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METHOD OF FORMING NON-PLANAR 
MEMBRANES USING CMP 

This application claims the benefit of U.S. Provisional Application No. 

61/475,422, filed on April 14, 2011. 

Field of the Invention 

[0001] This invention relates to substrates such as substrates used in forming 

micromechanical electrical system (MEMS) devices, microscale optical devices, or 

semiconductor devices. 

Background 

[0002] Semiconductor substrates are used in a wide variety of applications. One 

such application is in the formation of micromechanical electrical system (MEMS) 

devices. As the need for increased complexity of the physical structure of MEMS 

devices has increased, a number of different shaping processes have been developed. 

Three major categories of shaping processes are bulk micromachining of silicon, surface 

micromachining, and deep reactive ion etching (DRIE). Each of these processes has 

unique benefits and capabilities. For example, DRIE processes provide very steep 

sidewalls which are useful in minimizing device footprint. 

[0003] Typically, the processes used in shaping a substrate allow for highly complex 

shapes to be defined in the plane of the substrate. For example, circles, squares, and lines 

can be defined by processes such as lithography on a substrate surface and then etching 

processes can be used to remove material not covered by the lithographic layer. The 

1 



WO 2012/142381 PCT/US2012/033471 

shape of the substrate in a cross sectional plane, however, is constrained by the particular 

material removal process. Thus, DRIE provides substantially vertical sidewalls while 

chemical mechanical polishing (CMP) provides a substantially horizontal surface. 

[0004] Curved shapes in the cross sectional plane, however, are less deterministic. 

For example, etching can be used to generate a curved shape. Control of the etching 

process, however, is difficult. Thus, precise location and shape of a curved sidewall 

using an etching process is problematic. 

[0005] What is needed, therefore, is a method for providing a curved shape in a cross 

sectional plane of a substrate. A method that can be used to provide precisely positioned 

and dimensioned curved shapes in a cross sectional plane is also needed. 

Summary 

[0006] A method of shaping a substrate in one embodiment includes providing a 

first support layer, providing a first shaping pattern on the first support layer, providing a 

substrate on the first shaping pattern, performing a first chemical mechanical polishing 

(CMP) process on the substrate positioned on the first shaping pattern, and removing the 

once polished substrate from the first shaping pattern. 

[0007] In a further embodiment, a method of shaping a substrate includes providing a 

first shaping pattern on a first support layer, positioning a substrate on the first shaping 

pattern, performing a first chemical mechanical polishing (CMP) process on the substrate 

positioned on the first shaping pattern, generating first pressure at a first location on an 

upper surface of the substrate as a result of the first shaping pattern, generating a second 

pressure at a second location on the upper surface of the substrate as a result of the first 
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shaping pattern, wherein the first pressure is greater than the second pressure, removing 

an increased amount of material from the first location compared to the second location, 

and removing the once polished substrate from the first shaping pattern. 

Brief Description of the Drawings 

[0008] FIG. 1 depicts side cross sectional view of a substrate with a convexity formed 

on one side thereof; 

[0009] FIG. 2 depicts top plan view of the substrate of FIG. 1 showing the convexity 

surrounded by a planar area; 

[0010] FIG. 3 depicts a flow diagram of a procedure that may be performed to shape 

a convexity or a concavity on a substrate; 

[0011] FIG. 4 depicts a side cross sectional view of a support layer provided in 

accordance with the procedure of FIG. 3; 

[0012] FIG. 5 depicts a top plan view of a shaping pattern on the substrate of FIG. 4 

which includes two negative features in the shaping pattern. 

[0013] FIG. 6 depicts a side cross sectional view of a substrate positioned on the 

shaping pattern and support layer of FIG. 5; 

[0014] FIG. 7 depicts a polishing pad positioned above the substrate of FIG. 6; 

[0015] FIG. 8 depicts a partial side cross sectional view of the substrate of FIG. 7 

being deflected by the polishing pad of FIG. 7 so as to provide an area of reduced 

material removal in the substrate of FIG. 7; 

[0016] FIG. 9 depicts the substrate of FIG. 7 after CMP has been used to provide two 

convexities in the substrate; 
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[0017] FIGs. 10 and 11 depict various concavities and convexities that may be 

created in a substrate using the procedure of FIG. 3; 

[0018] FIG. 12 depicts an integrally formed shaping pattern on a support layer 

including various positive and negative features that can be used to create concavities and 

convexities in a substrate; and 

[0019] FIG. 13 depicts cross sectional plane view of the support layer of FIG. 12. 

Description 

[0020] For the purposes of promoting an understanding of the principles of the 

invention, reference will now be made to the embodiments illustrated in the drawings and 

described in the following written specification. It is understood that no limitation to the 

scope of the invention is thereby intended. It is further understood that the present 

invention includes any alterations and modifications to the illustrated embodiments and 

includes further applications of the principles of the invention as would normally occur to 

one skilled in the art to which this invention pertains. 

