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ABSTRACT 

An apparatus for baking a film onto a Substrate. A film, Such 
as a layer of photoresist, is disposed on a first Surface of a 
substrate while a second surface is exposed to a liquid bath. 
The liquid bath is maintained at a pre-Selected temperature. 
Exposure of the substrate to the liquid bath allows the film 
on the opposite surface to bake. The liquid bath is re 
circulated to maintain a constant and uniform temperature 
gradient across the Substrate. 
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APPARATUS FOR UNIFORMLY BAKING 
SUBSTRATES SUCH AS PHOTOMASKS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation of co-pending application 
Ser. No. 10/314,871 filed Dec. 9, 2002, which is a divisional 
of co-pending application Ser. No. 09/643,466, filed Aug. 
22, 2000. Both of these copending applications are incor 
porated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to semicon 
ductor fabrication. More particularly, the present invention 
relates to the process of photolithography, and even more 
Specifically to baking a photoresist onto a Substrate, Such as 
a photomask, during the photolithography process. 
0004 2. Background of the Related Art 
0005. This section is intended to introduce the reader to 
various aspects of art which may be related to various 
aspects of the present invention which are described and/or 
claimed below. This discussion is believed to be helpful in 
providing the reader with background information to facili 
tate a better understanding of the various aspects of the 
present invention. Accordingly, it should be understood that 
these statements are to be read in this light, and not as 
admissions of prior art. 
0006 During fabrication of a semiconductor device, a 
proceSS called photolithography is employed to create pat 
terns on a Semiconductive Substrate, commonly known as a 
wafer. The wafer is built up one layer at a time creating an 
overlay of complex patterns which ultimately form electrical 
devices and paths. The photolithography process comprises 
a variety of Steps to accomplish the patterning of each layer. 
One common Step of the proceSS involves the use of one or 
more photomasks. Each photomask has a pattern formed 
thereon, and this pattern is transferred onto a Semiconductor 
wafer by irradiating the wafer through the photomask. 
0007 To fabricate a photomask, surface preparation is 
required wherein a Surface of the Substrate, often referred to 
as a photomask blank, is cleaned and dried. The Substrate 
may be composed any of a number of materials. For 
example, the photomask blank may be made of glass or 
quartz. Surface preparation of the Substrate is done in 
anticipation of a photoresist being applied to the Substrate's 
Surface. The photoresist requires a clean and dry Surface in 
order to accomplish a high level of adhesion. The photoresist 
is typically applied by placing a coat of the material on the 
Substrate and then Spinning the Substrate to obtain a thin 
uniform film across the blank's surface. After the photoresist 
has been applied, the blank and film are Subjected to a first 
baking process often referred to as Soft bake or pre-bake. 
The Soft bake process Serves to evaporate a portion of the 
photoresist Solvents. Besides removing unwanted Solvents, 
which will interfere with Subsequent processing, the Soft 
bake also helps to facilitate better adhesion between the 
photoresist and the substrate. After the soft bake the photo 
resist remains as a relatively Soft coating on the Substrate. 
0008. The baking process may be accomplished using 
various methods. Two of the more typical methods include 
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use of a hot plate or the use of a convection oven. In the hot 
plate method, the SubStrate is placed directly on the hot plate 
for heating by conduction. Heat is transferred from the hot 
plate to the photomask blank and then through the blank to 
the photoresist layer. This technique provides good tempera 
ture control and allows for Small batches to be processed 
Simultaneously. 

0009. Alternatively, the convection oven method utilizes 
a fluid medium, usually a gas Such as air, to heat the 
Substrate and film. Convection baking allows for a more 
direct baking of the photoresist layer Since convection 
baking does not have to rely on conduction through the 
Substrate. Convection Ovens permit large batches of photo 
masks to be processed at one time, but typically these ovens 
have inferior temperature control in comparison with the hot 
plate method. Convection ovens also typically take longer 
per batch to process than do hot plates. Other alternative 
methods for baking include microwave, infra-red, and 
Vacuum oven baking. 
0010 Various sources of exposure, including optical 
Sources, X-rays or ion beams, may be used for exposing the 
photoresist. The exposure causes a chemical reaction to take 
place in the photoresist layer. For example, in one type of 
photoresist, exposure causes a polymerization of the photo 
resist. Thus, by using a mask and an exposure Source, a 
pattern of polymerized resist (and a mating pattern of 
non-polymerized resist) is formed on the Surface of the 
wafer. This process, while described above in general terms, 
is actually rather complex and involved. Likewise, there are 
various exposure Sources to choose from, each with its own 
advantages and complexities. Also, there are multiple types 
of photoresist. Each type of photoresist has different char 
acteristics and responds differently to the various manipu 
lative Steps in the photolithography process. 

