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57] ABSTRACT

An apparatus and method for improved wafer bonding by
scrubbing, spin drying, aligning, and pressing the polished
wafers together. The first wafer (13) is mounted on a flat
wafer chuck (11) and a second wafer (14) 1s mounted on a
convex pressure gradient chuck (10). Wafers are scrubbed
until a polished contamination free surface 1s obtained and
pressed together. The convex pressure gradient chuck exerts
a higher pressure at the center of the wafer than at the
periphery of the wafer.

13 Claims, 2 Drawing Sheets
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1

GRADIENT CHUCK METHOD FOR WAFER
BONDING EMPLOYING A CONVEX
PRESSURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of reissue application
Ser. No. 08/276,189 filed Jul. 15, 1994, now abandoned,

which is a reissue application of Ser. No. 07/565,761, filed
Jul. 31, 1990, now U.S. Pat. No. 5,131,908.

BACKGROUND OF THE INVENTION

This 1invention relates, 1 general, to the bonding of two
surfaces, and more particularly, to an apparatus and method
for bonding two semiconductor wafers.

The bonding of two semiconductor wafers together offers
many advantages 1n the manufacturing of semiconductor
devices. Devices that are manufactured 1n this manner offer
higher performance for high density CMOS, high voltage,
and high frequency devices. Many theories have been dis-
cussed 1n the literature about actual bonding mechanisms for
joimning two wafers together. One such theory 1s Van der
Waals bonding or dipole bonding. Van der Waals bonding 1s
caused by an electrical interaction of dipoles 1 two bodies.

This theory as well as others are discussed 1n greater detail
by J. Haisma, G. A. C. M. Spierings, U. K. P. Biermann and

J. A. Pals, “Silicon-on-Insulator Wafer Bonding-Wafer Thin-
ning Technological Evaluations,” Japanese Journal of
Applied Physics, Vol. 28, No. 8, August, 1989, pages
1426—-1443. Generally, the conventional process of wafer
bonding 1s achieved by quickly cleaning the surfaces to be
bonded, manually placing the surfaces 1n contact with each
other, and further pressing the surfaces together by a hand
rolling pin device. This process results in poor bonding and
many volds due to contamination.

Contamination of the bonding surface 1s a major concern
in being able to achieve void free bonding of the two
surfaces. Organic film and particle contamination are two
main contamination types that prevent manufacturing high
quality void free bonded surfaces. Organic contamination of
semiconductor surfaces has been shown to occur by simple
storage of surfaces as described by V. Lehmann, U. Gosele,
and K. Mitani, “Contamination Protection of Semiconductor
Surfaces by Wafer Bonding.” Solid State Technology, April
1990, pages 91-92. Particles, another form of contamination
that 1s well known in the industry also has been shown to
participate in the void formation of bonded surfaces.
Therefore, a method that enables the removal of contami-
nation and prevents the occurrence of recontamination of the
bonding surfaces 1s highly desirable.

SUMMARY OF THE INVENTION

The objects and advantages of the present invention are
provided by an improved apparatus and method for bonding
a first and a second wafer together. The first wafer 1s
mounted on a convex pressure gradient chuck. Wafers that
are mounted on the flat and convex pressure gradient chucks
are scrubbed or polished until a contamination free surface
1s achieved on both walers. After the waters have been
scrubbed clean of contamination and before recontamination
of the surfaces can occur the wafers are joined. The joining
of the wafers 1s accomplished by moving the chucks
together. The convex pressure gradient chuck applies a
pressure gradient to the wafer surfaces, further pressing the
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surfaces together and exerting a higher pressure in the
central portion of the water than at the peripheral portion to
prevent self sealed bubbles or voids.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of waters mounted on
chucks;

FIG. 2 pictorially 1llustrates a chuck mounted with a wafer
being scrubbed/polished in accordance with an embodiment
of the present invention.

FIG. 3 1s a cross-sectional view showing contact of the
walers up against a scrubbing pad; and

FIG. 4 1s a cross-sectional view of convex pressure
oradient chuck.

