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(57) ABSTRACT 

A method of fabricating a non-perforate suspended platform 
on a bonded-substrate is disclosed. The method includes 
forming a dielectric layer on a support surface of a base 
substrate folloWed by patterning an interface surface of the 
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dielectric layer to de?ne a Well feature. The Well feature is 
etched until a Well having a depth that leaves a thin protec 
tive layer of the dielectric layer covering the support surface. 
Next a platform substrate is urged into contact With the base 
substrate folloWed by annealing the base and platform 
substrates to fusion bond the interface surface With a mount 
ing surface of the platform substrate. The platform substrate 
is thinned, using CMP for example, to form a membrane 
over a sealed cavity de?ned by the Well and the mounting 
surface. The membrane is patterned and etch to form a 
plurality of trenches that extend through the membrane to 
the sealed cavity and de?ne a suspended platform and a 
?exure. Only those portions of the suspended platform 
substrate necessary to de?ne the suspended platform and the 
?exures are patterned and etched so that the suspended 
platform is devoid of perforations. As a result, the surface 
area of the suspended platform is maximized because per 
forations or the like do not subtract from the available 
surface area. A selective etch material such as HF is used to 
remove the remaining dielectric layer from beneath the 
platform and the ?exures thereby freeing the suspended 
platform and the ?exures. The thin protective layer prevents 
pitting or damage to the support surface of the base substrate 
during the removal of the dielectric layer. 
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METHOD OF FABRICATING SUSPENDED 
MICROSTRUCTURES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a method 
of fabricating a suspended microstructure. More speci?cally, 
the present invention relates to a method of fabricating a 
suspended microstructure that eliminates the need to form 
through holes in the suspended microstructure that reduce a 
useful surface area of the suspended microstructure. 

BACKGROUND ART 

[0002] Suspended platforms are useful in applications 
Where the advantages of microelectronic fabrication tech 
niques can be used to form microstructures such as accel 

erometers, pressure sensors, actuators, ?uidic devices, bio 
chemical devices, and miniature machines. Micro-Electro 
Mechanical Systems (MEMS) are one eXample of a system 
that can incorporate a suspended platform. 

[0003] For instance, MEMS can integrate micromechani 
cal elements and electronic elements on a common substrate 
material such as a silicon Wafer. Microelectronic fabrication 
techniques can be used to fabricate the electronic elements 
such as CMOS circuits, for eXample. On the other hand, the 
micromechanical elements can be fabricated using micro 
machining techniques that deposit layers of materials to 
form mechanical and electromechanical devices or that 
selectively etch one or more layers of material such as a 
layer of silicon or a layer of silicon oxide to form mechanical 
and electromechanical devices. 

[0004] A prior method for fabricating a suspended struc 
ture from single crystal silicon (Si) is illustrated in FIGS. 1a 
through 1d. FIG. 1a illustrates a prior structure 100 includ 
ing an upper Wafer 108 having a platform 102 that is 
suspended by ?exures 104. The platform 102 includes 
several holes 114 that eXtend all the Way through the 
platform 102. That is, the holes 114 perforate the platform 
102. 

[0005] FIGS. 1b through 1d are a cross-sectional vieW 
taken along line AA of FIG. 1a that illustrate a process for 
fabricating the prior structure 100. The process begins With 
a bonded silicon-on-insulator Wafer 106 that includes the 
upper Wafer 108 that is chemically bonded to a loWer Wafer 
110 by a thin silicon oXide (SiO2) layer 112 (i.e. a layer of 
dielectric material). The process for forming the bonded 
silicon-on-insulator Wafer 106 are Well understood in the 
microelectronics art. 

[0006] NeXt, a top surface 124 of the upper Wafer 108 is 
patterned using conventional photolithography techniques 
and then the upper Wafer 108 is etched to form trenches 103 
that de?ne the ?eXures 104 and the platform 102 as Well as 
a regularly spaced array of the holes 114 as illustrated in 
FIG. 1c. The trenches 103 eXtend through the upper Wafer 
108. 