0011. After the film of photoresist has been exposed, the 
photoresist is then developed. Developing is a chemical 
process wherein chemical dissolution of unpolymerized 
regions in the photoresist occurs. Different developing 
chemicals and techniques are often employed depending on 
the type of photoresist being used. After the photoresist has 
been developed, the chemical is rinsed off and the substrate 
is allowed to dry. Polymerized regions of the photoresist 
remain on the Surface of the Substrate. After developing of 
the photoresist, the Substrate may optionally undergo a 
Second baking process. The Second baking process, often 
referred to as hard bake, again Serves to evaporate remaining 
Solvents in the photoresist and to create better adhesion of 
the photoresist to the Substrate. The methods and techniques 
used for hard baking are essentially the same as those used 
for Soft baking. 

0012 While described in generalities above, the process 
for fabricating photomasks is complex and requires careful 
attention to many details. Mistakes and errors can be intro 
duced at any Step of the proceSS causing resultant defects in 
the final product. Likewise, each Step of the process is 
continually Scrutinized for possible improvements. One area 
where improvement is contemplated is in the baking pro 
cesses. A good deal of variability may be introduced into the 
process during the baking Steps. For example, it has been 
noted that the temperature gradient found in a Substrate 
during baking is not uniform. This means that the tempera 
ture at the outside edge of the Substrate is not the same as the 
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temperature at the center of the Substrate. Often the range of 
the temperature gradient is Several degrees. The variation of 
temperature results in uneven baking of the photoresist 
layer. The uneven baking can lead to poor performance of 
the photoresist layer during the exposure and developing 
StepS. For example, the lines formed in the photoresist layer 
during exposure and developing can vary in width depend 
ing on their location on the photomask blank. A region of the 
photoresist layer baked at the desired temperature will 
produce lines at a predicted width, however, a region of the 
photoresist layer baked at the varied temperature will pro 
duce lines which vary from the predicted width. Thus the 
precision of the exposed image becomes a function of the 
temperature gradient experienced by the photoresist layer. 

0013 In consideration of the heating methods employed, 
numerous factors affect the resultant baked film. For 
example, one problem with the hot plate method of baking 
is that the Surface of the hot plate may not be co-incidentally 
parallel with the surface of the substrate being baked. The 
result of the two Surfaces not being exactly parallel is air 
gaps present between the two Surfaces. Since the hot plate 
method of baking is a process of conduction, the air gaps 
create an inefficiency because localized regions experience 
heat transfer by convection instead of conduction. The 
conduction transferS the heat to the Substrate much quicker 
than does the convection in the air gaps. Therefore, heat is 
unevenly distributed to the surface of the Substrate from the 
hot plate. Again the ultimate result is an undesired tempera 
ture gradient in the Substrate and non-uniform baking of the 
photoresist layer. 

0.014) Another problem associated with hot plate baking 
is the transient formation of temperature Zones in the hot 
plate. This is often the result of a rapid temperature Spike in 
the heating element. The heating element attains a specific 
temperature and then the Surrounding material tries to attain 
the same temperature as the heating element. Simply Stated, 
the hot plate is trying come to an equilibrium temperature, 
but in the process temperature Zones are created. These 
temperature Zones are transient, but can result in Similar 
temperature Zones being transferred to the Substrate and 
film. As an example, on Study has found that, depending on 
the particular Steps and methods followed, hot plate baking 
may result in temperature variations of from 3 to 6 C. over 
a 132 mm Square area. 

