PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 (11) International Publication Number: WO 98/09804
B31F 1/22 Al . o

(43) International Publication Date: 12 March 1998 (12.03.98)

(21) International Application Number: PCT/US97/13069 | (81) Designated States: HU, JP, KR, PL, SG, European patent (AT,

(22) International Filing Date: 6 August 1997 (06.08.97)

(30) Priority Data:

08/711,360 us

4 September 1996 (04.09.96)

(71) Applicant: SIBOND L.L.C. [US/US]; 501 Pearl Drive, P.O.
Box 8, St. Peters, MO 63376 (US).

(72) Inventors; IYER, Subramanian, S.; 73 Indian Hill Road, Mt.
Kisco, NY 10549 (US). DOWNEY, William, P.; 603
Kipling Way, St. Charles, MO 63304 (US).

(74) Agents: HEJLEK, Edward, J. et al.; Senniger, Powers, Leavitt
& Roedel, 16th floor, One Metropolitan Square, St. Louis,
MO 63102 (US).

BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published
With international search report.

(54) Title: FLATTENING PROCESS FOR BONDED SEMICONDUCTOR SUBSTRATES

(57) Abstract

Process for the preparation of a substrate having a semiconductor layer of a target thickness, Ti. In the process, two wafers are
bonded face to face to form a substrate wherein one of the wafers has a known thickness, Tknown, and a total thickness variation of less
than about 0.75 micrometers and the second wafer comprises a layer of semiconductor material. The substrate is thinned in a first stock
removal step to reduce the thickness of the semiconductor layer. The distance between the front and back surfaces of the thinned substrate
at discrete positions on said front surface is measured to generate thickness profile data. Additional stock is removed from the front surface
of the thinned substrate in a second stock removal step to reduce the thickness of the semiconductor layer to the target thickness, T, with
the amount of stock being removed at each of said discrete positions being determined after taking into account the thickness profile data,

Ty, and Tknown.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho S1 Slovenia

AM Armenia FlI Finland LT Lithuania SK Slovakia

AT Austria FR France LU Luxembourg SN Senegal

AU Australia GA Gabon LV Latvia SZ Swaziland
AZ Azerbaijan GB United Kingdom MC Monaco ™ Chad

BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados GH Ghana MG Madagascar TJ Tajikistan
BE Belgium GN Guinea MK The former Yugoslav ™ Turkmenistan
BF Burkina Faso GR Greece Republic of Macedonia TR Turkey

BG Bulgaria HU Hungary ML Mali TT Trinidad and Tobago
BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazil IL Israel MR Mauritania uG Uganda

BY Belarus IS Iceland MW Malawi us United States of America
CA Canada IT Ttaly MX Mexico vz Uzbekistan
CF Central African Republic JP Japan NE Niger VN Viet Nam
CG Congo KE Kenya NL Netherlands YU Yugoslavia
CH Switzerland KG Kyrgyzstan NO Norway YA Zimbabwe
CI Cabte d'Ivoire KP Democratic People’s NZ New Zealand

CM Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea PT Portugal

CuU Cuba Kz Kazakstan RO Romania

cz Czech Republic LC Saint Lucia RU Russian Federation

DE Germany LI Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia SG Singapore




10

15

20

25

30

35

WO 98/09804 PCT/US97/13069

1

FLATTENING PROCESS FOR BONDED SEMICONDUCTOR SUBSTRATES

Background of the Invention

The present invention relates to a process for
flattening the surface of a semiconductor substrate which
comprises two or more bonded semiconductor wafers. In
particular, the present invention provides a means to
obtain bonded substrates having a uniform and specified
thickness and to populations of bonded substrates
resulting from this process.

Semiconductor on insulator ("SOI") substrates are
finding increasing application in the semiconductor
industry. These substrates generally comprise a thin
silicon or other semiconductor layer commonly referred to
as the device layer, an insulating layer, and a wafer
bulk or support layer. The insulating layer, which
typically comprises silicon dioxide silicon nitride or
another dielectric material, electrically isolates the
device layer from the support layer.

SOI substrates have been prepared by bonding two
silicon wafers together. In general, an insulating layer
is formed on the polished face of one or both of the
wafers, and the two wafers are bonded together with the
insulating layer(s) being at the bonding interface. The
thickness of one of the bonded wafers is then reduced by
various means to produce a thin device layer on the
insulating layer.

