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METHOD FOR HOMOGENIZING DEVICE 
PARAMETERS THROUGH PHOTORESIST 

PLANARIZATION 

FIELD OF THE INVENTION 

[0001] The present invention relates, in general, to semi 
conductor device fabrication processes and, more particu 
larly, to processes for achieving consistent device charac 
teristics on a semiconductor substrate. 

BACKGROUND OF THE INVENTION 

[0002] The fabrication of semiconductor devices often 
includes forming doped regions near trenches on a semi 
conductor Wafer. For example, in a dynamic random access 
memory (DRAM) fabrication process, deep trenches are 
formed in a semiconductor Wafer. Adopant containing oxide 
layer is deposited on the semiconductor Wafer. The oxide 
layer covers the front surface of the Wafer as Well as the 
sideWalls and bottoms of the trenches. In a spin-on process, 
photoresist is applied to the Wafer, covering the dopant 
containing oxide layer and ?lling the trenches. A dry etching 
process removes the photoresist over the Wafer front surface. 
The etching process also removes upper portions of the 
photoresist ?lling the trenches, thereby creating recesses in 
the trenches. The recesses expose the dopant containing 
oxide layer on the upper portions of the sideWalls in the 
trenches, Which is subsequently removed in an oxide etching 
process. The photoresist in the loWer portions of the trenches 
is then etched aWay. The Wafer goes through an annealing 
process, in Which the dopant in the oxide layer diffuses into 
the semiconductor substrate, forming doped regions along 
the loWer of the trenches. The upper boundaries of the doped 
regions in the trenches are recessed from the front surface of 
the Wafer. 

[0003] Because of process variation, the thickness of the 
photoresist is usually not uniform over the Wafer. The dry 
etch process translates the inhomogeneous photoresist thick 
ness into inhomogeneous recesses in the trenches. Conse 
quently, the recesses of the upper boundaries of the doped 
regions vary from trenches to trenches. In other Words, the 
recess depths of the doped regions in different trenches are 
different from each other. The inhomogeneity in the recess 
depths may adversely affect the characteristics, perfor 
mance, and reliability of the fabricated DRAM. It may also 
affect the yield of the fabrication process. 

[0004] Accordingly, it Would be advantageous to have a 
method or a process for controlling the recess depth in trench 
to achieve substantially homogeniZed device parameters 
throughout a semiconductor die or a semiconductor Wafer. It 
is desirable for the method to be simple and reliable. It 
Would be of further advantage for the process to be com 
patible With conventional fabrication processes. 

SUMMARY OF THE INVENTION 

[0005] A general object of the present invention is to 
provide a reliable semiconductor device fabrication process 
to homogeniZe semiconductor device parameters and 
achieve substantially uniform device characteristics. More 
particularly, an object of the present invention is to control 
the photoresist recess depth in trenches in a semiconductor 
Wafer, thereby achieving a substantially uniform recess 
depth in trenches throughout the Wafer. It is a further object 
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of the present invention for the fabrication process to be 
simple, reliable, and compatible With other semiconductor 
device fabrication processes. 

[0006] These and other objects of the present invention are 
achieved by planariZing the photoresist disposed over a 
semiconductor Wafer, thereby controlling the thickness of 
the photoresist over the Wafer. For example, in a fabrication 
process in accordance With the present invention, photoresist 
is applied over a semiconductor Wafer With trenches formed 
therein. The photoresist covers the front surface of the 
semiconductor Wafer and ?lls the trenches. The disposed 
photoresist is planariZed in a chemical mechanical polishing 
process to achieve a substantially uniform thickness 
throughout the Wafer. After the planariZation, an anisotropic 
etching process such as, for example, a reactive ion etching 
process partially removes the photoresist in the trenches, 
thereby creating recesses in the trenches. Because the thick 
ness of the photoresist is substantially uniform throughout 
the Wafer before the etching process, the depths of the 
recesses in different trenches in the Wafer are substantially 
equal to each other. Therefore, a substantially uniform recess 
depth throughout the Wafer is achieved. The uniform recess 
depth signi?cantly facilitates in ensuring that the semicon 
ductor devices fabricated on the Wafer have consistent 
characteristics and performances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGS. 1-9 are cross-sectional vieWs of a semicon 
ductor substrate at various stages of a fabrication process in 
accordance With the present invention. 

