
A NEW PROCESS FOR LOW TEMPERATURE SILICON           WAFER-TO-WAFER BONDING
USING LOW PRESSURE CHEMICAL  5    VAPOR DEPOSITION OF TRIMETHYLBORATE FOR
BORON OXIDE GLASS        Field of the Invention             The present
invention relates generally to wafer-to-wafer bonding. More  10
particularly, the invention relates to wafer-to-wafer bonding using Low
Pressure       Chemical Vapor Deposition of Trimethylborate to deposit
boron oxide glass to       bond the wafers together.         Background of
the Invention 



15         Typically, electronic circuits are fabricated as an integrated
circuit ("IC")       formed on a wafer. After forming the IC, the IC is
usually encapsulated for       protection and ease of handling. Typically,
encapsulation is produced by a       wafer-to-wafer bonding process.
Several methods of achieving a wafer-to-       wafer bond are known in the
prior art.  20         FIGs 1 and 2 illustrate a first wafer 10 and a
second wafer 12, as may       be positioned prior to and just after
bonding, respectively.  In many       applications, only one of the wafers
10 and 12 have electronic and/or       mechanical devices fabricated on
them. In those applications, the wafer that       does not have a device
fabricated on it is used primarily for encapsulation. FIG  25   1 also
shows a first intermediate layer 13 and a second intermediate layer 14.
The intermediate layers may be used to form the wafer-to-wafer bond. The
goal of the bonding process is to provide a strong reliable bond without 



adversely affecting the device that is being encapsulated.
FIG 2 shows the first wafer 10 and the second wafer 12 after the
bonding process. Ideally, during the bonding process, the first
intermediate        layer 13 and the second intermediate layer 14 join
together to form a bond 15.        The bond 15 should be strong, reliable,
and hold the first wafer 10 and the   5  second wafer 12 together.
One prior art method of fusing silicon wafers with low melting
temperature boron oxide glass (B[err]O[err]) was reported by Field and
Muller in 1990       (see L. A. Field and R. S. Muller, "Fusing Silicon
Wafers with Low Melting  



Temperature Glass," Sensors and Actuators, A21-A23, pp. 935-938 (1990)).
10  In their method, Field and Muller use solid-source boron wafers (type
GS-1 39,       manufactured by Owens-Illinois, Inc.) to deposit
B[err]O[err] on silicon wafers. The       silicon wafers are loaded onto a
quartz boat alternating with the solid-source       boron wafers while
keeping a distance of 2.5 mm between them. The quartz       boat is then
pushed into a furnace at a very high temperature (typically more  15  than
1000[err]C). If a new solid-source is installed, a tedious pretreatment
process is required. For example, the process consists of a heat treatment
in       a wet ambient for at least 60 hours at 1075[err]C with a gas flow
of 2.5 standard       liters per minute (sIpm) N2, 2.5 standard cubic
centimeters per minute (sccm)       O[err] and 5 sccm of 10% H2 in N2.
Thereafter, the wafers are idled at 600[err] C  20  for 16 hours before
being used.              This process, as developed by Field and Muller,
has numerous  



disadvantages.  First, this method requires at least 60 hours of high
temperature heat treatment. Second, there is high energy consumption due to
the high deposition temperature (1075[err] C). Finally, the silicon wafers
must be                                              2
3   loaded alternately with the solid source boron wafers, which, in turn,
reduces  productivity.         It is an object of the present invention to
overcome the disadvantages of  the prior art. 



It is a further object of the present invention to provide an improved
method for wafer-to-wafer bonding.    Summary of the Invention        The
present invention provides an improved method for wafer-to-wafer  bonding.
The bonding process of the present invention uses boron oxide glass
(B[err]) as an intermediate layer for wafer-to-wafer bonding. In the
present  invention, Low Pressure Chemical Vapor Deposition (LPCVD) of
Trimethylborate  (TMB) is used to form B[err]O[err] on the bonding surface
of one of the two wafers  that are being bonded together. The wafer on
which the B[err]O[err] is formed is the  encapsulant wafer, so named
because its function is to encapsulate the second  wafer. This second wafer
is the device wafer, containing electronic and/or  mechanical devices.
Preferably, a layer of thermal oxide of at least 300 A thick 



is formed the second wafer. This wafer can be cleaned with DI water (highly
distilled water where most of the conducting ions have been removed and the
resistance is 20 megaohms) or it can be treated hydrophilically by sulfuric
acid  or nitric acid, depending on the device process requirements. The
encapsulant  and device wafers are then placed into contact and annealed at
450[err]C for 30  minutes, thereby bonding the wafers. This process has the
advantages of low               temperature and low bonding time, while
being compatible with CMOS        fabrication.    