One method which has been suggested for producing
SOI substrates is the bond and etch back method which is
schematically depicted in Fig. 1. The starting materials
for this method are a handle wafer 1 and a device wafer
2. The handle wafer 1 has a bulk silicon layer 3 and an
oxide layer 4. The device wafer 2 has an epitaxially
grown device layer 5 of silicon, an epitaxially grown
layer 6 of very heavily doped silicon, and a bulk silicon

layer 7. The wafers are then joined to form a bonded



WO 98/09804 PCT/US97/13069

10

15

20

25

30

35

2

substrate 8 with the device layer 5 being bonded to the
oxide layer 4. Bulk silicon layer 7 is removed by
etching, or by a combination of mechanical grinding
followed by etching to expose heavily doped silicon layer
6. Heavily doped silicon layer 6 is then removed with a
preferential etch solution to yield an SOI substrate 9
having an exposed device layer 5 overlying an insulating
layer 4 and a support layer 3. See, for example,
European Patent Application, Publication

No. 0 520 216 AZ.

While the bond and etch back method can be used to
produce high quality SOI substrates, it is relatively
complex to execute and is subject to a variety of
constraints. For example, epitaxial growth is generally
carried out at lower temperatures to minimize doping of
the device layer, which has the effect of reducing
epitaxial growth rate and thus, throughput for an
installed base of epitaxial reactors. For this same
reason, the insulating oxide layer is typically grown on
the handle wafer instead of the device wafer.

Another method which has been suggested for reducing
the thickness of one of the joined wafers is plasma
assisted chemical etching ("PACE") which is schematically
depicted in Fig. 2. In this method, a SOI substrate 8’
is formed by bonding a handle wafer 1 having a silicon
layer 3 and an oxide layer 4 to a silicon device wafer 2.
The substrate 8’ is then thinned in two stock removal
steps. In the first step, silicon stock is rapidly, but
not necessarily uniformly, removed from surface 10 by
conventional grinding, chemo-mechanical polishing or
other gross stock removal means to produce a film 2’
having an intermediate thickness, T,,, which is in excess
of the final target thickness, T., of the device layer.
To reduce the nonuniformity introduced in the first stock
removal step, the thickness profile of film 2’ is

measured using an ellipsometer, a high frequency acoustic
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wave device, or a full surface interferometer. The
profile data representing point-by-point thickness of the
film 2’ is then processed to yield a dwell time versus
position map for the entire surface of the film 2’'. This
map is used to control the movement of a material removal
tool (such as a plasma puck) over the film 2’ to locally
remove additional stock from the surface 10’ of layer 2’
to produce an SOI wafer 9 having a device layer 5 which
has a thickness, T.. See, for example, U.S. Patent No.
5,254,830.

One advantage of the PACE method is that it produces
an SOI substrate having a device layer with very little
total thickness variation ("TTV") about a target
thickness, e.g., about 10 nanometers of TTV.
Significantly, however, this method relies upon an
optical thickness measurement of the device layer which
requires that the operating wavelength of the thickness
profile measurement device be within the transparency
range of the device layer. At the wavelengths which are
typically used, therefore, this method may not be used to
measure device layers which are greater than about
7 micrometers in thickness nor can it be used to measure
the thickness of highly doped or other optically opaque
layers. Furthermore, only the TTV of device layer is
controlled in this approach; any TTV which exists in the
support layer is ignored and "printed into" the SOI
substrate. This effect is schematically depicted in Fig.
3 which illustrates in exaggerated detail an SOI
substrate prepared using a handle wafer having
considerable TTV; the result is an SOI substrate having
little or no TTV in device layer 5, but considerable TTV

in silicon layer 3 and in the substrate 9.
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Summary of the Invention

Among the several objects of this invention,
therefore, may be noted the provision of a process for
the preparation of a substrate which is not unduly
complex, a process which enables an insulating layer to
be formed on the handle wafer, the device wafer or both
prior to bonding, a process which has no thermal
processing constraints, a process which enables the use
of optically opaque layers, and a process which enables
TTV control of the substrate and not just the device
layer.