[0007] The holes 114 are through holes (i.e. they eXtend all 
the Way trough the platform 102) and are required to alloW 
the silicon oXide (SiO2) layer 112 to be removed from 
beneath the platform 108 in a subsequent etching step. 

[0008] In FIG. 1d, the bonded silicon-on-insulator Wafer 
106 is eXposed to a selective etch material such as hydrof 
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luoric acid The etch material ?oWs through the holes 
114 and dissolves the silicon oXide layer 112 that is beneath 
the platform 102 thereby freeing the platform 102 from the 
silicon oXide layer 112. The holes 114 are required in order 
to reduce the distance an etch front of the etch material must 
travel to free the platform 102. The silicon oXide layer 112 
surrounding the platform 112 is undercut by a distance 122 
that is approximately equal to one-half a hole-to-hole spac 
ing 120 (i.e. the space betWeen holes 114, see FIG. 1a). 

[0009] A major disadvantage to the prior structure 100 is 
that the holes 114 reduce the surface area available on the 
platform 102. For instance, in ultrahigh density data storage 
applications, the platform 102 may include one or more 
layers of a storage medium that stores data as an alterable 
state of the storage medium. Optical or electron emission 
means (i.e. a laser or an electron beam) can be used to read 
and/or Write data to the storage medium. It is undesirable to 
have the platform 102 perforated With the holes 114 because 
the holes 114 reduce the surface area of the platform 102 
available for the storage medium. Moreover, an addressing 
scheme for reading or Writing data to the storage medium 
must take into account the locations of the holes 114 to 
prevent reading or Writing to an area in Which the storage 
medium is non-existent. Because the holes 114 only serve to 
facilitate the removal of the silicon oXide layer 112 from 
beneath the platform 102, they are a non-functional feature 
of the platform 102. Accordingly, it is desirable to eliminate 
the holes 114 as they serve no useful purpose once the 
platform 102 has been formed. 

[0010] Another prior method for fabricating a suspended 
structure from single crystal silicon (Si) is illustrated in 
FIGS. 2a through 2c. FIG. 2a illustrates a prior structure 
200 including an upper Wafer 208 having a platform 202 that 
is suspended by ?eXures 204. 

[0011] FIGS. 2b through 2c are a cross-sectional vieW 
taken along line AA of FIG. 2a that illustrate a process for 
fabricating the prior structure 200. The process begins With 
a bonded silicon-on-insulator Wafer 206 that includes the 
upper Wafer 208 that is chemically bonded to a loWer Wafer 
210 by a thin silicon oXide (SiO2) layer 212. In FIG. 2b, 
prior to bonding the upper Wafer 208 to the loWer Wafer 210, 
the thin silicon oXide layer 212 is patterned and then etched 
to form a Well. The Well becomes a sealed cavity 216 after 
the upper and loWer Wafers (206, 208) are bonded to each 
other. 

[0012] NeXt, in FIG. 2c, a top surface 220 of the upper 
Wafer 208 is patterned and then etched to form trenches 203 
that de?ne the ?eXures 204 and the platform 202. The 
trenches 203 eXtend through the upper Wafer 208 to the 
sealed cavity 216. As a result of the etching, an upper surface 
222 of the loWer Wafer 210 is eXposed to the etching material 
and is subsequently etched to form shalloW pits 218 that 
eXtend inWard of the upper surface 222 as illustrated in FIG. 
2c. 

[0013] Consequently, one disadvantage of the method for 
fabricating the prior structure 200 is that the fabrication 
results in damage to the upper surface 222 of the loWer Wafer 
210. In some applications the loWer Wafer 210 may contain 
buried components such as electrodes, interconnect struc 
tures, circuitry, or some other element that is essential to the 
functioning of the structure 200. Therefore, it is desirable to 
protect those components during the fabrication process. 
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Conversely, the method for fabricating the prior structure 
200 can result in damaging those components because the 
upper surface 222 is not protected from the etch material 
during the fabrication process. 