0.015 While convection ovens generally do a better job in 
respect to minimizing the production of temperature Zones, 
there are opportunities for improvement. For example, the 
medium used for heat transfer in convection ovens is typi 
cally air. Convection by air is not as efficient as the hot plate 
method of conduction. The relative inefficiency of air as heat 
transfer medium is one reason why the convection method 
is typically slower than the hot plate method. 

0016. The present invention may address one or more of 
the problems set forth above. 

SUMMARY OF THE INVENTION 

0017 Certain aspects commensurate in scope with the 
originally claimed invention are set forth below. It should be 
understood that these aspects are presented merely to pro 
vide the reader with a brief Summary of certain forms the 
invention might take and that these aspects are not intended 
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to limit the Scope of the invention. Indeed, the invention may 
encompass a variety of aspects that may not be set forth 
below. 

0018. In accordance with one aspect of the present inven 
tion, a method of baking a photomask is provided. The 
method includes providing a Substrate having two Surfaces 
wherein a film, Such as a layer of photoresist, is disposed on 
one of the Surfaces. The uncoated Surface is then exposed to 
a temperature controlled liquid bath. Exposure of the Sub 
Strate to the liquid bath is maintained for a predetermined 
time to allow the film to bake. Re-circulation of the liquid 
bath maintains a Substantially constant temperature gradient 
acroSS the Substrate. 

0019. In accordance with another aspect of the present 
invention, an apparatus and a related System is provided to 
allow a film to be baked on a substrate more uniformly. The 
apparatus includes a first tank for containing a liquid bath. 
The first tank may be disposed inside a Second tank to help 
facilitate re-circulation of the liquid bath. The substrate is 
partially disposed within the first tank having a Surface 
exposed to the liquid bath. A re-circulation System is pro 
Vided to circulate the liquid bath against the exposed Surface 
of the substrate. The re-circulation system also allows for the 
liquid to be exposed to a temperature controlling unit Such 
as a heat eXchanger. 
0020. In accordance with yet another aspect of the 
present invention, a System for uniformly baking a film on 
a Substrate is provided utilizing many features of the dis 
closed apparatus. The System takes advantage of these 
features to provide batch baking of the Substrates. 

DESCRIPTION OF THE DRAWINGS 

0021. The foregoing and other advantages of the inven 
tion will become apparent upon reading the following 
detailed description and upon reference to the drawings in 
which: 

0022 FIG. 1 illustrates a sectional view of one embodi 
ment according to the present invention; 
0023 FIG. 2 illustrates a sectional view of an alternative 
embodiment according to the present invention; 
0024 FIG. 3 illustrates a schematic of an alternative 
embodiment of the invention; 

