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(57) ABSTRACT 

A method of directly and indirectly bonding a microwave 
substrate 14 and a silicon substrate 12 is described. The 
method for directly bonding a silicon substrate includes the 
steps of cleaning the microwave substrate and cleaning the 
silicon substrate. Then, the microwave substrate and the 
silicon substrate are stacked together. The stack is placed in 
a furnace. The temperature of the furnace is increased to a 
predetermined temperature at a predetermined rate. The 
temperature of the furnace is reduced at a second predeter 
mined rate. The method of indirectly bonding includes 
sputtering a silicon dioxide layer on the microwave substrate 
and silicon substrate prior to placing them together. 
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METHOD OF PREPARING 
SILICON-ON-INSULATOR SUBSTRATES 

PARTICULARLY SUITED FOR MICROWAVE 
APPLICATIONS 

TECHNICAL FIELD 

[0001] The present invention relates generally to micro 
Wave substrates, and more particularly, to a method for 
bonding microwave substrates and silicon substrates that 
leverages silicon integrated circuit fabrication and silicon 
micromachining technologies. 

BACKGROUND OF THE INVENTION 

[0002] MicroWave communication devices such as satel 
lites employ hybrid microWave circuits such as sWitching 
matrices and phased array antennas. 

[0003] The microWave circuits can include miniature elec 
tromechanical (MEM) sWitches. Commonly, silicon-on-in 
sulator techniques are used in integrated circuits. One 
method for forming silicon-on-insulator substrates is by the 
implantation of oxygen ions into a silicon Wafer. In this 
process, oxygen ions are injected deep into the silicon Wafer 
and the Wafer is annealed under high temperature to form the 
buried SiO2 layer. Another method for forming silicon-on 
insulator devices uses a ?rst silicon Wafer onto Which the 
desired structures are etched. Then, in a post processing step, 
a second silicon Wafer is bonded to the ?rst Wafer to enclose 
the structures. This post processing technique adds to the 
cost of the devices. 

[0004] Another method for silicon-on-insulator bonding 
for tWo silicon Wafers is to use a silicon dioxide bond 
betWeen tWo silicon layers. Silicon dioxide is used to bond 
the tWo silicon Wafers together. 

[0005] One draWback to the above mentioned silicon-on 
insulator methods is that they are intended for the high 
volume integrated circuit industry. The silicon-on-insulator 
Wafers are extremely pure and thus very expensive. HoW 
ever, because MEMS technology has been highly devel 
oped, the cost of processing circuits using this technology is 
reduced. 

[0006] It is commonly thought, hoWever, that silicon 
based MEMS fabrication processes are not amenable to the 
fabrication of microWave devices. Silicon has poor micro 
Wave properties and thus it Was previously thought that the 
silicon substrate must be removed. Such devices are ?ip chip 
bonded to an insulating device Where the silicon substrate 
can then be etched aWay. This adds to processing steps and 
increases the cost of the device. 

SUMMARY OF THE INVENTION 

[0007] The present invention therefore provides a methods 
for bonding a silicon substrate to a microWave substrate that 
Will enable the use of mature silicon MEMS fabrication 
technology. 
[0008] The present invention provides tWo alternative 
techniques to bonding silicon With a microWave substrate. 
The ?rst method is a direct fusion bonding method Wherein 
silicon is directly bonded With a microWave substrate. In the 
second method, an SiO2 layer is deposited on the silicon and 
microWave substrate and the bond is formed betWeen the 
tWo SiO2 layers. 
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[0009] In one aspect of the invention, the direct fusion 
technique includes the steps of: 

[0010] cleaning the microWave substrate; 

[0011] cleaning the silicon substrate; 

[0012] stacking the microWave substrate and the sili 
con substrate together to form a stack; 

[0013] placing the stack in a furnace; 

increasin e em era ure 0 e urnace o a 0014 gth t p t fth f t 
predetermined temperature at a predetermined rate; 
and 

[0015] decreasing the temperature of the furnace to at 
a second predetermined rate. 