DETAILED DESCRIPTION OF THE DRAWINGS

A cross-sectional side view of a flat water vacuum chuck
11 and a convex pressure gradient water chuck 10 1s
illustrated 1n FIG. 1. Flat wafer chuck 11 is illustrated as
having a large circular head 15 and a vacuum shaft 17. Wafer
13 1s mounted on head 15. Vacuum shaft 17 extends from the
middle of vacuum head 15 of flat vacuum chuck 11. Vacuum
shaft 17 further contains a vacuum port 12 which extends
though shaft 17 and head 15. It should be understood that
vacuum shaft 17 1s connected to a rotational means which
can rotate head 11 and wafer 13 at high RPM. Vacuum port
12 transfers a negative pressure to wafer 13 which holds
waler 13 1n place for subsequent processing. Additionally, 1t
should be further understood that chuck 11 1s attached to an
apparatus that possesses freedom of movement so that
direction, speed, and force can be specified.

Chuck 10 1s composed of a large circular head 20 and
vacuum shaft 16. Circular head 20 1s manufactured so that
convex pressure gradient 24 1s transferred from circular head
20 to wafer 14. Physical properties of head 20 can range
from a hard flat surface to a soft malleable or flexible
surface. Selection of specilic surfaces 1s determined by
process requirements. The circular head 20 1s used to
distribute pressure gradient 24 across water 14 when the
walers are bonded. This action squeezes out any possible
bubbles or voids that might occur during bonding. Vacuum
shaft 16 extends from the middle of vacuum head 20.
Vacuum shaft 16 further contains a vacuum port 26 which
extends through vacuum shaft 16 and head 20. It should be
understood that vacuum shaft 16 1s connected to a rotational
means which can rotate head 10 and water 14 at hich RPM.
Vacuum port 26 transfers a negative pressure to water 14 to
hold the water in place for subsequent processing. In one
embodiment, vacuum port 26 can also serve as a pressure
inlet for creating a pressure gradient 24. Additionally, 1t
should be further understood that chuck 10 1s attached to an
apparatus that possesses the freedom of movement so that
direction, speed, and force can be specified.

Convex pressure gradient 24 1s 1llustrated by a multiplic-
ity of arrows 24 shown in chuck 10. Larger and smaller
arrows 1llustrate the relative magnitude of pressure gradient
24 that 1s transferred to wafer 14 on chuck 10. Larger arrows
indicate a greater pressure with smaller arrows indicating
less pressure, thus a greater pressure 1s shown 1n the middle
of wafter 14 with gradual diminution of pressure to the
outside edges. Pressure gradient 24 1s provided by a head 20
which 1s attached to shaft 16.

FIG. 2 pictorially 1illustrates one embodiment of the
polishing or scrubbing operation of the present invention.
Driving means 19 rotates a double sided scrubbing pad 23 so
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that any selected rotational speed or rotational direction can
be obtained for pad 23. In this embodiment pad 23 1s capable
of being swung away from chuck 11 and chuck 10 for
subsequent processing. A multiplicity of pads with a variety

of surfaces i1s capable of being swung in and out from
between chuck 11 and chuck 10. This variety of surfaces
offers process capability from polishing, scrubbing,
planarizing, or the like. Chuck 11, wafer 13, wafer 14, and
chuck 10 are symmetrically ahgned to center points such
that wafer 13, water 14 and chuck 10 are hidden from view.
Additionally, chuck 11 and wafer 13 are on one side of
scrubbing pad 23, and chuck 10 and wafer 14 are on the
other side of pad 23. Wafer chuck 11 is shown only partially
contacting scrub pad 23. It should be understood by some-
one skilled 1n the art that this 1s only one configuration and
that 1t would be possible to have wafer 13 1n total contact
with pad 23. Vacuum shaft 17 1s shown with vacuum port 12.
It should be understood that vacuum shaft 17 can provide a
rotational means for chuck 11 that 1s separate and 1indepen-
dent from rotational means 19. Rotation of shaft 17 and shaft
16 can also be left to 1dle or free wheel if desired. It will also
be understood that chuck 11 and chuck 10 are symmetrical
and can be independent from each other. It should be further
understood that the mechanical attributes of chuck 11 can be
applied to chuck 10 on the opposite side of pad 23. Dispense
nozzle 21 1s shown so that ultra pure deionized water or
other materials can be dispensed while scrubbing of wafer
13 and wafer 14 1s in progress. Dispensing of deionized
water onto wafer 13, waler 14, and pad 23 serves to cleanse
waler 13, wafer 14 and pad 23 free of contamination.

