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WAFER WITH RECESSED PLUG

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

61/475,457, filed on April 14, 2011.

Ficld of the Invention

[0001] This invention relates to wafers and substrates such as are used in

micromechanical electrical system (MEMS) devices or semiconductor devices.

Background

[0002] Device isolation typically is achieved by utilizing local oxidation of silicon
(“LOCOS”) or shallow trench isolation (“STI”) techniques. In the STI device isolation
technique, isolation is typically achieved by forming a recess or trench in a layer that is
destined to become two adjacent active areas, and filling the trench with an isolation
material. The material in the trench, typically a nitride material, is referred to as a spacer.
Nitride spacers, in addition to electrical isolation, may also be used as a fluid barrier.
[0003] STI is beneficial in providing higher packing density, improved isolation, and
greater planarity, by avoiding the topographical irregularities encountered when using
conventional thick film oxide isolation (LOCOS). In particular, the growth of thermal
ficld oxide using a mask, such as nitride, creates an encroachment of the oxide into the
active areas; this encroachment is referred to as the bird's beak effect.

[0004] Isolation using STI, however, has some limitations. For example, there is a
relatively short diffusion path along the junction of the spacer and the underlying

substrate for fluids (gas and liquids). Accordingly, there is an increased potential for
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leakage. Additionally, because the spacer is deposited on the surface of the substrate
layer, the spacer is susceptible to shear forces which can lead to leakage and even failure
of the device at the junction of the spacer and the underlying substrate.

[0005] What is needed therefor is a plug and method of forming a plug that
overcomes one or more problems in known plugs. It would be beneficial if the plug and
method of forming a plug could increase the diffusion path past the plug. It would be
further beneficial if the plug and method of forming a plug could increase the strength of

the plug-to-substrate layer interface.

Summa

[0006] In one embodiment, a method of forming a plug includes providing a base
layer, providing an intermediate oxide layer above an upper surface of the base layer,
providing an upper layer above an upper surface of the intermediate oxide layer, etching
a trench including a first trench portion extending through the upper layer, a second
trench portion extending through the oxide layer, and a third trench portion extending
into the base layer, depositing a first material portion within the third trench portion,
depositing a second material portion within the second trench portion, and depositing a
third material portion within the first trench portion.

[0007] In a further embodiment, A wafer includes a base layer, an intermediate oxide
layer above an upper surface of the base layer, an upper layer above an upper surface of
the intermediate oxide layer, a trench including a first trench portion extending through
the upper layer, a second trench portion extending through the oxide layer, and a third

trench portion extending only partially into the base layer, and a plug, the plug including
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a first material portion deposited within the third trench portion, a second material portion
deposited within the second trench portion, and a third material portion deposited within

the first trench portion.

Brief Description of the Drawings

[0008] FIG. 1 depicts a partial cross sectional view of a wafer including a plug with a
recessed portion extending into the base or substrate layer of the wafer in accordance
with principles of the invention;

[0009] FIG. 2 depicts a partial cross sectional view of a wafer including a base layer,
an intermediate layer, and an upper layer in which a plug may be formed;

[0010] FIG. 3 depicts a partial cross sectional view of the wafer of FIG. 2 with a
trench formed through the upper layer, the intermediate layer, and partially into the base
layer;

[0011] FIG. 4 depicts a partial cross sectional view of the wafer of FIG. 3 with the
trench filled with a plug material and with the plug material deposited on the upper
surface of the upper layer;

[0012] FIG. 5 depicts a partial cross sectional view of the wafer of FIG. 4 after CMP
has been used to remove the portion of the plug material that was deposited on the upper
layer of the upper surface;

[0013] FIG. 6 depicts a partial cross sectional view of the wafer of FIG. 5 after a
portion of the intermediate layer has been selectively etched;

[0014] FIG. 7 depicts a partial cross sectional view of a wafer including a base layer,

an intermediate layer, and an upper layer, wherein trenches with different shapes have
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been formed using various etching techniques in accordance with principles of the
invention;

[0015] FIG. 8 depicts a partial cross sectional view of the wafer of FIG. 7 with a plug
material deposited within the trenches and on the upper surface of the upper layer;

[0016] FIG. 9 depicts a partial cross sectional view of the wafer of FIG. 8 after the
plug material on the upper surface of the upper layer has been removed by CMP leaving
plugs of different shapes in the wafer;

[0017] FIG. 10 depicts a partial cross sectional view of the wafer of FIG. 9 after
selective portions of the intermediate layer have been removed,;

[0018] FIG. 11 depicts a partial cross sectional view of a wafer including plugs with
different widths and with recessed portions of different lengths; and

[0019] FIG. 12 depicts a partial cross sectional view of a wafer including plugs which

may be used to clamp two or more layers of the wafer together.