[0014] Accordingly, there eXists a need for a method for 
fabricating a suspended microstructure that does not require 
etch holes to remove a layer of material from beneath the 
suspended microstructure. 

[0015] There is also a need for a method of fabricating 
suspended microstructures that protects (i.e. does not dam 
age) an upper surface of a loWer Wafer from etch materials 
during the fabrication process so that components that are 
buried in the loWer Wafer are not damaged by the etch 
materials. 

SUMMARY OF THE INVENTION 

[0016] A method of fabricating a suspended platform of 
the present invention solves the aforementioned needs. The 
method of fabricating a suspended platform according to the 
present invention does not require etch holes in the sus 
pended platform to remove a layer of material beneath the 
suspended platform. As a result, the suspended platform is 
non-perforate and substantially all of the surface area of the 
suspended platform is available for use. 

[0017] Moreover, the method of fabricating a suspended 
platform according to the present invention prevents pitting 
of an upper surface of a loWer Wafer by covering the upper 
surface With a thin layer of material that protects the upper 
surface during etching. 

[0018] Broadly, the present invention is embodied in a 
method for fabricating a suspended platform on a bonded 
substrate. The bonded-substrate includes a platform sub 
strate that is bonded to a base substrate. The method includes 
forming a dielectric layer on a support surface of the base 
substrate and then patterning and etching an interface sur 
face of the dielectric layer to form a Well that eXtends inWard 
of the interface surface. The Well has a preselected depth that 
leaves a thin layer of the dielectric layer covering the support 
surface. The base and platform substrates are then bonded to 
each other to form the bonded-substrate by urging the 
interface surface into contact With a mounting surface of the 
platform substrate and annealing the base and platform 
substrates to fusion bond the interface surface With the 
mounting surface. Once bonded, the Well and the mounting 
surface form a sealed cavity. The platform substrate is 
thinned to form a thin membrane (of platform substrate 
material) over the sealed cavity. The membrane is patterned 
to de?ne a platform feature and a ?eXure feature. The 
membrane is then etched to form trenches that eXtend all the 
Way trough the membrane to the sealed cavity. The trenches 
de?ne a platform (also called a microstructure) and one or 
more ?exures that connect the platform With the platform 
substrate. Finally, the dielectric material beneath the plat 
form is removed by applying a selective etch material. The 
selective etch material removes substantially all of the 
dielectric material from beneath the platform Without sub 
stantially undercutting an interface betWeen the interface 
layer and the mounting surface so that the chemical bond 
betWeen the base substrate and the platform substrate is not 
damaged by the selective etch material. 

[0019] One advantage of the present invention is that the 
thin layer of the dielectric material protects the support 
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surface from pitting resulting from the etching of the mem 
brane to form the trenches that de?ne the platform and the 
?eXures. Therefore, the problems associated With the pitting 
of the prior methods for fabricating a suspended structure 
are solved by the present invention. 

[0020] Additionally, the present invention eliminates the 
need to perforate the platform in order to provide a path for 
the etch material to get to the dielectric layer beneath the 
platform. The trenches provide the necessary path for the 
etch material to get to the dielectric layer. Consequently, the 
platform of the present invention is devoid of holes, perfo 
rations, or the like that reduce the surface area of the 
platform. 

[0021] In one embodiment of the present invention, prior 
to forming the Well, the dielectric layer is planariZed to form 
a substantially planar interface surface. 

[0022] In another embodiment of the present invention, 
the dielectric layer is silicon oXide. 

[0023] In yet another embodiment of the present inven 
tion, a thickness of the base substrate is reduced by back 
thinning a back surface of the base substrate. 

[0024] In one embodiment of the present invention, the 
selective etch material is hydro?uoric acid. 

[0025] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrating by Way of eXample the principles of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1a is a plan vieW illustrating a prior structure 
that includes holes that perforate a platform. 