Briefly, therefore, the present invention is
directed to a process for the preparation of a substrate
having a semiconductor layer of a target thickness, T,.
The process comprises bonding two wafers face to face to
form a substrate wherein one of the wafers has a known
thickness, Ty,um: and a total thickness variation of less
than about 0.75 micrometers and the second wafer
comprises a layer of semiconductor material. The
substrate is thinned in a first stock removal step to
reduce the thickness of the semiconductor layer. The
distance between the front and back surfaces of the
thinned substrate at discrete positions on said front
surface is measured to generate thickness profile data.
Additional stock is then removed from the front surface
of the thinned substrate in a second stock removal step
to reduce the thickness of the semiconductor layer to the
target thickness, T., with the amount of stock being
removed at each of said discrete positions being
determined after taking into account the thickness
profile data, T,, and Tyuoum-

The present invention is also directed to a
population of substrates, prepared by bonding two or more
wafers. The population consists of at least 10
substrates having an average total thickness variation

for the substrate which does not exceed about 0.2
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micrometers and an average total thickness variation for
the semiconductor layer which does not exceed about 0.5
micrometers.

Other objects and features will be in part apparent

and in part pointed out hereinafter.

Brief Description of the Drawings
Fig. 1 is a schematic cross-sectional view of a

bonded SOI substrate prepared in accordance with a first
prior art method;

Fig. 2 is a schematic cross-sectional view of a
bonded SCI substrate prepared in accordance with a second
prior art method;

Fig. 3 is a schematic cross-sectional view of a
bonded SOI substrate prepared in accordance with the
second prior art method using a handle wafer having
substantial total thickness variation; and

Fig. 4 is a schematic cross-sectional view of a
bonded SOI substrate prepared in accordance with the
process of the present invention.

Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

Description of the Preferred Embodiments

Referring now to the Figures, and more particularly
to Fig. 4, the process of the present invention employs,
as a starting material, a handle wafer 1. In general,
handle wafer 1 may be patterned or unpatterned and it may
have any diameter and target thickness which is
appropriate for a semiconductor application; for example,
the diameter may be from 4 to 8 inches (100 to 200 mm) or
greater and the thickness may be from 475 to 725
micrometers or greater, with the thickness typically

increasing with increasing diameter.
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In the first process step, handle wafer 1 is
flattened to form an ultra-flat wafer of known thickness.
Preferably, the flattened wafer has a TTV of less than
1 micrometer, more preferably a TTV of less than about
0.75 micrometers, still more preferably a TTV of less
than about 0.5 micrometers, most preferably a TTV of less
than about 0.2 micrometers, and optimally a TTV of less
than about 0.1 micrometers. Wafers meeting this TTV
criteria may be prepared, for example, using the PACE-
based technology disclosed in U.S. Patent Nos. 4,668,366,
5,254,830, 5,291,415, 5,375,064, 5,376,224, and
5,491,571. Precision wafer shaping equipment using this
technology is commercially available from IPEC/Precision
(Bethel, Connecticut) under the PWS-200 trademark.

In general, wafers having a surface roughness (rms)

"of less than about 0.1 nm over an area of 25 um X 25 um

are bondable. Plasma wafer-thinning processes, however,
will typically leave the surface of the silicon wafer
with a significant amount of surface roughness (rms) as
measured, for example, with an Atomic Force Microscope
(AFM) . Thus, it is preferred that the roughness of the
plasma thinned handle wafer surfaces be reduced to a
value which is less than that level of roughness. This
is conveniently done by a light polishing process
referred to as a "kiss" polish. The algorithm to
determine the amount of removal is as follows: (1)
determine the peak ("p") to valley ("v") roughness of the
plasma thinned surface, r(p-v); (2) design the polishing
process to remove approximately 3r(p-v) to 4r(p-v) using
a finishing type slurry (e.g., diluted Glanzox); and
(3) conventional RCA type cleaning. Removing this small
amount of silicon does not detract from the TTV of the
wafer.

Taking into the account the need to control TTV,
handle wafer 1 comprises any material which mechanically

supports the other layers, enables handling and
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processing of the structure and does not constitute a
source of contaminants for the device layer. Such
materials include, for example, an elemental
semiconductor material, a compound semiconductor
material, polycrystalline silicon, a glass material such
as quartz, or a ceramic material such as aluminum oxide,
aluminum nitride or silicon carbide. Silicon is a
preferred material for the handle wafer 1 with the
conductivity type and resistivity not being critical.

