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ROOM TEMPERATURE WAFER-TO-WAFER BONDING BY

POLYDIMETHYLSILOXANE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to the field of microelectronic circuitry, more

specifically to the use of wafer-to-wafer bonding as a technique for circuit fabrication,

encapsulation and packaging.

2. Description of the Related Art

Wafer-to-wafer bonding is an important method for wafer level encapsulation as
well as for the coupling of device layers in an integrated circuit. For example, Davidson
(U. S. Patent No. 5,880,010) discloses an integrated cirouit comprising a plurality of
active layers that aré electrically and mechanically coupled by means of a wafer bonding
wethod.

The prior art discloses several methods for achieving wafer-to-wafer bonding,

~ each of which involves the imposition of at least one processing step that subjects the

wafers to adverse conditions, such as application of a high electrical voltage, application

of a high temperature or the use of high contact pressures. High temperatures can cause



unwanted variations of wafer doping concentrations, internal stresses due to difference in
thermal expansion coefficients between layers, wafer warping, crystal dislocations and
various other undesirable effects op certain materials, such as bio—mgtcrials, already
present in the subject devices. In a simijlar manner, high contact pressures may damage
devices formed in the wafers, as can the use of high voltage differences. For example, Ju
et al. (U. S. Patent No. 5,273,205) teaches a method of silicon-to-silicon wafer bonding
that requires an 1,100° C heat treatment for 10 minutes in a wet oxygen gas atmosphere.
Akaike et al. (U. S. Patent No. 5,820,643) teach an anodic bonding process in which a
si_]icon substrate and a glass substrate are bonded m a process involving the application of
both a potential difference between the substrates simultaneously with light irradiation.
Bower et al. (U. S. Patent No. 5,503,704) teach a method fo!: nitrogen based bonding of
sinilar or dissimilar materials at temperatures below 500°C, but still appreciably above
room temperature. In addition the method requires plasma activation and a curing time

of app;oximately 4 days. Davidson, (U. S. Patent No. 5,880,010), already cited above,

teaches a method of forming complex integrated circuits by bonding together a plurality

of active layers (is. layers already provided with circuitry). Two bonding methods are

taught, thermosonic bonding and nitride laminating. Both methods require the formation

of pads to insure the bonding. The prior art also discloses several methods for bonding

silicon elastomers fo glass, metal and polymeric materials. Plueddemann (U. S. Patent
No. 3,889,023) teaches a method of bonding a silicone rubber of a general
organopolysiloxane composition to a solid substrate. Moncur et al. (U. S. Patent No.

5,378,535) also teaches a method for bonding silicone elastomers to glass or plastic



substrates, wherein an organosilane component is formed on silica-based adbesion
promoter.

As already noted above, the methods of the prior art either subject the materials to
be bonded to adverse conditions such as high temperature, high contact pressure or high
voltage, or else they require complex process steps and long curing times. It is the
purpose of the present invention to provide a bonding method that avoids these

shortcomings of the prior art.
SUMMARY OF THE INVENTION

It is a first object of the present invention to provide a method for wafer-to-wafer
bonding that is implemented at xoom temperatures and does not requires the application
of electrical potentials or high pressures.

It is a second object of the present invention to provide a method for wafer-to-
wafer bonding which has a wide application domain in terms of the nature of devices,

structures, and materials that may be disposed on said wafers.

It is a third object of the present invention to provide a method for wafer-to-wafer .
bonding that comprises a simple sequence of process steps.

It is a fourth object of the present invention to provide a method for wafer-to-
wafer bonding using materials that are bio-compatible and transparent and which can,
thereby, be applied to such uses as the packaging a;1d assembly of bio-MEMS

(MicroElectro Mechanical Systems) systems and devices and other bio-medical devices.



It is a fifth object of the present invention to provide a method for bonding similar
or dissimilar materials chosen from, but not limited to, the group consisting of glass,
silicon, silicon materials and compounds such as silicon dioxide and silicon nitride, and
metals such as T1, Au, Al and Cr.

The above objects will be realized by the use of polydimethylsiloxane as a
bonding agent, which allows the bonding process to be carried out at room temperature
(23°C), in the absence of applied voltages and high pressures and 111 the following simple
sequéncc of steps: (a) spin coating, (b) alignment and application of light pressure to

assure surface-to-surface contact and air bubble removal, (c) cunng

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross-sectional view of the first of two wafers to be bonded. This
wafer is a wafer of gencrai form, which may have cavities, projections, sensors, devices

or moving parts.