[0027] FIGS. 1b through 1d are a cross-sectional vieW 
taken along line AA of FIG. 1a that illustrate a process for 
fabricating the prior structure of FIG. 1a. 

[0028] FIG. 2a is a plan vieW illustrating a prior structure 
that includes pitting of an upper surface of a loWer Wafer. 

[0029] FIGS. 2b through 2c are a cross-sectional vieW 
taken along line AA of FIG. 2a that illustrate a process for 
fabricating the prior structure of FIG. 2a. 

[0030] FIG. 3a is a plan vieW illustrating a non-perforate 
suspended platform according to the present invention. 

[0031] FIG. 3b is a cross-sectional vieW taken along line 
BB of FIG. 3a illustrating a suspended platform, ?eXures, 
and a support surface of a base substrate that is devoid of 
pitting according to the present invention. 

[0032] FIGS. 4a through 4g are cross-sectional vieWs 
illustrating a process for fabricating a suspended platform 
according to the present invention. 

DETAILED DESCRIPTION 

[0033] In the folloWing detailed description and in the 
several ?gures of the draWings, like elements are identi?ed 
With like reference numerals. 

[0034] As shoWn in the draWings for purpose of illustra 
tion, the present invention is embodied in a method of 
fabricating a suspended platform on a bonded-substrate that 
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includes a platform substrate that is bonded to a base 
substrate. The method of fabricating the suspended platform 
results in a suspended platform that is non-perforate. That is, 
the suspended platform does not include holes or the like 
that reduce the surface area of the suspended platform. 
Moreover, the method of fabricating the suspended platform 
protects a support surface of the base substrate so that the 
support surface is not pitted due to etching processes that are 
necessary to form the suspended platform. 

[0035] The method of fabricating a suspended platform on 
a bonded-substrate includes a platform substrate that is 
bonded to a base substrate. Adielectric layer is formed on a 
support surface of the base substrate and then an interface 
surface of the dielectric layer is patterned and etched to form 
a Well that eXtends inWard of the interface surface. The Well 
has a preselected depth that leaves a thin layer of the 
dielectric layer covering the support surface. The base and 
platform substrates are then chemically bonded to each other 
to form the bonded-substrate. The interface surface and a 
mounting surface of the platform substrate are urged into 
contact With each other and then the base and platform 
substrates are annealed to fusion bond the interface surface 
With the mounting surface. 

[0036] Once bonded, the Well and the mounting surface 
form a sealed cavity therebetWeen. The platform substrate is 
thinned so that the material from Which the platform sub 
strate is made forms a thin membrane over the sealed cavity. 
The membrane is then patterned to de?ne a platform feature 
and a ?eXure feature. Next, the membrane is etched to form 
deep trenches that eXtend all the Way trough the membrane 
to the sealed cavity. The trenches de?ne a suspended plat 
form (also called a microstructure) and one or more ?eXures 
that connect the suspended platform With the platform 
substrate. Finally, the dielectric material beneath the sus 
pended platform and the ?exures is removed by applying a 
selective etch material. The selective etch material removes 
substantially all of the dielectric material from beneath the 
suspended platform and the ?eXures Without substantially 
undercutting an interface betWeen the interface layer and the 
mounting surface so that the chemical bond betWeen the 
base substrate and the platform substrate is not damaged by 
the selective etch material. Furthermore, the selective etch 
material frees the suspended platform and the ?eXures from 
the dielectric layer. 

[0037] In FIG. 3a, a system 10 includes a platform 
substrate 11 having trenches 13 formed therein to de?ne at 
least one ?eXure 15 (four are shoWn) and a suspended 
platform 17 that is connected With the platform substrate 11 
by the ?eXures 15. The trenches 13 eXtend through the 
platform substrate 11 to a cavity (not shoWn) positioned 
beloW the platform substrate 11. The cavity can have an area 
19 (dashed lines) that is greater than or equal to the com 
bined area of the suspended platform 17 and the ?exures 15. 

