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SYSTEM TO ENABLE PHOTOLITHOGRAPHY ON 
SEVERE STRUCTURE TOPOLOGIES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the process of 
fabricating Structures having Severe topologies including, 
but not limited to, Semiconductor Structures. In particular, 
the present invention relates to an arrangement to planarize 
Such structures to enable effective photolithography. 
0003 2. Description of the Prior Art 
0004. A variety of structures, including semiconductor 
Structures, are fabricated using a Series of Steps to build 
layers of materials, each layer having properties determined 
by the fabrication process. Among many Steps, the proceSS 
includes the addition of material to the Surface of a Semi 
conductor wafer Substrate and the removal of certain por 
tions of that material to define various active (conductive) 
and insulative regions in Subsequent Steps. The relationship 
among those various regions defines the characteristics of 
the Structure. Material is added and removed, molecules 
inserted in certain Sections, and thermal processing is carried 
out before conformal materials are applied to create a 
relatively flat Surface of the Structure Substantially enclosing 
the various regions of material. The basic processing Steps 
involved are generally well known to those skilled in the art 
and vary as a function of the particular devices desired. 

0005. In order to create devices that function as desired, 
it is important to establish the locations and sizes of the 
various regions as accurately as possible. The Siting of those 
three-dimensional regions is defined either by Self-align 
ment-the positioning of adjacent and/or covering layers of 
material-or by photolithography. Photolithography is the 
process of transferring an image to the Surface of the 
Semiconductor Substrate by means of a light Sensitive poly 
meric film. The film is first applied to the Surface of a 
Substrate and a mask is then used to establish opaque and 
transparent regions matching the desired pattern to be 
formed in the Substrate. The mask is fabricated Such that 
when light passes through the transparent regions, the under 
lying film is either cured or made Soluble in those areas 
exposed to the light Source. The film is then Subjected to a 
chemical Solution to remove unexposed film or exposed 
film, dependent upon the particular film type (positive or 
negative) employed. With that patterned film in place, 
proceSS Steps may be carried out at those Sites where the film 
has been removed. The regions of the Substrate where the 
film remains are “protected” from the process operations. 
For example, Semiconductor material in the unprotected area 
may be removed by etching. 

0006 Photolithography works best when the film is 
applied to a flat surface. When the film is applied to a flat 
Surface, it Settles to a thickness that is Substantially uniform. 
The light required to cure or make the film more soluble is 
generated by a Source that produces enough energy to 
change the condition of the film completely through its 
thickness. Existing photolithographic equipment or “step 
pers' produce light of a wavelength Suitable to change the 
chemical State of the film. The light Source of the Stepper is 
arranged So that the focal point of the generated light beam 
is preferably targeted at the center of the thickness of the 

Nov. 14, 2002 

film. If the focal point is established too near the surface of 
the film, the film may be underexposed near the Surface of 
the Substrate. If the focal point is established near the surface 
of the substrate, the film may be badly exposed near the 
film's surface. The particular focal point to be established is 
dependent upon the wavelength of the light from the Source, 
the thickness of the film, and any non-planarity of the 
substrate to which the film is applied. 
0007 When the film thickness is uniform and substan 
tially on a Single plane, and the Source wavelength is known, 
required "minimum energy to clear is constant. In addition, 
when the Substrate Surface is Substantially on one plane, the 
required Depth of Focus (DOF) is also constant. However, 
when the Substrate Surface is not completely flat; that is, 
when it is topographical, the film layer is not of uniform 
thickness and the height of the film surface varies. Non 
uniformity of thickness may occur when there are pockets, 
channels, slots, etc., in the Surface of the Substrate. In those 
cases, the film material, when first applied to the Substrate, 
fills in Such areas and will necessarily be thicker in those 
localized areas. The thickest part of the film determines the 
greatest amount of light energy required to convert the film 
to the required properties either to make it Sufficiently 
Soluble or Sufficiently cured. That required energy is the 
minimum energy to clear. AS might be expected, the mini 
mum energy to clear is greatest where the film is thickest and 
least where it is thinnest. However, Steppers of the type used 
in most commercial Semiconductor fabrication applications, 
for example, do not provide Selectable localized changes in 
the light energy applied to the film. Attempts to Supply 
enough energy to adequately affect the deepest part of the 
film will overexpose the thinnest part, rendering the film 
unacceptable. 

