using an Ar plasma.

9. A method as rec' ed in claim 2, comprising:

25 annealing said bor, ed first and second surfaces at a temperature in the range of .bout

250-450oC.

10. A method as1 ecited in claim 9, comprising:

recrystallizing /substantial portion of said amorphous layers in said first and second

surfaces.

30 11. A method as recited in claim 2, comprising:
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annealing said bonded first and second surfa es at a temperature not exceeding about

350°C.

12. A method as recited in claim 1, wher n said creating step comprises:

plasma treating said first and second sur ces using a boron-containing plasma.

5 13. A method as recited in claim 12, c prising:

forming monolayers of boron on said irst and second surfaces.

14. A method as recited in claim 12, 'omprising:

doping said first and second surface 'with boron.

15. A method as recited in claim 1 comprising:

10 bonding said first and second surf ces at room temperature.

16. A method as recited in clai 15, comprising:

annealing said bonded first and econd surfaces at a temperature in the range of about

250-450°C.

17. A method as recited in cl m 1, comprising:

.15 forming said defect region us ng one of ion implantation and plasma treatment.

18. A method as recited in aim 1, comprising:

-. forming said defect region sing As implantation.

19. A method as re ited i claim 1, comprising:

forming said defect r gio using a boron-containing plasma.

20 20. A meth s re ited'in claim 19, comprising:

forming said ect reg on using a B,H, plasma.

21. A method as recited in claim 1, comprising:

forming said defect r .ion using an inert gas plasma.

22. A method as rec ted in claim 21, comprising:

25 forming said defect 'egion using an Ar plasma.

23. A method as r ited in claim 1, comprising:

preparing substan ally oxide-free first and second surfaces of respective first and

second substrates made o' one of Si, InP, SiC, Ge and GaAs.

24. A method a recited in claim 1, comprising:

30 preparing a sub antially oxide-free silicon substrate having said first surface; and
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preparing a substantially oxide-free substr e made of one of InP, SiC, Ge and GaAs

having said second surface.

25. A method as recited in claim 1, con prising:

forming a layer of a desired thickness aid first surface;

5 ion implanting said first surface thro h said layer to create said surface defect region

in said first substrate; and

creating said surface defect region i said second substrate using one of ion

implantation and plasma treatment.

26. A method as recited in claim , comprising:

10 creating said surface defect regio in said first substrate using plasma treatment; and

creating said surface defect regi n in said second substrate using one of ion

implantation and plasma treatment.

27. A method as recited in cl m 1, comprising:

forming a silicon layer on a s bstrate containing a first active device as said first

.;15 substrate; and

forming a silicon layer on a substrate containing a second active device as said second

substrate.

28. A method as re ited i claim I, comprising:

immersing said firs and econd substrates in a first oxide etching solution before said

)20 creating step; a

immersi s first a second substrates in a second oxide etching solution after

said creating step.

29. A method as reci ed in claim 28, comprising:

cleaning said first a second substrates before immersing said substrates in said first

25 oxide etching solution.

30. A method as r cited in claim 29, wherein said cleaning step comprises cleaning

said first and second subs rates in an RCA-I solution.

31. A method as ecited in claim 1, comprising:

forming at least ne of boron-boron and Si covalent bonds between said first and

30 second substrates.

32. A method a recited in claim 1, further comprising:

-19-

 
Page 55 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



placing the bonded pair of substrates under va uum.

33. A method as recited in claim 1, wherein aid first and second substrates are

selected from Si, InGaAs, InP, GaAs, Ge and SiC.

34. A method as recited in claim 1, comp ising:

5 creating a surface defect region in an ex osed surface of said bonded pair of substrates

and in a third surface of a third wafer; and

bonding said third surface to said exp sed surface.

35. A method as recited in claim 1, omprising:

maintaining said bonded pair at ro7 n temperature; and

10 obtaining a bond strength of at lea2t about 400 mJ/m2 .

36. A method as recited in clail 1, comprising:

maintaining said bonded pair at temperature no more than about 400°C; and

obtaining a bond strength of at,/least about 1500 mJ/m2.

37. A method as recited in cl m 36, comprising:

15 obtaining a bond strength of.t least about 2500 mJ/m 2.

38. A method for bonding first and second substrates, comprising:

forming a surface layer on espective first and second surfaces each of said first and

second substrates;

ion implanting an impur ty into said first and second substrates with a peak

20 concentration of said ir urity focated at approximately respective interfaces between said
i'

first and second surface and aid surface layer;
,I

remo u said urfac layer from each of said first and second substrates; and

bondi id first an second surfaces.

39. A method as rebited in claim 38, wherein said ion implanting step comprises:

25 forming a thin am9rphous layer in each of said first and second surfaces.

40. A method as recited in claim 38, comprising:

forming said amprphous layer using B implantation.

41. A method a recited in claim 38, comprising:

annealing said bonded first and second surfaces at a temperature in the range of about

30 250-4500 C.

42. A method as recited in claim 38, comprising:
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recrystallizing a sub t portion of said amorphous layers in said first and second

surfaces.

43. A method as ecited in claim 38, comprising:

forming a surf ce defect region in each of said first and second surfaces.

5 A bonded structure, comprising:

/ a flh substrate having a first surface, a first amorphous layer formed in said first

surface; and

a second s strate having a second surface, a second amorphous layer formed in said

second surface;

10 said first surface :eing bonded to said second surface to form a bonded pair of

substrates.

45. A structure as reci d in claim 44, comprising:

one of said first and secon substrates of said bonded pair having a third surface, said

- - third surface having an amorphous a er;

I15 a third substrate having a fourth $rface, a fourth amorphous layer formed in said

fourth surface; and

said third surface bonded to said foyrth rface.

3 1 4f .A structure as recited in claim 4, wherein said first and second substrates are

selected from Si, InGaAs, InP, GaAs, Ge and SiC.

"-20 7. A structure as recited in claim , wherein:

said first and second substrates each comprises a silicon substrate; and

said first and second surfaces each comprises a silicon surface.

'8. A structure as recited in claim 44, wherein:

said t and second substrates comprise respective first and second semiconductor

25 devices;

said first surface'comprises a substantially planar surface of a first silicon layer

formed on said first device; and

said second surface comprises a substantially planar surface of a second silicon layer

formed on said second device. ""N

30 . 4. A structure as recited in claim 4/, wherein:

-21-
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said first surface comprises a first silicon surface exposed to a boron-containing

plasma; and -

said second surface comprises a second silicon surface exposed to a boron-containing

plasma.

50. A structu as recit in claim 44, wherein:

said first sur rises a first silicon surface exposed to an inert gas plasma; and

said second s ace comprises a sec nd silicon surface exposed to an inert gas plasma.

i 5k. A structure as recited in claim 4 wherein:

said first surface comprises a first silicon surface implanted with boron; and

said second surface comprises a second silicon surface implanted with boron.

* 5j. A structure as recited in claim 41, wherein:

said first surface comprises a first silicon surface implanted with arsenic; and

said second surface comprises a second silicon surface implanted with arsenic.

q 5t. A structure as recited in claim 4, comprising:

at least one of boron-boron and"Si covalent bonds formed between said first and

second substrates.

bonded structure, comprising:

a first subs ate having an amorphized first surface and containing boron;

a second substrate taving an amorphized second surface and containing boron; and

said first surface being bone-tq said second surface to form a bonded pair of

substrates.

I (. 5 . A structure as recited in claim , wherein said first and second substrates are

selected from Si, InGaAs, InP, GaAs, Ge, Si

'7g. A structure as recited in claim , wherein:

said first surface comprises a first silicon surface exposed to a boron-containing

plasma; and

said second surface comprises a second silicon surface exposed to a boron-containing

plasma. /

Ig" 51.A structure as recited in claim 5 , wherein:

said first surface comprises a first silicon surface implanted with boron; and

said second surface comprises a second silicon surface implanted with boron.

-22-
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19 ,  1."
5t. A structure as recited in claim comprising:

forming at least one of boron-boron and Si covalent bonds between said first and

second substrates.

5 6 7

1 1
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ABSTRACT OF THE DISCLOSURE

A process for bonding oxide-free silicon substrate pairs and other substrates at low

temperature. This process involves modifying the surface of the silicon wafers to create

defect regions, for example by plasma-treating the surface to be bonded with a or boron-

5 containing plasmas such as a B2H6 plasma. The surface defect regions may also be created

by ion implantation, preferably using boron. The surfaces may also be amorphized. The

treated surfaces are placed together, thus forming an attached pair at room temperature in

ambient air. The bonding energy reaches approximately 400 mJ/m 2 at room temperature, 900

mJ/m 2 at 150 0C, and 1800 mJ/m2 at 2500 C. The bulk silicon fracture energy of 2500 mJ/m 2

10 was achieved after annealing at 350-400°C. The release of hydrogen from B-H complexes

and the subsequent absorption of the hydrogen by the plasma induced modified layers on the

bonding surfaces at low temperature is most likely responsible for the enhanced bonding

energy.

-24-
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
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3.l Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
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14)O Acknowledgement is made of a claim for domestic priority under 35 U.S.C. & 119(e).
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Application/Control Number: 09/635,272 Page 2

Art Unit: 2812

DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-43, drawn to a method, classified in class 438, subclass 455.

II. Claims 44-58, drawn to a device, classified in class 257, subclass 1+.

The inventions are distinct, each from the other because of the following reasons:

Inventions I and II are related as process of making and product made. The

inventions are distinct if either or both of the following can be shown: (1) that the

process as claimed can be used to make other and materially different product or (2)

that the product as claimed can be made by another and materially different process

(MPEP § 806.05(f)). In the instant case, the process as claimed can be used to make

other and materially different product. For example, not all surface defect regions, as

claimed in process claim 1, are amorphous, as claimed in product claim 44. Therefore,

a non-amorphous surface defect region is possible.

Because these inventions are distinct for the reasons given above and have

acquired a separate status in the art as shown by their different classification, restriction

for examination purposes as indicated is proper.

A telephone call was made to Carl Schlier on December 5, 2000 to request an

oral election to the above restriction requirement, but did not result in an election being

made.
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Application/Control Number: 09/635,272 Page 3

Art Unit: 2812

Applicant is advised that the reply to this requirement to be complete must

include an election of the invention to be examined even though the requirement be

traversed (37 CFR 1.143).

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to David A. Zarneke whose telephone number is (703;-

305-3926. The examiner can normally be reached on M-Th (7:30-6:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, John Niebling can be reached on (703)-308-3325. The fax phone numbers

for the organization where this application or proceeding is assigned are (703)-308..

7722 for regular communications and (703)308-7721 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703)-

308-0956.

David A. Zarneke Jhn .Niabling
December 6, 2000 Suptriscrv P~ar ntixrrfmies
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TENI TRADEMARK OFFICE

IN RE APPLICATION OF:

QIN-Y1 TONG JAN 12 2001

SERIAL NO: 09/635,272 0-

FILED: August 9, 2000

FOR: METHOD OF EPITAXIAL-LIKE
WAFER BONDING AT LOW
TEMPERATURE AND BONDED
STRUCTURE

: GROUP ART UNIT: 2812

: EXAMINER: ZARNEKE, D.

RESPONSE TO RESTRICTION REQUIREMENT

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR: c

In response to the restriction requirement of December 12, 2000, Applicant ~iecty (-rl

with traverse, Gro II drawn to a device, corresponding to claims 44-58.
o

The proper criteria for restriction between distinct inventions is provided in MPEP

§803. The two criterion are (1) the inventions must be independent or distinct as claimed and

(2) there must be a serious burden on the examiner if restriction is not required.

Turning to the second criterion, if the search and examination of an entire application

can be made without a serious burden, the examiner must examine it on the merits, even

though it includes claims to independent or distinct inventions (MPEP §803 (emphasis

ours)).

Although the Office Action has identified separate classifications, making a prima face ca.se

of a serious burden, it is respectfully submitted that there is no serious burden in searching

and examining the entire application.

Both the method claims and the structure claims are related to bonding. There

appears to be overlap in the search areas, facilitating a search of both the method and

c.~
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structure claims. The ability to do searching electronically also greatly simplifies the search

process. Moreover, references in the semiconductor field often have descriptions of both a

process and the structure made using the process. Finding and considering references for the

process claims will likely lead to finding and considering references for the structure claims,

as a matter of course.

There appears to be little, if any, extra effort in searching and examining claims 1-58

compared to searching and examining claims 44-58, even though the inventions of Groups I

and II are distinct. It is therefore respectfully submitted that there is no serious burden on the

examiner, and examination of claims 1-58 in this application is proper.

Respectfully submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER & NEUSTADT, P.C.

Eckhard H. Kuesters
Attorney of Record
Registration No.28,870

Carl E. Schlier
Registration No. 34,426

l ll111 lilll I II II III
22850

(703) 413-3000
(703) 413-2220 (fax)
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Docket No 2025-0180-20

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF:

SERIAL NO: 09/635,272

FILED:

FOR:

August 9, 2000

Qin-Yi TONG

GAU: 2812

EXAMINER: ZARNEKE, D.

2 / :tzs
z;tS /o

A METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE AND
BONDED STRUCTURE

INFORMATION DISCLOSURE STATEMENT UNDER 37 CFR 1.97

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:
Applicant(s) wish to disclose the following information.

REFERENCES ,
* The applicant(s) wish to make of record the references listed on the attached form PTO-1449. Copies of the listed

references are attached, where required, as are either statements of relevancy or any readily available English tlanslations of
pertinent portions of any non-English language references.

D A check is attached in the amount required under 37 CFR §1.17(p).

RELATED CASES
O Attached is a list of applicant's pending application(s) or issued patent(s) which may be related to the present applicatibn.

A copy of the patent(s) is attached along with PTO 1449.
O A check is attached in the amount required under 37 CFR §1.17(p).

CERTIFICATION
D Each item of information contained in this information disclosure statement was cited in a communication from a foreign

patent office in a counterpart foreign application not more than three months prior to the filing of this sfatement.
O No item of information contained in this information disclosure statement was cited in a communication from a foreign

patent office in a counterpart foreign application or, to the knowledge of the undersigned, having made reasonable itquiry,
was known to any individual designated in 37 CFR §1.56(c) more than three months prior to the filing of this statement.

PETITION
O Applicant(s) hereby request consideration of the attached information. A check is attached in the amount of the Petition fee

required under 37 CFR §1.17(i)(1).

DEPOSIT ACCOUNT
* Please charge any additional fees for the papers being filed herewith and for which no check is enclosed herewith, or credit

any overpayment to deposit account number 15-0030. A duplicate copy of this sheet is enclosed.

Respectfully submitted,

A vi.
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ASSISTANT COMMISSIONER FOR PATENTS I>"
WASHINGTON, D.C. 20231 <

SIR: , JAN 2 6 2001 ;
Applicant(s) wish to disclose the following information.

REFERENCES " 1:2S
* The applicant(s) wish to make of record the references listed on the attached form PTO-1449. Copies of the lis:ed

references are attached, where required, as are either statements of relevancy or any readily available English translations of
pertinent portions of any non-English language references.

O A check is attached in the amount required under 37 CFR §1.17(p).

RELATED CASES
o Attached is a list of applicant's pending application(s) or issued patent(s) which may be related to the present application.

A copy of the patent(s), together with a copy of the claims and drawings of the pending application(s) is attached along
with PTO 1449.

O A check is attached in the amount required under 37 CFR § 1.17(p).

CERTIFICATION
O Each item of information contained in this information disclosure statement was cited in a communication frorr. a foreign

patent office in a counterpart foreign application not more than three months prior to the filing of this statement.

o No item of information contained in this information disclosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application or, to the knowledge of the undersigned, having made reasonable inquiry,
was known to any individual designated in 37 CFR §1.56(c) more than three months prior to the filing of this statement.
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Office Action Summary

Application No.

09/635,272

Examiner

Jose R. Diaz

pplicant(s)

TONG, QIN-YI

Art Unit

2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -.
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
-if NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

- Any reply received by the Office later than three months alter the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)0 Responsive to communication(s) filed on 12 January 2001.

2a)- This action is FINAL. 2b)10 This action is non-final.

3)O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims

4)® Claim(s) 44-58 is/are pending in the application.

4a) Of the above claim(s) 1-43 is/are withdrawn from consideration.

5)O Claim(s) is/are allowed.

6)® Claim(s) 44-58 is/are rejected.

7)O Claim(s) is/are objected to.

8)O Claims are subject to restriction and/or election requirement.

Application Papers

9)- The specification is objected to by the Examiner.

10)l The drawing(s) filed on is/are objected to by the Examiner.

11)O- The proposed drawing correction filed on is: a)O approved b)O disapproved.

12)O The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119

13)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)- All b)O Some * c)O None of:

1.0 Certified copies of the priority documents have been received.

2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Sta ge
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

14)E Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)

15) [ Notice of References Cited (PTO-892)

16) El Notice of Draftsperson's Patent Drawing Review (PTO-948)

17) [ Information Disclosure Statement(s) (PTO-1449) Paper No(s) 4.5.