[0038] Unlike prior suspended structures, the suspended 
platform 17 of the present invention is non-perforate. That 
is, the suspended platform 17 is free of through holes, 
perforations, or the like that eXtend through the suspended 
platform 17 to the cavity beloW. Accordingly, substantially 
all of the surface area of the suspended platform 17 is 
available for use in applications that require a suspended 
platform that is free of surface anomalies such as perfora 
tions. For instance, if the suspended platform 17 Will be used 
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for data storage, then it is desirable to have as much of the 
surface area of the suspended platform 17 available to store 
data. On the other hand, perforations or the like subtract 
from the surface area available for data storage. For 
eXample, if the suspended platform 17 is coated With a phase 
change media for storing data, then the perforations repre 
sent an area that cannot support the phase change media. 

[0039] In FIG. 3b, the system 10 is illustrated in a 
cross-sectional vieW taken along line BB of FIG. 3a. A 
cavity 37 is positioned beloW the suspended platform 17 and 
the ?eXures 15. The cavity 37 can eXtend beyond the area of 
the suspended platform 17 and the ?eXures 15 as shoWn by 
dashed arroW 19 such that the cavity 37 has an area that can 
be greater than or equal to the combined area of suspended 
platform 17 and the ?exures 15. The cavity 37 is de?ned by 
a support surface 22 of the base substrate 21 and a mounting 
surface 24 of the platform substrate 11. The system 10 
includes a base substrate 21 and a dielectric layer 23 that 
chemically bonds the base substrate 21 and the platform 
substrate 11 to each other to form a bonded-substrate 25. 

[0040] In contrast to prior suspended structures, the fab 
rication of the suspended platform 17 and the ?eXures 15 of 
the present invention does not result in pitting of the support 
surface 22 because that support surface 22 is protected by a 
thin layer of the dielectric material 23 as Will be discussed 
beloW. 

[0041] FIGS. 4a through 4g illustrate a method of fabri 
cating a suspended platform on a bonded-substrate accord 
ing to the present invention. In FIG. 4a, the bonded sub 
strate 25 as illustrated in FIG. 3b can be formed by 
depositing a thin dielectric layer 23 on a support surface 22 
of a base substrate 21. The dielectric layer 23 is an electri 
cally insulating material, preferably silicon oXide (SiOZ). 
The dielectric layer 23 can have a thickness D1 that is from 
about 0.5 pm thick to about 2.0 pm thick. 

[0042] A Well 31 is formed in the dielectric layer 23 by 
patterning and then etching the dielectric layer 23. For 
instance, a photoresist pattern 29 can be used to de?ne the 
Well 31 and an uncovered portion of the dielectric layer 23 
can be eXposed to an etchant that dissolves the uncovered 
portion of the dielectric layer 23 to form the Well 31. An 
etchant such as a hydro?uoric acid solution can be used 
to etch the Well 31. If the dielectric layer 23 is SiO2, then HF 
is a preferred etchant. HoWever, the etchant used is not 
limited to HF and other etchants such as a CHF3 or other 
?uorine based plasma etchants may also be used. 

[0043] Prior to forming the Well 31, it may be desirable to 
planariZe the dielectric layer 23 so that the dielectric layer 23 
has a substantially planar interface surface 27 upon Which a 
platform substrate (not shoWn) Will be mounted as Will be 
discussed beloW. As a result of the planariZation, the dielec 
tric layer 23 Will have a thickness D2 (see FIG. 4b) that is 
less than the deposited thickness of D1. Processes Well 
knoWn in the microelectronics fabrication art can be used to 
planariZe the dielectric layer 23. For instance grinding, 
polishing, lapping, and chemical mechanical planariZation 
(CMP) can be used. Preferably, CMP is used to form the 
substantially planar interface surface 27 (interface surface 
27 hereinafter). After planariZation, the dielectric layer 23 
can have a thickness D2 that is from about 0.5 pm thick to 
about 2.0 pm thick. 