[0021] FIGs. 1 and 2 depict a substrate 100 which in this embodiment consists of a 

silicon material. The substrate 100 includes a lower surface 102 that is generally planar 

and an upper surface 104 which includes a planar surface portion 106 that is located 

about a thicker portion 108. The thicker portion 108 defines continuously curving profile 

when viewed in cross section (see FIG. 1) with an apex 112 that is centrally located. 

[0022] The thicker portion 108 is formed using a process 130 depicted in FIG. 3. The 

process 130 begins by providing a support layer (block 132). In one embodiment, the 

support layer is a planar surface. A shaping pattern is then positioned on the support 

4 



WO 2012/142381 PCT/US2012/033471 

layer (block 134). The shaping pattern, which may be a shaping layer deposited on the 

support layer using any desired process such as lithography, is characterized by at least 

one area of shaping layer material that is thicker than an adjacent area as described more 

fully below. A substrate to be shaped is then placed on the shaping pattern defined in the 

shaping layer (block 136). 

[0023] The assembled substrate, shaping layer, and support layer are then subjected 

to a chemical mechanical polishing (CMP) process (block 138). During CMP, the lower 

surface of the support layer is fully supported by the CMP device while a pressure is 

exerted on the upper surface of the substrate by a polishing pad of the CMP device. The 

upper surface of the substrate at locations directly between the thicker material (positive 

feature) of the shaping layer and the CMP polishing pad is thus subjected to an increased 

pressure while the upper surface of the substrate at locations directly between thinner 

portions of the shaping layer (negative features) are subjected to a lesser amount of 

pressure. Consequently, as CMP proceeds, more material is removed from the upper 

surface of the substrate that are directly above positive features and a lesser amount of 

material is removed from the upper surface of the substrate that are directly above 

negative features. 

[0024] Once the desired amount of material has been removed from the upper surface 

of the substrate, the CMP is terminated (block 140) and the substrate is cleaned and 

removed from the shaping pattern. Because more of the substrate is removed from 

location directly above the positive features, those portions of the substrate are thinner 

than portions of the substrate above negative features of the shaping layer. Accordingly, 

thicker portions of the substrate, such as the thicker portion 108, may be obtained by 
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CMP polishing. In some embodiments, the substrate may remain on the shaping pattern, 

thereby allowing for a defined chamber to be located beneath the thinner portion of the 

substrate. 

[0025] FIGs. 4-8 depict a substrate shaped in accordance with the process 130 of 

FIG. 3. In FIG. 4, a support layer 150 is provided (block 132). A shaping layer 152 is 

then deposited on the support layer (block 134) as depicted in FIG. 5. The pattern of the 

shaping layer 152 defines two circles 154 and 156 through which the support layer 150 is 

visible. The circles 154 and 156 are thus negative features of the shaping layer 152 while 

the remainder of the shaping layer 152 is a positive feature. 

[0026] A "positive feature" is thus a portion of the shaping layer 152 that has a 

thickness when viewed in cross section that is thicker in the z-plane (as depicted in FIG. 

6) than an adjacent area of the shaping pattern 152. A "negative feature" is a portion of 

the shaping layer 152 that has a thickness when viewed in cross section that is thinner in 

the z-plane (as depicted in FIG. 6) than an adjacent area of the shaping pattern 152. A 

negative feature may thus be an area of the shaping layer 152 that is void of material or 

that is simply thinner than an adjacent area. If desired, a pattern may include a variety of 

thicknesses within a single shaping layer to provide a variety of substrate thicknesses 

after CMP. Accordingly, a feature that is "positive" with respect to one adjacent area 

may be "negative" with respect to another adjacent area. 

[0027] While the shaping layer 152 is provided separately from the support layer in 

the embodiment of FIGs. 4-8, in some embodiments, the shaping pattern may be 

intrinsically formed with the support layer. By way of example, a substrate may be 

etched to form a support layer with an integral pattern. 
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[0028] Continuing with FIG. 6, once the shaping layer 152 is provided on the support 

layer 150, a substrate 158 is positioned on the shaping layer 152 (block 136). A CMP 

device is then used to polish the upper side 160 of the substrate 158 (block 138). Thus, as 

depicted in FIG. 7, a polishing slurry 162 is pressed against the upper side 160 using a 

polishing pad 164. In alternative embodiments, the polishing slurry 162 may be omitted. 