18) O Interview Summary (PTO-413) Paper No(s). __

19) Q Notice of Informal Patent Application (PTO-', 52)

20) O Other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 01-01)P70-326 (Rev. 01-01) Office Action Summary Part of Pt~per No 6

I

Office Action Summary Part of Paper No. 6
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Application/Control Number: 09/635,272 Page 2
Art Unit: 2815

DETAILED ACTION

Election/Restrictions

Applicant's election with traverse of claims 1-43 in Paper No. 3 is acknowledged.

The traversal is on the ground(s) that there is no serious burden in searching and

examining the entire application. This is not found persuasive because the restrcticn

requirement sets for in the MPEP doe not take into account whether the Examiner

searches in the paper or electronic files. Furthermore, since the Examiner has not

indicated the full search area, Applicant's argument that this is not serious burden on

the Examiner that "there appears to be overlap in the search areas, facilitating a search

of both the method and structure claims" is not persuasive. Lastly, Applicant states the

following "finding and considering references for the process claims will likely lead 1:o

finding and considering references for the structure claims, as a matter of course." If the

Applicant states for the record that the method claims are not patentable distinct from

the device claims, the restriction requirement would be withdrawn.

The requirement is still deemed proper and is therefore made FINAL.

Claim Objections

> Claims 54-58 are objected to under 37 CFR 1.75 as being a substantial

duplicate of claims 44, 46, 49, 51 and 53. When two claims in an application a'e

duplicates or else are so close in content that they both cover the same thing, despite a

slight difference in wording, it is proper after allowing one claim to object to the other as

being a substantial duplicate of the allowed claim. See MPEP § 706.03(k).
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Application/Control Number: 09/635,272 Page 3
Art Unit: 2815

Claim Rejections - 35 USC § 112

> The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

> Claims 48 is rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Regarding claim 48, it is not clear to the Examiner how the semiconductor

devices are formed on the substrates. It is unclear whether the semiconductor devices

are formed after the formation of the amorphous layers "in said substrate", as recitad in

claim 44, or before the formation of the amorphous layers (i.e. before the silicon layers

are treated to form the amorphous layers, as disclosed on page 14, lines 26-31 and

page 15, lines 1-5). Furthermore, it is not clear how the first and second silicon layers

are related to the first and second amorphous layers.

Claim Rejections - 35 USC § 102

> The following is a quotation of the appropriate paragraphs of 35 U.S.C 102

that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international application
by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this
title before the invention thereof by the applicant for patent.
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Application/Control Number: 09/635,272 Page 4
Art Unit: 2815

> Claims 44-46 and 54-55 are rejected under 35 U.S.C. 102(b) as beirg

anticipated by Kish,Jr. et al. (US Patent No. 5,783,477).

Regarding claims 44 and 54, Kish,Jr. et al. teach a bonded structure (See

Figures 1-9), comprising: a first substrate having a first surface (95), a first amorphous

layer (91) formed in said first surface (See Figure 9); and a second substrate having a

second surface (93), a second amorphous layer (91) formed in said second surface

(See Figure 9); said first surface being bonded to said second surface to form a bcnded

pair substrates (See Figure 9). Furthermore, the claim 54 contains method of making

characteristics (i.e. forming an amorphous layer by exposing the substrate to borcn

ambient) given no patentable weight in determining patentability of the final device

structure. Note that a "product by process" claim is directed to the product per se, no

matter how actually made, In re Brown, 173 USPQ 685; In re Luck, 177 USPQ 52:!3; n

re Fessmann, 180 USPQ 324; In re Avery, 186 USPQ 161; In re Wertheim, 191 IISPQ

90 (209 USPQ 554 does not deal with this issue); In re Marosi et al, 218 USPQ 289;

and particularly In re Thorpe, 227 USPQ 964, all of which make it clear that it is the

patentability of the final product per se which must be determined in a "product by

process" claim, and not the patentability of the process, and that an old or obvious

product produced by a new method is not patentable as a product, whether claimed .n

"product by process" claims or not. Note that applicant has the burden of proof in such

cases, as the above case law makes clear.

Regarding claim 45, it would have been obvious to one having ordinary skill in

the art at the time the invention was made to bond additional substrates to the bcnded
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Application/Control Number: 09/635,272 Page 5
Art Unit: 2815

structure since it has been held that mere duplication of the essential working parts of a

device involves only routine skill in the art. St. Regis Paper Co. v. Bemis Co., 193

USPQ 8.

Regarding claims 46 and 55, Kish,Jr. et al. teach that the substrates comprise

are selected from Si, InGaAs, InP, GaAs, Ge and SiC (see col. 3, lines 51-67).

> Claims 44, 47, 49-54, and 56-58 are rejected under 35 U.S.C. 102(e) as

being anticipated by Eda (US Patent No. 6,120,917).

Regarding claims 44 and 54, Eda teaches a bonded structure (See Figures 1-

22), comprising: a first substrate having a first surface (1), a first amorphous layer (8)

formed in said first surface (See Figure 14); and a second substrate having a second

surface (2) (See Figure 14), a second amorphous layer formed in said second surface

(See col. 16, lines 55-59); said first surface being bonded to said second surface to form

a bonded pair substrates (See Figure 14). Furthermore, the claim 54 contains method of

making characteristics (i.e. forming an amorphous layer by exposing the substrate to

boron ambient) given no patentable weight in determining patentability of the final

device structure. Note that a "product by process" claim is directed to the product per

se, no matter how actually made, In re Brown, 173 USPQ 685; In re Luck, 177 LSPQ

523; In re Fessmann, 180 USPQ 324; In re Avery, 186 USPQ 161; In re Wertheim, 191

USPQ 90 (209 USPQ 554 does not deal with this issue); In re Marosi et al, 218 L'SPQ

289; and particularly In re Thorpe, 227 USPQ 964, all of which make it clear that it is the

patentability of the final product per se which must be determined in a "product by

process" claim, and not the patentability of the process, and that an old or obvious
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Application/Control Number: 09/635,272 Page 6
Art Unit: 2815

product produced by a new method is not patentable as a product, whether claimed in

"product by process" claims or not. Note that applicant has the burden of proof in such

cases, as the above case law makes clear.

Regarding claim 47, Eda teaches that the first and second substrates each

comprises a silicon substrate, and that the first and second surfaces each comprises a

silicon surface (See Example 8, col. 16, lines 58-59, and col. 17, lines 37-53).

Regarding claims 49-52 and 56-57, Eda teaches forming amorphous layers (8)

on said first and second silicon surfaces (See Figure 14, col. 16, lines 55-59, and col.

17, lines 37-53). Furthermore, the claims 49-52 contain method of making

characteristics (i.e. forming an amorphous layer by exposing a silicon surface to a

boron-containing plasma, to an inert gas plasma, to an implantation of boron, or to an

implantation of arsenic) given no patentable weight in determining patentability cf the

final device structure. Note that a "product by process" claim is directed to the product

per se, no matter how actually made, In re Brown, 173 USPQ 685; In re Luck, 177

USPQ 523; In re Fessmann, 180 USPQ 324; In re Avery, 186 USPQ 161; In re

Wertheim, 191 USPQ 90 (209 USPQ 554 does not deal with this issue); In re Marosi et

al, 218 USPQ 289; and particularly In re Thorpe, 227 USPQ 964, all of which make it

clear that it is the patentability of the final product per se which must be determined in a

"product by process" claim, and not the patentability of the process, and that an old or

obvious product produced by a new method is not patentable as a product, whtether

claimed in "product by process" claims or not. Note that applicant has the burden of

proof in such cases, as the above case law makes clear.

 
Page 100 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Application/Control Number: 09/635,272 Page 7
Art Unit: 2815

Regarding claims 53 and 58, it is well known in the art that silicon materials are

fully or partly bonded by covalent bonds, hence it is inherent that the amorphous silicon

layers formed over the substrates, as disclosed by Eda, are bonded by covalent bonds.

Claim Rejections - 35 USC § 103

> The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the tirle the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

> Claim 48 rejected under 35 U.S.C. 103(a) as being unpatentable over Eda

(US Patent No. 6,120,917) in view of Sato et al. (US Patent No. 6,143,628).

Eda, as stated supra, essentially discloses the claimed invention but fa Is to

teach semiconductor devices formed on the substrates. Regarding claim 48, Sato et al.

teach that it is well known in the art to form a semiconductor device over the amorphous

layer prior bonding the substrates (See col. 15, lines 18-26). Sato et al. provide

motivation to use such a semiconductor device in that it completes the integrated circuit

(See col. 1, lines 5-14). Therefore, it would have been obvious to one having ordinary

skill in the art at the same time the invention was made to have modified Eda to include

forming a semiconductor device, over the amorphous layer as taught by Sato et al. since

such modification would result in a completed integrated circuit, as described in col. ',

lines 5-14 of Sato et al. Regarding the formation of an additional semiconductor device

in the bonded structure, it would have been obvious to one having ordinary skill in the
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Application/Control Number: 09/635,272 Page 8
Art Unit: 2815

art at the time the invention was made to form an additional semiconductor device in the

bonded structure since it has been held that mere duplication of the essential wcrkirg

parts of a device involves only routine skill in the art. St. Regis Paper Co. v. Bemis Cc.,

193 USPQ 8.

Correspondence

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Jos6 R. Diaz whose telephone number is (703) 308-

6078. The examiner can normally be reached on 8:00 - 5:00 Monday through Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers

for the organization where this application or proceeding is assigned are (703) 308-7722

for regular communications and (703) 308-7722 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703) 308-

0956.

EDDIE LEE
March 19, 2001 SUPERVISORY PATENT EXAMINER

TECHNOLOGY CENTER 2800

1
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Docket No. 149840US-20

IN RE APPLICATION OF: Qin-

SERIAL NO: 09/635,272

FILED: August 9, 2000

FOR: METHOD OF EPIT)

.A

AT LOW TEMPERATURE...

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:
Transmitted herewith is an amendment in the above-identified application.

o No additional fee is required

W Small entity status of this application under 37 C.F.R. §1.9 and §1.27 is claimed.

I Additional documents filed herewith: Marked Up Copy

N

I -

-: (

C -
c;

5
61

.:t

The Fee has been calculated as shown below:

HIGHEST
CLAIMS NO. EXTRACLAIMS REMAINING NUMBER RATE CALCLATIONSREMAINING CLAIMS

PREVIOUSLY PAID

TOTAL 66 MINUS 58 8 x $18 = $144.00

INDEPENDENT 6 MINUS 4 2 x $80 = $160.00

o MULTIPLE DEPENDENT CLAIMS + $270 = $0.00

TOTAL OF ABOVE CALCULATIONS $304.00

Reduction by 50% for filing by Small Entity ;-l52.00

o Recordation of Assignment + $40 = $0.00

TOTAL $152.00

g A check in the amount of $152A10 is attached.

* Please charge any additional Fees for the papers being filed herewith and for which no check is enclosed herewith, or
credit any overpayment to deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

g If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby rnade under
37 C.F.R. §1.136, and any additional fees required under 37 C.F.R. §1.136 for any necessary extension of time may be
charged to Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

lil III IIIlllll ll I Ii 1
22850

Tel. (703) 413-3000
Fax. (703) 413-2220
(OSMMN 10/00)

I:\.atty'CESI 49840US. feetrans.wpd

OBLON, SPIVAK, McCLELLAND,
MAIE NEUST DT, P.C.

Eckhard H. Kuesters
Registration No. 28,870

Carl E. Schlier
Registration No. 34,426
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~C)

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

IN RE APPLICATION OF:

QIN-YI TONG : EXAMINER: J. DIAZ

SERIAL NO: 09/635,272

FILED: AUGUST 9, 2000 : GROUP ART UNIT: 2815

FOR: METHOD OF EPITAXIAL-LIKE
WATER BONDING AT LOW
TEMPERATURE AND
BONDED STRUCTURE

AMENDMENT

crt

n'

~;
G77

d
-,

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:

Responsive to the Office Action dated March 21, 2001, please amend the above-

identified application as follows:

IN THE SPECIFICATION

Please replace the paragraph on page 1, beginning at line 15 with the following:

For many optoelectronic and electronic device applications, homo-epitaxial single

crystalline layers consisting of same material with same crystalline orientation but different

doping types or levels are necessary. For some device applications, active layers comprising

single crystalline dissimilar materials are required. The active layers should be high

crystallographic quality with interfaces that are thermally conductive and almost optical loss

_I
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free. Conventional hetero-epitaxial growth techniques applied to these lattice mismatched

active layers usually result in a large density of threading dislocations in the bulk of the

layers. Bonding of single crystalline wafers of identical or dissimilar materials is an unique

alternative approach to the epitaxial growth. Not only highly lattice-mismatched wafers can

be bonded but also wafers with different crystalline orientations can be combined. Ideally,

__ 7J the mismatches of single crystalline bonding wafers are accommodated by dislocations (in

Slattice-mismatch case) or an amorphous layer (in orientation-mismatch case) localized at 1.he

S. bonding interface with no defects generated in the bulk area. This approach is termed

epitaxial-like bonding. The epitaxial-like bonding can also be employed to prepare unique

devices by integrating already processed device layers.

Please replace the paragraph on page 3, beginning at line 24 with the following:
"'-~''---~---~- ---- -- - --- - ---- - --- - - -

These and other objects of the present invention are provided by a method for

bonding first and second substrates including steps of preparing substantially oxide-free first

and second surfaces of respective first and second substrates, creating a surface defect reg ion

in each of said first and second surfaces, and bonding said first and second surfaces.

Creating the defective region may include plasma-treating the first and second surfaces of the

first and second substrates with a plasma, and preferably a boron-containing plasma. The

plasma-treating step may utilize a plasma in reactive ion etch (RIE) mode using B2H6 gas.,

and possibly a mixture of B2H,, He, and Ar gases. Other gas plasmas, such as Ar may also

be used.

j Please replace the paragraph on page 13, beginning at line 14 with the following:

A fourth embodiment of the present invention is to use As (arsenic) ion implantation

-2-

"~/B(i).

I 1
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to silicon wafers to form an amorphous layer on the wafer surface. Method steps for an As

ion implantation treatment bonding process follow the steps shown in FIG. 1. After cleaning,

As ion implantation is performed at an energy of 180 keV with a dose of 9x 1014/cm2 . Any

oxide layer is then removed prior to bonding. The As doping concentration peak of

8x10' 9/cm 3 is located at -1150 A from the silicon surface. Although this implantation

induced a very low As doping on the wafer surface, an amorphous layer with 1650 A thick{

was formed as confirmed both by a Monte Carlo simulation and TEM measurement (FIG

10). The thickness of the amorphous layer can vary and is not limited to the value of this

example. For instance, other ions may be implanted to create the amorphous layer. Arsenic

is a dopant, and there are applications when it is desired not to dope the substrate so another

ion, such as a non-doping ion like Ar, would be chosen.

IN THE CLAIMS

/ Please cancel claims 1-43 without prejudice.

Please amend the claims as shown in the marked-up copy to read as follows:

" (Amended) A bonded structure, comprising:

a first ubstrate having a first surface, a first nearly-amorphized layer formed in said

first surface; and

a second subst ate having a second surface, a second nearly-amorphized layer formed

in said second surface;

said first surface being bpnded to said second surface to form a bonded pair of

substrates.

-3-
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, 5. (Amended) A structure as recited in claim 4 , comprising:

one of said first and second substrates of said bonded pair having a third surface, said

third surface having a nearly-amorphized layer;

Ca third substrate having a fourth surface, a fourth nearly-amorphized layer formed in

said fourth surface; and

said third surface bonded to said fourth surface.

S4. (Amended) A structure as recited in claim /, wherein:

said first and second substrates comprise respective first and second semiconductor

devices.

(Amended) A bonded structure, comprising:

a firs substrate having an amorphized first surface, said first surface containing

boron;

Sa second su trate having an amorphized second surface, said second surface

containing boron; and

said first surface being bonded to said second surface to form a bonded pair of

substrates.

Please add the following new claims:

5 . (New) A bonded structure, comprising:

a first bstrate having a first surface, a first amorphous arsenic-containing layer

formed in said firs surface; and

a second substr e having a second surface, a second amorphous arsenic-containirg

layer formed in said secon surface;

said first surface being onded to said second surface to form a bonded pair of

substrates.

-4-
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S(New) A structure as recited in claim 5/, comprising:

one of said first and second substrates of said bonded pair having a third surface, said

third surface having an amorphous layer;

a third substrate having a fourth surface, a fourth amorphous layer formed in said

fourth surface; and

said third surface bonded to said fourth surface.

1. (New) A structure as recited in claim wherein:

said third surface comprises an amorphous arsenic-containing layer; and

said fourth surface comprises an amorphous arsenic-containing layer.

. (New) A structure as recited in claim 5, wherein said first and second substrates

are selected from Si, InGaAs, InP, GaAs, Ge and SiC.

0 * " .(New) A structure as recited in claim  w herein:

said first and second substrates each comprises a silicon substrate; and

said first and second surfaces each comprises an arsenic-containing silicon surface.

64. (New) structure as recited in claim 59, wherein:

said first surfa e comprises a substantially planar surface of a first arsenic-containing

silicon layer formed on s id first device; and

said second surface i'mprises a substantially planar surface of a second arsenic-

r.. containing silicon layer forme ~n said second device.

8 ' 6. (New) A structure as recited in claim wherein:

said first surface comprises a first silicon surface implanted with arsenic; and

said second surface comprises a second silicj surface implanted with arsenic.