Brief Description of the Drawings   5         FIG 1 is a cross sectional
view of a pair of wafers prior to bonding.              FIG 2 is a cross
sectional view of a pair of wafers after a wafer-to-wafer        bonding
process.              FIG 3a is a cross sectional view of an encapsulant
wafer prepared in       accordance with an embodiment of the present
invention.  10        FIG 3b is a cross sectional view of a device wafer
prepared in accordance       with an embodiment of the present invention.
FIG 4 is a schematic of the apparatus used for the deposition of boron
oxide glass.    15  Detailed Description of the Invention              The
present invention provides a new process for low temperature silicon  



wafer-to-wafer bonding.              FIG 3a shows an encapsulant wafer 20
and an intermediate layer 22 of       boron oxide glass (B[err]O[err])
formed on a bonding surface 21. According to the  20 present invention, Low
Pressure Chemical Vapor Deposition (LPCVD) of       Trimethylborate (TMB)
is used to deposit the B203 layer 22 on the bonding       surface 21. The
bonding surface 21 may be the bare silicon wafer (p- or n-type
substrate), a thermal oxide, and the like, having a wide range of
thicknesses       (e.g., 0-2 [err]m).
4         



FIG 4 shows an illustrative embodiment of the apparatus 30 used for the
deposition of the boron oxide glass layer by means of LPCVD of
Trimethylborate. The apparatus 30 is capable of depositing B[err]O[err] on,
e.g., six        inch silicon wafers. The injector 32 is used to introduce
a liquid source of TMB   5  uniformly over the quartz boat loaded with
silicon wafers. This is an advantage        over the prior art process
previously described. In the prior art, solid source        wafers of boron
are placed alternately with the silicon wafers along the quartz
boat. Since the present inventive process allows the entire quartz boat to
be        loaded with silicon wafers, productivity is significantly
increased.  10        Illustratively, the loading and unloading of silicon
wafers is performed at       400[err]C. The silicon wafers are loaded onto
a quartz boat which can carry up       to 50 wafers over a length of 10
inches. The wafers are moved into the quartz       furnace tubes at a
constant rate of 200 mm per minute using a cantilever 



system. The quartz reactor is then pumped down to a base pressure of about
15   5 millitorr (mtorr) using an Edwards booster pump in series with an
Edwards       rotary pump. The temperature is then raised to 690[err]C in
preparation for       deposition.              Since TMB has a high vapor
pressure, this liquid source is held at a       constant reservoir
temperature of 25[err]C. TMB is introduced into the apparatus  20   at a
rate of 20 sccm. Oxygen is also introduced into the apparatus at a rate of
100 sccm. The ambient temperature inside the apparatus is maintained at
690[err]C and the pressure is maintained at 300 mtorr. B203 is deposited
onto        the silicon wafers according to the equation:
2B(OCH[err])[err] + 90[err]->  B203 + 6CO[err] + 9H[err]O.
5   



6      The deposition process is continued for 2 hours. After the
deposition process    is complete, the temperature is brought down to
400[err] C. The wafers remain    at this temperature in an atmosphere of
N[err] with a pressure of 100 mTorr for at    least 48 hours before being
used. To unload the wafers, the reactor is    backfilled with nitrogen,
after which the cantilever moves out the boatload of    wafers. The wafers
are then unloaded from the quartz boat and are ready for    bonding. The
resulting product is the encapsulant wafer as illustrated in FIG 3a.
Once the boron oxide doped wafers are unloaded, they should preferably 



be used within 1 hour for good wafer-to-wafer bonding. This is due to
possible    boric acid formation on the B[err]O[err] layer 22. Therefore,
the device wafers, onto    which the encapsulant wafers are to be bonded,
are preferably prepared in    advance.          The device wafer 40 is
illustrated in FIG 3b. A dry or wet thermal oxide  intermediate layer 42 is
deposited to a thickness of, e.g., at least 300 [err] to 2[err]m    on the
bonding surface 41 of the device wafer 40. The device wafer 40 is then
cleaned by one of the following methods: a) a DI water rinse and dump if
the    surface does not go through a subsequent metalization process; b)
H[err]SO[err](3):H[err]O[err](1) at 50 C for 20 minutes; or c)
HNO[err](3):H[err]O[err](1) at 50 C for    20 minutes. The 50 C temperature
is low enough for sufficient hydrophilic    treatment without affecting
certain post-metalization processes such as TiN and    Au layer
fabrication. The device wafers are then dried by a standard spin and 