[0044] In FIG. 4b, the Well 31 is etched until it has a 
preselected depth DW that leaves a thin protective layer 32 
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of the dielectric layer 23 covering the support surface 22. 
The thin protective layer 32 should have a thickness tP that 
is selected to prevent the support surface 22 from being 
pitted by a subsequent etch process as Will be described 
beloW in reference to FIGS. 4f and 4g. The preselected 
depth DW Will vary based on the type of material for the 
dielectric layer 23, the etching material used to etch the Well 
31 and process parameters such as etching time. 

[0045] For example, if the dielectric layer 23 has a thick 
ness (D1 or D2) that is from about 0.5 pm thick to about 2.0 
pm thick, then the preselected depth DW can be from about 
0.4 pm to about 1.9 pm. 

[0046] As another example, if the dielectric layer 23 has a 
thickness (D1 or D2) equal to 1.8 pm, then the preselected 
depth DW can be 1.6 pm and the thin protective layer 32 can 
a thickness tP that is about 0.20 pm or less. The preselected 
depth DW should be selected so that the thickness tP Will be 
sufficient to protect the support surface 22 from pitting or 
damaged resulting from a subsequent etching step that 
complete removes the dielectric layer 23 as Will be discussed 
beloW. In general, the thickness tP Will be approximately 
equal to (D1—DW) or to (D2—DW). 

[0047] In FIG. 4c, the base substrate 21 is bonded to a 
platform substrate 11 to form the bonded-substrate 25 (see 
FIG. 3b) by urging the interface surface 27 into contact With 
a mounting surface 24 of the platform substrate 11. The base 
and platform substrates (11, 21) are then heated (i.e. 
annealed) to fusion bond the interface surface 27 With the 
mounting surface 24. The base and platform substrates (11, 
21) can be bonded to each other using substrate bonding 
processes that are Well understood in the microelectronics 
arts. For instance, if the base and platform substrates (11, 21) 
are made from a single crystal silicon material and the 
dielectric layer 23 is SiO2, then the base and platform 
substrates (11, 21) can be annealed in an inert ambient at a 
temperature from about 700 degrees centigrade to about 900 
degrees centigrade to form a fused SiO2 layer betWeen the 
base and platform substrates (11, 21) that chemically bonds 
them to each other. 

[0048] As a result of bonding the base and platform 
substrates (11, 21) to each other, a sealed cavity 33 de?ned 
by the Well 31 and the interface surface 27 is formed. 

[0049] In FIG. 4d, the platform substrate 11 is thinned 
from an initial thickness T1 (see FIG. 4c) to a reduced 
thickness T3 to form a thin membrane of the platform 
substrate 11 over the sealed cavity 33 (hereinafter, the 
membrane and the platform substrate Will be denoted by the 
reference numeral 11). In some applications it may be 
desirable to reduce the thickness of the base substrate 21 by 
backthinning a back surface 30 the base substrate 21 from a 
thickness T2 (see FIG. 4c) to a thickness T4. Depending on 
the types of structures to be formed on the platform substrate 
11, it may be desirable to thin the base substrate 21 prior to 
de?ning and forming those structures on the platform sub 
strate 11 so as not to damage those structures as a result of 
the backthinning process. Preferably, the thickness T3 of the 
membrane 11 is from about 10.0 pm to about 200.0 pm. 
Other thicknesses are certainly possible and the thickness T3 
of the membrane 11 is not limited to the range set forth 
above. If the membrane 11 is to thin (i.e. <10.0 pm), then 
there is the possibility that the membrane 11 Will be prone 
to damage. In contrast, if the membrane 11 is too thick (i.e. 
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>200 pm), then it becomes increasingly harder to etch any 
structure into the membrane 11. 

[0050] Thinning of the platform substrate 11 and back 
thinning of the base substrate 21 can be accomplished using 
a process such as grinding, polishing, lapping, and chemical 
mechanical planariZation (CMP). Preferably, CMP is used to 
thin the platform substrate 11 and for backthinning of the 
base substrate 21. 