Fig. 2 is a schematic cross-sectional view of the second of two wafers, which will be
bonded to the wafer of Fig. 1. This figure shows a first type of such a wafer, without

cavities, projections, sensors, devices or moving parts.



Fig. 3 is a schematic cross-sectional view of the second of two wafers, which will be
bonded to the wafer of Fig. 1. This figure shows a second type of such a wafer, with

projections.

Fig. 4 is a schematic cross-sectional view of the second of two wafers, which will be

bonded to the wafer of Fig. 1. This figure shows a third type of such a wafer, with

cavities.

Fig. 5 shows a schematic cross-sectional view of a bond that would be obtained by

bonding the wafer of Fig. 1 with that of Fig. 2.

Fig. 6 shows a schematic cross-sectional view-of a bond that would be obtained by

bonding the wafer of Fig. 1 with that of Fig. 3.

Fig. 7 shows a schematic cross-sectional view of a bond that would be obtained by

bonding the wafer of Fig. 1 with that of Fig. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring first to Fig. 1, there is shown a schematic cross-sectional view of a
wafer (9), hereinafter referred to as the first wafer, which is to be bonded to a wafer,
hereinafter referred to the second wafer, which second wafer, according to the nature of

its surface structures, will be depicted in Fig's 2, 3 and 4. The first wafer quite generally



may be provided on its surface to be bonded with cavities (1), sensors (2), devices (3) or
moving parts (4), which are indicated here in completely schematic form. |

Referring now to Fig. 2, there is shown a schematic cross-sectional view of the
second wafer (19), to which the first wafer will be bonded in accord with the process of
the present invention. The particular surface configuration of second wafer depicted in
this figure is characterized as a wafer without cavities, sensors or moving parts and is
denoted, as such, as a type 1 wafer.

Referring now to Fig. 3, there is shown a schematic cross-s'ectional view of a
type 2 second wafer (29), which is a wafer having surface projecﬁons (6), which could be
devices, sensors, bio-MEMS devices or other surface structures.

Referring next to Fig. 4, there is shown a type 3 second wafer (39), which is a
wafer having cavities (8), which could be a result of the pre'sencé on said surface of
devices, sensors, bio-MEMS devices or other surface structures. The bonding of the first
wafer (Fig. 1) to the'type 1 second wafer will be accomplished in accord with the method
of the present invention by the sequence of 5 process steps which described below. The |
bonding of the first wafer to either the type 2 (Fig. 3) or type 3 (Fig. 4) second wafer will
also be accomplished according to the present invention by the same 5 stéps disclosed
above in connection to the bonding of the first wafer to the type 1 second wafer if the
depth of said surface cavities and the height of said surface projections are no rﬁore than
0.5 pm relative to the surface of said wafers.

The process steps of the present invention, in accord with its preferred embodiment, are
as follows.

1. Polydimethylsiloxane Solution Preparation.



One part of room temperature volatile (RTV) elastomeric polydimethylsiloxane
conformal coating is mixed with three parts of linear volatile methylsiloxane fluid at
room temperature (23° C) to make a 25% (by weight) concentration of

polydimethylsiloxane solution.

2. Polydimethylsiloxane Film Coating Process.

Manually pour 5-10 ml (milliliters) of the 25% polydimethxlsiloxane solution on
the second wafer and spin said second wafer for approximately 30 sec. at a spin speed of
approximately 1700 rpm (revolutions per minute) to form, thereby, a

polydimethylsiloxane film of approximately 1.8 pum (microns) thickness.

3. Pre-Curing.
After the spin coating of step 2 above, the polydimethylsiloxane film so formed

must be pre-cured at room temperature (23° C) for between 5-10 minutes.

4. Align Bonding.

The patterned surface side of the first wafer is placed in contact with the
polydimethylsiloxane film formed upon the second wafer and the two said wafers are
slightly pressed together with a pressure comparable to hand pressure, 5o as to ensure full

‘contact between the said surfaces to be bonded and to ensure that most air bubbles are

removed.



5. Final Curing.
The bonded wafer pair must be finally cured at room temperature (23° C) for at

léast 4 hours.

