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Application of liquid photoresist by dip coating was investigated
as potentially more reliable and repeatable than the current
roller coating process. Resist viscosity, extraction rate, and
substrate orientation were found to affect applied resist thick-
ness and uniformity. The data accumulated in this effort will be
used in future work to develop an improved photoresist applica-
tion process.
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SUMMARY

The manufacture of thin film networks (TFNs) for hybrid micro-
circuits uses a roller coating process for applying liquid.
photoresist to the substrate. Shorts and voids, which currently
account for most of the rejections during TFN visual inspection
and resistor trimming, are inherent with this coating process.
To minimize these problems and to increase thin film network
yields, dip coating metallized substrates in photoresist was
investigated.

Several substrates without conductive vias were dip coated using
various extraction rates and resist viscosities. Data were
gathered to show the relationships between the process variables
(resist viscosity, extraction rate, and substrate orientation)
and applied resist thickness. This data indicated the applied
resist thickness and resist thickness variation increased with
increased extraction rate, viscosity, or both. For average
resist thicknesses comparable to that now used in production, the
thickness variations across a substrate generally were found to
be from 10 to 100 percent greater than currently allowed in
production. This thickness variation would have to be reduced
before the dip coating process would have production potential.

Future work to develop a more reliable and repeatable liquid
resist application process is needed to reduce the TFN scrap rate
caused by shorts and voids in resistors. The data obtained on
this project will be used on a future project to improve the
liquid resist application process.
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DISCUSSION

SCOPE AND PURPOSE

The purpose of this work was to evaluate dip coating as a poten-
tially more repeatable and reliable means of applying liquid
photoresist to the surface of metallized alumina substrates for
wet chemistry photolithography of thin film networks used in
hybrid microcircuit (HMC) manufacturing.

ACTIVITY

Current Production Process

The present production method uses a roller coater to apply
liquid photoresist to the surface of the metallized substrates.
The thickness of the applied layer of photoresist is controlled
by the number and depth of grooves in the rubber roller, by the
photoresist viscosity, and by the quantity of resist allowed to
remain in the grooves during application. The uniformity of the
resist coating is controlled by the amount of pressure applied by
the roller to the substrate during application. The viscosity of
the resist, the amount of resist in the grooves, and the sub-
strate/roller interference pressure are operator-controlled
variables.

Inadequate roller uniformity has caused considerable downtime of
this equipment and product line scrap. Attempts to improve
roller quality through the vendor have been unsuccessful.

Extensive operator training and experience is required because
the machine is sensitive to operator-controlled functions.

General Operating Description of Dip Coater

The photoresist is maintained in a reservoir large enough to
accommodate the substrate to be coated. The photoresist reser-
voir is positioned directly beneath the entry/withdrawal
mechanism. This mechanism provides a controlled rate of entry
and withdrawal of the substrate into the photoresist. The photo-
resist viscosity, rate of withdrawal, and substrate orientation
are the controlling factors for applied photoresist thickness and
uniformity.

-        Equipmeht

The same dip coater used for production of precision pattern
assemblies (not HMC application) was used for this experiment.
Extraction rates varied from 17 to 228.6 mm per minute.
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Photoresist Application Proc:edure :and Results

The withdrawal rate was determined versus the machine set points
(Figure 1). Substrates were held by the corner and by the 95.25 mm
side to determine which orientation produced a more uniform coat-
ing. Shipley AZ1350, which as-received is approximately 22 Zahn
number 2 seconds, was used for this study. The photoresist was
adjusted to viscosity with either AZ1375, which as-received is
approximately 32 Zahn number 2 seconds, AZ thinner, or both.

Photoresist thickness and thickness uniformity were determined for
photoresist viscosities in the range from 17 to 35 Zahn number 2
seconds and for extraction rates from 17 to 228.6 mm per minute.
The entry rate was held constant for these samples. The applied
resist thickness versus extraction rate, Figures 2 through 10,
was plotted for all resist viscosities and substrate orientations
tested. Each curve shows the applied thickness as measured in 9
places on one substrate. (maximum thickness, minimum thickness,
average thickness) for a particular extraction rate and substrate
orientation (corner fixtured versus end fixtured).

The extraction rate of the substrate was increased incrementally
for each viscosity until the sample substrate photoresist coating
was visibly inferior. This visible criteria was sagging, running
photoresist on the substrate. Photoresists with lower viscosities
would tolerate faster extraction rates than the more viscous
resists before this visual criterion would appear. The lower
viscosity samples, however, exhibited a trailing edge build-up that
tended to flow back on the substrate and into the edge monitor
area. The slope of the applied thickness curves (Figures 11 and
12) tended to decrease with less viscous resist; therefore, it is
desirable to use a less viscous resist to decrease the variation
caused by different machine settings. Lower viscosity resist also
tended to wet the substrate better and flow into the nonuniform
areas, such as the conductor-to-resistor material step on a partially
processed thin film network. This cross-over point of trailing
edge problem and curve slope occurs approximately at a viscosity
of 19 Zahn number 2 seconds at 21'C.