0008. When the substrate surface is non-planar, the film 
may be of Substantially uniform thickness on the entire 
Surface except, perhaps, where it transitions from one plane 
to another. However, when the overall height of the substrate 
varies from one region to another, the light Source's distance 
from the Substrate Surface is variable. Since commercially 
available StepperS direct the light from a fixed position, the 
focus setting or DOF established to affect the film at one 
region of the substrate is not suitable to affect the film at a 
region of different height. A Solution to this problem 
involves creating multiple focus Settings as a function of the 
number of Surface height changes. Two or more Superim 
posed lithographic exposures are used to create a deeper 
effective DOF. This is suitable for Surface height variations 
of modest difference. However, for greater changes, image 
contrast is compromised Such that the film is unsuitable for 
use in Some regions. 
0009. There has been recent interest in possible commer 
cial applications of the combination of microelectronicS and 
micromechanical Structures. These miniaturized Structures, 
sometimes referred to as Micro-Electro-Mechanical Sys 
tems (MEMS), may be employed as optical controllers, such 
as for miniaturized mirrors, as preSSure Sensors, Such as for 
automotive applications, as pumps, motors, chemical Sensor 
controllers, controllable infusion devices for medical appli 
cations, among an array of uses requiring control Systems 
and mechanized elements Scaled to the Size of integrated 
circuitry. Although Such types of devices have been devel 
oped on a very Small Scale for certain Specific regulated 
applications, broader applicability requires Suitable fabrica 
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tion processes to make them commercially viable. The 
nature of these microelectronic/micromechanical Systems, 
however, necessarily involves the formation of Structures 
having Severe topologies. That is, the microscopic-Scaled 
Structures required to create the mirrors, or pumps, or 
motors, etc., as well as the related control electronics, will 
require the creation of deep wells, high pedestals, and the 
like, resulting in Severe differences in photolithographic film 
thickness acroSS the entire Structure. Such Severe differences 
cannot always be resolved with existing commercial Step 
perS and Semiconductor fabrication processes. That is, the 
dimensions of the Severe structural variations may in Some 
cases be too great to enable resolution of DOF requirements. 

0.010 Therefore, what is needed is a system and related 
proceSS Steps to improve or enable microlithography on 
Severe, non-flat (non-uniform planar) topologies using com 
mercial fabrication equipment. What is needed in particular 
is a System and related process Steps to minimize variations 
in minimum energy to clear and required DOF for photo 
resist film applied to Semiconductor-based Structures having 
Severe topologies. Further, what is needed is Such a System 
and related Steps that may be incorporated into conventional 
Structure fabrication methods, including those employed in 
making Semiconductor Structures. 

SUMMARY OF THE INVENTION 

0011. It is an object of the present invention to provide a 
System and related proceSS Steps to improve or enable 
microlithography on severe, non-flat (non-uniform planar) 
topology using commercial fabrication equipment. It is an 
object of the present invention to provide a System and 
related process Steps to minimize variations in minimum 
energy to clear and required DOF for photoresist film 
applied to structures having Severe topologies. It is also an 
object of the present invention to provide Such a System and 
related Steps that may be incorporated into conventional 
Structure fabrication methods. 

0012. These and other objects are achieved in the present 
invention through a combination of design restrictions and 
proceSS techniques resulting in modification to regions of 
Severe topology of a Small Structure in process. In particular, 
determining the necessary design restrictions first involves 
an evaluation of the dimensions of deep Surface contours 
including the depth and layout characteristics of Such con 
tours. That evaluation is made in relation to the particular 
operational Specifications of the equipment used to affect the 
chemical properties of the photoresist film. Those Specifi 
cations, including the wavelength of the light used to affect 
the film through and through, define the DOF associated 
with Satisfactory film characteristic modification. Upon 
determination of the required DOF for a particular topology 
and the photoresist film applied to the Structure associated 
with that topology, the limitations on the dimensions of the 
Severe topology regions can be defined. Of course, those 
skilled in the art recognize that DOF is directly related to the 
wavelength of the light and the Numerical Aperture of the 
equipment employed. 