As a result of the sequence of 5 steps provided above, a bond is formed whose
strength is 3 MPa (MegaPascals), as determined by a pull test for glass-to-silicon bonding
wherein said silicon has 3 um silicon dioxide surface coating. |

Referring now to Fig. 5, there is shown a schematic cross-sectional view of a
bonded wafer pair wherein the bond is formed in accord with the 5 process steps of the
pre'sent invention set forth above and is between a first wafer (9) and a type 1 second
wafer (19). The polydimethylsiloxane film (10) providing sgid bond is shown
conformally adhering to said second wafer.

Referring to Fig. 6, there is shown a similar view of a bonded wafer pair wherein
the bond is formed in accord with the 5 process steps above and is between a first wafer
(9) and a type 2 second wafer (29). The polydimethylsiloxane film (13) providing said
bond is shown conformally adheriﬁg to said second wafer and covering projections (6)
that do not extend more than 0.5 pm above the surface of said second wéfer.

Finally, referring to Fig. 7 there is shown a similar view of a bonded wafer pair
wherein the bond is formed in accord with the 5 process steps above and is between a
first wafer (9) and a type 3 second wafer (39). The polydimethylsiloxane film (16)
providing said bond is shqwn conformally adhering to said second wafer and filling

cavities (8) that do not descend more than 0.5 pm below the surface of said second wafer.



As a result of the sequence of 5 steps provided by the present invention, the bond
formed and illustrated in Fig's 5-7 has a strength of 3 MPa (MegaPascals), as determined
by a pull test for glass-to-silicon bonding wherein said silicon has 3 pm silicon dioxide

surface coating.

As a result of the sequence of 5 steps provided above, the bond depicted in Fig's.
5-7 astrength of 3 MPa (MegaPascals), as determined By a pull test for glass-to-silicon

bonding wherein said silicon bas 3 pm silicon dioxide surface coating,

As is understood by a person skilled in the art, the preferred embodiment of the
present invention is illustrative of the present invention rather than limiting of the present
invention. Revisions and modifications may be made to methods, materials, structures
and dimensions employed in room temperature wafer-to-wafer bonding by
polydimethylsiloxane, while still providing a method for room temperature wafer-to-
wafer bonding by polydimethylsiloxane in accord with the spirit and scope-of the present

invention as defined by the appended claims. -

What is claimed is:



CLAIMS

1. A method for forming a bond between similar or dissimilar material or material
composite substrates at room temperature (23° C), without the application of electrical
potential differences or high pressures to or between said substrates, comprising:

providing a first and second substrate, wherein the surface of each of said
substrates may have projections or cavities that vary by no more than 0.5 microns from
said surface level;

forming on the surface of said second substrate a layer of polydimethylsiloxane
solution;

pre-curing said polydimethylsiloxane solution formed on said second substrate
surface at room temperature (23° C) for a time of between approximately 5 and
approximately 10 minutes;

bringing the surface of said first material substrate into contact with the said
polydimethylsiloxane coated surface of said second material substrate;

exerting sufficient pressure between said two surfaces to assure they are fully in
contact and that most air bubbles between said surfaces have been removed;

curing the resulting formation at room temperature (23° C) for at least 4 hours to

N

2. The method of Claim 1 wherein the first material substrate is chosen from the set

create the final bond.

of materials or material composites comprising glass, silicon, polysilicon, metal, such as,
but not limited to Ti, Au, Al or Cr, on silicon, metal such as, but not limited to Ti, Au, Al

ot Cr, on glass, metal such as, but not limited to Ti, Au, Al or Cr, on silicon dioxide or
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silicon dioxide related materials, silicon dioxide or silicon dioxide related materials,
metal such as, but not limited to Ti, Au, Al or Cr, on silicon nitride or silicon nitride
related materials, silicon nitride or silicon nitride related materials, polymeric materials

such as parylene and 1H, 1H, 2H, 2H-perfluorodecyltrichlorosilane films.

