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INTEGRATED CIRCUIT PROCESSING WITH 
IMPROVED GATE ELECTRODE FABRICATION 

TECHNICAL FIELD 

[0001] The present invention relates generally to inte 
grated circuit fabrication and in particular the present inven 
tion relates to using dummy features to improve processing. 

BACKGROUND 

[0002] Integrated circuits contain thousands, if not mil 
lions, of individual structures fabricated on individual die 
Which are fabricated on a common Wafer. The dies are 

subsequently separated during processing. The structures 
fabricated on each individual integrated circuit die are 
located across the die as dictated by their relationship to 
other structures on the die. That is, tWo circuit structures 
Which are connected electrically Will preferably be located 
in relative proximity to each other. It Will be appreciated, 
that physical open areas Will exist betWeen some structures 
When a layout of the integrated circuit to die is complete. To 
maintain a uniform density across the die, and the integrated 
circuit Wafer, dummy structures, such as dummy active areas 
and dummy polysilicon lines, can be placed in the open 
areas. These dummy structures are not operative, but pro 
vide bene?ts during processing. For example, dummy struc 
tures can be located throughout an integrated circuit to 
improve planariZation during chemical mechanical polish 
ing (CMP) of subsequent dielectric layers. These structures 
are important to help maintain a uniform pressure across the 
Wafer during CMP processing. During subsequent fabrica 
tion operations, the dummy structures are typically ignored. 

[0003] Many operations performed While fabricating an 
integrated circuit depend upon variables measured during 
fabrication. One such operation is a bulk etch process 
performed on a layer of polysilicon used to fabricate tran 
sistor gates. The etch process removes undesired polysili 
con, but can remove gate oxide located beneath the poly 
silicon layer. To fully remove the undesired polysilicon, 
Without removing gate oxide, a byproduct of the etching 
process is chemically monitored to determine When the gate 
oxide is reached. Thus, a clear chemical transition is desired 
to be provided to improve the end point of the polysilicon 
etch. For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for an improved polysilicon 
etch process Which has a clear end point. 

SUMMARY OF THE INVENTION 

[0004] The above mentioned problems With integrated 
circuit fabrication and other problems are addressed by the 
present invention and Will be understood by reading and 
studying the folloWing speci?cation. 

[0005] In particular, one embodiment of the present inven 
tion describes an integrated circuit comprising shalloW 
trench region features formed of an insulator material, gate 
oxide regions, and polysilicon regions located on top of the 
gate oxide regions and the shalloW trench region features. 
The polysilicon regions are formed from a layer of polysili 
con Which has been etched to form transistor gate electrodes 
on top of the gate oxide regions and form the polysilicon 
over the shalloW trench region features. 

Nov. 8, 2001 

[0006] In another embodiment, a method of forming tran 
sistor gate electrodes is described. The method comprises 
fabricating shalloW trench region features in a substrate, 
fabricating a layer of gate oxide over the substrate, fabri 
cating a layer of polysilicon over the layer of gate oxide, and 
selectively removing portions of the layer of polysilicon. 
Portions of the polysilicon material remains over the layer of 
gate oxide to form the transistor gate electrodes, and poly 
silicon material remains over the shalloW trench region 
features. 

[0007] In yet another embodiment, a method of fabricating 
an integrated circuit is provided. The method comprises 
fabricating a plurality of shalloW trench region features in a 
substrate, fabricating a layer of oxide over the substrate, and 
fabricating a layer of polysilicon over the layer of oxide and 
the plurality of shalloW trench region features. The method 
also comprises selectively etching portions of the layer of 
polysilicon such that polysilicon material remains over the 
plurality of shalloW trench region features, monitoring 
byproducts during the etch, and terminating the etch based 
upon a composition of the byproducts during the etch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 
[0009] FIG. 2 illustrates a general diagram of an inte 
grated circuit; 

FIG. 1 illustrates an integrated circuit Wafer; 

[0010] FIGS. 3A-B are cross sections of a prior art inte 
grated circuit having exposed shalloW trench region fea 
tures; 

[0011] FIG. 3C is a plan vieW of the integrated circuit of 
FIG. 3B; 

[0012] FIGS. 4A-B are cross sections of an integrated 
circuit having polysilicon remaining on shalloW trench 
region features; and 

[0013] FIG. 4C is a plan vieW of the integrated circuit of 
FIG. 4B. 