In yet another embodiment, wafer 14 and wafer 13 are
scrubbed on the same side of pad 23.

Once the scrubbing of wafer 13 and wafer 14 1s
completed, polished, contamination free wafers are pro-
duced. Wafer 13 and water 14 are then spin dried to remove
excess moisture. Spin drying 1s achieved by rotating wafer
13 and wafer 14 at high RPM. To enhance the spin drying
process an ultra pure gas such as nitrogen or the like, can be
blown on the polished surfaces.

Determination of crystal orientation of wafer 13 and
waler 14 1s accomplished by observation of major and minor
flats of water 13 and wafer 14. The 1dentification of the
major and minor flats 1s well known in the art and commer-
cial equipment for doing this procedure 1s readily available.
Knowing the orientation of water 13 and wafer 14 allows for
the proper placement of wafer 13 and wafer 14 for bonding
PUIPOSES.

After scrubbing, spin drying, and crystal orientation water
13 and wafer 14 are joined by moving flat water chuck 11
and convex pressure gradient chuck 10 together until wafer
13 and wafer 14 are 1n contact with each other thereby
pressing the two scrubbed walers together. The pressing of
these wafers together 1s further enhanced by the use of
pressure gradient 24 of chuck 10. Convex pressure gradient
chuck 10 (see FIG. 1) causes a greater bonding force to be
applied at the center of the walfers and radiate out to the
periphery of the wafer thereby forming any air or contami-
nants out from the bonding surfaces on the wafers.

Preferably, the wafers are bonded or pressed together
immediately following the drying step; however, some delay
may be permissible between drying and pressing. If the
delay results 1n the recontamination the wafers, polishing
will have to be repeated unless other steps have been taken
to protect the surfaces of the wafers from contaminants.

It should be understood that in some applications the
joining of surfaces that are clean and have some amount of
liquad still on the surfaces to be joined 1s advantageous.
Amounts of liquid may range from at least one monolayer to
having the surface flooded with liquid. Excess liquid that 1s
between the bonding surfaces 1s then squeezed out by
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4

convex pressure gradient 24 as the bonding surfaces are
pressed together producing a void free bond.

In the preferred embodiment of this invention the
scrubbing, spin drying, crystal orientation and joining are
accomplished 1n one enclosure 1n a continuous operation.

FIG. 3 1s a cross-sectional view of a portion of FIG. 2.
Chuck 11 and chuck 10 squeeze wafer 13 and wafer 14
respectively up against scrub pads 23 from opposite sides.
The squeezing force i1s generated by applying a force on
chuck 11 and chuck 10 perpendicular to scrub pad 23. Water
13 and wafer 14 are held firmly on head 20 and head 15 by
applying a negative pressure though vacuum port 12 and
vacuum port 26. In another embodiment wafers are held
firmly 1 place by frictional forces. Scrub pads 23 are
supported by a flat disc 22 which 1s attached to rotating
means 19 illustrated i FIG. 2. Pad 23 i1s preferably a
synthetic suede leather material. One such material 1s Cor-
fam (a trade name used by Dupont).

FIG. 4 1s a cross-sectional view of one embodiment of a
convex pressure gradient chuck 10. It should be understood
that this 1s just one embodiment and other embodiments can
be used to achieve a convex pressure gradient 24 shown 1n
FIG. 1. Convex pressure gradient chuck 10 1s a symmetrical
device, therefore only one half of convex pressure gradient
chuck 10 1s described in detail since the other half 1s a mirror
image. Vacuum port 26 1s located 1n convex pressure gra-
dient shaft 16. Vacuum port 26 1s not only used to provide
vacuum to hold wafer 14 to convex pressure gradient chuck
10 but, also to provide a means to mnput pressure so as to
create a pressure gradient. Pressure supplied though port 26
can either be a liquid or a gas. Use of either a gas or a liquid
1s determined by processing conditions. Pressure supplied
though port 26 1s directed between orifice 39 and orifice 34.
Orifice 39 transiers pressure from port 26 to waler 14 though
channels 38. This 1s the highest pressure position and 1is
centered on waler 14. Channels 38 are concentric grooves
and receive pressure from orifice 39. Channels 38 are
connected to orifice 39 by a slot (not shown). Concentric
channels 38 may receive pressure from two or more orifices

39.