S6. (New) A structure as recited in claim 6, comprising:

Si covalent bonds formed between said first and second substrates.

-5-
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(New) A structure as recited in claim , comprising:

aid first and second surfaces being substantially oxide-free.

. (New) A structure as recited in claim 5 , wherein:

said amorphized first and second surfaces are each in the range of a few nm in

thickness.

(New) A structure as recited in claim 5, wherein:

said amorphized first and second surfaces each comprises a few monolayers of

arsenic.

" (New) A bonded structure, comprising:

a first su trate having an amorphized substantially oxide-free first surface; and

a second substra e,having an amorphized substantially oxide-free second surface;

said first surface being bnded to said second surface to form a bonded pair of

c .. substs eates.

711. (New) A structure as recited in claim 7h, wherein:

said first substrate comprises one material having said first surface; and

said second substrate comprises one mater lbaving said second surface.

3J 7}. (New) A structure as recited in claim 7 , comprising:

one of said first and second substrates of said bonded pair having an amorphized

substantially oxide-free third surface;

a third substrate having an amorphized substantially oxide-free fourth surface; and

said third surface bonded to said fourth surface.

J4 7/. (New) A structure as recited in claim 7, wherein said first and second substrates

are selected from Si, InGaAs, InP, GaAs, Ge and SiC.
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. (New) A structure as recited in claim ere

said first and second substrates each comprises a silicon substrate; and

said first and second surfaces each comprises an amorphized substantially oxide-free

silicon surface.

( 75. (Ne A structure as recited in claim 70, wherein:

said first sur ce comprises a substantially planar surface of a first amorphous

substantially oxide-fre silicon layer formed on said first device; and

said second surfac comprises a substantially planar surface of a second amorphous

substantially oxide-free silico layer formed on said second device.

(New) A structure as recited in claim 7 , wherein:

said first surface comprises a surface exposed to a boron-containing plasma; and

said second surface comprises a surface exposed to a boron-containing plasma.

77. (New) A st c as r ited in claim 70, wherein:

said first surface p ses a surface exposed to an inert gas plasma; and

_.said second surfa comprises a surface exposed to an inert gas plasma.

. (New) A structure as recited in claim wherein:

said first surface comprises an ion-implanted surface; and

l d second surface comprises an ion-implanted surface.

. (New) A structure as recited in claim wherein:

said first surface comprises a surface ion-implanted with one of boron and arsenic;

and

said second surface comprises a surface ion-inplanted with one of boron and arsenic.

. (New) A structure as recited in claim 4t, comprising:

boron-boron formed between said first and second substrates.

-7-
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1 . (New) A bonded structure, comprising:

a first substrate having a first surface with an amorphized first surface region

extending only one to a few monolayers into said first substrate; and

a second substrate having a second surface an amorphized second surface region

extending only one to a few monolayers into said second substrate; and

said first surface being bonded to said second surface to form a bonded pair of

substrates., n

8k. (New) A structure as recited in claim , wherein:

said amorphized first and second surface regions are each in the range of a few nm in

thickness. ,

81. (New) A structure as recited in claim wherein:

said first and second surface regions each comprise at least one region extending over

a substantial portion of a surface of said first and se ond substrates, respectively.

4 8. (New) A structure as recited in claim I, comprising:

one of said first and second substrates of said bonded pair having a third surface with

an amorphized third surface region;

a third substrate having a fourth surface with an amorphized fourth surface region;

and

said third surface bonded to said fourth surf ce.

Ss . (New) A structure as recited in claim , wherein said first and second substrates

are selected from Si, InGaAs, InP, GaAs, Ge and Si .

I .  (New) A structure as recited in claim , wherein:

said first and second substrates each comprises a silicon substrate; and

said first and second surfaces each comprises a silicon surface.

-8-
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8 . (New) A structure as recited in claim wherein:

said first surface comprises a surface exposed to a boron-containing plasma; and

said second surface comprises a surface exposed to a boron-containing plasma.

88. (New) A structure as ecited in claim 81, wherein:

said first surf ce ises a surface exposed to an inert gas plasma; and

,---..said second suif comprises a surface exposed to an inert gas plasma.

, b. (New) A structure as recited in claim wherein:

said first surface comprises an ion-implanted surface; and

said second surface comprises an ion-implanted surface.

[/ . (New) A structure as recited in claim wherein:

said first surface comprises a surface implanted with one of boron and arsenic; and

said second surface comprises a second surface implanted with one of boron and

arse

1. (New) A structure as recited in claim comprising:

boron-boron covalent bonds formed between said first and second substrates.

S(New) A bonded structure, comprising:

a first substrate of substantially one first material amorphized substantially only in a

first surface of sa first material; and

a second subs te of substantially one second material amorphized substantially only

in a second surface of saecond material;

said first surface being onded to said second surface to form a bonded pair of

substrates.

-9-
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. (New) A structure as recited in claim , comprising:

one of said first and second substrates of said bonded pair being amorphized only in

said first surface and in a third surface of said first material;

a third substrate of substantially one third material amorphized only in a third surface

of said third material; and

maid third surface bonded to said fourth surface.

S. (New) A structure as recited in claim 9 wherein said first and second substrates

are selected from Si, InGaAs, InP, GaAs, Ge and SiCA

4 f. (New) A structure as recited in claim , wherein:

said first and second substrates each comprises a silicon substrate; and

aid first and second surfaces each comprises a silicon surface.

[ (New) A structure as recited in clai wherein:

said first surface comprises a substantially planar surface of a first silicon layer

formed on said first device; and

said second surface comprises a substantially planar surface of a second silicon layer

formed on said second device. hr

. . (New) A structure as recited in claim, herein:

said first surface comprises a surface exposed to a boron-containing plasma; and

said second surface comprises a surface exposed to a boron-containing plasma.

98. (New) A structure as re ted in claim 92, wherein:

said first surface o ise surface exposed to an inert gas plasma; and

said second surfa om rises a surface exposed to an inert gas plasma.

-10-
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. (New) A structure as recited in claim 2, wherein:

said first surface comprises a surface implanted with one of boron and arsenic; and

said second surface comprises a surface im p ted with one of boron and arsenic.

(New) A structure as recited in claim comprising:

g oron-boron covalent bonds formed between ~d first and second substrates.

. (New) A structure as recited in claim 5 , wherein:

said amorphized first and second surfaces are each in the range of a few nm in

* thickness. 15
S4-'/°. (New) A structure as recited in claim J4 , wherein:

said amorphized first and second layers each comprises a few monolayers of boron.

r 4. (New) A structure as recited in claim 41, wherein:

said first and second amorphous layers are each in the range of a few nm in thickness.

1  . (New) A structure as recited in claim 4/, wherein said first and second layers

each comprise a few monolayers of boron.

•/. (New) A structure as recited in claim , wherein:

said first surface comprises an amorphous boron-containing layer; and

said second surface comprises an amorphous boron-containing layer.

. (New) A structure as recited in claim 4}, wherein:

said first surface comprises a surface exposed to a boron-containing plasma; and

said second surface comprises a surface exposed to a boron-containing plasma.

4- d-68 (New) A structure as recited in claim 4t, wherein:

said first surface comprises a first surface exposed to an inert gas plasma; and

said second surface comprises a second surface exposed to an inert gas plasma.

-11-
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-09. (New) A st cture recited in claim 44, wherein:

said first surfa co rises an ion-implanted surface; and

said second surfa e comprises an ion-implanted surface implanted.

REMARKS

Favorable reconsideration of this application is respectfully requested.

The specification has been amended to correct three minor typographical errors noted

upon review of the application.

Claims 44-109 are now present in this application, claims 1-43 being canceled and

claims 59-109 being added by way of the present amendment. Claims 54-58 stand objected

to under 37 C.F.R. § 1.75 as being substantially duplicate of respective claims 44, 46, 49, 51

and 53. Claim 48 stands rejected under 35 U.S.C. §112, second paragraph. Claims 44-46, 54

and 55 stand rejected under 35 U.S.C. § 102(b) as anticipated by U.S. 5,783,477 (Kish, Jr._t

al), claims 44, 47, 49-54 and 56-58 stand rejected under 35 U.S.C. §102(e) as anticipated by

U.S. 6,120,917 (Eda), and claim 48 stands rejected under 35 U.S.C. § 103(a) as unpatentable

over Eda in view of U.S. 6,143,628 (Sato et al).

Regarding the objection under 37 C.F.R. § 1.75, claim 44 recites first and second

substrates having respective first and second surfaces, and first and second layers formed in

the first and second surfaces, respectively. Claim 54 recites amorphized first and second

surfaces each containing boron. Claim 44 does not mention boron, and thus the claims are

clearly of different scope and cannot be considered duplicates of each other. Withdrawal of

the objection under 37 C.F.R. § 1.75 is respectfully requested.

Claim 48 was rejected since it was found unclear whether the devices are formed

-12-
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before or after the formation of the amorphous layers, and being unclear as to how the fir.t

and second silicon layers are related to the first and second amorphous layers. First, it does e 0

not nmtter-_hen..the-device.ar..formed,.as ..ci.48.goes..to.structure. The claim has been ,e"'

broaden by removing the silicon layer element, simultaneous rendering moot the § 112

rejection.

Turning to the rejection over Kish, Jr. et al (hereafter "Kish"), the Office Action

refers to element 95 as the first surface of a first substrate. However, reference numeral 95 1

refers to bonding layer 95 formed on the semiconductor layer. There is no suggestion of any

nearly-amorphized layers formed in a substrate. Kish simply have amorphous regions in a

layer formed on the substrate. There is therefore no suggestion of claim 44 and withdrawal

of the rejection of claim 44 is respectfully requested.

In claim 54, first and second substrates are recited each having an amorphized sur face

containing boron. The Office Action describes claim 54 as containing "method of making

characteristics" referring to forming an amorphous layer by exposing the substrate to boron

ambient. To the contrary, claim 54 recites simply structure and contains no method of

making "characteristics" or any language that could lead to a determination that claim 54 is a

"product-by-process" claim. Claim 54 recites a surface containing boron, and does not

contain any language regarding how the boron comes to be in the amorphized first surface, or

any steps in making the structure. A surface containing boron is clearly a structural element.

As an example, a surface that does not contain boron is different in structure from one that

contains boron. Claim 54 recites purely structure and its treatment as a product-by-process

claim is improper.

In order to properly reject claim 54, the prior art must show first and second

substrates each having an amorphized surface, the surfaces containing boron. The Office

-13-
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Action has not identified any reference having these elements. In other words, there has been

no case of obviousness or anticipation set forth in the Office Action. The claim has simply

been improperly treated as a method claim, while the claim recites no method elements, but

only structure. Accordingly, allowance of claim 54 is in order.

Regarding the rejection over Eda, the Office Action refers to reference numeral 8 as a

first amorphous layer formed in the first surface. Layer 8 is not an amorphous layer formed

in the first surface but is rather, as described in column 12 in Example 8, an inorganic thin

film formed on substrate 1. Claim 44 recites nearly amorphized layers formed in the surface

of the substrates. Here, layer 8 is an inorganic film formed on substrate 1. There is no

suggestion of any nearly amorphized layer in the surface of a substrate. There is only the

teaching of an inorganic thin film formed on a substrate. Accordingly there is clearly no

suggestion of claim 44 in Eda and withdrawal of this rejection is respectfully requested.

The same problems with the rejection of claim 54 over Kish noted above also apply to

Eda. There is no suggestion of any structure having an amorphized layer containing boron in

Eda. Treatment of the claim as a method or product-by-process claim is improper since

claim 54 only recites structure, and further the Office Action has identified no prior art

having the structure of claim 54. Accordingly, withdrawal of the rejection of claim 54 over

Eda is also respectfully requested.

In the rejection of claim 48 over the combination of Eda and Sato et al (hereafter

"Sate"), the Office Action refers to an layer 14 as an amorphous layer. The non-porous layer

14 is formed on layers 12 and 13. Claim 48 recites a nearly-amorphized layer formed in ihe

substrate and there is no suggestion of such a layer in SatQ. Clearly, Sat fails to disclose or

suggest the structure of claim 48 and thus the rejection over the combination of Eda and Sato

-14-
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also does not suggest the structure of claim 48. Accordingly, withdrawal of the rejection of

claim 48 is also respectfully requested.

It is respectfully submitted that the present application is in condition for allowance

and a favorable decision to that effect is respectfully requested.

Respectfully submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER & NEUSTADT, P.C.

Eckhard H. Kuesters
Registration No. 28,870

Carl E. Schlier
Registration No. 34,426
Attorneys of Record

i ll ll 11 lllllllIII ill01
22850

(703) 413-3000
(703) 413-2220 (fax)
EHK:CES/cct

I:\atty\CES\ 149840US-am.wpd
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149840US-20

IN THE SPECIFICATION

Please amend the paragraph on page 1, beginning at line 15 as follows:

--For many optoelectronic and electronic device applications, homo-epitaxial single

crystalline layers consisting of same material with same crystalline orientation but different

doping types or levels are necessary. For some device applications, active layers comprising

single crystalline dissimilar materials are required. The active layers should be high

crystallographic quality with interfaces that are thermally conductive and almost optical loss

free. Conventional hetero-epitaxial growth techniques applied to these lattice mismatchec

active layers usually result in a large density of threading dislocations in the bulk of the

layers. Bonding of single crystalline wafers of identical or dissimilar materials is an unique

alternative approach to the epitaxial growth. Not only highly lattice-mismatched wafers can

be bonded but also wafers with different crystalline orientations can be combined. Ideally,

the mismatches of single crystalline bonding wafers are accommodated by dislocations (in

lattice-mismatch case) or an amorphous layer (in orientation-mismatch case) localized at the

bonding interface with no defects generated in the bulk area. This approach is termed

[expitaxial-like] epitaxial-like bonding. The epitaxial-like bonding can also be employed to

prepare unique devices by integrating already processed device layers.--

Marked-Up Copy
Serial No: _09/635,272
Amendment Filed on:

June 21, 2001
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Please amend the paragraph on page 3, beginning at line 24 as follows:

--These and other objects of the present invention are provided by a method for

bonding first and second substrates including steps of preparing substantially oxide-free first

and second surfaces of respective first and second substrates, creating a surface defect region

in each of said first and second surfaces, and bonding said first and second surfaces.

Creating the defective region may include plasma-treating the first and second surfaces o c the

first and second substrates with a plasma, and preferably a boron-containing plasma. The:

plasma-treating step may utilize a plasma in reactive ion etch (RIE) mode using B2H6 gas,

and possibly a mixture of B2H6, He, and Ar gases. Other gas plasmas, such as [Armay] Ar

may also be used.--

Please amend the paragraph on page 13, beginning at line 14 as follows:

--A fourth embodiment of the present invention is to use As [(arseniic)] (arsenic) ion

implantation to silicon wafers to form an amorphous layer on the wafer surface. Method s;teps

for an As ion implantation treatment bonding process follow the steps shown in FIG. 1. After

cleaning [and removing any oxide layer], As ion implantation is performed at an energy of

180 keV with a dose of 9x l0 4/cm 2 . Anyoxidelayerthen is removed prior to bonding. The

As doping concentration peak of 8x10 19/cm3 is located at -1 150 A from the silicon surface.

Although this implantation induced a very low As doping on the wafer surface, an

amorphous layer with 1650 A thick was formed as confirmed both by a Monte Carlo

simulation and TEM measurement (FIG. 10). The thickness of the amorphous layer can vary

and is not limited to the value of this example. For instance, other ions may be implanted to

create the amorphous layer. Arsenic is a dopant, and there are applications when it is desired

not to dope the substrate so another ion, such as a non-doping ion like Ar, would be chosen.--

-17-
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INTHE CLAIMS

44. (Amended) A bonded structure, comprising:

a first substrate having a first surface, a first [amorphous] nearly-amorphized layer

formed in said first surface; and

a second substrate having a second surface, a second [amorphous] nearly:amorphized

layer formed in said second surface;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

45. (Amended) A structure as recited in claim 44, comprising:

one of said first and second substrates of said bonded pair having a third surface, s;aid

third surface having [an amorphous] a.nearly-amorphized layer;

a third substrate having a fourth surface, a fourth [amorphous] nearly-anmorphized

layer formed in said fourth surface; and

said third surface bonded to said fourth surface.

48. (Amended) A structure as recited in claim 44, wherein:

said first and second substrates comprise respective first and second semiconductor

devices[;

said first surface comprises a substantially planar surface of a first silicon layer

formed on said first device; and

said second surface comprises a substantially planar surface of a second silicon layer

formed on said second device].

54. (Amended) A bonded structure, comprising:

a first substrate having an amorphized first surface, [and] said first surface containing

boron;
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a second substrate having an amorphized second surface, [and] said second surface

containing boron; and

said first surface being bonded to said second surface to form a bonded pair of

substrates.

-19-

 
Page 123 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Trsc-om Hwy Dist 2f0(01-0 7
Wa ikstnv*n M >**vd from U SPTO Pad1a
Apad n Inlkol aemR viv (P- )

yarln onerd fttuww.wpln I

UNITED STAI L, DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY OCKITNO

EXAMINER

ART UNIT PAPER NUMBER.I.. F. L. .. \)

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or
proceeding.