dry technique.                     The boron oxide doped wafer 20 and the
device wafer 40 are aligned and        prebonded by, e.g., an
AL6-2-back-side aligner. The prebonded wafers are then        loaded into
the AB1-PV bonder at room temperature. The ambient gas in the        bonder
may be N[err], O[err], air or vacuum. The temperature is then brought up to
5  450[err]C (in about 1 hour) and the wafers are annealed at 450[err] C
for about 30        minutes. Thereafter, the temperature is brought down to
50[err] C (in about 1        hour).              The wafer-to-wafer bonding
process of the present invention has many  



distinct advantages over the bonding processes of the prior art. Since the
10  temperature during the step of boron oxide deposition is only 690[err]
C, energy       costs are reduced. The process of the present invention
also results in high       productivity. For example, during the deposition
step, the entire quartz boat       may be loaded with silicon wafers.
However, in the prior art method, the quartz       boat must be loaded
alternately with silicon wafers and solid-source boron  15  wafers.
Further, if a new source is installed in the prior art method, a
pretreatment in excess of 60 hours is required. In comparison, the process
of       the present invention requires a short pretreatment process if a
new source is       installed. For example, the inventive process only
requires two "dummy" runs,       each having a duration of less than 6
hours.  20        Finally, the above discussion is intended to be merely
illustrative of the       invention. Numerous alternative embodiments may
be devised by those having  



ordinary skill in the art without departing from the spirit and scope of
the       following claims.
C    L    M    S                                        CLAIMS          1.
A method of forming a wafer-to-wafer bond comprising the steps of:
providing first and second wafers,   5               depositing a boron
oxide glass intermediate layer on said first       wafer by Low Pressure
Chemical Vapor Deposition of Trimethylborate,                   depositing
a thermal oxide intermediate layer on said second wafer,
prebonding said boron oxide glass intermediate layer to said 



thermal oxide intermediate layer, and  10               annealing said
prebonded intermediate layers to form said wafer-to-       wafer bond.
2.   The method of claim 1, wherein said first and second wafers are
silicon       wafer.  15       3.   The method of claim 1, wherein said
step of depositing a boron oxide       glass intermediate layer, comprises
the steps of:                   loading a quartz boat with a plurality of
said first wafers,                   positioning the loaded quartz boat in
a deposition apparatus,  20               maintaining an ambient
temperature and pressure in said deposition       apparatus, 



introducing a liquid source of said Trimethylborate into said
deposition apparatus, and                   introducing oxygen into said
deposition apparatus.    8               4.   The method of claim 3,
wherein said ambient temperature is 690[err]C.          5.   The method of
claim 3, wherein said ambient pressure is 300 mtorr.     5  6.   The method
of claim 3, wherein said liquid source of Trimethylborate is 



maintained at a temperature of 25[err]C.          7.   The method of claim
3, wherein said liquid source of Trimethylborate is        introduced into
said deposition apparatus at a rate of 20 sccm.  10        8.   The method
of claim 3, wherein said oxygen is introduced at a rate of        1 00
sccm.          9.   The method of claim 3, whereby said boron oxide glass
intermediate  15  layer is deposited on said first wafer based on the
equation, 2B(OCH[err])3 + 9O[err]       -> B[err]O[err] + 6CO[err] +
9H[err]O-         10.  The method of claim 3, wherein said step of
depositing said boron oxide 



glass intermediate layer on said first wafer is maintained for 2 hours.  20
11. The method of claim 3, wherein said boron oxide glass intermediate
layer       is deposited directly on said silicon wafer.       12.  The
method of claim 3, wherein said boron oxide glass intermediate layer
is deposited on a thermal oxide.             13.  The method of claim 1,
wherein said step of annealing is performed by      a bonder having an
atmosphere comprising one of N[err], O[err], air and a vacuum.    



14.  The method of claim 13, wherein the ambient temperature inside said  5
bonder is 450[err] C.        15.  The method of claim 13, whereby said step
of annealing is maintained      for 30 minutes.    