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.
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[0021] FIG. 1 depicts a wafer 100 which includes a base or substrate layer 102, an
intermediate layer 104, and an upper layer 106. The substrate layer 102 and upper layer
106 may comprise silicon or another suitable material while the intermediate layer 104
may comprise silicon dioxide.

[0022] The wafer 100 further includes a plug 108. The plug 108 extends from the
upper surface of the wafer 100 completely through the upper layer 106 and the
intermediate layer 104 while a recessed portion 110 extends partially into the substrate
layer 102. The recessed portion 110 provides improved adhesion to the substrate layer
102. Additionally, the recessed portion 110 provides increased strength in that the ability
of the plug 108 to withstand shear forces is a function of the material used to form the
plug 108, and not just a function of a bond formed between the plug 108 and the substrate
layer 102.

[0023] Additionally, the recessed portion 110 creates a tortuous path along the
junction of the plug 108 and the substrate layer 102. Consequently, fluids such as air or
liquid present in the intermediate layer 104 on one side of the plug 108 are effectively
isolated from the portion of the intermediate layer 104 on the other side of the plug 108.
Thus, a gap 112 in FIG. 1 may be maintained in a desired condition, i.e., under vacuum,
at a given pressure, or composed of a specific fluid, even if the remainder of the
intermediate layer 104 is not in the same condition.

[0024] FIGs. 2-6 depict one procedure which may be used to manufacture a wafer
with a plug such as the wafer 100. The procedure includes the provision of a wafer 120
depicted in FIG. 2. The wafer 120 includes a substrate layer 122, an intermediate layer

124, and an upper layer 126. The wafer 120 may be a silicon-on-insulator wafer, a
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polysilicon deposited on oxide wafer, or another desired material combination. In one
embodiment, the intermediate layer 124 may be a device layer and the upper layer 126
may be a cap layer.

[0025] A trench 128 is then etched through the upper layer 126, the intermediate
layer 124, and partially into the substrate layer 122 as depicted in FIG. 3. Etching may be
accomplished by dry etching. Once the trench 128 has been formed, a plug material 130
is deposited in the trench 128 and on the upper surface of the upper layer 126 (see FIG.
4). The plug material 130 may be a silicon nitride or other desired material. The plug
material 130 that is present on the upper surface of the upper layer 126 is then removed if
desired. Selective removal of the plug material 130 may be accomplished using chemical
mechanical polishing (CMP) or any other acceptable technique including anisotropic
ctching. Removal of the desired amount of plug material 130 in this embodiment results
in the configuration of FIG. 5.

[0026] In FIG. 5, a remainder of the plug material 130 forms a plug 132. The plug
132 includes an upper portion 134 which extends from the upper surface of the wafer 120
to the lower surface of the upper layer 126. A middle portion 136 of the plug 132
extends from the lower surface of the upper layer 126 to the upper surface of the substrate
layer 122. A lower portion 138 of the plug 132 extends from the upper surface of the
substrate layer 122 to an intermediate location in the wafer 120.

[0027] The wafer 120 may then be further processed in any desired manner. In this
embodiment, a portion of the intermediate layer 124 is selectively etched to create a gap

140 shown in FIG. 6. The gap 140 may be filled with a fluid, pressurized, or placed in a
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vacuum. In any event, the plug 132 isolates the gap 140 and provides structural support
for the wafer 120.

[0028] The procedure depicted in FIGs. 2-6 may be modified in a number of ways.
By way of example, FIG. 7 depicts a wafer 150 that includes a substrate layer 152, an
intermediate layer 154, and an upper layer 156. The substrate layer 152 and the upper
layer 156 in this embodiment are silicon while the intermediate layer 154 is a silicon
dioxide. Trenches 158, 160, and 162 are etched through the upper layer 156, the
intermediate layer 154, and partially into the substrate layer 152.