[0008] It should be further noted that the ?gures are not 
necessarily draWn to scale and that elements having similar 
functions are labeled using the same reference numerals in 
the ?gures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0009] Preferred embodiments of the present invention are 
described herein With reference to the ?gures. It should be 
noted that the ?gures are merely schematic representations, 
Which are not intended to portray speci?c parameters of the 
present invention. It should also be noted that the ?gures are 
intended to depict only typical embodiments of the present 
invention. Therefore, the ?gures should not be considered as 
limiting the scope of the present invention. 

[0010] FIG. 1 is a cross-sectional vieW of a semiconductor 
substrate 10 that can be used in a fabrication process in 
accordance With the present invention. Substrate 10 is a 
portion of a semiconductor Wafer (not shoWn), on Which 
semiconductor devices Will be fabricated. The semiconduc 
tor devices fabricated on substrate 10 can be discrete devices 
or integrated circuit devices. By Way of example, semicon 
ductor substrate 10 is a bulk silicon substrate. Semiconduc 
tor substrate 10 can also be a germanium substrate, a silicon 
germanium substrate, a silicon carbide substrate, a semicon 
ductor on insulator (SOI) substrate, etc. Substrate 10 has a 
front surface 11, Which is also referred to as a major surface 
of substrate 10. Trenches 12, 14, 16, and 18 formed in 
substrate 10 extend from front surface 11 partially into 
substrate 10. Trenches 12, 14, 16, and 18 can be either in the 
same die or in different dies on the Wafer. Further, substrate 
10 is not limited to having four trenches therein. In accor 
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dance With the present invention, substrate 10 can include 
any number of trenches, e.g., one, tWo, three, ?ve, six, etc. 
Trench 12 has a sidewall 21 and a bottom 22, trench 14 has 
a sideWall 23 and a bottom 24, trench 16 has a sideWall 25 
and a bottom 26, and trench 18 has a sideWall 27 and a 
bottom 28. By Way of example, the heights of sideWalls 21, 
23, 25, and 27 are greater than the dimensions of bottoms 22, 
24, 26, and 28, respectively. Accordingly, trenches 12, 14, 
16, and 18 are referred to as deep trenches. HoWever, this is 
not a limitation of the present invention. In other Words, 
trenches 12, 14, 16, and 18 are not limited to being deep 
trenches. Further, the dimensions of trenches 12, 14, 16, and 
18 can either be the same as each other or be different from 
each other. 

[0011] Referring noW to FIG. 2, a dielectric layer 31 is 
disposed over front surface 11 of substrate 10. By Way of 
example, dielectric layer 31 contains a dopant and is dis 
posed over substrate 10 in a chemical vapor deposition 
process. Dielectric layer 31 can be an oxide layer, a nitride 
layer, etc. The dopant contained in dielectric layer 31 can be 
either a P type dopant, e.g., boron, or an N type dopant, e.g., 
phosphorus or arsenic. The chemical vapor deposition pro 
cess that forms dielectric layer 31 also forms dielectric layer 
32 in trench 12, dielectric layer 34 in trench 14, dielectric 
layer 36 in trench 16, and dielectric layer 38 in trench 18. 
FIG. 3 shoWs substrate 10 at a subsequent stage of the 
fabrication process. A photoresist material is applied or 
disposed over substrate 10, forming photoresist structure 41 
covering dielectric layer 31 over front surface 11. Photore 
sist structure 41 also ?lls trenches 12, 14, 16, and 18 in 
substrate 10. By Way of example, the photoresist material is 
deposited over substrate 10 to form photoresist structure 41 
in a spin-on process knoWn in the art. Because of process 
variation, the thickness of photoresist structure 41 over 
substrate 10 is usually not uniform over substrate 10. For 
example, FIG. 3 shoWs that the thickness of photoresist 
structure 41 overlying trench 18 is greater than that overly 
ing trench 14. The inhomogeneous photoresist thickness 
often results in nonuniform parameters and characteristics of 
the semiconductor devices fabricated on substrate 10. The 
characteristics, performance, and reliability of the semicon 
ductor devices Will potentially be adversely affected by this 
inhomogeneity, and so Will the yield of the fabrication 
process. 

