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(57) Abstract

A method for performing sur-
face processing of flat panel dis-
play substrates at various points dur-
ing manufacturing. Such process-
ing is required, for example, to re-
move photoresist after a photolithog-
raphy step. Cleaning of glass sub-
strates at the beginning of the man-
ufacturing sequence is also required.
Some layers of the device, for exam-
ple color filters and polyimide align-
ment layers, may be patterned by
this method by the use of a mask
(54) in the surface processing. A
high intensity pulsed beam of radia-
tion (18) is swept across the surface
to be processed (21), while a reac-
tive gas (24) is flowed across the sur-
face where the beam strikes it. In a
cleaning or material removal process,
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the beam of radiation (18) causes the
material to react with the gas, result-
ing in gaseous products (26) which
are drawn away from the surface.
In a curing process, for polyimide

or spin-on dielectric, for example,
the beam of radiation (60) causes
the polymer to cross-link, while the
flowing gas (64) assists in the reac-

tion and removal of species which are released in the cross linking process. Processing of a substrate (74) can be accomplished by translating
the substrate (74) under a beam (60) which is larger than the width of the substrate. Processing may be accomplished by multiple scans of

the surface or by scanning with multiple beams.
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FLAT PANEL DEVICE SUBSTRATES
Backaround

This application is a continuation-in-part of
United States Patent Application Serial Number
08/298,023, filed on August 29, 1994, which is a
continuation-in-part of Serial No. 08/118,806, filed
September 8, 1993, now abandoned.

This invention relates to surface modification
processing of flat panel device substrates.

Flat panel displays have applications in
appliances, personal computers, and many other areas
where alphanumeric displays are used. Their use is
steadily increasing as technology improvements allow flat
panel displays increasingly to be used in place of
cathode ray tubes. .

Most flat panel displays in use today are of the
liqguid crystal type. As shown in Figure 1, the cross
section of a liquid crystal device contains the liquid
crystal 2 in a "sandwich" between two sheets of
electrodes. The electrode 4 is typically a feature
formed on a thin film of a transparent conducting
material such as indium tin oxide (ITO), on a glass
substrate 6. The electrode is covered by an insulating
layer 8 to prevent arcing through the liquid crystal, and
an alignment layer 10, typically of polyimide, to orient
the liquid crystal molecules. Polarizing layers 12,
oriented perpendicular to one another, are applied to the
outside of the glass substrates so that transmitted light
is normally blocked.

When a voltage is applied to the electrodes, the
region of liquid crystal between the electrodes rotates
the plane of polarization so that light is transmitted
through the device in this region. The voltages are
applied from an external controller (not shown), which
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charges selected electrodes in the proper sequence to
form the desired alphanumeric characters.
There are several technical issues in the
fabrication process for flat panel displays. One issue
5 is the initial cleaning of the glass substrates, or of
the ITO layer prior to further processing. Present
cleaning methods use large quantities of solvents and
acids, which are costly to dispose of, and are unable to
clean all of the types of contamination which may
10 accumulate during shipping and storage of the plates.
Equipment for wet cleaning also tends to be large and
expensive.
Another issue is stripping photoresist from the
substrate following a photolithographic patterning step.
15 There are several methods for doing this, including
plasma ashing and solvent rinses. Current methods are
either costly due to chemical usage, or time consuming,
or both. Another issue is the curing of both the
polyimide alignment layer and the spin-on dielectric used
20 for insulation over the electrodes. Current methods
involve a time consuming and energy consuming oven bake
cycle.
The use of conventional lithography techniques for
patterning several of the device layers adds considerably
25 to the overall fabrication cost. For each layer that
must be patterned, photoresist must be applied and
prebaked, the pattern must be exposed, and the resist
developed and postbaked, and stripped after an etch
process. Each of these steps requires a costly piece of
30 capital equipment, and demands considerable space on the
production floor.
sSummary
In general, in one aspect, the invention features
processing a surface of a flat panel display substrate by
35 providing a moving fluid, including a reactant, and
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delivering pulsed radiation to the surface of the flat
substrate in the presence of the fluid, such that a
surface modification reaction takes place.