[0029] The trench 158 may be etched in substantially the same manner as the trench
128 of FIG. 3. The trench 160 may be etched by an isotropic oxide etch. The isotropic
oxide etch results in increased etching of the intermediate layer 154, forming expanded
arcas 164 and 166. A recessed arca 168 may be formed by anisotropic etching following
the oxide etch. The expanded arcas 164 and 166 extend laterally within the intermediate
layer 154 to locations directly underneath an un-etched portion of the upper layer 156 and
directly above an un-ctched portion of the substrate layer 152. The recessed area 168
extends partially into the substrate layer 152.

[0030] The trench 162 may be formed using an isotropic final silicon etch. The
trench 162 includes a recessed portion 170 that includes expanded areas 172 and 174.
The expanded areas 172 and 174 extend laterally within the substrate layer 152 to
locations directly underneath an un-etched portion of the intermediate layer 154. The
trench 162 further includes sidewall protecting layers 176 and 178. The sidewall
protecting layers 176 and 178 prevent etching of the upper layer 156 during etching of

the substrate layer 152.
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[0031] Once the trenches 158, 160, and 162 have been formed, a plug material 180 is
deposited in the trenches 158, 160, and 162 and on the upper surface of the upper layer
156 (see FIG. 8). The plug material 180 that is present on the upper surface of the upper
layer 156 is then removed if desired. Removal of the desired amount of plug material
180 in this embodiment results in the configuration of FIG. 9.

[0032] In FIG. 9, a remainder of the plug material 180 forms plugs 182, 184, and 186.
The plug 182 is similar to the plug 132 of FIG. 6. The plug 184 includes expanded areas
188 and 190 and recessed area 192. The expanded arcas 188 and 190 extend laterally
within the intermediate layer 154 to locations directly underneath an un-etched portion of
the upper layer 156 and directly above an un-etched portion of the substrate layer 152.
The recessed areca 192 extends partially into the substrate layer 152.

[0033] The plug 186 includes a recessed portion 194 that includes expanded areas
196 and 198. The expanded arcas 196 and 198 extend laterally within the substrate layer
152 to locations directly underneath an un-ctched portion of the intermediate layer 154.
[0034] The wafer 150 may then be further processed in any desired manner. In this
embodiment, portions of the intermediate layer 154 are selectively etched to create gaps
200 and 202 shown in FIG. 10. The plugs 182, 184, and 186 may be used an etch stops
during the etching process. The increased material of the plugs 184 and 186 provide
increased resistance to movement of the plugs 184 and 186 upwardly away from the
substrate layer 152.

[0035] In addition to the expanded areas described above, a plug may be further
modified to provide desired performance characteristics in a variety of manners. As

depicted in FIG. 11, plug 210 includes a recessed portion 212 that is more deeply
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embedded into a substrate layer 214 than a recessed portion 216 of a plug 218. Thus, as
compared to the plug 218, the plug 210 provides increased resistance to movement of the
plug 210 out of the substrate layer 214. Moreover, plug 220 is wider than both the plug
210 and the plug 218. The plug 220 thus provides increased resistance to shear forces.
Accordingly, mechanical strength and the contact area between a plug and a substrate can
be modified for particular applications.

[0036] FIG. 12 depicts a wafer 230 which may be formed by modification of the
procedures discussed above to clamp one or more layers using a plug. The wafer 230
includes a base or substrate layer 232, intermediate layers 234, 236, 238, and 240 and an
upper layer 242. The wafer 230 further includes plugs 244 and 246. The plug 244
includes enlarged areas 248 and 250 while the plug 246 includes enlarged areas 252 and
254.

[0037] In addition to the increased stress resistance of the plugs described above, the
plugs 244 and 246 provide resistance to separation of layers clamped by the plugs. Thus,
plug 244 clamps the intermediate layers 236 and 238 together while the plug 246 clamps
the intermediate layers 234, 236, 238, and 240 together. Accordingly, plugs as disclosed
herein may be modified to incorporate a number of different enlarged areas to further
maintain the integrity of a wafer.

[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.