Commissioner of Patents ard Trademarks

PTO-90C (Rev. 2/95)
1- Fi e Copy

 
Page 124 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Application No.

091635,272 TONG, QIN-YI

Office Action Summary Examiner Art Unit

Jose R. Diaz 2815
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence adaress --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.

f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mrading dale of this cornmuni-ation.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.SC. § 133).

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)® Responsive to communication(s) filed on 21 June 2001.

2a)® This action is FINAL. 2b)O This action is non-final.

3)O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)® Claim(s) 44-108 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5)- Claim(s) is/are allowed.

6)[ Claim(s) 44-108 is/are rejected.

7)O Claim(s) is/are objected to.

8)- Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)i The specification is objected to by the Examiner.

10)- The drawing(s) filed on is/are: a)O accepted or b)O7 objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)0 The proposed drawing correction filed on is: a)OI approved b)O disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.

12)- The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120

13)OI Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)O All b)O Some * c)O None of:

1.0 Certified copies of the priority documents have been received.

2.- Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

14)1 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) O The translation of the foreign language provisional application has been received.

15)I Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 4) ] Interview Summary (PTO-413) Paper No(s). __

2) O Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) O Notice of Informal Patent Application (PTO0-152)
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Application/Control Number: 09/635,272 Page 2

Art Unit: 2815

DETAILED ACTION

Claim Objections

> Claim 80 is objected to because of the following informalities: the phrase --

covalent bonds-- should be added between "boron-boron" and "formed between..."

Appropriate correction is required.

> The numbering of claims is not in accordance with 37 CFR 1.126 which

requires the original numbering of the claims to be preserved throughout the

prosecution. When claims are canceled, the remaining claims must not be renumbered.

When new claims are presented, they must be numbered consecutively beginning with

the number next following the highest numbered claims previously presented (whether

entered or not).

Misnumbered claims 102-109 been renumbered 101-108.Claim Rejections - 35

USC § 112

> The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

> Claims 68, 82, 101, and 103 are rejected under 35 U.S.C. 112, second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the

subject matter which applicant regards as the invention. It is not clear to the Examiner

the range of thickness claimed by Applicant. Correction is required.

Claim Rejections - 35 USC § 102

> The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102

that form the basis for the rejections under this section made in this Office action:

 
Page 126 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Application/Control Number: 09/635,272 Page 3

Art Unit: 2815

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in aublic
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

> Claims 44, 47, 50, 70-71, 74-75, 77, 81-82, 86, 88, 92, 95-96, 103 and 107

are rejected under 35 U.S.C. 102(b) as being anticipated by Takagi et al.

("Transmission Electron Microscope Observations of Si/Si Interface Bonded at Room

Temperature by Ar Beam Surface Activation", Jpn. J. Appl. Phys. Vol. 38, Part 1, No.

3A, pp. 1589-1594, March 1999).

Regarding claims 44, 47, 50, 70-71, 74-75, 77, 81-82, 86, 88, 92, 95-96, 103 and

107, Takagi et al. teach a bonded structure (see pages 1589-1594) comprising: a first

substrate having a first surface, a first nearly-amorphized layer formed in said first

surface; and a second substrate having a second surface, a second nearly-amorphized

layer formed in said second surface; said first surface being bonded to said second

surface to form a bonded pair of substrates (see Figure 2). Furthermore, Takagi et el.

teach that nearly-amorphized layers are formed in substantially oxide-free surfaces (see

Figure 2).

Claim Rejections - 35 USC § 103

> The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.
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Art Unit: 2815

> Claims 44-108 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Kish, Jr. et al, (US Patent No. 5,783,477) in view of Fujii et al. (US Patent No

4,963,505).

Regarding claims 44, 47-48, 53-54, 58-59, 63-64, 66, 68-69, 74, 80-83, 86, 91-

92, 95-96, and 100-105, Kish, Jr. et al. teach a bonded structure (see columns 1-10)

comprising: a first substrate having a first surface (95), a first amorphous layer (91)

formed in said first surface; and a second substrate having a second surface (93), a

second amorphous layer (91) formed in said second surface; said first surface being

bonded to said second surface to form a bonded pair of substrates (see Figure 9).

Furthermore, Kish, Jr. et al. teach that the amorphous layers are formed by ion

implantation (see col. 8, lines 22-25). However, Kish, Jr. et al. do not teach the type of

impurities used to form the amorphous layer during the ion implantation step. Fujii et al.

teach that is well known in the art to form nearly-amorphized layers by implanting ions

(i.e. boron or arsenic) in a polycrystalline silicon layer (see col. 8, lines 6'1-65.).

Therefore, it would have been obvious to one having ordinary skill in the art at the same

time the invention was made to modify Kish, Jr. et al. to include the limitation of fo-ming

the nearly-amorphized layer by implanting boron or arsenic in a substrate comprised of

a polysilicon layer. The ordinary artisan would have been motivated to modify Kish, Jr.

et al. in the manner described above for at least the purpose of providing a

semiconductor device that can operate effectively without being influenced by vari.ations

of the electric potential in the substrate.
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Regarding claims 46, 55, 62, 73, 85 and 94, Kish, Jr. et al. teach that the

substrates are selected from Si, InGaAs, inP, GaAs, Ge and SiC (see col. 3, lines. 51-

67).

Regarding claims 67, 70-71 and 75, Kish, Jr. et al. teach that the first and second

surfaces are substantially oxide-free (see Figure 9).

Regarding claims 45, 60-61, 72, 84, and 93, it would have been obvious to one

having ordinary skill in the art at the time the invention was made to bond additional

substrates to the bonded structure since it has been held that mere duplication of the

essential working parts of a device involves only routine skill in the art. St. Regis Paper

Co. v. Bemis Co., 193 USPQ 8.

Regarding claims 49-52, 56-57, 65, 76-79, 87-90, 97-99 and 106-108 the

claim(s) contain method of making characteristics (i.e. "exposed to a boron-containing

plasma", "exposed to an inert gas plasma", "implanted with boron", and "implantec with

arsenic") given no patentable weight in determining patentability of the final device

structure. Note that a "product by process" claim is directed to the product per se, no

matter how actually made, in re Brown, 173 USPQ 685; In re Luck, 177 USPQ 523; In

re Fessmann, 180 USPQ 324; In re Avery, 186 USPQ 161; In re Wertheim, 191 USPQ

90 (209 USPQ 554 does not deal with this issue); In re Marosi et al, 218 USPQ 289;

and particularly In re Thorpe, 227 USPQ 964, all of which make it clear that it is the

patentability of the final product per se which must be determined in a "product by

process" claim, and not the patentability of the process, and that an old or obvious

product produced by a new method is not patentable as a product, whether claimed in
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Art Unit: 2815

"product by process" claims or not. Note that applicant has the burden of proof in such

cases, as the above case law makes clear.

Response to Arguments

> Applicant's arguments with respect to claims 44-108 have been considered

but are moot in view of the new ground(s) of rejection.

Conclusion

> Applicant's amendment necessitated the new ground(s) of rejection presented

in this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37

CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is~ not

mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

the advisory action. In no event, however, will the.statutory period for reply expire later

than SIX MONTHS from the date of this final action.

Correspondence

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Jos6 R. Diaz whose telephone number is (703) 308-

6078. The examiner can normally be reached on 8:00 - 5:00 Monday through Fridays.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers

for the organization where this application or proceeding is assigned are (703) 308-7722

for regular communications and (703) 308-7722 for After Final communications.

Any inquiry of a general nature or relating to the status of this applicaticn or

proceeding should be directed to the receptionist whose telephone number is (703) 308-

0956.

JRD
September 10, 2001

EDDIE LEE
SUPERVISORY PATENT EXAMINER

TECHNOLOGY ENTER 28M
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Interview Summary

Application No.

09/635,272

Examiner

Jose R. Dfaz

Applicant(s)

TONG, QIN-YI ,7j jIs i
Art Unit I

2815

All participants (applicant, applicant's representative, PTO personnel):

(1) Jose R. Diaz.

(2) Eddie Lee.

Date of Interview: 05 December 2001 .

Type: a)O Telephonic b)[ Video Conference
c)® Personal [copy given to: 1)O applicant

Exhibit shown or demonstration conducted: d)O Yes
If Yes, brief description:

(3)Carl Schlier.

(4)

2)2 applicant's representative]

e)® No.

Claim(s) discussed: 44-108.

Identification of prior art discussed: Takagi et al.; Kish, Jr. et al.; and Fuii et al .

Agreement with respect to the claims f)O was reached. g)® was not reached, h)O N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Discussion focused on the oustanding grounds of rejection. Applicant arued the
different between the structure of the references and the invention. Further, Applicant argued how the re ereence
does not show a nearly amorphized layer.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

i)O It is not necessary for applicant to provide a separate record of the substance of the interview(if box is
checked).

Unless the paragraph above has been checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office
action has already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on
reverse side or on attached sheet.

Examiner Note: You must sign this form unless it is an
Attachment to a signed Office action. Examiner's signature, if required

U.S. Patent and Trademark Office
PTO-413 (Rev. 03- 98)PTQ-413 (Rev. 03- 98) Interview summary Paper No. 10.

1 -

Interview Summary Paper No. 10.
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Docket No. 149840US-20 "RESPONSE UNDER 37 CFR 1.116-
IN RE APPLICATION OF: Qin-Yi TONG EXPEDITED OCEDURE EXAMINING

SERIAL NO: 09/635,272 GROUP ~I

FILED: August 9, 2000

FOR: A METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE...

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:
Transmitted herewith is an amendment in the above-identified application.

No additional fee is required

Small entity status of this application under 37 C.F.R. § 1.9 and §1.27 is claimed.

Additional documents filed herewith: Marked-Up Copy

The Fee has been calculated as shown below: a

HIGHEST
CLAIMS NO. EXTRACLAIMSREMAINING NUMBER CLAIMS RATE CALCULATIONS

PREVIOUSLY PAID

TOTAL 61 MINUS 66 0 x $18 = $0.00

INDEPENDENT 6 MINUS 6 0 x $84 = $0.00

0 MULTIPLE DEPENDENT CLAIMS + $280 = $0.00

TOTAL OF ABOVE CALCULATIONS $0.00

o Reduction by 50% for filing by Small Entity $0.00

o Recordation of Assignment + $40 = $0.00

TOTAL X0.00

Q A check in the amount of is attached.

g Please charge any additional Fees for the papers being filed herewith and for which no check is enclosed herewith, or
credit any overpayment to deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

g If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby made under
37 C.F.R. § 1.136, and any additional fees required under 37 C.F.R. §1.136 for any necessary extension of time nray be
charged to Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

11 I 111 111l Illll Illllll II
22850

Tel. (703)413-3000
Fax. (703) 413-2220
(OSMMN 10/00)

EHK/CES/maj

OBLON, SPIVAK, McCLELLAND,
MAI & NEUSTADT, P.C.

Eckhard H. Kuesters
Registration No. 28,870

Carl E. Schlier
Registration No. 34,426

_1

1
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"RESF ;E LINDER 37 CFR 1.116-
EXPELj, ..i PROCEDJRE EXAMINING
GROUP A 0 "g

149840US-20

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

IN RE APPLICATION OF: :

QIN-YI TONG : EXAMINER: J. DIAZ

SERIAL NO: 09/635,272

FILED: AUGUST 9, 2000 : GROUP ART UNIT: 2815

FOR: METHOD OF EPITAXIAL-LIKE ,
WATER BONDING AT LOW
TEMPERATURE AND r-
BONDED STRUCTURE c-< T

AMENDMENT UNDER 37 CFR §1.116 --

03

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:

Responsive to the Office Action dated September 17, 2001, please amend the above-

identified application as follows:

IN THE CLAIMS

Please cancel claims 50, 77, 88, 98 and 108 without prejudice.

Please amend the claims as shown in the marked-up copy to read as follows:

4. (Twice Amended) A bonded structure, comprising:

a first substrate having a first surface, a first nearly-amorphized layer containing one

of boron and arsenic formed uniformly over said first surface; and

a second substrate having a second surface, a second nearly-amorphized layer

containing one of boron and arsenic formed uniformly over said second surface;

-1-

, <)*
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said first surface being bonded to said second surface to form a bonded pair of

substrates.

/ . /. (Amended) A bonded structure, comprising:

a first substrate having a first surface, substantially all of said first surface being

amorphized and containing boron;

a second substrate having a second surface, substantially all of said second surface

being amorphized and containing boron; and

said first surface being bonded to said second surface to form a bonded pair of

substrates.

sub .5f (Am ended) A bonded structure, comprising:

a first substrate having a first surface, a first amorphous arsenic-containing layer

formed in substantially all of said first surface; and

a second substrate having a second surface, a second amorphous arsenic-containing

layer formed in substantially all of said second surface;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

(Amended) A bonded structure, comprising:

a first substrate having a substantially oxide-free first surface, a substantial portion of

said first surface being amorphized and containing one of boron and arsenic; and

a second substrate having a substantially oxide-free second surface, a substantial

portion of said first surface being amorphized and containing one of boron and arsenic;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

.3 9 (Amended) A bonded structure, comprising:

-2-
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a first substrate of substantially one first material amorphized substantially only in a

first surface of said first material and containing one of boron and arsenic; and

a second substrate of substantially one second material amorphized substantially only

in a second surface of said second material and containing one of boron and arsenic;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

REMARKS

Favorable reconsideration of this application is respectfully requested.

Claims 44-49, 51-76, 78-87, 89-97 and 99-109 are now present in this application,

claims 50, 77, 88, 98 and 108 being canceled by way of the present amendment. Claims 68,

82, 101 and 103 stand rejected under 35 U.S.C. §112, second paragraph. Claims 44, 47, 50,

70, 71, 74, 75, 77, 81, 82, 86, 88, 92, 95, 96, 103 and 107 stand rejected under 35 U.S.C.

§102(b) as anticipated by Takagietal. Claims 44-108 stand rejected over U.S. 5,783,47'7

(Kish, Jr.et al) in view of U.S. 4,963,505 (Fujii et al).

The § 112 rejection is based on lack of definiteness regarding the recited range. The

word "few" appears to be the source. A "few" is an easily understood value. One skilled in

the art would not be confused by what constitutes, for example, a few nm. Withdrawal cf

this rejection is respectfully requested.

The Applicants greatly appreciate the interview with Examiner Diaz, and his

supervisor Mr. Lee. During the interview the differences between the claimed invention and

the prior art was discussed in detail. Specifically, Kish, Jr. et al (hereafter "Kish"), discloses

layer 95 formed on the semiconductor layer and amorphous or polycrystalline regions 91

formed in a layer 95. Regions 91 are formed by selective patterning (see column 8, lines 18-

-3-
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32) and are useful to direct current flow through the bonded structure (see FIG. 9). As

pointed out in column 8, lines 25-32, the areas where regions 91 meet create non-ohmic

contact regions. As the main purpose of Kish is to form an ohmic contact (see the Abstract,

for example), one skilled in the art would clearly not form regions 91 uniformly over the

surface or over a substantial portion of the surface since the resulting large or complete non-

ohmic contact would defeat the whole purpose of trying to form an ohmic contact.

There was some questions raised by Examiners Diaz and Lee over the terms like

"substantial" and "uniform" regarding support in the specification and definiteness. The

description clearly shows the treatment to produce the amorphized or nearly-amorphized

surfaces, such as the non-limiting example of FIG. 2 where surface 202 extends over a

substantial portion of the substrate. The support is clear. A term like "substantial" is very

often used in this art recognizing that "substantially" is accurate as there may be some

incompleteness or nonuniformity due to the realities of physical materials, or the presence of

some structure or material on the surface preventing completeness or absoluteness. Terms

like "substantial" as used in the claims are definite and convey the subject matter of the

invention sought to be protected to one skilled in the art.

Clearly, in Kish, there is no suggestion of any nearly-amorphized layer in claim 44,

the amorphized surface of claim 54, the amorphous layer of claim 59, the amorphized su::face

of claim 70, or the surface of claim 92. Kish does not suggest the claimed surfaces but

clearly only has specific regions containing amorphous or polycrystalline material to direct

current flow.

The Eujitetal patent is only offered to teach implanting certain species. Even if this

reference could be combined with Kish, only the same regions in Kish would result. The

combination also does not suggest the claimed invention.

-4-
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The pending claims as amended above were also not rejected over Takagi et al. The

pending claims are patentable over Takagetal.

Claim 81 recites the depth of the region to be a few nm, which has not been shown in

any reference or is even discussed in the Office Action. The Office Action demonstrates that

the burden of showing every element of claim 81 to be disclosed or suggested by the pricr art

has not been met. Thus, allowance of claim 81 is in order.

The present amendment is submitted under the provisions of 37 CFR § 1.116

governing the entry of amendments after final rejection. As stated in MPEP §712.14,

amendments placing an application in condition for allowance may be entered. The

amendments above are believed to place the application in condition for allowance. Also,

Examiners Diaz and Lee recognized that there were issues regarding the appropriateness of

the rejections based upon the language of the claims pending before the issuance of this

Office Action, such as claim 83 reciting a substantial portion and claim 81 reciting a dept:h of

the regions. Closing examination at this point does not appear to be warrented.