[0029] As the polishing pad 164 applies pressure, the unsupported area of the 

substrate 158, i.e., the portion directly above a negative feature of the shaping layer 152, 

moves away from the polishing pad 164 while the portion of the substrate 158 directly 

above the positive features of the shaping layer 152 is not allowed to move away from the 

pad 164 as depicted in FIG. 8. Accordingly, as the CMP process continues, more 

material is removed from the substrate 158 at the portion of the substrate 158 directly 

above the positive features and less material is removed from the substrate 158 in the 

unsupported areas of the substrate 158. 

[0030] The amount of flexure of the substrate 158 will depend upon a variety of 

design parameters. Such parameters include the type of material used in forming the 

substrate 158, the thickness of the substrate, the temperature of the process, the pressure 

applied by the pad, etc. These parameters can be selected based upon the desired final 

shape of the substrate. 

[0031] Once the desired amount of CMP has been accomplished, CMP is terminated 

(block 140) resulting in the substrate configuration depicted in FIG. 9. The substrate 158 

as depicted in FIG. 9 has a thickness along the z-axis in the planar portions 166 that is 

less than the thickness of the substrate 158 before CMP. The substrate 158 as depicted in 

FIG. 9 also has a thickness along the z-axis in the thicker areas 166 that is less than the 
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thickness of the substrate 158 before CMP. Because less material was removed from the 

substrate 158 in the unsupported areas of the substrate 158, however, the thicker areas 

168, which are located at positions corresponding to the negative features in the shaping 

layer 152, have a maximum thickness along the z-axis that is greater than the maximum 

thickness of the planar portions 166. 

[0032] By modification of the shape and thickness of the positive features 154 and 

the negative features 156, a number of differently shaped regions may be formed on a 

substrate. Additionally, both sides of a substrate may be polished in order to form a 

number of additional shapes. For example, FIG. 10 depicts a substrate 180 that includes 

concavities 182, 184, and 186. The substrate 180 further includes convexities 188, 190, 

and 192. 

[0033] The concavities 182 and 184 and the convexity 188 may be formed during a 

CMP process performed on the upper side 194 of the substrate 180 while the concavity 

186 and the convexities 190 and 192 may be formed during a second CMP process 

performed on the lower side 196 of the substrate 180. In obtaining a substrate 180 which 

is shaped on both the upper surface 194 and the lower surface 196, simply inverting the 

substrate 180 on a single shaping pattern will typically not be sufficient. For example, 

the concavity 182 is obtained as a result of a positive feature on a shaping layer that 

results in increased pressure at the location at which the concavity 182 is formed. If the 

substrate is inverted and the concavity 182 is aligned with that same positive feature, the 

positive feature will "fit" within the concavity 182 and the same increased pressure used 

to form the concavity 182 will not be generated. Thus, a larger positive feature is needed 

to obtain the increased pressure necessary for obtaining the concavity 186. 
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[0034] The ability to shape both sides of a substrate, while more complex than simply 

shaping a single side, allows for a variety of configurations to be realized. As depicted in 

FIG. 10, two concavities 182 and 186 are aligned, two convexities 188 and 190 are 

aligned, and the concavity 184 is aligned with the convexity 192. Additional 

configurations may also be obtained. As depicted in FIG. 11, a substrate 200 includes a 

concavity 202 that is offset from a convexity 204. Substrate 200 further includes a 

concavity 206 that is aligned with a convexity 208. The convexity 208, however, has a 

radius that is larger than the radius of the concavity 206. Thus, opposite sides of a 

substrate can be shaped to have a concavity paired with a complementary convexity, or 

with a complementary concavity. The concavity and/or convexity on opposing sides may 

be of the same or of different diameters. One or more of the concavities/convexities may 

be shaped differently, e.g., elongated. 

[0035] The concavities and convexities including those depicted in FIGs. 10-11, 

which in some embodiments are aligned while in others offset, can be formed in a variety 

of ways. For example FIGs. 12-13 depict a support substrate 220 with an integrally 

formed shaping pattern that includes cylindrical protuberances 222 and 232, rectangular 

cavities 224 and 230, and cylindrical cavities 226 and 228. The positive and negative 

features in the support substrate 220 will typically have a greater spacing than depicted in 

FIG. 12. 

[0036] The shapes and configurations of the various positive and negative features in 

the support substrate 220 will provide different shaping abilities. The increased height 

of the cylindrical protuberance 222 as compared to the cylindrical protuberance 232 will 

result in a deeper concavity. The different widths of the cylindrical cavities 226 and 228 
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will result in convexities of different radius. The shallow cylindrical cavity 228 will 

restrict deflection of a substrate, resulting in a more subdued convexity. The rectangular 

cavities 224 and 230 will result in elongated convexities. These and other shapes may be 

used depending upon the desired shape. 