[0016] In the indirect method, prior to the steps of stacking 
the microWave substrate and the silicon substrate, an SiO2 
layer is sputtered onto the silicon layer and the microWave 
substrate. 

[0017] One advantage of the invention is that the present 
invention enables the fabrication of loW insertion loss micro 
Wave circuits and MEMS devices on silicon-based technol 
ogy. The present invention also alleviates the need for post 
processing of the silicon Wafers after MEMS processing. 

[0018] Other objects and features of the present invention 
Will become apparent When vieWed in light of the detailed 
description of the preferred embodiment When taken in 
conjunction With the attached draWings and appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a perspective vieW of a silicon substrate 
directly bonded to a microWave substrate. 

[0020] FIG. 2 is a How chart of a process used to form the 
silicon and microWave substrate assembly of FIG. 1. 

[0021] FIG. 3 is a silicon substrate indirectly bonded to a 
microWave substrate through layers of SiO2. 

[0022] FIG. 4 is a How chart of a process for forming the 
silicon and microWave substrate assembly of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] Referring noW to FIG. 1, an assembly 10 having a 
silicon substrate 12 directly bonded to a microWave sub 
strate 14 as illustrated. Silicon substrate 12 may be less pure 
than that commonly used in the integrated circuit industry 
since the present application is intended for microWave 
circuits. MicroWave substrate 14 is preferably an alumina 
(A1203). HoWever, other microWave substrates such as 
quartZ may also be used. 

[0024] Referring noW to FIG. 2, a method for direct 
fusion bonding of silicon substrate 12 to microWave sub 
strate 14 is illustrated. In step 16, the silicon substrate 12 and 
microWave substrate 14 are cleaned. The process is 
described With respect to an alumina microWave substrate. 
The preferred method for cleaning the alumina substrate is 
hereinafter described. The substrate is preferably immersed 
in a cleaner such as Burmar 922 cleaner at 60 to 95 C for 
three to ?ve minutes. The alumina substrate is then removed 
and rinsed in hot tap Water for ?ve minutes. The substrate is 
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then rinsed in cold tap Water for ?ve minutes. Thereafter, the 
alumina substrate is rinsed in deionized Water for ?ve 
minutes. Then, the alumina substrate is immersed in clean 
acetone for one minute and rinsed in deioniZed Water again 
for ?ve minutes. The alumina is soaked in isopropyl alcohol 
for one minute and then rinsed in deioniZed Water again for 
?ve minutes. Finally, the alumina substrate may be dried by 
bloW drying the substrate With nitrogen gas. Although the 
above process is speci?c With respect to times and tempera 
tures, these times and temperatures are not meant to be 
limiting since those of ordinary skill in the art Would 
recogniZe that variations in times and temperatures and 
materials may exist. 

[0025] The silicon substrate 12 should be cleaned for both 
inorganic contamination and organic contamination. It is 
important that the instruments and beakers for cleaning the 
silicon are clean as Well. For cleaning a beaker, preferably a 
mixture of nitric and sulfuric acid are used for about ?ve 
minutes. The beaker is then rinsed in deioniZed Water. If 
tWeeZers or other instruments are used it is preferred that 
they are cleaned in acetone in an ultrasonic cleaner then 
cleaned in methanol in an ultrasonic cleaner. 

[0026] To clean the surface of the silicon substrate, a 
cotton sWab in acetone is Wiped on the surface for ?ve 
minutes. The silicon Wafer is then soaked in acetone for ten 
minutes and rinsed in deioniZed Water for four minutes. 
Then, the silicon substrate is placed in methanol at 40 C for 
about ten minutes and placed in a deioniZed Water ?oW for 
four minutes. The silicon Wafer is then bloW dried With 
nitrogen. 