It is respectfully submitted that the present application is in condition for allowance

and a favorable decision to that effect is respectfully requested.

_1 I
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Respectfully submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER & NEUSTADT, P.C.

Eckhard H. Kuesters
Registration No. 28,870
Carl E. Schlier
Registration No. 34,426
Attorneys of Record

111!111III II I 11 lII I III
22850

(703) 413-3000
(703) 413-2220
EHK/CES/maj
1:\atty\CES\ 149840US-af.wpd
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149840US-20

IN THE CLAIMS

44. (Twice Amended) A bonded structure, comprising:

a first substrate having a first surface, a first nearly-amorphized layer containing.jne_

-fboron and arsenic formed [in] uniformlyoer said first surface; and

a second substrate having a second surface, a second nearly-amorphized layer

containing_one_ofboron anLarsenic formed [in] uniformly ovY said second surface;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

54. (Amended) A bonded structure, comprising:

a first substrate having [an amorphized] a first surface, substantially_allof said first

surface being amorphized and containing boron;

a second substrate having [an amorphized] a second surface, substantially all of said

second surface being amorphized and containing boron; and

said first surface being bonded to said second surface to form a bonded pair of

substrates.

59. (Amended) A bonded structure, comprising:

a first substrate having a first surface, a first amorphous arsenic-containing layer

formed in substantillya of said first surface; and

Marked-Up Copy
Serial No: 09/635,272
Amendment Filed

I '2 , J/ -0/

I
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a second substrate having a second surface, a second amorphous arsenic-containing

layer formed in substantiallyalLof said second surface;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

70. (Amended) A bonded structure, comprising:

a first substrate having [an amorphized] a substantially oxide-free first surfacea

sl-ubstantial portion of said firstsurface being amorphized and containingong_QfboQron_ and

arsenic; and

a second substrate having [an amorphized] a substantially oxide-free second surface,

asubhstantial portion of said ftirstsurfacbeing amorphized and containing one of bQoron nd

arsen i;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

92. (Amended) A bonded structure, comprising:

a first substrate of substantially one first material amorphized substantially only in a'

first surface of said first material and containingoneof boron and arsenic; and

a second substrate of substantially one second material amorphized substantially only

in a second surface of said second material and containing one of boron and arsenic;

said first surface being bonded to said second surface to form a bonded pair of

substrates.

-8-
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UNITED STATES PATENT AND IkhDEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMER9'E
United States Pntent and T'radenrk Office
Address COMMISSIOIIER OF PATENTS AND IAADEMARKS

Washington, T.C 20231

www.uspL, gou

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

09/635,272 08/09/2000 Qin-Yi Tong 2025-0180-20 5(12

22850 7590 12/21/2001

OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT PC
FOURTH FLOOR
1755 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VA 22202

EXAMINER

DIAZ, JOSE R

ART UNIT PAPER NUMBER

2815

DATE MAILED: 12/21/2001 f9 }

Please find below and/or attached an Office communication concerning this application or proceeding.
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Advisory Action

Application No.

09/635,272

Examiner

Jose R. Diaz

Applicant(s)

TONG, QIN-YI

Art Unit

2815

--The MAILING DATE of this communication appears on the cover sheet with the correspondence ado'ress --

THE REPLY FILED 07 December 2001 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply t3 a
final rejection under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Ccntinued
Examination (RCE) in compliance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]

a) [ The period for reply expires 3months from the mailing date of the final rejection.
b) O The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is ;iter. In no

event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under
37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; ol (2) as set forth in
(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

1.0 A Notice of Appeal was filed on . Appellant's Brief must be filed within the period set forth in
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.® The proposed amendment(s) will not be entered because:

(a) ® they raise new issues that would require further consideration and/or search (see NOTE below);

(b) O they raise the issue of new matter (see Note below);

(c) O they are not deemed to place the application in better form for appeal by materially reducing or simplifying the
issues for appeal; and/or

(d) Q they present additional claims without canceling a corresponding number of finally rejected cla ms.

NOTE: See Continuation Sheet.

3.0 Applicant's reply has overcome the following rejection(s):

4.0 Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment
canceling the non-allowable claim(s).

5.0 The a)O affidavit, b)[I exhibit, or c)O request for reconsideration has been considered but does NOT place the
application in condition for allowance because:

6.7 The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
raised by the Examiner in the final rejection.

7.® For purposes of Appeal, the proposed amendment(s) a)[ will not be entered or b)O will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:

Claim(s) allowed:

Claim(s) objected to:

Claim(s) rejected: 44-108.

Claim(s) withdrawn from consideration:

8.0 The proposed drawing correction filed on is a)I approved or b)O (

9.0 Note the attached Information Disclosure Statement(s)( PTO-1449) Paper N,

10.0 Other: (

by the Examiner.

- ("DD1E LEE
SUPERfVIlSOrY PATENT EXAMIvNERF

TECHN1OLOY C(ENTER 280(ll
U.S. Patent and Trademark Office

PTO-303 (Rev. 04-01)

j / I

-- "

Part of Paper N~o. 12'Advisory Action
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Continuation Sheet (PTO-303) Application No.
69165,272

Continuation of 2. NOTE: The limitation regarding the amorphized substrate in the claimed device, as presented in the amendment,
sets forth subject matter which was not considered in the finally rejected claim and hence presents new issues which require further
consideration and/or search.

 
Page 145 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Transaction History Date 200o-12-2 6
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Application Information Retrieval (PAIR)

system recorda at www.uepto.gov

Docket No. 149840US

IN RE APPLICATION OF:

SERIAL NO: 09/635,27

FILED:

FOR:

20S20 DEC 2 6 2001
IN THE UNI STATES P ENT AND TRADEMARK OFFICE

Qin-Yi TONG 5 T .)*

2

Ji~s5

GAU: 2815

August 9, 2000 EXAMINER: DIAZ, J. I

A METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE AND BONDED STRUCTURE

INFORMATION DISCLOSURE/RELATED CASE STATEMENT UNDER 37 CFR 1.97

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:
Applicant(s) wish to disclose the following information.

REFERENCES
" The applicant(s) wish to make of record the references cited in the attached PCT International Search Report listed on the

attached form PTO-1449. Copies of the listed references are attached, where required, as are either statements of relevancy
or any readily available English translations of pertinent portions of any non-English language references.

" A check is attached in the amount required under 37 CFR § 1.17 (p).

RELATED CASES
O Attached is a list of applicant's pending application(s) or issued patent(s) which may be related to the present application.

A copy of the patent(s), together with a copy of the claims and drawings of the pending application(s) is attached along
with PTO 1449.

O A check is attached in the amount required under 37 CFR § 1.17(p).

CERTIFICATION
* Each item of information contained in this information disclosure statement was first cited in any communication from a

foreign patent office in a counterpart foreign application not more than three months prior to the filing of this statement.

O No item of information contained in this information disclosure statement was cited in a conmmunication from a foreign
patent office in a counterpart foreign application or, to the knowledge of the undersigned, having made reaso cable inquiry,
was known to any individual designated in 37 CFR § 1.56(c) more than three months prior to the filing of this statement.

DEPOSIT ACCOUNT
* Please charge any additional fees for the papers being filed herewith and for which no check is enclosed here with, or credit

any overpayment to deposit account number 15-0030. A duplicate copy of this sheet is enclosed.

Respectfully submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER NEUSTADT, P.C.

22850
Tel. (703) 413-3000
Fax. (703) 413-2220
(OSMMN 10/98)

EHK:CES:brf
l:\atty\CES\149840.1DIS Trans wpd

Eckhrd . Kuesters
Regi tra n No.

Carl E. Schlier
Registration No.

28,870

34,426

James D. Hamilton
Registration No. 28,421

-- - t .I
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SHEET 1 OF 1
Form PTO 1449 U.S. DEPAR OMMERCE ATTY DOCKET NO. SERIAL NO.
(Modified) PATENT \ MA OFFICE 149840US20 09/635,272

O i C APPLICANT
LIST OF REFERENCES ITED BY APPLICAN, Qin-Yi TONG

.. 26 t FILING DATE GROUP
August 9, 2000 2815

U.S. PATENT DOCUMENTS

EXAMINER DOCUMENT DATE NAME CLASS SUB FILING DATE
INITIAL NUMBER CLASS IF APPROPRIATE

AA 5,783,477 7/21/98 Kish, Jr. et al.

AB 4,963,505 10/16/90 Fujii et al,.

AC 6,246,068 6/12/01 Sato et al.

AD 6,255,731 7/3/01 Ohmi et al. -

AE 6,143,628 11/7/00 Sato et al.

AF 6,120,917 9/19/00 Eda

AG

AH

Al

AJ

AK

AL

AM

AN

FOREIGN PATENT DOCUMENTS

DOCUMENT TRANSLATION
NUMBER YES NO

AO

AP

AQ

AR

AS

AT

AU

AV

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, etc.)

AW

AX

AY

AZ

Em Date Considered ",_.

*Examiner: Ini f -issidered, whether or not citation is in conformance with MPEP 609; Draw line through citation i" not i1
conform not considered. Include copy of this form with next communication to applicant.

EHK CES brf
1:\atty\CES\i49840 PTO-1449.wpd
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Docket No.: C149840US-20

UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLITC'iWN OF: Qin-Yi TONG

SERIAL NO: 09/635,272

FILED: August 9, 2000

FOR: A METHOD OF EPITAXIAL-LIKE WAFER BONDING...

GAU: 2815

EXAMINER: Jose DIAZ -Vl C

-/ //Apce
REQUEST FOR CONTINUED EXAMINATION (RCE) TRANSMITTAL

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:

This is a request for Continued Examination (RCE) under 37 C.F.R. §1.1 14 of the above-identified applicatioin
rnr

Submission required under 37 C.F.R. §1.114
I-

Previously Submitted: ,

* Consider the amendment(s)/reply under 37 C.F.R. §1.116 previously filed on December 7, 2001 -

o Consider the arguments in the Appeal Brief or Reply Brief previously filed on
Enclosed: r

o Amendment/Reply o
co

0 Information Disclosure Statement (IDS)

0 Other:

FEES RATE CALCULATIONS.
o Suspension of action on the above-identified application is requested

under 37 C.F.R. §1.103(c) for a period of months. $130.00 $0.00

RCE Fee required under 37 C.F.R. § 1.17(e) $740.00 $740.00

M A ONE MONTH EXTENSION OF TIME IS REQUESTED $110.00

TOTAL OF ABOVE CALCULATIONS: $850.00

REDUCTION BY 50% FOR FILING AS SMALL ENTITY $-425.00

TOTAL: $:425.00

D A check in the amount of $0.00 is enclosed

* Please charge any additional Fees for the papers being filed herewith and for which no check is enclosed herewith, or credit any overpayment
to Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

* If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby made under 37 CFR 1.136, and
any additional fees required under 37 CFR 1.136 for any necessary extension of time may be charged to Deposit Account No. 15-0030. A
duplicate of this sheet is enclosed.

Respectfully Submitted,

O O 0, SPIVAK, McCLELLAND,
BAIER & N USTADT PrC

22850 Eckhard H. Kuesters
Customer Number 22850 Registration No. 28,870Tel. (703) 413-3000
Fax. (703) 413-2220 Carl E. Schlier

Registration No. 34,426
EHK/CES/maj
1:\atty\CES\149840US.rce.wpd

G/

_1
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Docket No. 149840US-20 - R.-

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF: Qin-Yi TONG GAU: 2815

SERIAL NO: 09/635,272 EXAMINER: J. DIAZ

FILED: August 9, 2000

FOR: A METHOD OF EPITAXIAL-LIKE WAFER BONDING

REQUEST FOR EXTENSION OF TIME
UNDER 37 C.F.R. 1.136

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:

It is hereby requested that a one month extension of time be granted to January 17, 2002 for

o filing a response to the Official Action dated:

O responding to the requirements in the Notice of Allowability dated:

O filing the Formal Drawings. The Issue Fee due has been timely filed.

O responding to the Notice to File Missing Parts of Application dated: , .. i

* filing an RCE. A timely response to the final rejection, due December 17, 20Q1 h-been filed-i3
0- rC

o filing an Appeal Brief. A Notice of Appeal was filed on: c 2 C7

* Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown below is r, uced by orialf.

The required fee of $55.00 is enclosed herewith by check and any further charges may be made against the t orney of
Record's Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed. cC

Respectfully Submitted,

O N, SPIVAK, McCLELLAND,
AIEK~i II iUSTA, T P.C

22850 Eckhard H. Kuesters
Tel. (703) 413-3000 Registration No. 28,870
Fax. (703) 413-2220
(OSMMN 11/98) Carl E. Schlicr

Registration No. 34,426
EHK/CES/maj
II:\Filler Work\149840US.cotl.wpd
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF CONWER(.
United Stat,, Patont and 'I'-ndark Oft oe

Add.a.: COM NSI SIONER OF PATENTS AND TRADE[ARKS{
Washingto. D C xO231
www. aaYn go

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMTION NO.

09/635,272 08/09/2000 Qin-Yi Tong 2025-0180-20 5012

22850 7590 04/10/2002

OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT PC
FOURTH FLOOR
1755 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VA 22202

EXAMINER

DIAZ, JOSE R

ART UNIT PAPER UMBE.R

2815 I J
DATE MAILED: 04/10/2002

/L

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 07-01)

I~
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Office Action Summary

Application No.

09/635,272

Examiner

Jose R. Diaz

Applicant(s)

TONG, QIN-YI

Art Unit

2815
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
* If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this commurnication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).
Status

1)2 Responsive to communication(s) filed on 17 January 2002.

2a)O This action is FINAL. 2b)] This action is non-final.

3)O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 44-49.51-76,78-87,89-97 and 99-107 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5)O- Claim(s) is/are allowed.

6)0 Claim(s) 44-49,51-76,78-87, 89-97 and 99-107 is/are rejected.

7)0 Claim(s) is/are objected to.

8)I Claim(s) are subject to restriction and/or election requirement.
Application Papers

9)O The specification is objected to by the Examiner,

10)O The drawing(s) filed on __ is/are: a)O accepted or b)- objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)O The proposed drawing correction filed on is: a)O approved b)O disapproved by the Examiner.
if approved, corrected drawings are required in reply to this Office action.

12)- The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119 and 120

13)i- Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)O All b)O Some * c)] None of:

1.0 Certified copies of the priority documents have been received,

2.0 Certified copies of the priority documents have been received in Application No.

3.1 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

14)O Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) O The translation of the foreign language provisional application has been received.
15)O Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) ] Notice of References Cited (PTO-892) 4) O Interview Summary (PTO-413) Paper No's).

2) O Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) O Notice of Informal Patent Application (PTO-152)
3) ® Information Disclosure Statement(s) (PTO-1449) Paper No(s) 13. 6) O] Other:

U S Patent and Trademark Office
PTO-326 (Rev. 04-01)PTQ-326 (Rev. 04-01) Office Action Summary Part of Pap~r No. 16

Part of Paper No. 16Office Action Summary
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Application/Control Number: 09/635,272 Page 2
Art Unit: 2815

DETAILED ACTION

Continued Examination Under 37 CFR 1.114

> A request for continued examination under 37 CFR 1.114, including the fee

set forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this

application is eligible for continued examination under 37 CFR 1.114, and the fee set

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

December 7, 2001 has been entered.

Claim Rejections - 35 USC § 112

> The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall.conclude with one or more claims.particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

> Claims 64 and 75 are rejected under 35 U.S.C. 112, second paragraph, as

being indefinite for failing to particularly point out and distinctly claim the subject matter

which applicant regards as the invention.

Claims 64-65 recite the limitation "said first device". There is insufficient

antecedent basis for this limitation in the claim.

Claim Rejections - 35 USC § 102

> The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102

that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the Un ted
States.
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Application/Control Number: 09/635,272 Pag! 3

Art Unit: 2815

> Claims 81-83 and 85-86 rejected under 35 U.S.C. 102(b) as being anticioated

by Kish, Jr et al. (US Patent No. 5,783,477).

Regarding claims 81-83, Kish, Jr. et al. teach a bonded structure (see columns 1-

10) comprising: a first substrate having a first surface (95), a first amorphous layer (91)

formed in said first surface; and a second substrate having a second surface (S3), a

second amorphous layer (91) formed in said second surface; said first surface being

bonded to said second surface to form a bonded pair of substrates (see Figure 9).

Furthermore, Kish, Jr. et al. teach that the amorphous layers are formed by iol

implantation (see col. 8, lines 22-25).

Regarding claims 85-86, Kish, Jr. et al. teach that the substrates are selected

from Si, InGaAs, InP, GaAs, Ge and SiC (see col. 3, lines 51-67).

Claim Rejections - 35 USC § 103

> The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as se::
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter perlains.
Patentability shall not be negatived by the manner in which the invention was made.

> Claims 44-48, 52, 59-75, 78-79, 81-86, 89-90, 92-96, 99-101, 103-104, and

107 are rejected under 35 U.S.C. 103(a) as being unpatentable over Takagi et al.

("Transmission Electron Microscope Observations of Si/Si Interface Bonded at Room

Temperature by Ar Beam Surface Activation", Jpn. J. Appl. Phys. Vol. 38, Part 1, No.