0013 The present invention further includes the process 
of restricting the layout dimensions of any deep cavities and 
applying a conformal film to Such cavities to modify their 
depths. (AS used herein, the “layout dimensions” of a cavity 
refer to the dimensions of the cavity as viewed from the top 
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of the structure.) Specifically, the Substrate having severe 
contourS is fabricated Such that the layout dimensions of 
each of the contours are Small enough that the conformal 
film, whether applied in one layer or more, Substantially or 
completely fills in those contours to improve the planarity of 
the substrate over its entire surface. The photoresist film may 
then be applied to the conformed Surface and Standard 
photolithography Steps carried out without concern whether 
or not adequate exposure of the film occurs through its entire 
thickness. 

0014 Furthermore, the present invention permits nar 
rower photolithographic pattern features by Virtue of reduc 
ing DOF requirements, thereby allowing use of more 
advanced photolithographic equipment with Smaller expo 
Sure wavelengths. 
0015 These and other advantages of the present inven 
tion will become apparent upon review of the following 
detailed description, the accompanying drawings, and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a simplified diagrammatic plan view of a 
representative Semiconductor wafer having a plurality of 
Severe topology regions of predetermined layout. 
0017 FIG. 2 is a simplified diagrammatic elevation view 
of a portion of the semiconductor wafer of FIG. 1. 
0018 FIG. 3 is a simplified diagrammatic elevation view 
of the structure of FIG. 2 with a first conformal layer of 
Semiconductor material on the Surface of the wafer. 

0019 FIG. 4 is a simplified diagrammatic elevation view 
of the structure of FIG. 3 with a second conformal layer of 
material on the surface of the wafer showing the depth of the 
Severe topological region Substantially reduced. 
0020 FIG. 5 is a simplified diagrammatic elevation view 
of the structure of FIG. 4 with an optional third conformal 
layer of material on the Surface of the wafer. 
0021 FIG. 6 is a simplified diagrammatic elevation view 
of the structure of FIG. 5 with a layer of photoresist film on 
the Surface of the Structure and showing an exemplar pho 
tolithographic Stepper above the wafer exposing the photo 
resist film through a mask. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

0022. The present invention is a system and related 
process Steps to Substantially reduce, if not eliminate exceSS 
photoresist film thickness, and Substantially reduce Depth of 
Focus (DOF) requirements, that would otherwise compro 
mise photolithographic processing. In particular, the present 
invention resolves unworkable lithography pattern feature 
Size control associated with extreme film thickness varia 
tions combined with Stepper focus requirements. Specifi 
cally, relatively deep contours, holes, cavities, and the like 
are closed up using a conformal film deposition to reduce 
their depth and thereby reduce the photoresist film thickness 
variations Such that control of feature sizes of a topographi 
cal Semiconductor wafer is restored. While a particular 
embodiment of the present invention is described herein in 
relation to a Semiconductor fabrication process, it is not 
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limited thereto. Instead, it is Suitable for any Small-Scale 
fabrication process in which Severe topologies are present. 

0023 The primary steps associated with the solution of 
the present invention include a first Step involving a confir 
mation or establishment of the characteristics of the photo 
lithographic Stepper employed to expose photoresist applied 
to a Semiconductor Structure including one or more Severe 
topological features. The primary characteristics of impor 
tance are the beam wavelength and numerical aperture, 
which define the DOF. That understanding leads to the 
Second Step, which involves a determination of the photo 
resist film thickness acceptable for the required DOF asso 
ciated with the particular Stepper equipment employed and 
any additional attributes of the particular fabrication pro 
ceSS. In addition, the particular expected dimensional char 
acteristics of the Severe topological regions of the wafer in 
proceSS are calculated, measured, or otherwise determined. 
That is, the depth of Such regions as well as their originally 
designed layout dimensions are then considered. The types 
of regions expected to be of importance include, but are not 
limited to, via holes, cavities, rings, trenches, and slots. 