DETAILED DESCRIPTION 

[0014] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in suf?cient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. The terms Wafer and 
substrate used in the folloWing description include any 
structure having an exposed surface With Which to form the 
integrated circuit (IC) structure of the invention. The term 
conductor is understood to include semiconductors, and the 
term insulator is de?ned to include any material that is less 
electrically conductive than the materials referred to as 
conductors. The folloWing detailed description is, therefore, 
not to be taken in a limiting sense, and the scope of the 
present invention is de?ned only by the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. 
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[0015] The term “horizontal” as used in this application is 
de?ned as a plane parallel to the conventional plane or 
surface of a Wafer or substrate, regardless of the orientation 
of the Wafer or substrate. The term “vertical” refers to a 
direction perpendicular to the horiZonal as de?ned above. 
Prepositions, such as “on”, “side” (as in “sideWall”), 
“higher”, “loWer”, “over” and “under” are de?ned With 
respect to the conventional plane or surface being on the top 
surface of the Wafer or substrate, regardless of the orienta 
tion of the Wafer or substrate. 

[0016] FIG. 1 illustrates a top vieW of an integrated circuit 
Wafer 100. The Wafer 100 comprises hundreds of integrated 
circuit die 102 Which are intended to be separated and 
individually packaged to provide speci?c operating features, 
such as processors, memories, and application speci?c inte 
grated circuits (ASIC). As knoWn to those skilled in the art, 
integrated circuits have thousands of applications and are 
not limited to those described herein. Avery simpli?ed top 
vieW of an individual integrated circuit die 102 is shoWn in 
FIG. 2. The integrated circuit die 102 has regions 104 and 
106 containing active circuit structures, and intermediate 
regions 108 Which do not contain active circuit structures. 
To maintain a substantially uniform density across the die 
102, dummy circuit structures are fabricated in the interme 
diate regions 108. 

[0017] FIGS. 3A-B illustrate cross sections of an inte 
grated circuit including dummy active area features. Refer 
ring to FIG. 3A, a substrate 110 is fabricated With shalloW 
trench regions (STR) 114 Which contain an insulator, such as 
oxide, to laterally isolate active areas 120 and 121 formed in 
the substrate. It Will be understood that circuit designers 
layout active areas 121 for fabricating transistors and other 
active circuitry. To provide a more uniform integrated circuit 
die, dummy active areas 120 are located throughout the die 
in areas Which do not contain transistors or other active 
circuitry. As a result, shalloW trench regions 114 are fabri 
cated betWeen the active areas 120 and dummy active areas 
121. A thin layer of gate oXide 119 is fabricated on a top 
surface of the substrate active areas, and a layer of polysili 
con 122 is fabricated on the gate oXide and trench region 
features. The gate can be fabricated from other semiconduc 
tive materials, such as, but not limited, to tungsten and 
tantalum compositions, and is not limited to polysilicon. 
During subsequent processing shoWn in FIG. 3B, the poly 
silicon layer 122 is patterned and etched to de?ne polysili 
con gate electrodes 124 and 126 for transistor fabrication. It 
Will be appreciated by those skilled in the art, that the 
polysilicon layer 122 can be used to fabricate additional 
interconnects and is not limited to gate electrodes. 

[0018] As stated above, the goal in etching the polysilicon 
layer 122 is to remove all undesired polysilicon Without 
removing substantial amounts of gate oXide 119. As such, 
the etch process duration is variable and terminated When 
the etch byproducts (material removed from the integrated 
circuit) contain less silicon. Because the shalloW trench 
regions 114 can eXtend vertically above the gate oXide layer 
119, portions of the shalloW trench regions are etched during 
the polysilicon etch process. Thus, the polysilicon etch end 
point signal, determined by the chemical composition of the 
removed material, is not clear as a result of the shalloW 
trench region features. To ensure that all of the undesired 
polysilicon is removed, the etch process is continued for a 
predetermined time after the shalloW trench region features 
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are reached. Because the height of features 114 can vary, 
over etch conditions can occur and damage the gate oXide 
layer. See FIG. 3C for a plan vieW of the integrated circuit 
die of FIG. 3B illustrating the shalloW trench regions, active 
area/gate oXide regions, and polysilicon gates. It Will be 
appreciated that a substantial percent of the area eXposed 
during the polysilicon etch process includes the shalloW 
trench regions. 