3A, pp. 1589-1594, March 1999) in view of Fujii et al. (US Patent No. 4,963,505).
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Application/Control Number: 09/635,272 Page 4
Art Unit: 2815

Regarding claims 44 and 52, 59, 61, 64-71, 75, 78-79, 81-83, 89-90, 92, 99-.101,

103-104, and 107, Takagi et al. teach a bonded structure (see pages 1589-1594)

comprising: a first substrate having a first surface, a first nearly-amorphized layer

formed in said first surface; and a second substrate having a second surface, a second

nearly-amorphized layer formed in said second surface; said first surface being bonded

to said second surface to form a bonded pair of substrates (see Figs. 2-3 and

"Discussion" on pages 1591-1593). Furthermore, Takagi et al. teach that nearly-

amorphized layers are formed in substantially oxide-free surfaces (see Figure 2).

However, Takagi et al. fails to teach first and second nearly-amorphized layers

containing one of boron and arsenic. Fujii et al. teach that is well known in the art to

form nearly-amorphized layers by implanting ions (i.e. arsenic) in a polycrystalline

silicon layer (see col. 8, lines 61-65). Therefore, it would have been obvious tc one

having ordinary skill in the art at the same time the invention was made to modify

Takagi et al. to include the limitation of incorporating arsenic ions in a surface of a

substrate such that a nearly-amorphized layer is created in the substrate. The ordinary

artisan would have been motivated to modify Takagi et al. in the manner described

above for at least the purpose of providing a semiconductor device that can oparate

effectively without being influenced by variations of the electric potential ir the

substrate.

Regarding claims 45, 60, 72, 84, and 93, the combination Takagi et al. in view of

Fujii et al. discloses the claimed invention except for the duplication of part in which an

additional nearly-amorphized substrate is bonded to a previous bonded structure. It
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Application/Control Number: 09/635,272 Page 5

Art Unit: 2815

would have been obvious to one having ordinary skill in the art at the time the invention

was made to bond additional nearly-amorphized substrates since it has been held that

mere duplication of the essential working parts of a device involves only routine skill in

the art. St. Regis Paper Co. v. Bemis Co., 193 USPQ 8.

Regarding claims 46-47, 62-63, 73-74, 85-86, and 94-96, Takagi et al. teach that

the substrates are formed of Si (see pages 1589-1593).

Regarding claims 48, Takagi et al. teach that the first and second substrates

comprise respective first and second semiconductor devices (see Introduction and

Experimental on pages 1589-1590).

> Claims 44-49, 51-76, 78-87, 89-97, and 99-107 are rejected under 35 L.S.C.

103(a) as being unpatentable over Takagi et al. ("Transmission Electron Microscope

Observations of Si/Si Interface Bonded at Room Temperature by Ar Beam Surface

Activation", Jpn. J. Appl. Phys. Vol. 38, Part 1, No. 3A, pp. 1589-1594, March 1999) in

view of Yamazaki et al. (US Patent No. 6,153,455).

Regarding claims 44 and 49, 51-54, 56-59, 61, 64-71, 75-76, 78-83, 87, 89-92,

97, and 99-107, Takagi et al. teach a bonded structure (see pages 1589-1594)

comprising: a first substrate having a first surface, a first nearly-amorphized layer

formed in said first surface; and a second substrate having a second surface, a second

nearly-amorphized layer formed in said second surface; said first surface being bonded

to said second surface to form a bonded pair of substrates (see Figs. 2-3 and

"Discussion" on pages 1591-1593). Furthermore, Takagi et al. teach that nearly-

amorphized layers are formed in substantially oxide-free surfaces (see Figure 2).
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Application/Control Number: 09/635,272 Page 6
Art Unit: 2815

However, Takagi et al. fails to teach first and second nearly-amorphized layers

containing one of boron and arsenic. Yamazaki et al. teach that is well known in the art

to form nearly-amorphized layers by adding B ions by ion implantation or plasma doping

in the silicon layer (see col. 3, lines 45-50 and col. 10, lines 6-10). Therefore, it would

have been obvious to one having ordinary skill in the art at the same time the inventicn

was made to modify Yamazaki et al. to include the limitation of incorporating boror ions

in a surface of a substrate such that a nearly-amorphized layer is created in the

substrate. The ordinary artisan would have been motivated to modify Yamazaki et al. in

the manner described above for at least the purpose of providing a semiconductor

device that can operate effectively without being influenced by variations of the electric

potential in the substrate.

Regarding claims 45, 60, 72, 84, and 93, the combination Takagi et al. in view of

Yamazaki et al. discloses the claimed invention except for the duplication of part n

which an additional nearly-amorphized substrate is bonded to a previous bcnded

structure. It would have been obvious to one having ordinary skill in the art at the time

the invention was made to bond additional nearly-amorphized substrates since it has

been held that mere duplication of the essential working parts of a device involves only

routine skill in the art. St. Regis Paper Co. v. Bemis Co., 193 USPQ 8.

Regarding claims 46-47, 55, 62-63, 73-74, 85-86, and 94-96, Takagi et al. teach

that the substrates.are formed of Si (see pages 1589-1593).
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Application/Control Number: 09/635,272 Page 7

Art Unit: 2815

Regarding claims 48, Takagi et al. teach that the first and second substrates

comprise respective first and second semiconductor devices (see Introduction and

Experimental on pages 1589-1590).

Response to Arguments

> Applicant's arguments with respect to claims 44-49, 51-76, 78-87, 89-97, 99-

107 have been considered but are moot in view of the new ground(s) of rejection.

Correspondence

Any inquiry concerning this communication or earlier communications from tle

examiner should be directed to Jose R. Diaz whose telephone number is (703) 308-

6078. The examiner can normally be reached on 9:00 - 5:00 Monday through

Thursday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Eddie C. Lee can be reached on (703) 308-1690. The fax phone numbers

for the organization where this application or proceeding is assigned are (703) 308--7722

for regular communications and (703) 746-3891 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist wh telephone number is (703; 303-

0956.

April 8, 2002

1
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Notice of References Cited

Application/Control No.
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Docket No. 149840US20

IN RE APPLICATION OF: Qin-Y1

SERIAL NO: 09/635,272

RCE FILED: January 17, 2002

FOR: A METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:
Transmitted herewith is an amendment in the above-identified application.

[] No additional fee is required

] Small entity status of this application under 37 C.F.R. §1.9 and §1.27 is claimed.

[ Additional documents filed herewith: Marked-Up Copy, Request for Extension of Time (2 Months)

The Fee has been calculated as shown below:

HIGHEST
CLAIMS NUMBER NO.CLAIMS REMAINING PREVIOUSLY EXTRA RATE CALCULATIONS

CLAIMS
PAID

TOTAL 61 MINUS 61 0 x $18 = $0.00
INDEPENDENT 6 MINUS 6 0 x $84 = $0.00

0 MULTIPLE DEPENDENT CLAIMS + $280 = $0.00

TOTAL OF ABOVE CALCULATIONS $0.00
® Reduction by 50% for filing by Small Entity $0.00
[ Recordation of Assignment + $40 = $0.00

TOTAL . $0.00

® A check in the amount of $200.00 is attached.

® Please charge any additional Fees for the papers being filed herewith and for which no check is enclosed herewith, or
credit any overpayment to deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

® If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby made under
37 C.F.R. § 1.136, and any additional fees required under 37 C.F.R. § 1.136 for any necessary extension of time may be
charged to Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

I 2 IIIII II IIIII
22850

Customer Number 22850
Tel. (703) 413-3000
Fax. (703) 413-2220
(OSMMN 10/01)
I :\ATTY\CEs\149840US PT0091002.DOC

OBLON, SPIVAK, McCLELLAND,
MAI & NEUSTADT, P.C.

Eckhard H. Kuesters

Registration No. 28,870

Carl E. Schlier

Registration No. 34,426
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149840US-20

IN THE UNITED STATES PATENT & TRADEMARK OFFICE

IN RE APPLICATION OF:

QIN-YI TONG : EXAMINER: J. DIAZ 4 ll " '

SERIAL NO: 09/635,272

RCE FILED: JANUARY 17, 2002 : GROUP ART UNIT: 2815

FOR: METHOD OF EPITAXIAL-LIKE
WATER BONDING AT LOW
TEMPERATURE AND
BONDED STRUCTURE

AMENDMENT

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D.C. 20231

SIR:

Responsive to the Office Action dated April 10, 2002, please amend the

above-identified application as follows:

IN THE CLAIMS

Please amend the claims as shown in the marked-up copy to read as follows:

. 6 . (Amended) A structure as recited in claim wherein:

said first surface comprises a substantially planar surface of a first arsenic-containing

silicon layer formed on said first substrate; and

said second surface comprises a substantially planar surface of a second arsenic-

containing silicon layer formed on said second substrate __ ,- --

S5. (Amended) A structure as recited in clait , wherein:

-1-
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said first surface comprises a substantially planar surface of a first amorphous

substantially oxide-free silicon layer formed on said first substrate; and

said second surface comprises a substantially planar surface of a second amorphous

substantially oxide-free silicon layer formed on said second substrate.

REMARKS

Favorable reconsideration of this application is respectfully requested.

Claims 44-109 are present in this application. Claims 64 and 75 stand rejected under

35 U.S.C. §112, second paragraph. Claims 81-83, 85 and 86 stand rejected under 35 U.S C.

§102(b) as anticipated by U.S. 5,783,477 (KishJr. et al). Under 35 U.S.C. §103(a), claims

44-48, 52, 59-75, 78, 79, 81-86, 89, 90, 92-96, 99-101, 103, 104 and 107 stand rejected over

the article by Takagi et al in view of U.S. 4,963,505 (Fuiii et al), and claims 44-49, 51-76, 78..

87, 89-97 and 99-107 stand rejected over Takagi et al in view of U.S. 6,153,455 (Yamazaki et

al).

Claims 64 and 75 have been amended to provide clear antecedent basis, correcting an

formal error. Withdrawal of the §112 rejection is respectfully requested.

In the §102 rejection over Kish. Jr. et al (hereafter "Ki "), the Office Action

describes Kish as having two substrates bonded together with amorphous "layers" 91 formed

in the surface of each substrate. However, the Office Action fails to point out how Kish

discloses a substrate with an amorphous region "extending only one to a few monolayers" into

each of the first and second substrates as recited in each of claims 81-83, 85 and 86. In order

to reject a claim under § 102, a reference must disclose every element of a claim. Withou: any

assertion in the Office Action (or any explanation at all) how Kih discloses an amorphous

region extending only a few monolayers into the first and second substrates, the rejection

-2-
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must be withdrawn. Moreover, Kish teach that amorphous elements 91 are formed by laser

annealing or by ion implantation, both of which would likely produce an element 91

extending deeper than one to a few monolayers into the surface. Figure 9 also establishes tha:

Kish teaches that elements 91 will be deeper than a few monolayers. As there is no

disclosure of every element of claims 81-83, 85 and 86 in Kish, withdrawal of the § 102

rejection of claims 81-83, 85 and 86 is required, and is respectfully requested.

Before addressing the §103(a) rejections, the Applicant would like to provide the

following brief discussion. In the claims rejected under §103(a), the surface of a substrate

contains an amorphous or nearly amorphized layer containing B or As. In one non-limiting

example, B is present in an amorphous surface layer. The bonding energy is enhanced at low

temperatures, producing a strong bond between substrates. B may also promote the remcval

of H from the bonding surfaces, also enhancing the bonding strength at low temperature.

Turning now to the § 103(a) rejections, the Takagi et al. article describes the

observations of silicon-silicon interface bonding utilizing Ar beam sputter etching. As

described on page 1589, an Ar beam applied to the surface, sputter-etching the surface. Using

an Ar beam "removes contamination on the specimen surface." Id. Instead if the surface is

treated using wet chemicals (HNO3, H2SO 4 + H20 2, etc.), a thin oxide or sub-oxide layer may

be formed at the bonding interface. Id. In another wet treatment (HF), small amount

impurities are formed on the surface, such as hydrocarbons which produce a rough surface

and small precipitates. Id. Clearly, the Ar sputtering in Takagi et al. is designed to clean the

surface to promote bonding. Importantly, Takagi et al. suggests no other type of ion beam

etching to clean the surface to facilitate bonding. Only Ar is mentioned. There is also no

suggestion that another type of beam would be a suitable substitute for the Ar beam.

The Office Action looks to two other references to provide a suggestion for using As

-3-
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or B implantation as a substitute for the Ar sputter etch of Takagi et al in a bonded structure.

However, there is no mention of cleaning substrate surfaces using As or B implantations in

these two references, nor is there any mention of the As or B implantation being a substitute

for Ar sputter etching. The purpose of the As and B implantations is not to clean the surface,

but is to form active regions in a semiconductor device or as a precursor for forming

polycrystalline or single crystalline films. To support the arguments in the Office Action,

identification of a suggestion that As or B implantation is a substitute for Ar sputter etch, or a

suggestion of amorphous layers formed by the As or B implants in a bonded structure is

needed. There is no such suggestions in either reference, which will be discussed in more

detail below.

The Office Action points to column 8, lines 61-65 of Fujii et al. This portion

describes an amorphous silicon layer 16 which may be formed by implanting ions such as

silicon, arsenic, phosphorous. Layer 16 is formed on substrate 1 and oxide film 2.

Layer 16 is then subjected to a thermal treatment at a temperature of 500-1100°C: to

form a solid phase epitaxial growth layer (column 8, lines 32-40). The portion 16a is reduced

to a single crystal silicon and the portion 16b covering the oxide film 2 is reduced to poly-

crystalline silicon. When this structure is bonded, as shown in Fig. 1(e), the amorphous

silicon layer 16 is no longer present. Instead the single crystal layer 16a and the poly-crystal

layer 16b are present.

Fujii et al does teach one skilled in the art to form an amorphous layer as a precursor

for forming a film having a combination single-crystal and poly-crystal component. Fuiii et

at also teaches that the amorphous layer may be produced by forming a poly-crystalline layer

and implanting the poly-crystal layer. However, there is no suggestion of an amorphous

layer in a bonded structure. The amorphous layer is intentionally thermally treated to forn
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single-crystal and poly-crystal layers, and is not present in a bonded structure.

Moreover, there is no suggestion that the implantation to form the amorphous layer

would be used for a surface cleaning operation and substitution for the Ar sputter etch of

Takagi et al, nor is there any suggestion of an amorphous region or layer in a bonded device.

The amorphous layer is specifically converted out of the amorphous state into a poly-

crystalline or single-crystalline state prior to any bonding. To the contrary, Fujii et al teaches

away from using amorphous layers in a bonded structure.

The Office Action has simply pointed to the idea of forming an amorphous layer on

top of a silicon substrate through the use of the ion implantation. This teaching falls short of

suggesting to one skilled in the art, when armed with the teachings of Takagi et al, to use As

or B implantation instead of the Ar sputter etch. Nothing in either reference suggests that the

implantation would be used for Ar sputter etch, or implantation would be a suitable

substitute. Accordingly, the §103(a) rejection over Takagi et al combined with Fujii et al

must be withdrawn.

In Yamazaki et al., an amorphous layer 102 is formed on a quartz substrate 101 by

low pressure CVD or plasma CVD. Diborane is introduced into the film forming gas to (lope

amorphous silicon film 102. Subsequently, amorphous silicon film 102 is crystallized, and

transistor formation steps are carried out including ion implantation to form source and d:-ain

regions. The Office Action mentions the ion implantation for threshold voltage control in

column 3, lines 45-50. However, there is no discussion of forming an amorphous layer in a

bonded structure, or any suggestion that the ion implantation for the threshold voltage control

would be substituted for an Ar sputter etch for cleaning the surface of the substrate.

Importantly, the amorphous silicon film again is intentionally re-crystallized since the

purpose here is to form a transistor device. Yamazaki et al also teaches away from

-5-
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amorphous layers remaining in the structure.

The Office Action also mentions column 10, lines 6-10 of Yamazaki et al. These

lines discuss introducing boron by using diborane in forming an amorphous silicon film

These lines also mention the amorphous silicon film may be doped by ion implantation.

However, there is no suggestion of forming an amorphous layer for a bonded structure. As

mentioned above the amorphous silicon film is re-crystallized to form transistor devices.

These lines also make no suggestion of using ion implantation for an Ar sputter etch in

Takagi et al.

Nothing in Yamazaki et al mentions any connection with forming an amorphous layer

for a bonded structure, or any type of process which would be used to clean a surface of a

substrate by ion implantation. There is clearly no suggestion that forming an amorphous layer

and re-crystallizing it, or the teaching of threshold voltage control by implantation would

suggest to one skilled in the art to substitute ion implantation for the argon sputter etch of

Takagi et al.

There is no suggestion in Yamazaki et al. of an amorphous layer formed by ion

implantation that would be used in the structure taught by Takagi et al. Without such a

suggestion the combination is defective, and the §103(a) rejection over Takagi et al. and

Yamazaki et al. must be withdrawn.

It is respectfully submitted that the present application is in condition for allowance

and a favorable decision to that effect is respectfully requested.

-6-
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Respectfully submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER & NEUSTADT, P.C.