3. The method of Claim 1 whérei.n the second material substrate is chosen from the
set of materials or material composites comprising glass, silicon, polysilicon, metal such
as, but not limited to Ti, Aw, Al or Cr, on. silicon, metal such as, but not limited to Ti, Au,
Al or Cr, on glass, metal such as, but not limited to Ti, Au, Al or Cr, on silicon dioxide or
silicon dioxide related materials, silicon dioxide or silicon dioxide related materials,
metal such as, but not limited to Ti, Au, Al or Cr, on silicon nitride or silicon nitride
related materials, silicon nitride or silicon nitride related m@m, polymeric materials

such as parylene and 1H, 1H, 2H, 2H-perfluorodecyltrichlorosilane films.

4, The method of Claim 1 wherein the polydimethylsiloxane solution is formed by
mixing room temperature volatile (RTV) elastomeric polydimethylsiloxane conformal
coatings and linear volatile methylsiloxane fluids at room temperature (23° C) to form a

25% (by weight) polydimethylsiloxane solution. - I I"

Mmoo

5. The method of Claim 4 wherein the polydimethylsiloxane film is formed to a
thickness of approximately 1.8 microns, but which may be between 0.8 microns and 15

microns, by a process of spinning between 5 and 10 milliliters of said
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polydimethylsiloxane solution, manually poured on said second material substrate

surface, at a spin speed of approximately 1700 tpm. ”“llll I"I“ III" "Ill " IIII _
' - CoL R s e

6. A method for forming a bond between a first and second silicon substrate, at room

temperature (23° C), without the application, of electrical potential differences or high
pressures to or between said substrates, wherein there is formed on the said silicon
substrates microelectronics devices, microsensors, MEMS devices and biomedical
devices, either singly or in combination, comp-rising:

providing a first and second silicon substrate, wherein the said microelectronics
devices, microsensors, MEMS devices and biomedical devices, formed either singly or in
combination on said substrates, produce projections or cavities that vary by no more than
0.5 microns from said surface level;

forming on the surface of said second silicon substrate a layer of
polydimethylsiloxane solution;

pre-curing said polydimethylsiloxane solution formed on said second substrate
surface at room temperature (23°C) for a time of between approximately 5 and
approximately 10 minutes; |

bringing the surface of said first silicon substrate into contact with the said
polydimethylsiloxane coated surface of said second silicon substrate;

exerting sufficient pressure between said two silicon substrate surfaces to ensure

they are fully in contact and that most air bubbles between said surfaces have been

removed;
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curing the resulting formation at room temperature (23° C) for at least 4 hours to

create the final bond. -

A R B

7. The method of Claim 6 wherein the polydimethylsiloxane solution is formed by
mixing RTV elastomeric polydimethylsiloxane conformal coatings and linear volatile

methylsiloxane fluids at room temperature (23° C) to form a 25% (by weight)

polydimethylsiloxahe solution.

8. The method of Claim 7 wherein the polydimethylsiloxane film is formed to a
thickness of approximately 1.8 microns, but which may be between 0.8 microns and 15
microns, by a process of spinning between 5 and 10 millilite-,rs of said

- polydimethylsﬂoﬁane solution, manually poured on said second material substrate

surface, at a spin speed of approximately 1700 rpm.

9. An mtégx'ated silicon microelectronics fabrication comprising bio-MEMS devices,
sensors and m_icroeleclronic bio-medical devices disposed on a plurality of silicon
substrates, wherein said substrates are bonded by and packaged in transparent, bio-
compatible polydimethylsiloxane layers, comprising:

a plurality of silicon substrates, wherein there is formed on the surfaces of said
silicon substrates microelectronics devices, microsensors, MEMS devices and biomedical
devices, either singly or in combinaﬁén and wherein said devices do not produce

projections or cavities that vary by more than 0.5 microns from said surface levels;
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a plurality of polydimethylsiloxane bonds between pairs of said silicon substrates.

10.  The fabrication of Claim 9 wherein the polydimethylsiloxane bonds have been
formed between pairs of silicon substrates in a sequence of steps comprising:

pre-curing a polydimethylsiloxane solution formed on alternate members of the
pairs of silicon substrate surfaces at room temperature (23° C) for a time of between
approximately 5 and approximately 10 minutes;

bringing the surface of an uncoated pair member into contact with the -

potydimetylsloxane coated sufao o sid othe per mermber A LY

exerting sufficient pressure between said two silicon substrate surfaces to ensure
they are fully in contact and that most air bubbles between said surfaces bave been

removed;

curing the resulting formation at room temperature (23° C) for at least 4 howrs to

create the final bond.
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