0024 Armed with the information regarding the dimen 
Sions of the topological regions of concern and the opera 
tional characteristics of the photolithographic equipment, a 
range of acceptable layout dimensions of those topological 
regions are determined. That is, the layout dimensions of the 
regions are made Sufficiently Small So that Subsequent con 
formal depositions "close up' or fill the regions prior to 
patterning a later proceSS layer. The number of Subsequent 
conformal depositions used to close up a region depends on 
the design of the Structure being fabricated. In other words, 
if the Structure design calls for deposition of a Single 
conformal layer prior to a patterning process, then the layout 
dimensions are Selected Such that the Single deposition fills 
the region. If the Structure design calls for deposition of 
multiple conformal layerS prior to a patterning process, then 
the layout dimensions are Selected Such that all or Some of 
the depositions fill the region. 

0.025 The determination of acceptable layout dimensions 
is made based on the region depth, the thickness and lateral 
fill characteristics of Subsequent depositions of conformal 
materials, the characteristics of the area Surrounding Such 
region, i.e., whether it too is of Significant depth, and the 
ability within the context of the semiconductor fabrication 
process to apply a material that will Substantially fill the 
cavity, etc., as part of the wafer fabrication process. For 
example, if it is determined that a particular cavity has 
layout dimensions X and y that cannot be filled with one or 
more layers of conformal material(s), then the designed 
layout dimensions of Such cavity are changed to X-a and y, 
X-a and y-b, or X and y-b, as a function of the determined 
required DOF and the cavity filling characteristics of the 
conformal materials. It is to be understood that X and y may 
or may not be equal and a and b may or may not be equal. 

0026. Upon determination of acceptable layout dimen 
Sions of the one or more deep cavities, Standard Semicon 
ductor fabrication Steps may be employed to complete the 
Structure. That is, Steps including, but not limited to, etching, 
deposition, implantation, and the like may be employed to 
create designed regions. In regard to the System of the 
present invention, the deep topologies may be formed within 
the range of acceptable dimensions using Standard etching 
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techniques, for example. Subsequent application of confor 
mal materials. Such as oxides, amorphous Silicon, and, poly 
Silicon, for example, fill in the cavities. Of course, dependent 
upon the particular Structure under fabrication, any Sort of 
material may be used to produce the conformal layer, as long 
as the presence of the material is compatible or beneficial to 
device fabrication and application. Photoresist may then be 
applied to the conformed Surface of the wafer and exposed 
using the photolithographic equipment. Although there may 
exist Some photolithographic equipment that may be able to 
provide complete exposure of Very deep cavities, the present 
invention is primarily directed to equipment that is in 
general commercial use and generally unable to generate 
deep DOF. 

0027. The primary fabrication steps associated with the 
System of the present invention are now described with 
respect to the Simplified representation of an exemplar 
semiconductor structure as shown in FIGS. 1-6. In FIG. 1, 
a Semiconductor Structure 10 having a Surface 11 includes a 
plurality of deep topological regions 12 that may be 
trenches, cavities, via holes, or the like. The regions 12 have 
been formed with layout dimensions calculated to be suffi 
ciently limited to ensure that following fabrication 
Sequences to be described herein Substantially close up those 
regions prior to application of a photoresist film requiring 
exposure in the region. 

0028. As illustrated in FIG. 2, an exemplar deep region 
12 is formed through an initial uniform nitride layer 13 and 
an initial oxide layer 14 to a substrate surface 15 that is the 
upper level of a Substrate 16 that may be a primary wafer 
Substrate, a grown epitaxial layer, or other SubSurface region 
of particular conductivity. The layerS shown are simply 
illustrative and are in no way to be limited to specific 
material types or conductivity types. Instead, they are shown 
as the types of layers typically formed in making Semicon 
ductor structures. The region 12 is preferably formed by 
applying a photoresist mask 17 to the Surface of the nitride 
layer 13 and etching through an opening 18 therein to the 
surface 15 of Substrate 16. The opening 18 of the mask 17 
is configured with layout dimensions calculated as described 
with respect to the proceSS Summarized above. 

0029. As illustrated in FIG. 3, the present invention 
further includes the addition of a first conformal layer of 
material 19 that is polysilicon but is not limited thereto. The 
first conformal layer 19 is deposited or otherwise applied to 
the Surface of the nitride layer 13 in a blanket application, 
ensuring that the layer 19 fills in the region 12 to an extent. 
The first conformal layer 19 is preferably applied as part of 
a Standard fabrication process for which the material of that 
layer may be used to form other discrete elements of a 
complete Semiconductor Structure on a wafer. The applica 
tion of layer 19 is not intended in the particular process 
described herein to fill completely the region 12; however, 
it is contemplated that in Some alternative processes Such a 
first layer may Substantially, if not completely, fill the region 
12, dependent upon the particular dimensions of that cavity 
and the thickness and degree of conformality of the material 
used to form the layer 19. 