[0012] In order to avoid inhomogeneous or nonuniform 
device parameters and characteristics, photoresist structure 
41 is planariZed to achieve a substantially uniform thickness 
over substrate 10. After planariZation, photoresist structure 
41 has a planar surface 42 as shoWn in FIG. 4. Preferably, 
the planariZation of photoresist structure 41 is accomplished 
using a chemical mechanical polishing process. In one 
embodiment shoWn in FIG. 4, the polish stops before 
photoresist structure 41 covering dielectric layer 31 on front 
surface 11 is depleted. In this embodiment, there is still a 
thin and uniform layer of photoresist covering dielectric 
layer 31 after the polish. In an alternative embodiment, the 
polish continues until photoresist structure 41 covering 
dielectric layer 31 over front surface 11 is substantially 
depleted and planar surface 42 of photoresist structure 41 
substantially coincides With the surface of dielectric layer 
31. In this alternative embodiment, the polish process is 
preferably highly selective so that dielectric layer 31 can 
serve as a polish stop layer. For example, photoresist struc 
ture 41 can be planariZed in a polish process using a solution 
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containing alumina (A1203) and ferric nitrate (Fe(NO3)3) as 
slurry. The alumina serves as an abrasive and the ferric 
nitrate serves as an oxidiZer. The polishing rate of photore 
sist structure 41 in such a process is betWeen approximately 
2,000 nanometers per minute (nm/min) and approximately 
4,000 nm/min. The polish selectivity betWeen the photore 
sist and an oxide material, e.g., phosphorus silicate glass 
(PSG), is usually greater than approximately The polish 
selectivity betWeen the photoresist and a silicon nitride 
material, e.g., silicon nitride formed in a loW pressure 
chemical vapor deposition (LPCVD) process, is usually 
greater than approximately 2,000z1. Therefore, dielectric 
layer 31 under photoresist structure 41 can function as a 
effective polish stop layer regardless Whether it is an oxide 
layer or a nitride layer. A polish that continues after photo 
resist structure 41 covering dielectric layer 31 is depleted is 
referred to as an overpolish. Because of the high polish 
selectivity, the overpolish Will result in a small reduction in 
the thickness of dielectric layer 31 Without signi?cant effect 
on photoresist structure 41 remaining in trenches 12, 14, 16, 
and 18. 

[0013] Referring noW to FIG. 5, a photoresist etching 
process is performed to remove the photoresist in the top 
portions of trenches 12, 14, 16, and 18, thereby creating a 
recess in each of trenches 12, 14, 16, and 18. Preferably, the 
photoresist is etched in an anisotropic dry etching process 
such as, for example, a reactive ion etching process or a 
chemical doWnstream etching process. The recessed photo 
resist has top surfaces 43, 45, 47, and 49 in trenches 12, 14, 
16, and 18, respectively. The recesses expose top portions of 
dielectric layers 32, 34, 36, and 38 in respective trenches 12, 
14, 16, and 18 adjacent front surface 11 of substrate 10. The 
distances betWeen front surface 11 of substrate 10 and top 
surfaces 43, 45, 47, and 49 are referred to as photoresist 
recess depths in respective trenches 12, 14, 16, and 18. The 
photoresist recess depths depend on the composition of the 
etchant used in the etching process and the duration of the 
etching process. Because photoresist structure 41 is pla 
nariZed before the etching process, the photoresist recess 
depths in trenches 12, 14, 16, and 18 are substantially equal 
to each other. In other Words, the planariZation of photoresist 
structure 41 establishes a substantially uniform or homoge 
neous photoresist recess depth throughout substrate 10. This 
homogeneous photoresist recess depth Will improve the 
consistency and uniformity in the parameters and charac 
teristics of the semiconductor devices fabricated on substrate 
10. 