[0037] Additionally, the process of FIG. 3 may be used to pattern a substrate which 

can then be used as a shaping layer for a subsequent substrate. For example, a cylinder 

such as the cylinder 222 of FIG. 13 may be patterned and used to form a concavity in a 

substrate. The concavity can then be used as a negative feature in a shaping layer to form 

a convexity. Accordingly, sidewalls that are curved in a cross sectional plane may be 

obtained either as a final configuration or as a negative or positive feature in a shaping 

layer. 

[0038] While the invention has been illustrated and described in detail in the 

drawings and foregoing description, the same should be considered as illustrative and not 

restrictive in character. It is understood that only the preferred embodiments have been 

presented and that all changes, modifications and further applications that come within 

the spirit of the invention are desired to be protected. 
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Claims 

Claim 1. A method of shaping a substrate comprising: 

providing a first support layer; 

providing a first shaping pattern on the first support layer; 

providing a substrate on the first shaping pattern; 

performing a first chemical mechanical polishing (CMP) process on the substrate 

positioned on the first shaping pattern; and 

removing the once polished substrate from the first shaping pattern. 

Claim 2. The method of claim 1, wherein the substrate comprises a silicon based 

substrate. 

Claim 3. The method of claim 1, wherein the shaping pattern comprises at least one 

void area. 

Claim 4. The method of claim 1, further comprising: 

providing a second support layer; 

providing a second shaping pattern on the second support layer; 

positioning the once polished substrate on the second shaping pattern; 

performing a second CMP process on the once polished substrate positioned on 

the second shaping pattern; and 

removing the twice polished substrate from the second shaping pattern. 
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Claim 5. The method of claim 4, wherein: 

a first surface of the substrate is polished during the first CMP process; and 

a second surface of the substrate is polished during the second CMP process. 

Claim 6. The method of claim 5, wherein: 

performing a first CMP process on the substrate comprises removing an increased 

amount of substrate material from a first substrate portion; 

positioning the once polished substrate on the second shaping pattern comprises 

aligning the first substrate portion with a positive feature of the second 

shaping pattern, and 

positioning the first substrate portion on the positive feature; and 

performing a second CMP process on the substrate comprises removing an 

increased amount of substrate material from a second substrate portion, the second 

substrate portion located on a portion of the substrate directly opposite to the first 

substrate portion. 

Claim 7. The method of claim 1, wherein the first shaping pattern comprises: 

at least one first positive feature; and 

at least one first negative feature. 

Claim 8. The method of claim 7, wherein the first shaping pattern comprises: 

at least one second positive feature, the at least one first positive feature having a 

shape different from the shape of the at least one second positive feature. 
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Claim 9. The method of claim 7, wherein the first shaping pattern comprises: 

at least one second positive feature, the at least one first positive feature having a 

thickness different from the thickness of the at least one second positive feature. 

Claim 10. The method of claim 7, wherein the first shaping pattern comprises: 

at least one second negative feature, the at least one first negative feature having a 

shape different from the shape of the at least one second negative feature. 

Claim 11. The method of claim 7, wherein the first shaping pattern comprises: 

at least one second negative feature, the at least one first negative feature having a 

thickness different from the thickness of the at least one second negative feature. 

Claim 12. A method of shaping a substrate comprising: 

providing a first shaping pattern on a first support layer; 

positioning a substrate on the first shaping pattern; 

performing a first chemical mechanical polishing (CMP) process on the substrate 

positioned on the first shaping pattern; 

generating first pressure at a first location on an upper surface of the substrate as a 

result of the first shaping pattern; 

generating a second pressure at a second location on the upper surface of the 

substrate as a result of the first shaping pattern, wherein the first pressure is greater than 

the second pressure; 
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removing an increased amount of material from the first location compared to the 

second location; and 

removing the once polished substrate from the first shaping pattern. 

Claim 13. The method of claim 12, wherein the substrate comprises a silicon based 

substrate. 

Claim 14. The method of claim 12, wherein the first shaping pattern comprises: 

at least one first positive feature; and 

at least one first negative feature. 

Claim 15. The method of claim 14, wherein the first shaping pattern comprises: 

at least one second positive feature, the at least one first positive feature having a 

shape different from the shape of the at least one second positive feature. 

Claim 16. The method of claim 14, wherein the first shaping pattern comprises: 

at least one second positive feature, the at least one first positive feature having a 

thickness different from the thickness of the at least one second positive feature. 

Claim 17. The method of claim 14, wherein the first shaping pattern comprises: 

at least one second negative feature, the at least one first negative feature having a 

shape different from the shape of the at least one second negative feature. 
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Claim 18. The method of claim 14, wherein the first shaping pattern comprises: 

at least one second negative feature, the at least one first negative feature having a 

thickness different from the thickness of the at least one second negative feature. 
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