Implementations of the invention may include the
following features. The surface modification reaction
may include removal of material to clean the surface.
The surface may be glass or ITO. A thin layer of less
than 100 Angstroms of ITO may be removed. The material
to be removed may be particles or films, e.g., organic
films such as oil, or a contaminated layer of the
substrate. The surface modification reaction may include
cleaning the surface, curing a material, or patterning a
material. The radiation source may be an excimer laser.
The radiation source may be a solid state laser, such as
a frequency-multiplied Nd:YAG laser. The radiation
source may be a solid state laser. The radiation is
optically shaped into a blade, and relative motion is
induced between the optics and the surface to be
processed so that the blade scans the entire surface.
The blade may be used to cure or bake photoresist. The
intensity of a pulse of radiation at the surface to be
processed may be between 20 mJ/cm2 and 1000 mJ/cm2, in
the case of glass preferably between 200 mJ/cm2 and 1000
mJ/cm2, in the case of ITO preferably between 400 mJ/cm2
and 1500 mJ/cm2, in the case of photoresist preferably
between 100 mJ/cm2 and 800 mJ/cm2. The surface to . be
processed or the moving fluid may be heated. The surface
to be processed may be a spin-on dielectric which is
being cured. Then the intensity of a pulse of radiation
at the surface may be between 10 mJ/cm2 and 100 mJ/cm2.
The surface to be processed may include polyimide which
is being cured. Cleaning may be accomplished by removing
a fractional thickness of the indium tin oxide layer

containing contaminants.
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Patterning may be done using a mask to process in
selected areas only. The mask may be held within 10mm of
the surface, or more than 10 mm away. The flow of gas
may be provided above the mask, or between the mask and
the surface. The mask may be a scaled replica of the
pattern to be formed on the surface. The mask may have
one or more opaque objects which can be moved into and
out of the beam path. The surface to be patterned may be
a polyimide, and the flowing gas may then include an
oxidant.

The surface to be patterned may include a color
filter layer, and then the flowing gas may include an
oxidant, e.g., oxygen or ozone. The surface to be
patterned may be a planarization layer. The beam may be
split into two or more beams on the surface. The moving
fluid may be a liquid.

A sequence of surface modification processes may
be performed, and the process conditions may be changed
between one process and the next.

The advantages of the invention may include one or
more of the following. The surface processing has broad
applicability and may include: removal of photoresist;
removal of particles and organic contamination;
patterning (i.e. the removal from selected areas) of
various device layers such as ITO, polyimide and color
filters by the use of a mask; curing of polyimide and
spin-on dielectric; and removal of a thin contaminated
surface layer of the ITO to reveal a better quality
surface for further processing. Material to be removed
is ablated or otherwise activated by the radiation to
cause it to react with the flowing gas, leaving only
gaseous reaction products which are carried away by the
gas flow. Material to be modified in other ways, such as
curing, are activated by the radiation to effect or
accelerate the desired reaction, while any unwanted
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byproducts produced in the reaction, such as solvent
vapors, are reacted or otherwise removed by the gas flow.
The invention also offers opportunities for improvements
in the device and the fabrication process. For example,
the use of photoreactive surface processes in place of
high temperature processes can enable the use of plastic
substrates for the device, resulting in lower cost and
greater durability. Another opportunity lies in the
ability to replace costly and complex photolithographic
patterning steps with photoreactive surface processes
using stencil or projection masks, to dramatically reduce
the cost of patterning certain device layers.

Other advantages and features will become apparent
from the following description and from the claims.

Description

Figure 1 is a schematic cross section of a liquid
crystal display device.

Figure 2 illustrates the ablation and reaction
mechanism for removal of photoresist or organic
contaminants.

Figure 3 illustrates the optical formation of a
focused blade of light.

Figure 4 illustrates the scanning of the entire
substrate surface by the beam.

Figure 5 illustrates the scanning process, with a
stencil mask interposed between the beam and the surface.

Figure 6 illustrates the scanning process used to
clean a surface of particles and contaminant films.