[0014] Continuing the fabrication process, the exposed 
portions of dielectric layers 32, 34, 36, and 38 are removed 
(FIG. 6) in an etching process that preferably has a high 
selectivity toWard dielectric materials over photoresist. 
Dielectric layer 32 remaining in trench 12 has an upper 
surface 53 substantially coinciding With upper surface 43 of 
photoresist structure 41 in trench 12. LikeWise, dielectric 
layer 34 in trench 14 has an upper surface 55 substantially 
coinciding With upper surface 45 of photoresist structure 41 
in trench 14. Further, dielectric layer 36 in trench 16 has an 
upper surface 57 substantially coinciding With upper surface 
47 of photoresist structure 41 in trench 16. In addition, 
dielectric layer 38 in trench 18 has an upper surface 59 
substantially coinciding With upper surface 49 of photoresist 
structure 41 in trench 18. Thus, the recess depths of dielec 
tric layers 32, 34, 36, and 38 in respective trenches 12, 14, 
16, and 18 are substantially equal to each other. The pho 
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toresist in trenches 12, 14, 16, and 18 is subsequently 
completely removed (FIG. 7) in an etching process that 
preferably has a high selectivity toWard the photoresist over 
the dielectric materials. Dielectric layers 32, 34, 36, and 38 
adjacent to corresponding bottoms 22, 24, 26, and 28 of 
respective trenches 12, 14, 16, and 18 are eXposed. Semi 
conductor substrate 10 goes through thermal process such 
as, for eXample, an annealing process. During the thermal 
process, the dopant in dielectric layers 32, 34, 36, and 38 
diffuses into substrate 10, forming doped regions 62, 64, 66, 
and 68 around the loWer portions of respective trenches 12, 
14, 16, and 18 (FIG. 8). Doped regions 62, 64, 66, and 68 
have upper boundaries 63, 65, 67, and 69, respectively, 
adjacent front surface 11 of substrate 10. The distances 
betWeen front surface 11 and upper boundaries 63, 65, 67, 
and 69 are referred to as recess depths of respective doped 
regions 62, 64, 66, and 68. In an optional step, dielectric 
layers 32, 34, 36, and 38 are etched aWay. As a result, 
semiconductor substrate 10 includes doped regions 62, 64, 
66, and 68 around corresponding deep trenches 12, 14, 16, 
and 18 (FIG. 9). The fabrication process typically includes 
additional steps to form semiconductor devices on semicon 
ductor substrate 10. Because dielectric layers 32, 34, 36, and 
38 have a substantially uniform recess depth, the recess 
depths for upper boundaries 63, 65, 67, and 69 of respective 
doped regions 62, 64, 66, and 68 are substantially equal to 
each other. In other Words, doped regions 62, 64, 66, and 68 
adjacent respective trenches 32, 34, 36, and 38 have a 
substantially uniform recess depth. 

[0015] By noW it should be appreciated that a method or 
a process for controlling the recess depths in trenches to 
achieve a substantially uniform recess depth throughout a 
semiconductor substrate or a semiconductor Wafer has been 
provided. In accordance With the present invention, the 
uniform recess depth is achieved by planariZing the photo 
resist structure disposed over the substrate. Preferably, the 
photoresist planariZation is accomplished through a selec 
tive chemical mechanical polishing process. The photoresist 
planariZation homogeniZes the relevant geometric param 
eters, e.g., photoresist thickness, recess depth in the 
trenches, etc., throughout the semiconductor substrate. The 
photoresist planariZation signi?cantly facilitates in ensuring 
that the semiconductor devices fabricated on the substrate 
have consistent parameters, characteristics, and perfor 
mances. The photoresist planariZation process of the present 
invention is simple and reliable. Further, it is compatible 
With other semiconductor device fabrication processes. 

[0016] While speci?c embodiments of the present inven 
tion have been shoWn and described, further modi?cations 
and improvements Will occur to those skilled in the art. For 
eXample, the photoresist planariZation process of the present 
invention is not limited to achieving uniform characteristics 
for doped regions around different trenches. The photoresist 
planariZation process can also be used for achieving uniform 
geometric parameter of dielectric structures, e.g., interlayer 
dielectric structures, in different regions of a semiconductor 
Wafer. 

1. A method for homogeniZing device parameters, com 
prising the steps of: 

providing a substrate; 

disposing a photoresist structure over the substrate; and 

planariZing the photoresist structure. 
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2. The method as claimed in claim 1, Wherein the step of 
planariZing the photoresist structure includes planariZing the 
photoresist structure in a chemical mechanical polishing 
process. 

3. The method as claimed in claim 2, Wherein the step of 
planariZing the photoresist structure includes polishing the 
photoresist structure using a solution that includes alumina 
and ferric nitrate as a slurry. 

4. The method as claimed in claim 1, Wherein: 

the step of providing a substrate includes providing the 
substrate having a trench formed therein; and 

the step of disposing a photoresist structure includes 
forming the photoresist structure ?lling the trench. 

5. The method as claimed in claim 4, further comprising 
the step of creating a recess in the trench by removing the 
photoresist structure from a portion of the trench adjacent a 
major surface of the substrate. 

6. The method as claimed in claim 5, Wherein the step of 
creating a recess in the trench includes removing the pho 
toresist structure from the major surface of the substrate and 
from the portion of the trench adjacent the major surface of 
the substrate in an anisotropic etching process. 