0025 FIG. 4 illustrates a schematic of another alternative 
embodiment of the invention; and 
0026 FIG. 5 illustrates a sectional view of another 
alternative embodiment of the invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0027. One or more specific embodiments of the present 
invention will be described below. In an effort to provide a 
concise description of these embodiments, not all features of 
an actual implementation are described in the Specification. 
It should be appreciated that in the development of any Such 
actual implementation, as in any engineering or design 
project, numerous implementation-specific decisions must 
be made to achieve the developerS Specific goals, Such as 
compliance with System-related and busineSS-related con 
Straints, which may vary from one implementation to 
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another. Moreover, it should be appreciated that Such a 
development effort might be complex and time consuming, 
but would nevertheless be a routine undertaking of design, 
fabrication, and manufacture for those of ordinary skill 
having the benefit of this disclosure. 
0028 Turning now to the drawings, and referring initially 
to FIG. 1, a baking apparatus 10 according to the present 
invention is shown. The baking apparatus 10 includes a 
primary tank 12 which is formed with a wall 14 that defines 
an upper limit, or a fluid level, for the primary tank 12. The 
primary tank 12 is disposed within a Secondary tank 16. A 
liquid bath 18, Such as propylene glycol, is held in the 
primary tank 12 and fills the primary tank 12 to capacity. 
0029. A retaining device 20 is partially disposed within 
the primary tank 12 and holds a substrate 22. The substrate 
22 is contemplated as being a photomask, a flat panel 
display, or any other Suitable Substrate undergoing a bake 
process. The Substrate 22 has a first Surface 24 upon which 
a film is disposed (not shown). The film disposed on the 
substrate 22 is a photoresist film which is utilized in a 
photolithography process. However, it is noted that for other 
applications the film may be formed of a different material. 
The Substrate 22 also has a second Surface 26. The Substrate 
22 is placed in the retaining device 20 Such that the Second 
surface 26 is exposed to the liquid bath 18. 
0030 Attached to the secondary tank 16 is a return line 
28. The return line 28 accommodates the flow of any 
excessive liquid bath 18 which flows over the wall 14 of the 
primary tank 12. The return line 28 is coupled to a circu 
lating device 30 Such as a pump. A Supply line 32 is coupled 
to the pump 30 and carries the liquid bath 18 back to the 
primary tank 12. A temperature control unit 34, Such as a 
heat eXchanger, is disposed adjacent the Supply line 32. 
While the circulating device 30 and the temperature control 
unit 34 are shown as being separate devices in FIG. 1, they 
may be combined into a single unit. The temperature control 
unit may have a broad temperature range, Such as 80 to 
200 C., with a preferred operating range of 100 to 120° C., 
and precise temperature control such as +0.05 to 0.1° C. Of 
course the upper level temperature range will have Some 
limit placed upon it depending on the fluid used for the 
liquid bath. 
0031. The basic operation of the baking apparatus 10 will 
now be described with reference to the fluid flow lines 36 as 
shown in FIG.1. Starting at the pump 30, the liquid bath 18 
is pumped through the Supply line 32 where it is heated to 
a pre-Selected temperature by the temperature control unit 
34. The liquid bath 18 then flows into the primary tank 12. 
Advantageously, a baffle 38 or series of baffles are used to 
control the flow of the liquid bath 18 and properly disperse 
it as it enters the primary tank 12. The liquid bath 18 then 
circulates through the primary tank 12. The flow of the liquid 
bath 18, as generally shown by fluid flow lines 36, is upward 
and radially outward from the center of the primary tank 12. 
The wall 14 of the primary tank 12 serves as a weir, or a 
Simple fluid level control, allowing exceSS fluid to Spill over 
in the secondary tank 16. The excess fluid collects in the 
secondary tank 16 and flows through the return line 28 and 
back to the pump 30 to be re-circulated through the system 
again. 

0.032 The baking apparatus 10 allows the second surface 
26 of the Substrate 22 to be exposed to a circulating liquid 
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bath 18 which is being controlled to a substantially constant 
temperature as described above. The heat Supplied to the 
Second Surface 26 is conducted through the Substrate 22 to 
bake the film disposed on the first surface 24 substantially 
uniformly. Because the Second Surface 26 is exposed to the 
liquid bath 18, a fluid and compliant medium, there are no 
gaps Such as those associated with a typical hot plate. Also, 
because the heat transfer process of the system 10 is forced 
convection, there is a reduction of temperature Zones as 
experienced with a conductive hot plate. In comparison with 
a convectional oven utilizing air as a medium, the liquid bath 
18 offers a more controlled and efficient medium of con 
vection. In Sum, Substrate 22 is exposed to a more uniform 
and efficient heat transfer process. 
0033 Turning now to FIG. 2, an alternative embodiment 
is disclosed. The baking apparatuS 40 includes a tank 42. 
The tank 42 may be similar to the primary tank disclosed in 
FIG. 1. The tank 42 contains a liquid bath 44. Unlike the 
embodiment of FIG. 1, the tank 42 is not filled to capacity 
with the liquid bath 44. The liquid bath 44 may be any of a 
number of Suitable liquids Such as propylene glycol, ethyl 
ene glycol, or petroleum based or Synthetic oils. It is 
important however, that the liquid bath be compatible with 
any resist being used to form a film on the substrate 48. 
0034. A retaining device 46 is disposed within the pri 
mary tank 42 and partially disposed within the liquid bath 
44. The retaining device 46 positions and holds a substrate 
48 within the tank 42. The Substrate 48 is contemplated as 
being a photomask, a flat panel display, or any other Suitable 
Substrate undergoing a baking process. The Substrate 48 has 
a first surface 50 upon which a film (not shown) has been 
disposed. The film disposed on the substrate 48 may be a 
photoresist film utilized in a photolithography process. 
However, it is noted that for other substrates the film may be 
formed of a different material. The substrate 48 is placed in 
the retaining device 46 Such that a Second Surface 52 is 
exposed to the liquid bath 44. 
0035 Attached to the tank 42 is a temperature control 
unit 54, Such as a heat eXchanger. The temperature control 
unit 54 is shown as being disposed at the bottom of the tank 
42. The temperature control unit 54 is used to control the 
temperature of the liquid bath 44. In the embodiment shown, 
the temperature control unit 54 is placed So as to conduct 
heat through the tank 42 to the liquid bath 44. However, it 
is contemplated that alternative arrangements could be uti 
lized for controlling the temperature of the liquid bath 44. 
0036). In operation, the temperature control unit 54 heats 
the liquid bath to a desired temperature and maintains the 
desired temperature within +0.05 to 0.1° C. Because the 
temperature control unit 54 is placed at the bottom of the 
tank 42, the liquid bath 44 at the bottom of the tank 42 heats 
first. The liquid bath 44 at the bottom of the tank 42 becomes 
leSS dense as it rises in temperature and So begins to rise to 
the top of the tank 42. Liquid bath 44 towards the top of the 
tank, having a slightly lower temperature, circulates to the 
bottom of the tank because of its higher density. This 
circulation pattern is known as natural convection. The 
circulation of the liquid bath 44 is generally indicated by the 
flow lines 56. The liquid bath 44 flows in a manner which 
allows constant convectional heat transfer from the liquid 
bath 44 to the second Surface 52 of the Substrate 48. 