Referring again to Fig. 4, handle wafer 1 is
processed in a manner to form an insulating layer 4
comprising a dielectric material of known thickness on
the surface of silicon layer 3. The thickness of the
insulating layer 4 is generally between about 5 A
(0.5 nm) and about 5 micrometers, preferably about 0.4 to
about 2 micrometers, with thicknesses in the range of
about 300 to about 500 A being typical. Silicon dioxide,
silicon nitride or combinations thereof are preferred
dielectric materials. Although the insulating layer is
preferably formed by thermal growth processes, other
techniques such as chemical vapor deposition and plasma
enhanced deposition may also be suitable.

After the insulating layer is formed, handle wafer 1
is bonded to a similarly treated or untreated device
wafer 2 to form a substrate 8’. More specifically, the
insulating layer 4 of handle wafer 1 is bonded to the
exposed surface of the device wafer 2. Bonding is done
according to methods known in the art. Preferably, a
direct bonding method is employed wherein the bonding
surfaces are cleaned in a manner which leaves them
hydrophilic, precisely aligned and bonded at room
temperature. The substrate 6 is then annealed at an
elevated temperature to increase the bond strength.

Referring again to Fig. 4, substrate 8’ is thinned
in a first stock removal step to produce a film 2’ having

an intermediate thickness, T In general, this step is

int *
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a gross removal step in which stock is rapidly, but not
necessarily uniformly, removed from the substrate. It
may be carried out by a variety of conventional thinning
techniques, such as grinding, chemomechanical polishing,
or etching (plasma or chemical). Accordingly, the
intermediate thickness, T,, resulting from this first
removal step will be the target device layer thickness,
T., plus an amount which is roughly about two-times the
value of the TTV which was introduced during the first
stock removal step. In general, conventional mechanical
thinning methods will introduce about 1 to 5 micrometers
of TTV and thus, the difference between T,, and T, will
generally be less than about 20 micrometers, preferably
is less than about 10 micrometers and most preferably is
less than about 5 micrometers.

If substrate 8’ exhibits voids, bubbles and other
delaminations as a result of non-uniform bonding at the
edges of the handle and device wafers, the edge margin 12
of layer 2’ may be removed by mechanical means such as
grinding or polishing or by etching (plasma or chemical)
to eliminate these features which detract from the
desirability of the substrates. Typically, this edge-
stripping step, if carried out at all, will be carried
out between the first and second stock removal steps.

After the first stock removal step, point-by-point
thickness profile data is generated for the thinned
substrate and mapped as a function of position on the
surface 14 of substrate 8’ with data being generated at a
sufficient number of discrete positions to assure full
surface coverage for substrate 8’. The number of
discrete positions, therefore, is at least 2, preferably
at least 10, more preferably at least about 100, still
more preferably at least about 1000 and, for some
applications, most preferably at least about 5,000. The
thickness measurement tool used to generate this data may

be a capacitance, optical interference, FTIR, or
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mechanical (e.g., micrometer) thickness measurement tool.
Preferably, however, it is determined using a capacitance
thickness measurement tool having a resolution of at
least about 0.5 micrometers and more preferably a
resolution of at least about 0.1 micrometers. A
capacitance measurement tool having a resolution of about
0.1 to about 0.2 micrometers is commercially available
from ADE Corporation (Newton, MA) under the ADE 7200
trademark. In operation, the introduction of a silicon
wafer in the airgap of a parallel plate capacitor of
these tools causes a change in capacitance. This
capacitance change can be related to the thickness of the
wafer and its effective dielectric constant. If the
wafer is layered with materials of different dielectric
constants, the effective dielectric constant can be
extracted by modeling the layered structure as
capacitances in series. For example, in the case of S80I
layers where the buried oxides are uniform and thin (less
than about 2um), the deviation caused by the differences
in material is minimal and in any case can be precisely
calculated if the buried oxide thickness is precisely
known.

Significantly, because the thickness of the support
layer 3 and the oxide layer 4 are known and because these
layers are ultra-flat, the thickness and thickness
variation of layer 2’ can be calculated using an
algorithm which operates on the thickness profile data,
the known thickness of the handle wafer, T,,.m, and the
target thickness value, T.. For example, the amount of
material to be removed to achieve the target thickness,
T., can be determined by subtracting the known thickness
of the handle wafer, Ty,.., from the thickness profile
data at each discrete position. The difference between
these numbers is then compared to the target thickness,
T,, for device layer 5 with the difference between the two

values constituting the amount of stock which must be



WO 98/09804 PCT/US97/13069

10

15

20

25

30

35

10

removed at each position to achieve the target thickness,
T, .