Theinvention clamed is:

1. A method of forming a plug comprising: providing a base layer; providing an
intermediate oxide layer above an upper surface of the base layer; providing an upper
layer above an upper surface of the intermediate oxide layer; etching a first trench
including a first trench portion extending through the upper layer, a second trench portion
extending through the intermediate oxide layer, and a third trench portion extending into
the base layer; depositing a first material portion within the third trench portion;
depositing a second material portion within the second trench portion; depositing a third
material portion within the first trench portion; and release etching at least a portion of

the intermediate oxide layer adjacent to the second material.

2. The method of claim 1, wherein etching the first trench further comprises: etching a
fourth trench portion within the intermediate oxide layer and directly below an un-etched

area of the upper layer.

3. The method of claim 2, wherein etching a fourth trench portion comprises: performing

an isotropic oxide etch.

4. The method of claim 1, wherein etching the first trench further comprises: etching a
fifth trench portion within the base layer and directly below an un-etched area of the

intermediate oxide layer.

5. The method of claim 4, wherein etching a fifth trench portion comprises: performing

an isotropic silicon etch.

6. The method of claim 1, wherein: etching the first trench further comprises etching a
fifth trench portion within the base layer, and a sixth trench portion within the
intermediate oxide layer; the fifth trench portion and the sixth trench portion are straight
below an un-etched area of the upper layer; depositing a first material portion within the

third trench portion comprises depositing the first material portion within the fifth trench

10



portion; and depositing a second material portion within the second trench portion
comprises depositing the second material portion within the sixth trench portion, such
that the maximum width of the first material and the maximum width of the second
material is greater than the maximum width of the third material when viewed in cross

section.

7. The method of claim 1, wherein the first material portion, the second material portion,

and the third material portion comprise silicon nitride.

8. The method of clam 1, wherein etching a first trench further comprises etching a
fourth trench portion in an upper oxide layer above an upper surface of the upper layer,
the method further comprising: depositing a fourth material portion within the fourth

trench portion.

9. The method of claim 8, further comprising: release etching at least a portion of the

upper oxide layer adjacent to the fourth material.

10. The method of claim 9, wherein etching the first trench further comprises: etching a
fifth trench portion within the base layer and directly below an un-etched area of the

upper oxide layer.

11. The method of claim 10, further comprising: depositing a fifth material directly above

the un-etched area of the upper oxide layer.

12. The method of claim 9, wherein depositing the second material comprises: depositing
a portion of the second materia portion at alocation directly below an un-etched portion

of the upper layer.

13. The method of claim 12, wherein depositing the fourth material comprises: depositing
a portion of the fourth material portion at alocation directly above the un-etched portion

of the upper layer.
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14. The method of claim 8, further comprising: etching a second trench through the upper
oxide layer, the upper layer, the intermediate oxide layer and into the base layer; and
depositing a fifth material within the second trench, wherein release etching the at least a
portion of the intermediate oxide layer adjacent to the second material comprises release

etching all of the intermediate oxide layer between second materia and the fifth material.

15. The method of claim 14, further comprising: release etching all of the upper oxide
layer between the fourth material and the fifth material.

16. A method of forming a plug comprising: providing a base layer; providing an
intermediate oxide layer above an upper surface of the base layer; providing an upper
layer above an upper surface of the intermediate oxide layer; etching atrench including a
first trench portion extending through the upper layer, a second trench portion extending
through the intermediate oxide layer, athird trench portion extending into the base layer a
fourth trench portion within the base layer straight below an un-etched area of the upper
layer, and afifth trench portion within the intermediate oxide layer straight below the un-
etched area of the upper layer; depositing a first material portion within the third trench
portion and the fourth trench portion; depositing a second material portion within the
second trench portion and the fifth trench portion; and depositing a third material portion
within the first trench portion, such that the maximum width of the first material and the
maximum width of the second material is greater than the maximum width of the third

material when viewed in cross section.

17. The method of claim 16, wherein etching the fifth trench portion comprises:

performing an isotropic oxide etch.

18. The method of clam 16, wherein etching the fourth trench portion comprises:

performing an isotropic silicon etch.
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19. The method of claim 16, wherein the first material portion, the second material

portion, and the third material portion comprise silicon nitride.

20. The method of claim 16, further comprising: release etching at least a portion of the

intermediate oxide layer adjacent to the second material.
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