Pressure reduction orifice 34 reduces pressure from
incoming port 26. Plenum 33 receives reduced pressure
from pressure reduction orifice 34. Pressure 1n plenum 33 is
directed between orifice 36 and orifice 41. Orifice 36 trans-
fers pressure from plenum 33 to channels 37. Channels 37
then direct pressure to waler 14. This 1s the second highest
pressure position on wafer 14. Pressure from plenum 33 1s
further reduced by pressure reduction orifice 41. Orifice 41
provides pressure for plenum 42 which 1s directed between
ortfice 43 and orifice 46. Pressure from plenum 42 1is
directed toward wafer 14 by orifice 43. Pressure coming
from orifice 43 1s directed mto channels 44. These channels
apply pressure to wafer 14. This 1s the third highest pressure
position on waler 14. Pressure from plenum 42 1s directed
into pressure reduction orifice 46. Pressure reduction orifice
46 further reduces pressure from plenum 42 into plenum 47.
Pressure 1 plenum 47 1s directed between orifice 48 and
orifice 51. Pressure from plenum 47 1s directed into orifice
48 which transfers pressure to channels 49. Channels 49
subsequently transier pressure to waler 14. This 1s the fourth
highest pressure position on wafer 14. Orifices 34, 39, 41,
and 46 provide for a gradual decrease 1n pressure, with a
orcater pressure centrally located on wafer 14 and gradually
decreasing to the periphery of chuck head 20. This decline
in pressure 1s pictorially illustrated by convex pressure
oradient 24 1n FIG. 1. Pressure from plenum 47 1s also
directed through orifice 51. Pressure coming though orifice
51 comes up against flexible flap 32. Flexible flap 32 1s held
in place by at least one screw or pin 31. Flexible flap 32 1s

made 1n such a manner that when excess pressure 1s pressed
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up against flap 32, flap 32 flexes as shown 1n phantom by
lines 30. Movement by flap 32 can expel excess pressure
cither 1n a gaseous or a liquid form. Once excess pressure
has been released flap 32 then resumes 1ts normal shape.
Once flap 32 1s 1n 1ts normal position a vacuum can be drawn
though all plenums, orifices, and channels.

Channels 37, 38, 44, and 49 are formed as grooves of
concentric rings around convex pressure gradient chuck.
Grooves 37 are interconnected to orifice 36 by a slot (not
shown) cut between the two grooves and though orifice 36.
Grooves 37 may recieve pressure from two or more orifices.
By way of example, grooves 38, 44, and 49 are intercon-
nected to their respective orifices 1n a similar manner as
orooves 37. It should be understood that 1t 1s possible to have
as many plenums and orifices as necessary to accommodate
any waler size. It should be further understood that convex
pressure gradient chuck 10 can be manufactured from a
variety of materials such as metal, rubber, or the like.

By now, 1t should be appreciated that there has been
provided a novel apparatus and method for bonding wafers
that eliminates voids and bonding defects between the
bonded wafers.

We claim:

1. A method for bonding a first and a second semicon-
ductor wafer together, which comprises:

mounting the first semiconductor wafer on a flat chuck
and mounting the second semiconductor waler on a
convex pressure gradient chuck;

scrubbing a surface of the first and second semiconductor
waler to obtain polished surfaces; and

pressing the polished surfaces of the first and second
semiconductor wafers together by using the flat chuck
and the convex pressure gradient chuck to press them
together by applying a convex pressure gradient by
using pressurized fluid across a surface of the second
semiconductor wafer that 1s in contact with the convex
pressure gradient chuck, thereby applying a greater
pressure centrally located which gradually decreases to
a periphery of the convex pressure gradient chuck by
interconnecting a series of pressure reduction orifices,
plenums, and channels which create a convex pressure
gradient on the second semiconductor wafer during the
pressing of the polished surfaces together.