[0027] To remove inorganic material from the surface of 
the Wafer, a Water/hydrochloric acid/hydrogen peroxide 
mixture in the ratio of 5:1:1 at 70 degrees C. is used to soak 
the Wafer for about ten minutes. The silicon Wafer is then 
placed in a deioniZed Water ?oW for about four minutes. The 
silicon Wafer is then placed in a Water and hydro?uoric acid 
mixture dip for about 15 seconds. The Water/hydro?uoric 
acid mixture ratio is about 50:1. After the Water/hydro?uoric 
acid mix, the silicon Wafer is then placed in a deioniZed 
Water ?oW for about four minutes. The silicon Wafer is then 
placed in a Water/hydrogen peroxide/ammonium hydroxide 
solution at 70 degrees C. The ratio of Water/hydrogen 
peroxide/ammonium hydroxide solution is 5:111. Preferably, 
the silicon Wafer is placed in the bath for about ten minutes. 
After the ten minutes, the silicon Wafer is placed in a 
deioniZed Water ?oW for about four minutes. Thereafter, the 
silicon Wafer is bloW dried With nitrogen. 

[0028] In step 18, the clean silicon substrate and micro 
Wave substrate are placed together face to face prior to 
bonding. 

[0029] In step 20, the stack is placed into a furnace. 
Preferably, the furnace is purged With nitrogen gas. In one 
method performed according to the present invention, nitro 
gen at a rate of 10 cubic feet per hour Was introduced into 
the furnace for 20 minutes. 

[0030] The temperature of the nitrogen atmosphere fur 
nace is ramped up at a predetermined rate. In one performed 
method, the heat treatment Was performed for 12 hours. The 
maximum temperature achieved Was 1200 degrees C. and 
Was achieved at a ramp up rate of 1 centimeter per minute. 
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[0031] In step 24, the temperature is ramped doWn to 
ambient temperature at the same rate of 1 centimeter per 
minute. 

[0032] During the heat treating process, the silicon sub 
strate becomes bonded to the microWave substrate by direct 
fusion bonding. That is, the silicon substrate and microWave 
substrate become one layer due to migration of molecules. 

[0033] Referring noW to FIG. 3, an assembly 10 having a 
silicon substrate 12 and a microWave substrate 14 is illus 
trated. In this example, a layer 26 of SiO2 is sputtered upon 
silicon substrate 12 and microWave substrate 14 before 
placing them together. This process forms an indirect bond 
betWeen silicon substrate 12 and microWave substrate 14. 

[0034] Referring noW to FIG. 4, each of the steps of the 
process illustrated in FIG. 4 is similar to that in FIG. 3 With 
the addition of step 28. Therefore, the similar steps are 
designated With an “A” thereafter. 

[0035] In step 16A, the Wafers are preferably cleaned With 
the same process described in step 16 above. 

[0036] In step 28, a layer of SiO2 is sputtered upon silicon 
substrate 12 and microWave substrate 14. The SiO2 may, for 
example, be about 6000 The Wafers With the SiO2 layer 
are placed together so their SiO2 layers are in contact in step 
118A. In step 20A, 22A and 24A, the stack is thus heated in 
a furnace as in steps 22 and 24. Preferably, the same ramping 
rate temperature and time are used. 

[0037] After the assembly is formed according to the 
processes shoWn in FIGS. 2 and 4, the assembly is sub 
jected to microelectromechanical fabrication processes. In 
such processes, the silicon does not have to be removed. The 
devices formed may be used for a variety of microWave 
applications such as sWitching devices. 

[0038] While particular embodiments of the invention 
have been shoWn and described, numerous variations and 
alternate embodiments Will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only 
in terms of the appended claims. 

What is claimed is: 
1. Amethod of bonding a microWave substrate to a silicon 

substrate comprises the steps of: 

cleaning the microWave substrate; 

cleaning the silicon substrate; 

stacking the microWave substrate and the silicon substrate 
together to form a stack; 

placing the stack in a furnace; 

increasing the temperature of the furnace to a predeter 
mined temperature at a predetermined rate; and 

decreasing the temperature of the furnace to at a second 
predetermined rate. 