0030 FIG. 4 illustrates in a simplified way the structure 
in fabrication after the next primary Steps of the process of 
the present invention. Specifically, a Second conformal layer 
of material 20 is deposited or otherwise applied to the 
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surface of the first layer 19 in a blanket application in the 
vicinity of, and within, the region 12. Additionally, for a 
Semiconductor Structure 10 including a plurality of planes of 
regions, Such as is created by the introduction of isolation 
material including, but not limited to, oxide layerS Such as 
isolation oxide layer 21, the second conformal layer 20 is 
applied there as well. Preferably, the second layer 20 is also 
a polysilicon material. Again, however, it is contemplated 
that the present invention may be used to modify the Severity 
of other Severe topologies for other Sorts of Structures using 
other types of conformance-generating materials. It can be 
seen from the drawing that the layer 20 acts to fill the region 
12 Substantially, thereby Substantially eliminating the Severe 
topology transition from that area of the Structure 10 asso 
ciated with the isolation oxide layer 21. It is to be noted that 
in some instances while the application of layer 20 will 
provide a conformal Surface 22, the region 12 may not fill 
completely. As a result, there may be a pocket 23 or Void, 
Sometimes referred to as a keyhole, without any fill material. 
It is to be noted, however, that the possible creation of a void 
is of no effect on the suitability of the present invention. 

0031. As illustrated in FIG. 5, an optional third confor 
mal layer of material 24 may be deposited or otherwise 
applied to the surface 22 of the second conformal layer 20 
in a blanket application. This layer is optional and may be 
applied if part of a complete fabrication process Such as in 
the formation of a MOS transistor or bipolar transistor. In 
this specific description, the third layer 24 may be an oxide 
layer providing insulation to the Second conformal layer 20. 
The third conformal layer 24 may further reduce the varia 
tion in conformance in the area of the region 12 but is 
primarily expected to cover the layer 20 and may also 
provide a Smoother transition from the area of the isolation 
layer 21 to the area adjacent to the region 12. 

0.032 The determination of the appropriate dimensions of 
the opening 18 of the mask 17 and the addition of at least one 
of the conformal layers 19, 20, and 24 results in a relatively 
smooth surface of the structure 10 suitable for application of 
a photoresist film 25 that is of relatively uniform thickness 
although applied over a deep Structural topology. AS illus 
trated in FIG. 6, the film 25 may be applied to the surface 
of third conformal layer 24 using conventional application 
techniques. The film 25 may then be exposed through a mask 
26 by light 27 directed from a standard photolithographic 
Stepper 28. That Stepper 28 may be operated in an ordinary 
fashion to expose the film 25 through and through. 

0033. The design rules and fabrication steps described 
herein may be employed in a wide array of applications. For 
example, any Structure having one or more Severe topology 
regions may be adjusted using the present invention to 
maintain the basic functionality of the Severe topology 
regions without compromise to Subsequent photolithogra 
phy operations. Applications for which the present invention 
may be used include Structures with via holes, micro-sized 
pump Systems, micro-sized optical device Systems, micro 
sized medical implements, micro-sized chemical analysis 
devices, accelerometers, gyroscopes, microValves, cantile 
Vers, micromechanical resonators, and nanotubes. 

0034) While the invention has been described with ref 
erence to particular example embodiments, it is intended to 
cover all modifications and equivalents within the Scope of 
the following claims. 

Nov. 14, 2002 

What is claimed is: 
1. A process to enable the control of photolithographic 

feature size on Structures having one or more Severe non-flat 
topologies for the purpose of performing Successful photo 
lithography thereon, the process comprising the Steps of 

a. determining one or more acceptable layout dimensions 
of the one or more Severe non-flat topologies as a 
function of photolithographic equipment and photore 
sist thickness employed and conformal depositions, 

b. forming the one or more Severe non-flat topologies with 
Said one or more acceptable layout dimensions, and 

c. Substantially reducing the Severity of the formed one or 
more Severe non-flat topologies. 