0037. In sum, the baking apparatus 40 as described 
allows the second Surface 52 of the Substrate 48 to be 
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exposed to a circulating liquid bath 44. The heat Supplied to 
the second surface 52 is conducted through the Substrate 48 
to bake the film disposed on the first surface 50 substantially 
uniformly. Because the Second Surface 52 is exposed to the 
liquid bath 44 there are no air gaps as found in a typical hot 
plate. The entire Substrate is Subject to the Same heat transfer 
process with a resulting Substantially uniform temperature 
gradient. 

0.038 Turning now to FIG. 3, an alternative baking 
System 60, based on the general embodiment disclosed in 
FIG. 1, will now be discussed. A combined circulation/ 
temperature control unit 62 is connected to a Supply line 64. 
The supply line 64 carries liquid bath to a plurality of 
primary tanks 66. The primary tanks 66 are considered to be 
similar to that shown in FIG. 1. The primary tanks 66 are 
filled with a liquid bath to capacity (not shown). Similar to 
the configuration shown in FIG. 1, a substrate 68 is disposed 
So that a bottom Surface of the Substrate is exposed to the 
liquid bath. Excess liquid bath is carried over the walls of the 
primary tanks 66 into a common secondary tank 70. The 
secondary tank 70 is connected to a return line 72 which 
conveys the exceSS liquid bath back to the circulation/ 
temperature unit 62 to be processed once again. The general 
flow of the liquid bath is indicated by the flow lines 74. 

0.039 The baking system 60 operates in a similar manner 
to the baking apparatus 10 disclosed above, however, the 
baking System 60 is designed more particularly for batch 
operations. It is noted that in the baking System 60, a single 
Supply line proceeds from the circulation/temperature unit 
62 but later divides into individual lines for each primary 
tank 66. The individual lines are shown to be in parallel with 
one another, thus a distribution of liquid bath having uniform 
temperature is provided to each primary tank 66. 