Once the amount of material to be removed from each
position in layer 2’ is determined, this information is
processed and converted to a dwell time versus position
map which is used to control a stock removal tool during
a second stock removal step. This second stock removal
step may be executed using any tool which is capable of
locally and precisely removing stock from small regions
of layer 2’ to produce device layer 5. The tool may be,
for example, a chemomechanical polishing tool having
micropolishing heads. Preferably, however, it is a PACE
removal tool of the type described in U.S. Patent Nos.
4,668,366, 5,254,830, 5,291,415, 5,375,064, 5,376,224,
and 5,491,571, which are commercially available from
IPEC/Precision, Inc. under the PWS-200 trademark.

After the second stock removal step, substrate 8’
has a TTV of less than 1 micrometer, more preferably a
TTV of less than about 0.75 micrometers, still more
preferably a TTV of less than about 0.5 micrometers, most
preferably a TTV of less than about 0.2 micrometers, and
optimally a TTV of less than about 0.1 micrometers. 1In
general, device layer 5 has a TTV which is about twice
the value of the TTV of the substrate 8‘’. Thus, device
layer 5 has a TTV of less than 2 micrometers, more
preferably a TTV of less than about 1.5 micrometers,
still more preferably a TTV of less than about
1 micrometer, most preferably a TTV of less than about
0.4 micrometers, and optimally a TTV of less than about
0.2 micrometers. The final TTV values for the substrate
and the device layer are achieved by starting with an
ultra-flat handle wafer, accurately mapping the thickness
of the substrate, and precision thinning the substrate
using this map in the second stock removal step. Since
the handle wafer is ultra-flat, the TTV which exists in

the substrate prior to the second stock removal step is
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substantially attributable to the nonuniformity (TTV) of
the device layer. 1In addition, accurate mapping and
precision thinning of the substrate enables the
preparation of a device layer having a TTV which, after
the second stock removal step, is comparable to the TTV
of the substrate.

Substrate 8’ may be optionally be subjected to a
"kiss" polish to reduce the surface roughness (rms) after
the second stock removal step to a value of about 1 A
over an area of 25 um?. In general, about 1 to about
300 nanometers of silicon will be removed in this polish
step. The polishing may be carried out in a
chemical /mechanical polishing process using, for example,
a dilute ammonia stabilized colloidal silica slurry and
conventional polishing equipment. A preferred ammonia
stabilized colloidal silica slurry is Glanzox 3900, which
is commercially available from Fujimi Incorporated of
Aichi Pref. 452, Japan. Glanzox 3900 has a silica
content of from about 8 to about 10% and a particle size
of from about 0.025 to about 0.035 um. If the ammonia
stabilized silica slurry is not diluted prior to use, the
polished wafer will not be as smooth as a wafer treated
with a diluted slurry. A dilution of about one part
silica slurry to about 10 parts deionized water is
preferred. After polishing, the substrate is subjected
to a cleaning step using a standard cleaning solution
such as H,0-H,0,-NH,OH.

The process of the present invention offers
particular advantages in the preparation of SOI
substrates having relatively thick semiconductor layers,
i.e., thicknesses of at least 1 micrometer, 3
micrometers, 5 micrometers, 7 micrometers, 10
micrometers, oOr even greater thicknesses. The process of
the present invention also offers particular advantages
in the preparation of SOI substrates having layers or
regions which are optically opaque. This advantage
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arises from the measurement technique used in this
process. In the present invention, thickness
measurements are taken using the backside of the support
layer as the reference plane with measurement tools which
do not require that the substrate be transparent to light
of any wavelength. The backside of the support layer can
be used as the reference plane because the support layer
is derived from an ultra-flat handle wafer which
introduces little TTV to the substrate.

As illustrated in Fig. 4, insulating layer 4 is
formed on handle wafer 1. 1In practice, however, the
insulating layer may be formed on the handle wafer, the
device wafer or both prior to bonding so long as the two
wafers are bonded together with the oxide layer(s) being
at the bonding interface.