2. The process as claimed in claim 1 wherein the Step of 
determining Said one or more layout dimensions of the one 
or more Severe non-flat topologies includes comparing of the 
depth-of-focus of the particular photolithographic equip 
ment and the thickness of a photoresist film applied to the 
Surface of the Structure against the Severity of the non-flat 
topologies. 

3. The process as claimed in claim 1 wherein the Structure 
is a Semiconductor Structure and the Step of forming the one 
or more Severe non-flat topologies includes etching the 
Semiconductor Structure. 

4. The process as claimed in claim 1 wherein the Step of 
Substantially reducing the Severity of the formed one or 
more Severe non-flat topologies includes the Step of applying 
a conformal layer of material on the Structure including over 
the area of the formed one or more Severe non-flat topolo 
gies. 

5. The process as claimed in claim 4 wherein the step of 
applying Said conformal layer of material includes applying 
a plurality of layers of conformal material on the Structure 
including over the area of the formed one or more Severe 
non-flat topologies. 

6. The proceSS as claimed in claim 5 wherein one or more 
of Said plurality of layers of conformal material is polysili 
CO. 

7. The process as claimed in claim 6 wherein one of said 
plurality of layers of conformal material is an insulative 
material. 

8. The process as claimed in claim 5 wherein Said one or 
more of Said plurality of layers are applied in a blanket 
deposition. 

9. The process as claimed in claim 1 further comprising 
the Step of applying a layer of photoresist material over Said 
one or more Severe non-flat topologies after Said filling in 
Step. 

10. A Structure having a Surface for receiving a photoresist 
film Suitable for exposure by photolithographic equipment, 
the Structure comprising: one or more Severe non-flat topolo 
gies, wherein each of Said one or more Severe non-flat 
topologies is formed with layout dimensions determined as 
a function of operational characteristics of the photolitho 
graphic equipment, photoresist thickness, and conformal 
depositions, and a filler to Substantially fill in Said one or 
more Severe non-flat topologies. 

11. The structure as claimed in claim 10 wherein the 
determination of Said layout dimensions is made based upon 
comparing the depth-of-focus of the particular photolitho 
graphic equipment and the thickness of a photoresist film 
applied to the Surface of the Structure against the Severity of 
the non-flat topologies. 
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12. The structure as claimed in claim 10 wherein said one 
or more Severe non-flat topologies are etched topologies. 

13. The structure as claimed in claim 10 wherein the 
Structure is a Semiconductor Structure and Said filler is 
formed of a conformal layer of material on the Semiconduc 
tor Structure including over the area of the one or more 
Severe non-flat topologies. 

14. The structure as claimed in claim 13 wherein said 
conformal layer includes a plurality of layers of conformal 
material. 

15. The structure as claimed in claim 14 wherein one or 
more of Said plurality of layers of conformal material is 
polysilicon. 

16. The structure as claimed in claim 15 wherein one of 
Said plurality of layers of conformal material is an insulative 
material or a conductive material. 

17. The structure as claimed in claim 14 wherein one or 
more of Said plurality of layerS is applied in a blanket 
deposition. 

18. A micro-electro mechanical System including a struc 
ture having a Surface for receiving a photoresist film Suitable 
for exposure by photolithographic equipment, the device 
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comprising: one or more Severe non-flat topologies, wherein 
each of Said one or more Severe non-flat topologies is formed 
with layout dimensions determined as a function of opera 
tional characteristics of the photolithographic equipment, 
photoresist thickness, and conformal depositions, and a filler 
to Substantially fill in Said one or more Severe non-flat 
topologies. 

19. The device as claimed in claim 18 wherein said 
Structure forms a portion of a mirror System. 

20. The device as claimed in claim 18 wherein said 
Structure forms a portion of a pump System. 

21. The device as claimed in claim 18 wherein said 
Structure forms a portion of a preSSure Sensor System. 

22. The device as claimed in claim 18 wherein said 
Structure forms a portion of a chemical Sensor System. 

23. The device as claimed in claim 18 wherein said 
Structure forms a portion of an accelerometer System. 

24. The device as claimed in claim 18 wherein said 
Structure forms a portion of a medical Sensor System. 