[0051] The thickness T4 of the base substrate 21 can be 
from about 200.0 pm to about 600.0 pm. Typically, a single 
crystal silicon (Si) Wafer is used for the base substrate 21. 
Wafers that are thinner than about 300.0 pm can be fragile 
and dif?cult to handle. Therefore, the actual thickness for the 
base substrate 21 may be determined by the type of material 
for the base substrate 21 and by handling and breakage 
considerations. Moreover, a single crystal silicon (Si) Wafer 
can be used for the platform substrate 11. There is no 
preferred crystalline orientation for the single crystal silicon 
(Si) Wafer material used for the base substrate 21 or for the 
platform substrate 11. For instance, single crystal silicon (Si) 
Wafers With a (100) or a (111) crystalline orientation can be 
used. 

[0052] In FIG. 46, a portion of the membrane 11 is 
patterned to de?ne a ?eXure feature and a platform feature. 
For instance, a photoresist pattern 41 can be used to de?ne 
the ?eXure and platform features. 

[0053] In FIG. 4f, the ?eXure and platform features are 
then etched (see dashed arroWs 49) to form trenches 13 that 
eXtend through the membrane 11 to the sealed cavity 33 
thereby forming an open cavity 35. The thin protective layer 
32 protects the support surface 22 from the material used to 
etch the trenches 13. As Was mentioned above, one of the 
advantages of the present invention is that the support 
surface 22 is not damaged by the above etching process so 
that the support surface 22 is devoid of pits or the like that 
could damage components that are carried by or are buried 
in the base substrate. The trenches 13 also de?ne a sus 
pended platform 17 and a ?eXure 15. 

[0054] In FIG. 4g, any portion of the dielectric layer 23 
that remain beneath the suspended platform 17 and the 
?eXure 15 (i.e. in the open cavity 35) is removed by applying 
a selective etch material to the bonded-substrate 25. The 
selective etch material enters the open cavity 35 via the 
trenches 13. The selective etch material has a differential 
etch rate that is selected to etch the dielectric layer 23 
beneath the suspended platform 17 and the ?eXure 15 at a 
substantially faster etch rate than the dielectric layer 23 at an 
interface I betWeen the interface surface 27 and the mount 
ing surface 24. Accordingly, the etch proceeds substantially 
faster across that portion of the open cavity 35 that is 
beneath the suspended platform 17 and the ?eXure 15 as 
shoWn by arroW XP such that the dielectric layer is com 
pletely removed from beneath the suspended platform 17 
and the ?eXure 15. In contrast, the etch proceeds substan 
tially sloWer at the interface I such that the dielectric layer 
23 at the interface I is undercut 39 by a minimal distance as 
shoWn by arroWs XI. 

[0055] Preferably, a Wet etch material such as hydro?uoric 
acid is used for the selective etch material. Hydrof 
luoric acid is an isotropic etchant that has a differential 
etch rate across the open cavity 35 (see arroW XP) that is 
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about 10>< (i.e. about ten times) the differential etch rate at 
the interface I (see arrows For example, With silicon 
oxide (SiO2) for the dielectric layer 23, the differential etch 
rate (using a HF etchant) alloWs the dielectric layer 23 
beneath a 2.0 millimeter suspended platform 17 to be 
completely removed While only undercutting about 100 
microns (i.e. XIz100.0 pm) of the dielectric layer 23 from 
the interface I. As a result of the undercutting, the area 19 of 
the cavity 35 is greater than the area of the suspended 
platform 17. 

[0056] Accordingly, HF Works Well because it is an iso 
tropic etchant and the HF ?oWs beneath the suspended 
platform 17 and the ?eXure 15 and removes the dielectric 
layer 23. Preferably, the dielectric layer 23 is made from 
silicon oXide (SiOZ). HF is also highly selective to silicon 
(Si) so that it does not lead to pitting of the support surface 
22. Other isotropic SiO2 etchants can be used. For instance, 
a vapor phase HF (rather than a conventional aqueous HF 
solution) etchant can be used. 