Figure 7 illustrates the photoreactive curing of a
thin film, such as polyimide or spin-on dielectric, used
in a flat panel display.

Figure 8 illustrates a patterned removal process
where a stencil mask is held far enough from the surface
to permit a flow of gas between the mask and the surface.
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Figure 9 illustrates the use of a projection
shadow mask for patterned material removal.

Figure 10 illustrates the use of linear masks for
patterned material removal.

Figure 11 illustrates photoreactive surface
processing where a flowing liquid is used as the
reactant.

Figure 12 illustrates the removal of a
contaminated portion of the ITO layer from a flat panel
display substrate.

As shown generally in Figure 2, foreign material
20 on the surface of a workpiece 21 is processed to form
a reaction product 26, by the combination of providing a
directed flow of a fluid 24, including a reactant, in the
vicinity of the foreign material, and delivering a beam
of radiation 18 to aid the reactant to react with the
foreign material to form the reaction product. The beam
may be deep ultraviolet radiation in the wavelength range
from 155 nm to 405 nm. The source of the radiation may
be an excimer laser, for example a KrF excimer producing
radiation at 248 nm wavelength, or an ArF excimer
producing radiation at 193 nm wavelength. Alternatively
the source may be a solid state laser such as a
frequency-quadrupled Nd:YAG laser, producing radiation at
266 nm wavelength, a freguency-tripled Nd:YAG at 355 nm,
or a frequency-tripled Alexandrite laser producing
radiation with a tunable wavelength in the range 240 nm
to 266 nm. Other high intensity ultraviolet light source
may be used,such as a pulsed xenon lamp, or a high
pressure mercury vapor lamp. Other wavelengths of light
may be present in addition to the ultraviolet light. For
example, the beam from a frequency-multiplied Nd:YAG
laser may combine the light of the fundamental wavelength
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1064 nm and the second harmonic 532 nm along with the
fourth harmonic at 266 nm wavelength.

The reactant may be a gas flowing at a velocity
preferably between 20 mm/sec and 500 mm/sec. The gas may
include one or more members of the group of oxidants
consisting of oxygen, fluorine and chlorine, and
molecules containing oxygen, fluorine and chlorine. When
the foreign material includes organic material, the
reactant may include an oxidant and the beam may include
ultraviolet radiation.

The reactant may be a flowing liquid in which the
workpiece is immersed. For example, the material to be
removed may be spin-on dielectric, and the liquid may
include a chlorine-containing species such as HCl or
NaClo. As shown in Figure 11, the work surface 110 is
covered by a layer of flowing liquid 112, including a
reactant. The depth of this layer may be preferably
between 0.5 mm and 10 mm, and the velocity may be
preferably between 10 mm/sec and 500 mm/sec. The beam
112 is transmitted through the layer of flowing liquid to
the work surface, where it heats, ablates or otherwise
excites the foreign material 114 to react with the
liquid, forming reaction products 116 which are carried
off in the liquid flow.

In one example, a layer of spin-on dielectric was
stripped from a flat panel display substrate using
excimer laser pulses at 248 nm wavelength. The substrate
was immersed in a dilute solution of HCl (approximately
5% concentration) at a depth of 5 mm. The beam was
formed into a focused stripe with an energy of 4 mJ per
cm of length, pulsing at a rate of 100 Hz. The spin-on
dielectric was removed from glass substrate with a
patterned ITO layer, using a single pass at 1 mm/sec.

The resulting ITO surface was free of visible residue.
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As shown in Figure 3, the beam may be delivered by
receiving a source laser beam 28 and focusing the cross-
sectional size of the beam in one dimension by using a
converging cylindrical lens 34 and broadening the cross-
sectional size in the other dimension using a diverging
cylindrical lens 30 to form a narrow rectangular beam 38
at the surface to be processed. The size of the beam in
the broadened dimension may be at least as great as the
width of the substrate to be processed. Other optical
configurations may be used which can provide a similar
narrow rectangular beam. For example, reflecting
elements (i.e. cylindrical mirrors) may be used in place
of one or both of the lenses. A narrow rectangular beam
may also be obtained by using a converging spherical lens
in combination with a diverging cylindrical lens, a
diverging spherical lens in combination with a converging
cylindrical lens, or any of numerous other arrangements.