2. A method as recited in claim 1 Wherein the step of 
cleaning the microWave substrate comprises the steps of: 

immersing the microWave substrate in a substrate cleaner; 
and 

rinsing the microWave substrate in Water. 
3. A method as recited in claim 2 Wherein said substrate 

cleaner comprises Burmar 922. 
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4. A method as recited in claim 1 further comprising the 
steps of drying the substrate With nitrogen gas. 

5. A method as recited in claim 1 Wherein the step of 
cleaning the microWave substrate comprises the steps of: 

immersing the microWave substrate in acetone; and 

rinsing the microWave substrate. 
6. A method as recited in claim 1 Wherein the step of 

cleaning the microWave substrate comprises the steps of: 

immersing the microWave substrate in isopropyl alcohol; 
and 

rinsing the microWave substrate. 
7. A method as recited in claim 1 further comprising the 

step of purging the furnace With nitrogen. 
8. A method as recited in claim 1 Wherein the step of 

cleaning the silicon substrate comprises the steps of: 

removing organic contamination from the silicon sub 
strate; and 

removing inorganic contamination from the silicon sub 
strate. 

9. A method as recited in claim 8 Wherein the step of 
removing organic contamination form the substrate com 
prises the steps of: 

cleaning the silicon substrate in acetone; 

rinsing the substrate in Water; 

cleaning the silicon substrate in methanol; and 

rinsing the substrate in Water. 
10. A method as recited in claim 8 Wherein the step of 

removing inorganic contamination from the silicon substrate 
comprises: 

cleaning the silicon substrate in a hydochloric acid/hy 
drogen peroxide mixture; 

rinsing the silicon substrate in Water; 

cleaning the silicon substrate in hydro?uoric acid; 

rinsing the silicon substrate in Water; 

cleaning the silicon substrate in a hydrogen peroxide/ 
ammonium hydroxide mixture; and 

rinsing the silicon substrate in Water. 
11. A microWave and silicon substrate assembly formed 

according to the method of claim 1. 
12. A method as recited in claim 1 further comprising the 

steps of sputtering a SiO2 coating on said microWave sub 
strate prior to the step of stacking. 
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13. A method as recited in claim 1 further comprising the 
steps of sputtering a SiO2 coating on said silicon substrate 
prior to the step of stacking. 

14. A method as recited in claim 1 Wherein the ?rst 
predetermined rate and the second predetermined rate are 
about 1 degree C. per minute. 

15. A method as recited in claim 1 Wherein the microWave 
substrate comprises alumina. 

16. A method of forming a microWave circuit assembly 
comprising: 

bonding a silicon substrate to a microWave substrate to 
form an assembly; and 

micromachining the assembly. 
17. A method as recited in claim 16 Wherein the step of 

bonding comprises bonding the silicon substrate to a micro 
Wave substrate comprises the step of heat-treating the silicon 
substrate and the microWave substrate. 

18. A method as recited in claim 17 Wherein the step of 
heat treating comprises 

stacking the microWave substrate and the silicon substrate 
together to form a stack; 

placing the stack in a furnace; 

increasing the temperature of the furnace to a predeter 
mined temperature at a predetermined rate; and 

decreasing the temperature of the furnace to at a second 
predetermined rate. 

19. A method as recited in claim 17 Wherein prior to the 
step of heat treating, performing the steps of: 

cleaning the microWave substrate; and cleaning the silicon 
substrate. 

20. A method of bonding an alumina substrate to a silicon 
substrate comprises steps of: 

cleaning the microWave substrate; 

cleaning the silicon substrate; 

stacking the microWave substrate and the silicon substrate 
together to form a stack; 

placing the stack in a furnace; 

increasing the temperature of the furnace to a predeter 
mined temperature at a predetermined rate; and 
decreasing the temperature of the furnace to a second 
predetermined rate. 