[0019] Referring to FIGS. 4A and b, cross sections of an 
integrated circuit are described. The integrated circuit 
includes a substrate 110 having shalloW trench regions 114 
fabricated therein to laterally separate active areas 120 and 
121 formed in the substrate. The integrated circuit also 
includes an oXide layer 119, formed over the active areas, 
Which is used to form gate oXide for transistor fabrication. 
A layer of polysilicon 122 is provided over the gate oXide 
and used to form transistor gate electrodes 124 and 126 and 
other electrical interconnects. The processes folloWed in 
FIG. 4A are similar to those described for FIG. 3A. It Will 
be understood that standard masking processes may be used. 
For eXample, a photoresist layer is provided on the inte 
grated circuit and selectively eXposed (patterned) using a 
polysilicon etch mask. The eXposed photo resist regions are 
removed by a develop step (chemical etch). The uneXposed 
photoresist remains and its pattern is transferred into the 
underlying polysilicon layer by a polysilicon etch step to 
de?ne gate electrodes. 

[0020] As shoWn in FIG. 4B, the polysilicon layer 122 is 
patterned as necessary to de?ne desired gate electrodes 124 
and 126 and to leave polysilicon structure 130 on top of 
some of the shalloW trench region features 114. Thus, a 
polysilicon etch mask is used to pattern photoresist located 
above the shalloW trench features to protect these areas 
during subsequent etching operations. By patterning the 
polysilicon layer such that polysilicon remains over the 
shalloW trench region features, oXide byproducts from the 
trench features are not contributed during the polysilicon 
etch process. That is, the gate oXide regions are eXposed 
during a polysilicon etch process While some of the shalloW 
trench regions remain covered. Determining an end point for 
the etch process, therefore, is noW dependent upon reaching 
the gate oXide layer and not dependent upon a height of the 
shalloW trench region features. As such, it is not necessary 
to eXtend the etch duration beyond the time When the 
byproduct indicates that oXide has been reached. It Will be 
appreciated that some shalloW trench regions may have 
overlying polysilicon removed due to spacing concerns. The 
polysilicon layer, hoWever, is patterned to reduce eXposure 
of the shalloW trench regions during the polysilicon etch 
operation. Although each circuit design is unique, it is 
anticipated that trench regions adjacent to dummy active 
areas 120 Will remain covered by polysilicon. 

[0021] The above described process increases the amount 
of gate oXide eXposed during the polysilicon gate etch 
process While reducing the amount of shalloW trench region 
features eXposed during the etch process. An additional 
bene?t of improving planarity of a subsequent dielectric 
layer is achieved by masking the polysilicon gate layer in a 
manner Which leaves polysilicon material on the shalloW 
trench region features. 

[0022] An integrated circuit has been described Which is 
fabricated With a layer of polysilicon located on top of 
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shallow trench regions. The polysilicon is patterned so that 
the trench features are not exposed during an etching opera 
tion performed on the polysilicon layer. A method of 
improving gate electrode fabrication, therefore, is provided 
by reducing etch byproducts contributed by the STR fea 
tures. 

[0023] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art, having the bene?t of the present 
disclosure, that any arrangement Which is calculated to 
achieve the same purpose may be substituted for the speci?c 
embodiment shoWn. This application is intended to cover 
any adaptations or variations of the present invention. There 
fore, it is manifestly intended that this invention be limited 
only by the claims and the equivalents thereof. 

What is claimed is: 
1. An integrated circuit comprising: 

a plurality of shalloW trench region features formed of an 
insulator material; 

gate oxide regions; and 

polysilicon regions located on top of the gate oxide 
regions and the plurality of shalloW trench region 
features, the polysilicon regions are formed from a 
layer of polysilicon Which has been etched to form 
transistor gate electrodes on top of the gate oxide 
regions and form the polysilicon over the plurality of 
shalloW trench region features. 

2. The integrated circuit of claim 1 Wherein the plurality 
of shalloW trench region features are fabricated adjacent to 
dummy active area features. 