[0057] Although several embodiments of the present 
invention have been disclosed and illustrated, the invention 
is not limited to the speci?c forms or arrangements of parts 
so described and illustrated. The invention is only limited by 
the claims. 

What is claimed is: 
1. A method of fabricating a suspended platform on a 

bonded-substrate that includes a platform substrate that is 
bonded to a base substrate, comprising: 

forming a dielectric layer on a support surface of the base 
substrate; 

patterning an interface surface of the dielectric layer to 
de?ne a Well feature thereon; 

etching the Well feature until a Well having a preselected 
depth that leaves a thin protective layer of the dielectric 
layer covering the support surface is formed; 

bonding the base and platform substrates to each other by 
urging the interface surface into contact With a mount 
ing surface of the platform substrate and annealing the 
base and platform substrates to fusion bond the inter 
face surface With the mounting surface; 

thinning the platform substrate to form a membrane over 
a sealed cavity de?ned by the Well and the mounting 
surface; 

patterning the membrane to de?ne a ?eXture feature and 
a platform feature; 

etching the ?eXture and platform features to form a 
plurality of trenches that eXtend through the membrane 
to the sealed cavity and de?ne a suspended platform 
and a ?eXure; and 

applying a selective etch material to remove the dielectric 
layer from beneath the suspended platform and the 
?eXure. 
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2. The method as set forth in claim 1, Wherein prior to 
patterning the interface surface, the dielectric layer is pla 
nariZed to form a substantially planar interface surface. 

3. The method as set forth in claim 2, Wherein the 
dielectric layer has a thickness from about 0.50 pm to about 
2.0 pm. 

4. The method as set forth in claim 3, Wherein the 
dielectric layer is silicon oXide. 

5. The method as set forth in claim 2, Wherein the 
planariZation is accomplished by a process selected from the 
group consisting of grinding, polishing, and chemical 
mechanical planariZation. 

6. The method as set forth in claim 1, Wherein the thinning 
of the platform substrate is accomplished by a process 
selected from the group consisting of grinding, polishing, 
lapping, and chemical mechanical planariZation. 

7. The method as set forth in claim 1, Wherein the 
dielectric layer is silicon oXide and the platform substrate is 
chemically bonded to the base substrate by a silicon oXide 
fusion bond. 

8. The method as set forth in claim 7, Wherein the silicon 
oXide has a thickness from about 0.50 pm to about 2.0 pm. 

9. The method as set forth in claim 1 and further com 
prising backthinning a back surface of the base substrate to 
reduce a thickness of the base substrate. 

10. The method as set forth in claim 9, Wherein the 
backthinning is accomplished by process selected from the 
group consisting of lapping, polishing, grinding, and chemi 
cal mechanical planariZation. 

11. The method as set forth in claim 9, Wherein after the 
backthinning, the thickness of the base substrate is from 
about 200.0 pm to about 600.0 pm. 

12. The method as set forth in claim 1, Wherein the 
selective etch material is a hydro?uoric acid solution. 

13. The method as set forth in claim 1, Wherein the 
selective etch material has a differential etch rate and the 
dielectric layer beneath the suspended platform and the 
?eXure is etched at a substantially faster etch rate than the 
dielectric layer at an interface betWeen the interface surface 
and the mounting surface. 

14. The method as set forth in claim 1, Wherein any 
selected one or both of the platform substrate and the base 
substrate are made from single crystal silicon. 

15. The method as set forth in claim 1, Wherein the 
membrane has a thickness from about 10.0 pm to about 
200.0 pm. 

16. The method as set forth in claim 1, Wherein the 
predetermined depth of the Well is from about 0.40 pm to 
about 1.9 pm. 

17. The method as set forth in claim 1, Wherein the thin 
protective layer has a thickness less than about 0.20 pm. 