The substrate orientation did influence the resist coating thick-
ness uniformity. Figures 2 through 10 show that the photoresist  ,
applied thickness variation was generally greater on substrates  '
held by the corner and increases as the extraction rate increases;
however, there is an advantage to fixture the substrate by the
corner. The corner fixturing would allow the photoresist to flow
diagonally along the conductor/resistor material interface and to
possibly lower the potential for pin holes in open areas on defined
resistors near the resistor termination.
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Figure 1.  Machine Setting Versus Extraction Rate

The currently used production process produces resist thicknesses
in the range of 2.2 to 3.0 Bm with a maximum allowable variation
on each substrate of 0.5 um. The thickness variations encountered
with dip coating ranged from 0.25 to 1.45 um for substrates with
average resist thicknesses of 2.2 to 3.0 Bm. On all but two of
these substrates, the thickness variations exceeded the maximum
allowable variation.

A few substrates with vias were coated to determine the variables
for dipping these types of substrates. Although no quantitative
data were accumulated for dip coating substrates with vias, it
was apparent that the viscosity and·the entry rate will affect
the degree of via wall coverage and the thickness and uniformity
of the photoresist around and on the via walls. Too fast an
entry rate or too viscous a photoresist traps air in the via.
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Figure 7. Thickness Curve for 17 Zahn Number 2 Seconds Viscosity
Resist (End Fixtured)
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Figure 8. Thickness Curve for 27 Zahn Number 2 Seconds Viscosity
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Resist (End Fixtured)

16



21

20 THICKNESSES SHOWN FOR EACH
EXTRACTION RATE REPRESENT

19 MINIMUM. MAXIMUM, AND AVERAGE
18 THICKNESS FOR ONE SUBSTRATE

(9 THICKNESS MEASUREMENTS)
17

16
-

15

14

13
-

E
* 12
-

   11
Ul

Z  10bl0
-   9I".

8

7

6

5

4

3

2

1

0 1'l l'l l l
0 25.4 50.8 76.2 101.6 127.0 152.4 177.8 203.2 228.6

EXTRACTION RATE (mm/MIN)

Figure 10. Thickness Curve for 35 Zahn Number 2 Seconds Viscosity
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The trapped air bursts upon extraction and leaves a non-uniform
coating around the via and partially or non-photoresist covering
on the via walls. Too slow an entry rate affects efficiency and
less viscous resist decreases the applied thickness around the
via.

The photoresist thickness could be increased from the present 2.2
to 3.0 um to 5.0 to 6.0 Bm to reduce the number of pin holes and
shorts. Pin holes could be reduced by having the thicker resist
which would withstand the etchant longer. Shorts also could be
reduced by increasing the thickness, since this will result in
less critical exposure time. This would allow more uniform and
complete exposure of the resist; consequently, the resist would
be completely removed in the developing step, thereby leaving
less potential for shorts. The increase in photoresist thickness
would increase the need for spray developing because more resist
would have to be removed. Spray developing of wet film resist
would not benefit the product using the current processing limits.
Spray stripping also would become necessary because more resist
would have to be removed. Increased photoresist thickness also
could necessitate changing the characterization of the prebake/
postbake ovens.

Production Tooling

Production tooling for dip coating would consist of a mechanism
such as a lead screw arrangement to raise and lower the substrates
at variable rates, a long narrow tank containing resist, and
several racks that would clip or hang on the transporting mechanism
to allow preloading and drying of the coated substrates without
handling the coated substrates directly. There should be no
requirement for tooling to remove the trailing edge build-up if
proper operating parameters are applied. The long narrow tank of
photoresist, used in this experiment, produced no change in
resist viscosity caused by evaporation over a 1-week period.

This permitted a much lower set-up time for this type of equipment
as compared to the presently used roller coater. The station for
holding the dipping apparatus needs to be vibration free, since
the substrates tend to vibrate as they are extracted from the
resist. This vibration is caused by the loss of the dampening
effect of the photoresist. The tendency to vibrate increases
with less viscous resist. This vibration caused non-uniform
coverage on the trailing end of the substrate. Slower extraction
rates, which may be required for desired thickness and uniformity,
produce a large gradient of drying across the substrate. The
effects of ·this gradi.ent can be alleviated by using a longer air
drying cycle before postbake operations.
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ACCOMPLISHMENTS

This effort has provided data on the relationships between the
dip coating process variables (viscosity, extraction rate, and
substrate orientation) and the applied resist thickness.

For average resist thicknesses comparable to that now used in
production, the thickness variations across a substrate generally
were found to be from 10 percent to 100 percent greater than is
currently allowed in production. Similar thickness variations
for average thicknesses of 5.0 to 6.0 um were observed.  These
variations must be reduced before the dip coating process has
production potential.

Quantitative data were not accumulated for dip coating substrates
with vias. These data, however, will be required to determine
the production capability of the dip coating process, because the
majority of current production parts uses substrates with vias.

FUTURE WORK

The data accumulated from this project.will provide a base for
future work related to the development of a more reliable and
repeatable liquid photoresist application process. This work

-        will involve determining what liquid resist application processes
are currently available and selecting the best one for use in the

Il

. production of TFNs at Bendix Kansas City.
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