3. The integrated circuit of claim 1 Wherein a top surface 
of the plurality of shalloW trench region features is above a 
top surface of the gate oxide regions. 

4. The integrated circuit of claim 1 Wherein the plurality 
of shalloW trench region features comprise oxide. 

5. A method of forming transistor gate electrodes, the 
method comprising: 

fabricating a plurality of shalloW trench region features in 
a substrate; 

fabricating a layer of gate oxide over the substrate; 

fabricating a layer of polysilicon over the layer of gate 
oxide; and 

selectively removing portions of the layer of polysilicon 
such that polysilicon material remains over the layer of 
gate oxide to form the transistor gate electrodes, and 
polysilicon material remains over the plurality of shal 
loW trench region features. 

6. The method of claim 5 Wherein the portions of the layer 
of polysilicon are selectively removed using an etch process. 

7. The method of claim 6 Wherein the etch process is 
terminated When the layer of gate oxide is exposed. 

8. The method of claim 6 Wherein the etch process 
comprises: 

monitoring byproducts of the polysilicon layer removed 
during the etch process; and 

terminating the etch process based upon a composition of 
the byproducts during the etch. 

9. The method of claim 5 Wherein the plurality of shalloW 
trench region features comprise an oxide material. 
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10. A method of fabricating an integrated circuit, the 
method comprising: 

fabricating a plurality of shalloW trench region features in 
a substrate; 

fabricating a layer of oxide over the substrate; 

fabricating a layer of polysilicon over the layer of oxide 
and the plurality of shalloW trench region features; 

selectively etching portions of the layer of polysilicon 
such that polysilicon material remains over the plurality 
of shalloW trench region features; 

monitoring byproducts of the polysilicon layer removed 
during the etch; and 

terminating the etch based upon a composition of the 
material removed during the etch. 

11. The method of claim 10 Wherein selectively removing 
portions of the layer of polysilicon is performed such that 
polysilicon material remains over the layer of oxide to form 
transistor gate electrodes. 

12. The method of claim 10 Wherein the layer of oxide and 
the plurality of shalloW trench region features comprise 
substantially the same composition. 

13. The method of claim 10 Wherein selectively etching 
portions of the layer of polysilicon comprise using an etch 
mask to protect the polysilicon material over the plurality of 
shalloW trench region features. 

14. An integrated circuit comprising: 

gate oxide regions; 

a plurality of shalloW trench region features formed of an 
oxide material, a top surface of the plurality of shalloW 
trench region features is above a top surface of the gate 
oxide regions; 

polysilicon transistor gate electrodes located on top of the 
gate oxide regions; and 

polysilicon regions located on top of the plurality of 
shalloW trench region features, the polysilicon regions 
are formed from a layer of polysilicon Which has been 
etched to form the transistor gate electrodes and form 
the polysilicon regions over the plurality of shalloW 
trench region features. 

15. The integrated circuit of claim 14 Wherein gate oxide 
regions and the plurality of shalloW trench region features 
are comprised of substantially the same oxide material. 

16. A method of fabricating an integrated circuit, the 
method comprising: 

fabricating a plurality of shalloW trench region features in 
a substrate; 

fabricating a layer of oxide over the substrate; 

fabricating a layer of semiconductor over the layer of 
oxide and the plurality of shalloW trench region fea 
tures; 

selectively etching portions of the layer of semiconductor 
such that semiconductor material remains over the 
plurality of shalloW trench region features; 

monitoring byproducts of the semiconductor layer 
removed during the etch; and 



US 2001/0039083 A1 

terminating the etch based upon a composition of the 
material removed during the etch. 

17. The method of claim 16 Wherein selectively removing 
portions of the layer of semiconductor is performed such 
that semiconductor material remains over the layer of oXide 
to form transistor gate electrodes. 

18. The method of claim 16 Wherein the layer of oXide and 
the plurality of shalloW trench region features comprise 
substantially the same composition. 
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19. The method of claim 16 Wherein selectively etching 
portions of the layer of semiconductor comprise using an 
etch mask to protect the semiconductor material over the 
plurality of shalloW trench region features. 

20. The method of claim 16 Wherein the semiconductor is 
polysilicon. 

21. The method of claim 16 Wherein the semiconductor 
comprises either tungsten or tantalum. 

* * * * * 