Eckhard H. Kuesters
Registration No. 28,870

Carl E. Schlier
Registration No. 34,426
Attorneys of Record

Il IlI llfill II III[ I
22850

(703) 413-3000
(703) 413-2220 (fax)
EHK:CES/cct

I:\atty\CES\l 49840US-aml .wpd
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149840US-20

Please amend the claims as follows:

IN THE CLAIMS

64. (Amended) A structure as recited in claim 59, wherein:

said first surface comprises a substantially planar surface of a first arsenic-containing

silicon layer formed on said first [device] substrate; and

said second surface comprises a substantially planar surface of a second arsenic-

containing silicon layer formed on said second [device] substrate.

75. (Amended) A structure as recited in claim 70, wherein:

said first surface comprises a substantially planar surface of a first amorphous

substantially oxide-free silicon layer formed on said first [device] substrate; and

said second surface comprises a substantially planar surface of a second amorphous

substantially oxide-free silicon layer formed on said second [device] substrate.

-8-
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Marked-Up Copy
Serial No: 09/635,272
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Docket No. 149840US20 ,9 fP
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE p

IN RE APPLICATION OF: Qin-Yi TONG GAU: 2815

SERIAL NO: 09/635,272 EXAMINER: Jose R. DIAZ

RCE FILED: January 17, 2002

FOR: A METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE

REQUEST FOR EXTENSION OF TIME
UNDER 37 C.F.R. 1.136

ASSISTANT COMMISSIONER FOR PATENTS
WASIIINGTON, D.C. 20231

SIR:

It is hereby requested that a two month extension of time be granted to September 10, 2002 for

] filing a response to the Official Action dated: April 10, 2002

O responding to the requirements in the Notice of Allowability dated:

O filing the Formal Drawings. The Issue Fee due has been timely filed.

O responding to the Notice to File Missing Parts of Application dated:

0 filing a Notice of Appeal. A timely response to the final rejection, due has been filed.

O filing an Appeal Brief. A Notice of Appeal was filed on:

[ Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown below is reduced by one-half.

The required fee of $200.00 is enclosed herewith by check and any further charges may be made against the Attorney of
Record's Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed.

Respectfully Submitted,

OBLON, SPIVAK, McCLELLAND,
MAE NEUST DT, P.C.

Eckhard H. Kuesters

Registration No. 28,870

Carl E. Schlier

Registration No. 34,426

22850
Tel. (703) 413-3000
Fax. (703) 413-2220
(OSMMN 10/01)

I:\ATTY\CEs\1 49840US.EOT2.DOC

09/11/2002 RHIARIS1 00000047 09635272

01 FC:216 200.00 0P

r 1 I
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Transaion History Date 200 2-.-o3
Date iformntion retrieved from USPTO Paert

Application Information Retrieval (PAIR)
syster records at www.uspto.gov

Application No. Applicant(s)

09/635,272 TONG, QIN-YI
Noice of Allowability Examiner Art Unit

Jose R Diaz 2815

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. E This communication is responsive to 9/10/02.

2. ® The allowed claim(s) is/are 44-49,51-76,78-87,89-97 and 99-107.

3. O The drawings filed on are accepted by the Examiner.

4. Q Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) O All b) O Some* c) O None of the:

1. O Certified copies of the priority documents have been received.

2. O Certified copies of the priority documents have been received in Application No.

3. O Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

5. Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

(a) O The translation of the foreign language provisional application has been received.
6. Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requ:rements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. O A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or iOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. i CORRECTED DRAWINGS must be submitted.
(a) ® including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) ® hereto or 2) O to Paper No.

(b) 0 including changes required by the proposed drawing correction filed , which has been approved by the Examiner.

(c) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper "Jo. _

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (riot the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. O DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

10 Notice of References Cited (PTO-892) 20 Notice of Informal Patent Application ('TO-152)

3l] Notice of Draftperson's Patent Drawing Review (PTO-948) 40 Interview Summary (PT - 1 Paper No. .
50 Information Disclosure Statements (PTO-1449), Paper No. 60 Examiner's Amend nt/Com ent

70 Examiner's Comment Regarding Requirement for Deposit 80 Examiner's Stat ent of Rea for. llowance

of Biological Material 90 Other

U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Altowability Pat of Paper No. 19 .

 
Page 169 of 200

TSMC1002 
IPR of U.S. Pat. No. 6,563,133



Application/Control Number: 09/635,272 Page 2

Art Unit: 2815

REASONS FOR ALLOWANCE

The following is an examiner's statement of reasons for allowance: Applicant's

arguments filed in Paper No. 18 are persuasive. For instance, the prior art fails to teach,

disclose, or suggest, either alone or in combination, a structure comprising a first

substrate having a first nearly-amorphized region containing one of boron and arsenic

formed on a first surface of said first substrate and/or extending only one to a few

monolayers into said first substrate; a second substrate having a second nearly-

amorphized region containing one of boron and arsenic formed on a second surface of

said second substrate and/or extending only one to a few monolayers into said second

substrate; and said first surface being bonded to said second surface to form a bonded

pair of substrates.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably

accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

Correspondence

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Jose R Diaz whose telephone number is (703) 308-

6078. The examiner can normally be reached on 9:00-5:00 Monday, Tuesday,

Thursday and Friday.

_ 1 1 I
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Application/Control Number: 09/635,272 Page 3
Art Unit: 2815

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Eddie Lee can be reached on (703) 308-1690. The fax phone numbers for

the organization where this application or proceeding is assigned are (703) 308-772:2 for

regular communications and (703) 746-3891 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the receptionist whose telephone number is (703) 308-

0956.

JRD
December 1, 2002
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Reexamination
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Document Number Date
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Form PTO 948 (Rev. 03/01I) U.S. DEPARTMENT OF COMMERCE - Paltent andl Trademark Office Application No. 79 i L 2

NOTICE OF DRAFTSPERSON'S
PATENT DRAWING REVIEW

The drawing(s) filed (insert dae) _O / o0 /O
A. approved by the Draltsperson under 37 CFR 1.84 or 1.152.

B. objected to by the Draftlsperson under 37 CFR 1.84 or 1.152 for the reasons indicated below. The Examiner will require

submission of new, corrected drawings when necessary. Corrected drawing must be sumnitted according to the instructions on the hack ol this notice.

I. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of drawings:

Black ink. Color.
Color drawings are not acceptable until petilon is granled.
Fig(s)

_ Pencil and non black ink not permitted. Fig(s)
2. PHOTOGRAPHS. 37 CFR 1.84(h)

I_ full-lone set is required. Fig(s)

Photographs may not be mounted. 37 CFR I.84(c)

_ Poor quality (half-tone). Fig(s)
3. TYPE OF PAPER. 37 CFR I.84(e)
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folds, copy machine marks not accepted. Fig(s)
Mylar, velum paper is not acceptabhle (too thin).

Fig(s)
4. SIZE OF PAPER. 37 CFR 1.84(f): Acceptable sizes:

_ 21.0 cm by 20.7 cm (DIN size A4)

21.6 cm by 27.9 cm (8 !/2 x 1 I inches)

All drawing sheets not the same size.
Sheer(s)

:.,w .sliheets not aln acceptable size. Fig(s)

5. MARGINS. CFR 1.84(g): Acceptable margins:

Top 2.5 cm Left 2.5cm Right 1.5 cm Bottom 1.0 cm
SIZE: A4 Size
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6. VIEWS. 37 CFR 1.84(h)
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correspond to drawing changes.

Partial views. 37 CFR 1.84(h)(2)
Brackets needed to show figure as one enlily.
Fig(s)

Views not labeled separately or properly.
Fig(s) _ _

_ Enlarged view not labeled separclcly or properly.

Fig(s)

7. SECTIONAL VIEWS. 37 CFR 1.84 (h)(3)
H-altching not indicated for sectional portions of an object.

Fig(s)

Sectional designationi shoulul be nioted with Arabic or

Roman numbers. Fig(s)

8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(i)
Words do not appear on a horizontal, left-to-right Iashion
when page is either nupright or turned so that the tIlp

becomes the right side, except for graphs. Fig(s)
9. SCALE. 37 CFR 1,84(k)

Scale not large enough to show mechanism without
crowding when drawing is reduced in size to two-th rds in
reprod uctiorn.
Fig(s)

10. CHARACTER OF LINES, NUMBERS, & I.ETTERS.

37 CFR 1.84(1)
/ ines, numbers & letters not uniformly thick and we ll

ctclind clean, lurable, and black (poor line quality
Fig(s) . , 14

II. SIHADING. 37 C'FR 1.84(m)

Solid black areas pale. Fig(s)

Solid black shading not permitted. Fig(s)

SShade lines, pale, rough and blurred. Fig(s)
12. NUMB3ERS, LEITTERS, & RIFERENCE CHARACTERS.

37 CFR 1.
8 4 (p)

Numbers and reference characlters not plain and leg ble.
Fig(s)

Figure legends are poor. Fig(s)
Numbers and reference characters not oriented in the
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S UNITED STATES PATENT AND TRADEMARK OFFICE

\ ~T
UNITED STATES DEPARTMENT OF COMMERCE
United Stute Patoent and Tradenmark Office
Address (OMMISSIONER OF PATENTS AND TRADEMAI:KS

Washmgton, 1.C 20231
www .unpo gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

22850 7590 12/03/2002

OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT
PC
FOURTH FLOOR
1755 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VA 22202

EXAMINER ]

DIAZ, JOSE R

ART UNIT CI.AS -SUBCLASS

2815 257.nfl10)

DATE MAILED: 12/03/2002

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO, CONF RMAION NO.

09/635,272 08/09/2000 Qin-Yi Tong 2025-0180-20 5012

TITLE OF INVENTION: METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE AND BONDED STRUCTURE

APPLN. TYPE SMALL. ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional YES $640 $0 $640 01/03/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE O)R UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STA'UTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:
A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

E Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PATT B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (JSPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmitte I should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give the application number. Please direct all communications prior tc issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timelyQayment of maintenance fees when due.

Page 1 of 4
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231

Fax (703)746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CIIRkN I .(JIkRESPuNDIAN,:bl ADDIbSS tNote: Legibly mar-up with any corrections or use Block I) Note: A certificate of mailing can only be used for domest. c mailings of the
22850 7590 12/0312002 Fee(s) Transmittal. This certificate cannot be used for any other

accompanying papers. Each additional paper, such as an assignment or
OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT formal drawing, must have its own certificate of mailing or transmission.

PC Certificate of Mailing or Transmission
FOURTH FLOOR I hereby certify that this Fee(s) Transmittal is being depositel with the

1755 JEFFERSON DAVIS HIGHWAY United States Postal Service with sufficient postage for first class mail in an
1755 JEFFESON DAVIS HIHWAY envelope addressed to the Box Issue Fee address above, or bein; facsimile
ARLINGTON, VA 22202 transmitted to the .ISPTO, on the date indicated below.

(Dr posilor' name)

(Signature)

(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFiRMATION NO.

09/635,272 08/09/2000 Qin-Yi Tong 2025-0180-20 501'2
TITLF OF INVENTION: METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE AND BONDED STRUCTURE

APPLN. TYPE SMALL ENTITY ISSUE FF.E PUBLICATION FEE TOTAL FEE(S) DUE D4TE DUE

nonprovisional YES $640 $0 $640 03/03/20)03

EXAMINER ART UNIT CLASS-SUBCLASS

DIAZ, JOSE R 2815 257-052000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1)
CFR 1.363). the names of up to 3 registered patent attorneys 1

0 Change of correspondence address (or Change of Correspondence or agents OR, alternatively, (2) the name of a
Address form PTO/SB/122) attached. single firm (having as a member a registered

attorney or agent) and the names of up to 2 2Q "Fee Address" indication (or "Fee Address" Indication form attorney or agent) and the names of o 2 2
PTO/SB/47; Rev 03-012 or more recent) attached. Use of a Customer registered patent attorneys or agents If nl name
Number is required, is listed, no name will be printed. 3

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when fn assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) O individual O corporation or other private group enti y 0 government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

O Issue Fee C A check in the amount of the fee(s) is enclosed.

0 Publication Fee 0 Payment by credit card. Form PTO-2038 is attached.

O Advance Order - # of Copies 0 The Commissioner is hereby authorized by charge the required fee(s), or credit an) overfayment, to
Deposit Account Number (enclose an extra copy of this form).

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application ident: fled above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.
This collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

1
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UNITED STATES PATENT AND TkADEMARK OFFICE

",

UNITED STATES DEPARTMENT OF COMIMERCE
United State. Patent and 'Prodenmk Offic
Addr-. COMMIbSIONER OIL PATENTS AND TRADEMAIKS

Wahmngton, DC 20291
www ur.,to AOv

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

09/635,272 08/09/2000 Qin-Yi Tong

22850 7590 12/03/2002

OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT
PC
FOURTH FLOOR
1755 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VA 22202

2025-0180-20 5012

EXAMINER 1
DIAZ, JOSE R

ART UNIT PAPER NUMBER

2815

DATE MAILED: 12/03/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing (late that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.gov)

Any. questions regarding the patent term extension or adjustment determination should be directed to the Office of
Patent Legal Administration at (703)305-1383.

Page 3 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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-4' N UNITED STIATES PATENT AND RADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United Stats Patent and Trademllark Office
Address, COMMISSIONIER OF PATENTS AND TRADEMAI.KS

Washington, D.C 20231
www.iptlla) gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATIONNO.

09/635,272 08109/2000 Qin-Yi Tong

22850 7590 12103/2002

OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT
PC
FOURTH FLOOR
1755 JEFFERSON DAVIS HIGHWAY
ARLINGTON, VA 22202
UNITED STATES

2025-0180-20 5012

EXAMINER

DIAZ, JOSE R

ART UNIT PAPER NUM1ER

2815

DATE MAILED: 12/03/2002

Notice of Possible Fee Increase on October 1, 2002

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2002, then the
amount due may be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there may be an increase
in fees effective on October 1, 2002. See Revision of Patent and Trademark Fees for Fiscal Year 2003: Notice f
Proposed Rulemaking~ 67 Fed. Reg. 30634, 30636 (May 7, 2002). Although a change to the amount of the publica:ion fee
is not currently proposed for October 2002, if the issue fee or publication fee is to be paid on or after October 1, 2002,
applicant should check the USPTO web site for the current fees before submitting the payment. The USPTO ' nterlet
address for the fee schedule is: http://www.uspto.gov/main/howtofees.htm.

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amlount
in view of any fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after October 1, 2002 (or mailed with a certificate of mailing on or
after October 1, 2002), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Sect:on
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.

Page 4 of 4
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Transaction History Date 2003-02--19
Dae nform.tion retriwd from USPTO PI S

Applcation Infomadto Retrieval (PAIR)
systym records at WWW.u O.gov

PART B - FEE(S) TRANSMIT'

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231

Eax (703)746-4000
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

cURlN1 m oRREsvONuLNt AiDDRESS (Note: Legbly mark-up with any correctionsor use Iock Note: A certiicate of mating can only be used for domestic maiings of the

22850 7590 12/03/2002 Fee(s) Transmittal. This certificate cannot be used for any other
accompanying papers. Each additional paper, such as tn assignment or
formal drawing, must have its own certificate of mailing or transmission.

1 II I IIIjI I IIII IlIIl Certificate of Mailing or Transmission11 I llI I 1 hereby certify that this Fee(s) Transmittal is being di:posited with the
11 I "United States Postal Service with sufficient postage for fir,:t class mail in an

envelope addressed to the Box Issue Fee address above, or being facsimile
S22850 transmitted to the USPTO, on the date indicated below.

5 (Depostor's name)u-4
. " (S gnaluR)

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONITRMAlON NO.

09/635,272 08/09/2000 Qin-Yi Tong 149840U1S20 5012

TITLE OF INVENTION: METHOD OF EPITAXIAL-LIKE WAFER BONDING AT LOW TEMPERATURE AND BONDED STRUCTURE

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE D1UE

nonprovisional YES 6 0 so s 6 5O 4 D C3/03/ 003

EXAMINER ART UNIT CLASS-SUBCLASS

DIAZ, JOSE R 2815 257-052000

1. Change of correspondence address or indication of "Fec Address" (37 2. For printing on the patent front page, list (1)
CFR 1.363). the names of up to 3 registered patent attomeys I 08LON I A

0 Change of correspondence address (or Change of Correspondence or agents OR, alternatively, (2) the name of a
Address form PTO/SB/ 22) attached. single firm (having as a member a registered MCCLELLA ND AVERattorney or agent) and the names of up to 2 2
O "Fee Address" indication (or "Fee Address" Indication form registered patent attorneys or agents. If no name & NEUSTA]
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer is listed, no name will be pnted.3
Number Is required, is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.
'A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

ZIPTRONIX, INC. Research Triangle Park, NORTH CAROLINA

Please check the appropriate assignee category or categories (will not be printed on the patent)

4a. The following fee(s) are enclosed:

® Issue Fee

U Publication Fee
SAdvance Order - # of Copies -0-

D Advance Order - # of Copies

0 individual N corporation or other private group entity I1 government

4b. Payment of Fee(s):
I A check in the amount of the fee(s) is enclosed.

O Payment by credit card. Form PTO-2038 is attached.

t8 The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number -1 T- 0 (enclose an extra copy of this form).