While the present invention has been described in
the context of SOI substrates, its application is not
limited to substrates comprising an insulating layer. It
has general application to any semiconductor substrate
prepared from two or more wafers in which one of the
wafers is an ultra-flat wafer. Thus, for example, it may
be used in applications in which each of the bonded
wafers comprise semiconductor layers which may be
patterned or unpatterned. It may also be used in
applications where more than two wafers are bonded.

Furthermore, the wafer bonding and flattening
process of the present invention enables the preparation
of a population of semiconductor substrates having a
tight distribution of TTV. That is, a population of at
least about 10 substrates, preferably at least about 25
substrates, can be prepared having an average TTV for the
substrate which does not exceed about 0.2 micrometers and
an average TTV for the semiconductor layer which does not

exceed about 0.5 micrometers.
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In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
5 constructions and processes without departing from the
scope of the invention, it is intended that all matter
contained in the above description or shown in the
accompanying drawings shall be interpreted as

illustrative and not in a limiting sense.
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CLAIMS:
WHAT IS CLAIMED IS:

1. A process for the preparation of a substrate
having a semiconductor layer with a target thickness
value, T,, the process comprising

bonding first and second wafers together face to
face to form a substrate, the first wafer having a known
thickness value, Ty,...» and a total thickness variation of
less than about 0.75 micrometers, the second wafer
comprising a semiconductor material, said substrate
having front and back surfaces defined by unbonded faces
of the first and second wafers, an interface between said
front and back surfaces defined by bonded faces of the
first and second wafers, a support layer between the back
surface and the interface, and a semiconductor layer
located between the front surface and the interface which
comprises the semiconductor material,

thinning the substrate by removing stock from the
front surface in a first stock removal step to reduce the
thickness of the semiconductor layer to an intermediate
thickness value, T,,, which is greater than T,

generating thickness profile data for the thinned
substrate, said thickness profile data generation
comprising measuring the distance between the front and
back surfaces of the substrate at discrete positions on
said front surface,

determining the amount of stock to be removed at
each of said discrete positions to reduce the thickness
of the semiconductor layer to the target thickness value,
T., said determination comprising use of an algorithm
operating on the thickness profile data, T,, and Ty,u., and

removing stock from the front surface of the thinned
substrate in a second stock removal step to reduce the
thickness of the semiconductor layer to T,, the amount of
stock being removed at each of said discrete positions

being based upon said determination.
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2. The process of claim 1 wherein the process
additionally comprises the step of flattening the first
wafer to reduce the total thickness variation of the
first wafer to a value of no more than about

5 0.75 micrometers prior to the bonding step.

3. The process of claim 2 wherein the process
additionally comprises the step of polishing the first
wafer after the flattening step and prior to the bonding
step.

4. The process of claim 1 wherein the process
additionally comprises the step of flattening the first
wafer to reduce the total thickness variation of the
first wafer to a value of no more than about

5 0.5 micrometers prior to the bonding step.

5. The process of claim 4 wherein the process
additionally comprises the step of polishing the first
wafer after the flattening step and prior to the bonding
step.

6. The process of claim 1 wherein the process
additionally comprises the step of flattening the first
wafer to reduce the total thickness variation of the
first wafer to a value of no more than about

5 0.2 micrometers prior to the bonding step.

7. The process of claim 6 wherein the process
additionally comprises the step of polishing the first
wafer after the flattening step and prior to the bonding
step.

8. The process of claim 1 wherein the first wafer
has a total thickness variation of less than about

0.5 micrometers.
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9. The process of claim 1 wherein the first wafer
has a total thickness variation of less than about

0.2 micrometers.

10. The process of claim 1 wherein the substrate
contains a silicon dioxide layer having a thickness of at
least about 300 A which is between the semiconductor

layer and the support layer.

11. The process of claim 1 wherein T, 1s greater

than T, by no more than about 10 micrometers.

12. The process of claim 1 wherein T,, is greater

than T, by no more than about 5 micrometers.

13. The process of claim 1 wherein the substrate is

polished after the second stock removal step.

14. The process of claim 1 wherein the thickness
profile data is generated by measuring the capacitance of

the substrate at said discrete positions.