2. The method of claim 1 further including spin-drying the
semiconductor wafers after the scrubbing step.

3. The method of claim 1 further including providing the
convex pressure gradient chuck with a soft malleable head.

4. The method of claim 2 turther including accomplishing,
all steps sequentially.

5. A method of bonding a first and a second semiconduc-
tor wafer together, comprising:

polishing a surface of the first semiconductor and a

surface of the second semiconductor wafer to obtain

clean surfaces;

pressing the clean surfaces of the first and the second
semiconductor wafer together by applying a convex
pressure gradient across at least a surface opposite the
clean surface of the first semiconductor watfer; and

creating the convex pressure gradient by using a pressur-
1zed fluid through orifices and channels to create a
ogreater pressure centrally located which gradually
decreases to a periphery of the convex pressure gradi-
ent chuck to bond the first and second semiconductor
walers together.

6. A method for bonding a first and a second semicon-

ductor wafer together which comprises the steps of:

scrubbing a surface of the first semiconductor wafer and
a surface of the second semiconductor wafer to obtain
clean surfaces;
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6

spin drying the surface of the first and the second semi-
conductor wafer to obtain at least a monolayer of liquid
left on the surface of at least one wafer;

pressing the surface of the first and the second semicon-
ductor walfer together by exerting a convex pressure
oradient on at least the first semiconductor wafer; and

creating the convex pressure gradient by using a pressur-
1zed fluid through orifices and channels to create a
oreater pressure centrally located which gradually
decreases to a periphery of the convex pressure gradi-
ent chuck to bond the first and second semiconductor
wafers together.
7. A method for processing a semiconductor wafer com-
prising the steps of:
providing the semiconductor wafer, the semiconductor
wafer having a frontside and a backside;

providing a rotatable polishing chuck for holding the
semiconductor wafer;

mounting the semiconductor wafer on the rotatable pol-
ishing chuck by applying a vacuum to the backside of
the semiconductor wafer;

placing the rotatable polishing chuck next to a surface
such that the froniside of the semiconductor wafer is in
contact with the surface; and

exerting a positive pressure on the backside of the semi-
conductor wafer by exposing the backside of the semi-
conductor wafer to a pressurized fluid, while the fron-
iside of the semiconductor wafer is pressed against the
surface by the rotatable polishing chuck.

8. The method of claim 7, wherein the step of exerting the
positive pressure 1s further characterized as exposing the
backside of the semiconductor wafer to a gas.

9. The method of claim 7, wherein the step of exerting the
positive pressure is further characterized as exposing the
backside of the semiconductor wafer to a ligquid.

10. The method of claim 7, wherein the step of exerting the
positive pressure 1s further characterized as applying a
convex pressure gradient to the backside of the semicon-
ductor wafer.

11. A method for processing a frontside of a semicondiic-
for wafer comprising the steps of:

providing the semiconductor wafer, the semiconductor
wafer having a frontside and a backside;

providing a rotatable polishing chuck for holding the
semiconductor wafer;

mounting the semiconductor wafer onto the rotatable
polishing chuck;

using the rotatable polishing chuck to press the frontside
of the semiconductor wafer against a surface;

exposing the backside of the semiconductor wafer o a
pressurized fluid to apply a positive pressure to the
backside of the semiconductor wafer, wherein the rotat-
able polishing chuck continues to press the frontside of
the semiconductor wafer against the surface while the
pressurized fluid is applied to the backside of the
semiconductor wafer.

12. The method of claim 11, wherein the step of exposing
the backside of the semiconductor wafer to the pressurized
fluid is further characterized as exposing the backside of the
semiconductor wafer to a gas.

13. The method of claim 11, wherein the step of exposing
the backside of the semiconductor wafer to the pressurized
fluid is further characterized as exposing the backside of the
semiconductor wafer to a liquid.
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Line 41, remove “a frontside of”.
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