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

( uthonzed 4S/ig4 aay
I

(Date)&' . 2 3

NOTE; The Issue Vee and ublicati n Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV, 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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149840US20 :'- .'P.

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF:

Qin-Yi TONG

SERIAL NO.: 09/635,272

FILED: August 9, 2000

FOR: METHOD OF EPITAXIAL-LIKE
WAFER BONDING AT LOW
TEMPERATURE AND BONDED
STRUCTURE

: GROUP: 2815

: DATE ALLOWED: December 3, 2002

: EXAMINER: Diaz, J.R.

LETTER TO THE OFFICIAL DRAFTSMAN

ASSISTANT COMMISSIONER FOR PATENTS
,WASHINGTON, D.C. 20231

SIR:

Any corrections required by the Chief Draftsman or drawing amendments approvec. by the

Examiner have been incorporated into the copies of the Formal Drawings submitted herewith. It is

requested that the enclosed 11 sheets of Formal Drawings be entered to replace the drawings previously

filed in this application.

lH IIII illll III Ill lilI f1
22850

Customer Number 22850
Tel. (703) 413-3000
Fax. (703) 413-2220
(OSMMN 10/01)

MJS/jrs
I\USER\JRSM)\DRAWINGS\COVER LETTERS\149840.oOc

RespectfulIy submitted,

OBLON, SPIVAK, McCLELLAND,
MAIER & NEUSTADT, P.C.

Eckhard H. Kuesters
Attorney of Record
Registration No. 28,870

Joseph A. Scafetta, Jr.
gtst#rion No. 26,80

\lecm
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SERIAL NO: 09/635,272
NV: Qin-Yi 'TONG

JOCKET #149840US20
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SERIAL NO: 09/635,272
NV: Qin-Vi TONG
.OCKET #149840US20

SHEET 2 OF 11
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SERIAL NO: 09/635,272
INV: Qin-Yi TONG
DOCKET #149840US20
SHEET 3 OF 11
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SERIAL NO: 09/635,272
'V: Qin-Yi TONG
JCKET #149840US20

SHEET 4 OF II
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SERIAL NO: 09/635,272
INV: Qin-Yi TONG
DOCKET #149840US20
SHEET 6 OF 11
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SERIAL NO: 09/635,272
V: Qin-Yi TONG
JCKET #149840US20

SHEET 7 OF II
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SERIAL NO: 09/635,272
'NV: Qin-Yi TONG
DOCKET #149840US20
SHEET 8 OF 11
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RERIAL NO: 09/635,272
V: Qin-Yi *TONG

.JOCKE'F #149840US20
SHEET 9 OF 11
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[ no drawing available]

Family1

6 records in the family, collapsed to 5 records.

AU8060201A    20020218

(ENG) A method of epitaxial-like wafer bonding at low 
temperature and bonded structure 

Assignee: ZIPTRONIX     

Inventor(s): TONG QIN-YI        

Application No: AU   8060201   D

Filing Date: 20010809

Issue/Publication Date: 20020218

Abstract: (ENG) A process for bonding oxide-free silicon substrate pairs and other substrates at low temperature. 
This process involves modifying the surface of the silicon wafers to create defect regions, for example 
by plasma-treating the surface to be bonded with a or boron-containing plasmas such as a 
B<SUB>2</SUB>H<SUB>6 </SUB>plasma. The surface defect regions may also be created by ion 
implantation, preferably using boron. The surfaces may also be amorphized. The treated surfaces are 
placed together, thus forming an attached pair at room temperature in ambient air. The bonding energy 
reaches approximately 400 mJ/m<SUP>2 </SUP>at room temperature, 900 mJ/m<SUP>2 </SUP>at 
150° C., and 1800 mJ/m<SUP>2 </SUP>at 250° C. The bulk silicon fracture energy of 2500 
mJ/m<SUP>2 </SUP>was achieved after annealing at 350-400° C. The release of hydrogen from B-H 
complexes and the subsequent absorption of the hydrogen by the plasma induced modified layers on the 
bonding surfaces at low temperature is most likely responsible for the enhanced bonding energy. 

Priority Data: US 63527200 20000809 A Y; US 0122591 20010809 W W N; 

IPC (International Class): H01L021302; H01L02118; H01L021306

ECLA (European Class): H01L02102F2D; H01L02118B2; H01L021306

Legal Status: There is no Legal Status information available for this patent
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[ no drawing available]

TW556251B 20031001

(ENG) a method of epitaxial-like wafer bonding at low 
temperature and bonded structure 

Assignee: ZIPTRONIX INC      US

Inventor(s): TONG QIN-YI      CN  

Application No: TW   90119343   A

Filing Date: 20010808

Issue/Publication Date: 20031001

Abstract: (ENG) A process for bonding oxide-free silicon substrate pairs and other substrates at low temperature. 
This process involves modifying the surface of the silicon wafers to create defect regions, for example 
by plasma-treating the surface to be bonded with a or boron-containing plasmas such as a B2H6 plasma. 
The surface defect regions may also be created by ion implantation, preferably using boron. The 
surfaces may also be amorphized. The treated surfaces are placed together, thus forming an attached 
pair at room temperature in ambient air. The bonding energy reaches approximately 400 mJ/M<2> at 
room temperature, 900 mJ/M<2> at 150 DEG C, and 1800 mJ/M<2> at 250 DEG C. The bulk silicon 
fracture energy of 2500 mJ/m<2> was achieved after annealing at 350-400 DEG C. The release of 
hydrogen from B-H complexes and the subsequent absorption of the hydrogen by the plasma induced 
modified layers on the bonding surfaces at low temperature is most likely responsible for the enhanced 
bonding energy. 

Priority Data: US 63527200 20000809 A Y; 

IPC (International Class): H01L021302; H01L02118; H01L021306

ECLA (European Class): H01L02102F2D; H01L02118B2; H01L021306

Legal Status:
Date +/- Code Description
20040205 (+) GD4A ISSUE OF PATENT CERTIFICATE FOR GRANTED 

INVENTION PATENT 
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WO2002013247A1 20020214

(ENG) A METHOD OF EPITAXIAL-LIKE WAFER 
BONDING AT LOW TEMPERATURE AND BONDED 
STRUCTURE 

Assignee: ZIPTRONIX      US

Inventor(s): TONG QIN-YI        

Application No: US   0122591   W

Filing Date: 20010809

Issue/Publication Date: 20020214

Abstract: (ENG) A process for bonding oxide-free silicon substrate pairs and other substrates at low temperature. 
This process involves modifying the surface of the silicon wafers (200, 203) to create defect regions 
(202, 204), for example by plasma-treating the surface to be bonded with boron-containing plasmas 
such as a B2H6 plasma (201). The surface defect regions may also be amorphized (202, 204). The 
treated surfaces are placed together, thus forming an attached pair at room temperature in ambient air. 
The bonding energy reaches approximately 400 mJ/m2 at room temperature, 900mJ/m2 at 150 DEG C, 
and 1800 mJ/m2 at 250 DEG C. The bulk silicon fracture energy of 2500 mJ/m2 was achieved after 
annealing at 350-400 DEG C. The release of hydrogen from B-H complexes and the subsequent 
absorption of the hydrogen by the plasma induced modified layers on the bonding surfaces at low 
temperature is most likely responsible for the enhanced bonding energy. 

Priority Data: US 63527200 20000809 A Y; 

IPC (International Class): H01L021302; H01L02118; H01L021306

ECLA (European Class): H01L02102F2D; H01L02118B2; H01L021306

Designated Countries:
----Designated States: (national) AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU 
CZ DE DK DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR 
LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR 
TT TZ UA UG UZ VN YU ZA ZW ::: (ARIPO) AP GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
----Regional Treaties: (EAPO) EA AM AZ BY KG KZ MD RU TJ TM 
----EPO Extension States: (EPO) EP AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE TR 
----Elected States (PCT): (OAPI) OA BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG

Publication Language: ENG

Filing Language: ENG

Legal Status:
Date +/- Code Description
20020214 (+) AK DESIGNATED STATES Kind code of corresponding patent 

document: A1; List of designated states: AE AG AL AM AT AU 
AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK 
DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP 
KE KG KP KR KZ LC LK LR LS LT LU LV MA MD MG MK 
MN MW MX MZ NO NZ PL PT RO RU SD SE SG SI SK SL TJ 
TM TR TT TZ UA UG UZ VN YU ZA ZW; 

20020214 (+) AL DESIGNATED COUNTRIES FOR REGIONAL PATENTS Kind 
code of corresponding patent document: A1; List of designated 
states: GH GM KE LS MW MZ SD SL SZ TZ UG ZW AM AZ 
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BY KG KZ MD RU TJ TM AT BE CH CY DE DK ES FI FR GB 
GR IE IT LU MC NL PT SE TR BF BJ CF CG CI CM GA GN GQ 
GW ML MR NE SN TD TG; 

20020410 ( ) 121 EP: THE EPO HAS BEEN INFORMED BY WIPO THAT EP 
WAS DESIGNATED IN THIS APPLICATION 

20030618 ( ) REG REFERENCE TO NATIONAL CODE Corresponding country 
code for PRS Code (EP REG): DE; Corresponding EP Code 1 for 
PRS Code (EP REG): 8642; 

20031022 (-) 122 EP: PCT APP. NOT ENT. EUROP. PHASE
20050607 ( ) NENP NON-ENTRY INTO THE NATIONAL PHASE IN: 

Corresponding country code for PRS Code (EP REG): JP; 

US7332410B2 20080219
US2003141502A1 20030731

(ENG) Method of epitaxial-like wafer bonding at low 
temperature and bonded structure 

Assignee: ZIPTRONIX INC      US

Inventor(s): TONG QIN-YI      US  

Application No: US   35814103   A

Filing Date: 20030205

Issue/Publication Date: 20080219

Abstract: (ENG) A process for bonding oxide-free silicon substrate pairs and other substrates at low temperature. 
This process involves modifying the surface of the silicon wafers to create defect regions, for example 
by plasma-treating the surface to be bonded with a or boron-containing plasmas such as a 
B<SUB>2</SUB>H<SUB>6 </SUB>plasma. The surface defect regions may also be created by ion 
implantation, preferably using boron. The surfaces may also be amorphized. The treated surfaces are 
placed together, thus forming an attached pair at room temperature in ambient air. The bonding energy 
reaches approximately 400 mJ/m<SUP>2 </SUP>at room temperature, 900 mJ/m<SUP>2 </SUP>at 
150° C., and 1800 mJ/m<SUP>2 </SUP>at 250° C. The bulk silicon fracture energy of 2500 
mJ/m<SUP>2 </SUP>was achieved after annealing at 350-400° C. The release of hydrogen from B-H 
complexes and the subsequent absorption of the hydrogen by the plasma induced modified layers on the 
bonding surfaces at low temperature is most likely responsible for the enhanced bonding energy. 

Priority Data: US 35814103 20030205 A N; US 63527200 20000809 A 3 Y; 

Related Application(s): 10/358141   20030205   20030141502   20030731   US; 09/635272   20000809   6563133       US

IPC (International Class): H01L02148; H01L021302; H01L02118; H01L021306

ECLA (European Class): H01L02102F2D; H01L02118B2; H01L021306

US Class: 438455; 257E21088; 257E21122; 257E21214; 257E21215; 257E21228; 438482; 438513; 438514

Publication Language: ENG

Filing Language: ENG

Agent(s): Oblon, Spivak, McClelland, Maier & Neustadt, P.C.

Examiner Primary: Parker, Kenneth
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Examiner Assistant: Diaz, José R.

Legal Status:
Date +/- Code Description
20081104 () CC

US6563133B1 20030513

(ENG) Method of epitaxial-like wafer bonding at low 
temperature and bonded structure 

Assignee: ZIPTRONIX INC      US

Inventor(s): TONG QIN-YI      US  

Application No: US   63527200   A

Filing Date: 20000809

Issue/Publication Date: 20030513

Abstract: (ENG) A process for bonding oxide-free silicon substrate pairs and other substrates at low temperature. 
This process involves modifying the surface of the silicon wafers to create defect regions, for example 
by plasma-treating the surface to be bonded with a or boron-containing plasmas such as a B2H6 plasma. 
The surface defect regions may also be created by ion implantation, preferably using boron. The 
surfaces may also be amorphized. The treated surfaces are placed together, thus forming an attached 
pair at room temperature in ambient air. The bonding energy reaches approximately 400 mJ/M2 at room 
temperature, 900 mJ/M2 at 150° C., and 1800 mJ/M2 at 250° C. The bulk silicon fracture energy of 
2500 mJ/m2 was achieved after annealing at 350-400° C. The release of hydrogen from B-H 
complexes and the subsequent absorption of the hydrogen by the plasma induced modified layers on the 
bonding surfaces at low temperature is most likely responsible for the enhanced bonding energy. 

Priority Data: US 63527200 20000809 A Y; 

IPC (International Class): H01L021302; H01L02118; H01L021306

ECLA (European Class): H01L02102F2D; H01L02118B2; H01L021306

US Class: 257052; 257347; 257618; 257E21088; 257E21214; 257E21215; 257E21228; 438455; 438482; 438485; 
438974 

Agent(s): Oblon, Spivak, McClelland, Maier &  Neustadt, P.C.                                                            0

Examiner Primary: Lee, Eddie

Examiner Assistant: Díaz, José R.

Assignments Reported to USPTO:
Reel/Frame: 11265/0856 Date Signed: 20000808 Date Recorded: 20001024 
Assignee: RESEARCH TRIANGLE INSTITUTE 3040 CORNWALLIS ROAD RESEARCH TRIANGLE 

PARK NORTH CAROLINA 27709 

Assignor: TONG, QIN-YITONG, QIN-YI

Corres. Addr: OBLON SPIVAK MCCLELLAND ET AL 1755 JEFFERSON DAVIS HIGHWAY 4TH 
FLOOR ARLINGTON, VA 22202 

Brief: ASSIGNMENT OF ASSIGNORSINTEREST (SEE DOCUMENT FOR DETAILS). 

Reel/Frame: 12002/0970 Date Signed: 20001026 Date Recorded: 20010725 
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Assignee: ZIPTRONIX, INC. RESEARCH TRIANGLE PARK NORTH CAROLINA 

Assignor: RESEARCH TRIANGLE INSTITUTERESEARCH TRIANGLE INSTITUTE

Corres. Addr: OBLON SPIVAK MCCLELLAND MAIER & NEUSTADT CARL E. SCHLIER 
FOURTH FLOOR 1755 JEFFERSON DAVIS HIGHWAY ARLINGTON, VA 22202 

Brief: ASSIGNMENT OF ASSIGNORSINTEREST (SEE DOCUMENT FOR DETAILS). 

Legal Status:
Date +/- Code Description
20001024 ( ) AS ASSIGNMENT New owner name: RESEARCH TRIANGLE 

INSTITUTE 3040 CORNWALLIS ROAD R; : ASSIGNMENT OF 
ASSIGNORS INTEREST;ASSIGNOR:TONG, 
QIN-YI;REEL/FRAME:011265/0856; Effective date: 20000808; 

20001024 () AS New owner name: RESEARCH TRIANGLE INSTITUTE, 
NORTH CAROLINA; : ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:TONG, 
QIN-YI;REEL/FRAME:011265/0856; Effective date: 20000808; 

20001024 () AS New owner name: RESEARCH TRIANGLE INSTITUTE 3040 
CORNWALLIS ROAD R; : ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:TONG, 
QIN-YI;REEL/FRAME:011265/0856; Effective date: 20000808; 

20010725 ( ) AS ASSIGNMENT New owner name: ZIPTRONIX, INC. 
RESEARCH TRIANGLE PARK NORTH CAROL; : 
ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:RESEARCH TRIANGLE 
INSTITUTE;REEL/FRAME:012002/0970; Effective date: 
20001026; 

20010725 ( ) AS ASSIGNMENT New owner name: ZIPTRONIX, INC.RESEARCH 
TRIANGLE PARK, NORTH CAROL; : ASSIGNMENT OF 
ASSIGNORS INTEREST;ASSIGNOR:RESEARCH TRIANGLE 
INSTITUTE /AR;REEL/FRAME:012002/0970; Effective date: 
20001026; 

20010725 () AS New owner name: ZIPTRONIX, INC., NORTH CAROLINA; : 
ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:RESEARCH TRIANGLE 
INSTITUTE;REEL/FRAME:012002/0970; Effective date: 
20001026; 

20010725 () AS New owner name: ZIPTRONIX, INC. RESEARCH TRIANGLE 
PARK NORTH CAROL; : ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:RESEARCH TRIANGLE 
INSTITUTE;REEL/FRAME:012002/0970; Effective date: 
20001026; 

20010725 () AS New owner name: ZIPTRONIX, INC.RESEARCH TRIANGLE 
PARK, NORTH CAROL; : ASSIGNMENT OF ASSIGNORS 
INTEREST;ASSIGNOR:RESEARCH TRIANGLE INSTITUTE 
/AR;REEL/FRAME:012002/0970; Effective date: 20001026; 

20061011 () FPAY Year of fee payment: 4;
20101216 () FPAY Year of fee payment: 8;
20101216 () SULP Year of fee payment: 7;
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