15. A process for the preparation of a substrate
having a semiconductor layer with a target thickness
value, T,, of at least about 1 micrometer, the process
comprising

bonding first and second wafers together face to
face to form a substrate, the first wafer having a known
thickness value, Ty, and a total thickness variation of
less than about 0.75 micrometers, the second wafer
comprising a semiconductor material, at least one of said
first and second wafers comprising a layer of a
dielectric material, said substrate having front and back
surfaces defined by unbonded faces of the first and

second wafers, an interface between said front and back
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surfaces defined by bonded faces of the first and second
wafers, a support layer between the back surface and the
interface, a semiconductor layer located between the
front surface and the interface which comprises the
semiconductor material, and an insulating layer which
comprises the layer of dielectric material between the
semiconductor layer and the support layer,

thinning the substrate by removing stock from the
front surface in a first stock removal step to reduce the
thickness of the semiconductor layer to an intermediate
thickness value, T,,, which is greater than T,,

generating thickness profile data for the thinned
substrate, said thickness profile data generation
comprising measuring the distance between the front and

back surfaces of the substrate at discrete positions on

"said front surface,

determining the amount of stock to be removed at
each of said discrete positions to reduce the thickness
of the semiconductor layer to the target thickness value,
T
operating on the thickness profile data, T., and Ty,.w., and

¢+ Said determination comprising use of an algorithm
removing stock from the front surface of the thinned
substrate in a second stock removal step to reduce the
thickness of the semiconductor layer to T,, the amount of
stock being removed at each of said discrete positions

being based upon said determination.

16. The process of claim 15 wherein the thickness
profile data is generated by measuring the capacitance of

the substrate at said discrete positions.

17. The process of claim 16 wherein the process
additionally comprises the step of flattening the first
wafer to reduce the total thickness variation of the
first wafer to a value of no more than about

0.2 micrometers.
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18. The process of claim 17 wherein the process
additionally comprises the step of polishing the first
wafer after the flattening step and prior to the bonding
step.

19. The process of claim 18 wherein the substrate

is polished after the second stock removal step.

20. The process of claim 15 wherein the first wafer
has a total thickness variation of less than about

0.2 micrometers.

21. The process of claim 15 wherein the first wafer
has a total thickness variation of less than about
0.2 micrometers and the thickness profile data is
generated by measuring the capacitance of the substrate

5 at said discrete positions.

22. The process of claim 15 wherein the dielectric
layer is a silicon dioxide layer having a thickness of at
least about 300 A.

23. The process of claim 15 wherein the substrate

is polished after the second stock removal step.

24. The process of claim 15 wherein the first wafer
has a total thickness variation of less than about
0.2 micrometers, the thickness profile data is generated
by measuring the capacitance of the substrate at said
5 discrete positions and the substrate is polished after

the second stock removal step.

25. A process for the preparation of a substrate
having a semiconductor layer with a target thickness
value, T,, of at least about 1 micrometer, the process

comprising
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flattening a first silicon wafer to reduce the total
thickness variation of the wafer to a value of no more
than about 0.5 micrometers, the flattened first silicon
wafer having a known thickness value, Ty,oun:

polishing the flattened wafer to reduce the surface
roughness (rms) of a face of the flattened wafer to a
value of no more than about 0.1 nm over an area of 25 um
X 25 pum,

forming a silicon dioxide layer on the polished face
of the first wafer or upon a face of a second silicon
wafer,

bonding the first and second wafers together face to
face to form a substrate, said substrate having front and
back surfaces defined by unbonded faces of the first and
second wafers, an interface between said front and back
surfaces defined by bonded faces of the two wafers, a
support layer between the back surface and the interface,
a silicon layer located between the front surface and the
interface, and a dielectric layer between the support
layer and the semiconductor layer which comprises said
silicon dioxide layer,

thinning the substrate by removing stock from the
front surface in a first stock removal step to reduce the
thickness of the semiconductor layer to an intermediate
thickness wvalue, T,,., which is greater than T, by no more
than about 10 micrometers,

generating thickness profile data for the thinned
substrate, said thickness profile data generation
comprising measuring the distance between the front and
back surfaces of the substrate at discrete positions on
said front surface using a capacitance measurement tool,

determining the amount of stock to be removed at
each of said discrete positions to reduce the thickness
of the semiconductor layer to the target thickness value,
T., said determination comprising use of an algorithm

operating on the thickness profile data, T., and T,,.., and
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removing stock from the front surface of the thinned
substrate in a second stock removal step by etching the
front surface with a plasma to reduce the thickness of
the semiconductor layer to T,, the amount of stock being
removed at each of said discrete positions being based

upon said determination.