0040 FIG. 4 discloses an alternative baking system 80 
for batch operations. A combined circulation/temperature 
control unit 82 is connected to a supply line 84. The supply 
line 84 carries liquid bath to a primary tank 86. The primary 
tank 86 is, in general, considered to be similar to that shown 
in FIG. 1 with the difference of the primary tank 86 
facilitating multiple substrates 88. The primary tanks 86 is 
filled with a liquid bath to capacity (not shown). Multiple 
substrates 88 are disposed so that the bottom surface of each 
Substrate is exposed to the liquid bath. Again, exceSS liquid 
bath is carried over the wall of the primary tank 86 into a 
secondary tank 90. The secondary tank 90 is connected to a 
return line 92 which conveys the excess liquid bath back to 
the circulation/temperature unit 82 to be processed once 
again. The general flow of the liquid bath through the System 
is indicated by the flow lines 94. 
0041. The baking system 80 operates similarly to the 
baking system 60 discussed above. However, the baking 
system 80, as shown in FIG. 4, utilizes a single primary tank 
for heating multiple substrates. In the baking system 80, a 
Single Supply line proceeds from the circulation/temperature 
unit 82 but later divides into multiple feed lines before 
connection with the primary tank 86. The individual supply 
lines are shown to be in parallel with each other and can be 
designed to render a specific distribution and flow of the 
liquid bath within the primary tank 86. 

0042. The desired flow and distribution of the liquid bath 
may be accomplished in various ways. For example, proper 
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baffle configurations and/or Strategic locations of Supply line 
inlets will help to create a proper flow and distribution of the 
liquid bath. 
0043. It should be noted that various modifications and 
alternative embodiments are contemplated as being within 
the Scope of the invention. For example, the retaining device 
used to hold the Substrate may be a conductive or insulative 
element depending on the overall design of the apparatus or 
System. Also, the retaining device may be formed of a Single 
continuous unit for each Substrate, multiple elements per 
Substrate, or one unit which will accommodate multiple 
Substrates. The retaining device may be coupled to one of the 
tanks, or it may be a component of Separate but related 
automation equipment used to place the Substrate into the 
baking apparatus or System. 

0044) It is also contemplated that in the embodiments 
using a re-circulation System a Secondary tank may not be 
utilized. Instead, a drain or overflow could be provided in the 
primary tank with appropriate piping to connect the over 
flow with the pump system. Such an embodiment is dis 
closed in FIG. 5, showing a baking system 100 utilizing an 
overflow device 102 in the primary tank 104. The overflow 
device 102 is connected to a circulation system 106 by 
means of a return line 108. The overall operation of the 
baking system 100 remains the same as disclosed above. Of 
course multiple overflow devices could be implemented, 
each being Strategically placed for additional flow control. 
The secondary tank disclosed in the embodiment of FIG. 1 
is, in actuality, a continuous Overflow located around the 
periphery of the primary tank. 

0045 Also, while the disclosed embodiments all have 
been disclosed in terms of baking a film onto a Substrate, and 
thus heating of the Substrate has been contemplated, the 
embodiments may be utilized for cooling or quenching of a 
Substrate or other similar work piece. The temperature 
control unit would thus act to cool the liquid bath rather than 
heat it. The liquid bath would then cool the surface of the 
Substrate by convection. It is noted that Such an embodiment 
would be more readily accomplished with a forced convec 
tion device Such as that disclosed in FIG. 1 than with a 
natural convection device Such as that shown in FIG. 2. 

0046 While the invention may be susceptible to various 
modifications and alternative forms, specific embodiments 
have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 

1. An apparatus for baking a film on a Substrate compris 
ing: 

a primary tank adapted to contain a liquid bath, wherein 
the liquid bath heats the substrate; 

a retaining device adapted to hold a first Surface of a 
Substrate in contact with the liquid bath in the primary 
tank, wherein the film disposed on a Second Surface of 
the Substrate is baked; and 
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a Secondary tank in fluid communication with the primary 
tank and disposed to receive an excess of the liquid bath 
overflowing from the primary tank. 

2. The apparatus of claim 1, wherein the primary tank is 
configured as a weir within the Secondary tank. 

3. The apparatus of claim 1, comprising a pump in fluid 
communication with the primary tank, wherein the liquid 
bath is circulated by the pump to facilitate control of the 
temperature of the liquid bath. 

4. The apparatus of claim 3, wherein the pump is disposed 
to receive a volume of the liquid bath from the secondary 
tank and to supply the volume of the liquid bath to the 
primary tank. 

5. The apparatus of claim 4, comprising at least one baffle 
positioned in the primary tank to facilitate dispersion of the 
Volume of liquid bath entering the primary tank from the 
pump. 