7. The method as claimed in claim 5, Wherein: 

the step of providing a substrate includes the step of 
disposing a dielectric layer over a sideWall and a 
bottom of the trench; and 

the step of creating a recess in the trench includes eXpos 
ing the dielectric layer over a portion of the sideWall of 
the trench adjacent the major surface of the substrate. 

8. The method as claimed in claim 7, Wherein the step of 
disposing a dielectric layer includes depositing a dopant 
containing dielectric layer over the sideWall and the bottom 
of the trench. 

9. A fabrication process, comprising the steps of: 

providing a substrate having a plurality of trenches 
formed therein; 

disposing a photoresist structure over the substrate, the 
photoresist structure ?lling the plurality of trenches; 

planariZing the photoresist structure disposed over the 
substrate; and 

creating recesses in the plurality of trench, Wherein the 
step of planariZing the photoresist structure establishes 
a substantially uniform recess depth in the plurality of 
trenches. 

10. The fabrication process as claimed in claim 9, Wherein 
the step of planariZing the photoresist structure includes 
planariZing the photoresist structure in a selective chemical 
mechanical polishing process. 

11. The fabrication process as claimed in claim 9, Wherein 
the step of planariZing the photoresist structure includes 
substantially removing the photoresist structure over the 
major surface of the substrate. 

12. The fabrication process as claimed in claim 9, Wherein 
the step of creating recesses in the plurality of trenches 
includes removing the photoresist structure from portions of 
the plurality of trenches adjacent the major surface of the 
substrate in an anisotropic etching process. 

13. The fabrication process as claimed in claim 9, 
Wherein: 
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the step of providing a substrate includes the step of 
disposing dielectric layers over the major surface of the 
substrate and over sidewalls and bottoms of the plu 
rality of trenches; and 

the step of creating recesses in the plurality of trenches 
includes eXposing the dielectric layers over portions of 
the sideWalls of the plurality of trenches adjacent the 
major surface of the substrate. 

14. The fabrication process as claimed in claim 13, 
Wherein the step of disposing dielectric layers includes 
depositing a dopant containing dielectric material over the 
substrate. 

15. The fabrication process as claimed in claim 14, further 
comprising the steps of: 

removing the dielectric layers over the major surface of 
the substrate and over the portions of the sideWalls of 
the plurality of trenches adjacent the major surface; and 

annealing the substrate to diffuse a dopant in the dopant 
containing dielectric material into the substrate adja 
cent the bottoms of the plurality of trenches. 

16. A process for achieving a uniform recess depth in 
trenches, comprising the steps of: 

forming a plurality of trenches in a substrate; 

forming a photoresist structure over the substrate and 
?lling the plurality of trenches; 

polishing the photoresist structure to achieve a substan 
tially uniform thickness of the photoresist structure 
over the plurality of trenches; and 

etching aWay portions of the photoresist structure to form 
recesses in the plurality of trench, Wherein the substan 
tially uniform thickness of the photoresist structure 
over the plurality of trenches establishes a substantially 
uniform recess depth in the plurality of trenches. 
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17. The process as claimed in claim 16, Wherein the step 
of polishing the photoresist structure includes substantially 
removing the photoresist structure over the major surface of 
the substrate. 

18. The process as claimed in claim 16, Wherein: 

the step of providing a substrate includes the step of 
disposing dopant containing dielectric layers over the 
major surface of the substrate and over sideWalls and 
bottoms of the plurality of trenches; 

the step of polishing the photoresist structure includes 
using the dopant containing dielectric layer over the 
major surface of the substrate as a polish stop layer; and 

the step of etching aWay portions of the photoresist 
structure includes creating recesses in the plurality of 
trenches to eXpose the dopant containing dielectric 
layers over portions of the sideWalls of the plurality of 
trenches adjacent the major surface of the substrate. 

19. The process as claimed in claim 18, Wherein the step 
of polishing the photoresist structure includes polishing the 
photoresist structure in a selective chemical mechanical 
polishing process. 

20. The process as claimed in claim 18, further compris 
ing the steps of: 

removing the dopant containing dielectric layers over the 
major surface of the substrate and over the portions of 
the sideWall of the plurality of trenches adjacent the 
major surface; and 

annealing the substrate to diffuse a dopant in the dopant 
containing dielectric layers in the plurality of trenches 
into the substrate adjacent the bottoms of the plurality 
of trenches. 