26. A population of substrates, each of which
comprises bonded second and first wafers having front and
back surfaces, an interface between said front and back
surfaces defined by bonded faces of the two wafers, a
support layer between the back surface and the interface,
a semiconductor layer located between the front surface
and the interface which comprises a semiconductor
material, and a dielectric layer between the support
layer and the semiconductor layer, the population
consisting of at least 10 substrates having an average
total thickness variation for the substrate which does
not exceed about 0.2 micrometers and an average total
thickness variation for the semiconductor layer which

does not exceed about 0.5 micrometers.

27. The population of wafers of claim 26 wherein

the population consists of at least about 25 wafers.

28. The population of wafers of claim 26 wherein
the dielectric layer of each of the wafers in the
population comprises a layer of silicon dioxide of at
least about 300 A in thickness.

29. The population of wafers of claim 26 wherein
the semiconductor layer of each of the wafers in the
population comprises a layer of silicon of at least about

1 micrometer in thickness.



WO 98/09804

FI1G.1
PRIOR ART

— 4

/3

PCT/US97/13069

/)

4 -5




PCT/US97/13069

WO 98/09804
2/4
FIG.2
PRIOR ART
. 3
._«/
/ 10
s 14
8 T,

Tint +
T,
g 5




WO 98/09804

FIG.3
PRIOR ART

3/4

PCT/US97/13069




WO 98/09804 PCT/US97/13069

4/4
9 FIG.4
\\ 1
‘ FIAEN
FORM INSULATING
LAYER 4
1
BOND
8 2
N | 4
‘ ‘ FIRST STOCK REMOVAL
- 2
Tint i 4
J/ ™3
8 EDGE STRIPPING
| e,
Tint [ i 4]2
! i

SECOND STOC!% REMOVAL
[ ol
>4

—3

‘ GENERATE THICKNESS PROFILE DATA




INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/IS97/13069

A. CLASSIFICATION OF SUBJECT MATTER

IPC(6) : B3IF 122
US CL : 156/345,646,643,625,626,636,209,657,627; 219/43,54,59121
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation scarched (classification system followed by classification symbols)

US. : 156/345,646,643,625,626,636,209,657,627; 219/43,54,59121

Documentation searched other than minimum documentation to the extent that such documents are included in the fields scarched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

APS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5,218,213 A (GAUL et al) 08 June 1993, col 1, lines 55-col 2, | 1,8-14,20-25
line 49
Y US 5,494,849 A (LYER et al) 27 February 1996,col 4, lines 10-30| 8 , 9
12,13,14,20,22,2
4,23

Further documents are listed in the continuation of Box C. D Secc patent family annex.

. Special categories of cited documents: T Iater document published after the international filing date or priority
e . i i date and not in flict with the spplication but cited to undenstand
A document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevence
ope . : . . . X document of particuler relevance; the claimed invention cannot be
E earlier document published on or after the internstional filing date idered novel of ot bs considered 1o involve an inventive step
Lt document which may throw doubts on priority claim(s) or which is when the document is taken slone

cited to blish the publication date of snother citation or other ) . . )

pecial (as ified) 'Y* document of particulsr relevance; the claimed invention cannot be

v considered to invoive an inventive step when the document is

‘c* document referring to an orsl discl e, use, oxhibition or other combined with one or more other such d ents, such combinati

means being obvious to & person skilled in the art
"p* document published prior to the international filing date but later than ¢4+ document member of the same patent family

the priority date clsimed
Date of the actual completion of the intemational search Date of mailing of the intemational search report

04 NOVEMBER 1997 !0 4 DEC 1997

Washington, D.C. 20231
Facsimile No.  (703) 305-3230 ' Telephone No. (703) 3

Name and mailing address of the ISA/US Authorized office -
Commissioner of Patents and Trademarks f/ ‘ ﬁ(?())] Z
Box PCT MERRIC N
-0013

Form PCT/ISA/210 (second sheet)(July 1992)«



INTERNATIONAL SEARCH REPORT

International application No.

35-60

PCT/US97/13069
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriste, of the relevant passages Relevant to claim No.
Y US 5,254,830 A (ZAROWIN et al) 19 October 1993, col 3, lines 2-7,17,18,19

Form PCT/1ISA/210 (continuation of second sheet)(July 1992)%




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