6. The apparatus of claim 1, comprising a heat eXchanger 
operatively coupled to the primary tank to facilitate control 
of the temperature of the liquid bath. 

7. The apparatus of claim 6, wherein the heat eXchanger 
is configured to heat the liquid bath above 100° C. 

8. The apparatus of claim 6, wherein the heat eXchanger 
is disposed along a Supply conduit configured to facilitate 
transport of the liquid bath from a pump to the primary tank. 

9. A System for baking a film on a Substrate comprising: 
a tank adapted to contain a liquid bath Substantially inert 

to the film, wherein the liquid bath heats the substrate; 
a retaining device configured to hold a first Surface of the 

Substrate in contact with the liquid bath in the tank, 
wherein the film is disposed on a Second Surface of the 
Substrate; 

a pump in fluid communication with the primary tank, 
wherein the liquid bath is circulated by the pump; and 

a distribution device configured to disperse within the 
tank in a plurality of directions the liquid bath circu 
lating through the tank to facilitate temperature control 
of the liquid bath. 

10. The system of claim 9, wherein the distribution device 
comprises a baffle configuration at least a portion of which 
is disposed within the tank near an inlet to the tank. 

11. The System of claim 9, comprising a heat eXchanger 
disposed inside the tank and configured to facilitate control 
of the temperature of the liquid bath. 

12. The System of claim 9, comprising a heat eXchanger 
disposed outside of the tank and configured to heat the liquid 
bath circulating external to the tank. 

13. A System for baking a film on a Substrate comprising: 
a primary tank adapted to contain a liquid bath; 
a retaining device configured to hold a first Surface of the 

Substrate in contact with the liquid bath in the primary 
tank, 

a heat eXchanger operatively coupled to the primary tank 
to heat the liquid bath, the heat eXchanger disposed 
external to the primary tank; and 
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a pump in fluid communication with the primary tank, 
wherein the liquid bath is circulated by the pump to 
maintain a Substantially constant temperature gradient 
through the Substrate. 

14. The system of claim 13, wherein the heat exchanger 
is configured to facilitate control of the temperature of the 
liquid bath. 

15. The system of claim 13, wherein the heat exchanger 
comprises an electrical heater. 

16. The system of claim 13, wherein the pump is disposed 
to receive a volume of the liquid bath from the primary tank 
and to Supply the Volume of the liquid bath past the heat 
eXchanger to the primary tank. 

17. The System of claim 13 comprising a Secondary tank 
in fluid communication with the primary tank and disposed 
to receive an excess of the liquid bath flowing from the 
primary tank. 

18. The system of claim 17, wherein the pump is disposed 
to receive a volume of the liquid bath from the secondary 
tank and to Supply the Volume of the liquid bath past the heat 
eXchanger to the primary tank. 

19. The system of claim 13, comprising a distribution 
device disposed within the primary tank and configured to 
facilitate dispersion of a Volume of liquid bath entering the 
primary tank from the pump. 

20. An apparatus for baking film on a Substrate compris 
ing: 
means for containing a liquid bath to heat the Substrate; 
means for holding the substrate such that a first side of the 

Substrate is exposed to the liquid bath; 
means for maintaining the temperature of the liquid bath 

at a pre-Selected temperature to bake the film disposed 
on a Second Side of the Substrate; 

means for maintaining a liquid level of the liquid bath in 
the containing means, and 

means for Secondarily containing an excess of the liquid 
bath overflowing from the containing means. 

21. The apparatus of claim 20, comprising means for 
re-circulating the liquid bath in the containing means adja 
cent to the Substrate. 

22. The apparatus of claim 20, comprising means for 
dispersing the liquid bath re-circulated into the containing 
CS. 

23. An apparatus for baking a film on a Substrate com 
prising: 

a tank adapted to hold a liquid bath that heats the 
Substrate, wherein the tank is not configured for 
pumped recirculation of the liquid bath through the 
tank, 

a retaining device configured to hold a first Surface of a 
Substrate in contact with the liquid bath in the tank; and 

a heat eXchanger positioned to facilitate natural-convec 
tion agitation and temperature control of the liquid bath 
in the tank. 