As shown in Figure 4, the entire surface of a flat
panel display substrate 40 may be scanned by placing it
on a linear translation stage or conveyor (not shown).
The stage or conveyor moves the substrate in the
direction 48 under the beam 42 while a flow of gas 44
containing a reactant is provided by a nozzle 46. The
outgoing gas flow 50 containing reaction products is
drawn through an exhaust duct (not shown) and conveyed to
a filter (not shown) which removes particles, reaction
products and other contaminants from the gas stream
before releasing or recirculating the gas. The gas may
be heated by heater 132 before being delivered to the
surface in order to improve the efficiency of the
reaction. The translation stage or conveyor may also
include a heating element (not shown) to raise the

temperature of the substrate, for the same purpose.
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As shown in Figure 6, the material to be removed
may be a particle 70, or a thin film 72 of grease or
other contaminant. The material to be removed may
alternatively be an applied film such as photoresist,
polyimide or a planarization layer.

In one example, a layer of polyimide approximately
250 nm thick was stripped using 248 nm wavelength light
pulses from a KrF excimer laser. The pulses were formed
into a focused stripe with an energy of 3 mJ per cm of
stripe length, and pulsed at a rate of 100 Hz. The
substrate was scanned under the beam using two passes at
a scan velocity of 4 mm/sec while a volume flow of oxygen
of 50 SCFH was maintained across the substrate surface.
In another example, a planarization layer approximately 1
micron thick was stripped using 248 nm wavelength light
pulses from a KrF excimer laser. The pulses were formed
into a focused stripe with an energy of 4 mJ per cm of
stripe length, and pulsed at a rate of 200 Hz. The
substrate was scanned under the beam at a velocity of 4
mm/sec, and 8 passes were used to strip the entire
thickness. A flow of oxygen of 50 SCFH was maintained
over the surface during scanning. These process
conditions were effective at stripping the planarization
layer without damaging the underlying ITO.

The material to be removed may include one or more
of the device layers, and the material may be removed
from selected areas only, leaving a patterned device
layer. Patterned removal may be accomplished using a
stencil mask in contact or close proximity with the
surface, as illustrated in Figure 5. A stencil mask 54
is interposed between the beam 60 and the substrate 52.
As the substrate and mask are conveyed together in
direction 56, the beam and the flowing gas 64 remove
material from areas 68 of the substrate which lie
directly beneath open areas of the mask. In the figure,
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one such open region is beneath the beam, which has
ablated a portion of the layer 58 to form a cloud 62
which reacts with the flowing gas 64 to form reaction
products 66. More than one pulse may be needed to remove
all of the material from an open region.

In one example of patterning, a layer of polyimide
approximately 250 nm thick was patterned using 248 nm
wavelength light pulses from a KrF excimer laser. The
pulses were formed into a focused stripe with an energy
of 3 mJ per cm of stripe length, and pulsed at a rate of
100 Hz. A single scan at a velocity of 4 mm/sec was
performed with a metal stencil mask held about 0.5 mm
above the surface, and a volume flow of oxygen of 50 SCFH
was maintained across the surface.

As shown in Figure 8, the stencil mask 90 may be
held at a sufficient height above the work surface 92 to
permit a flow of gas 94 or liquid between the mask and
the surface to react with the ablated material 96. The
stencil mask may be held at a height above the surface
preferably between 0.5 and 10 mm.

Patterned removal may alternatively be
accomplished by the use of a projection shadow mask as
illustrated in Figure 9. The shadow mask 98 may be
placed between the beam forming optics 100 and the work
surface 102, as shown in the figure. Alternatively the
shadow mask may be placed in other locations along the
beam path. The shadow mask includes areas transparent to
the beam and areas opague to the beam. The opaque areas
may preferably be formed from a thin film of a material
resistant to ablation, such as copper or aluminum. The
pattern of transparent and opaque areas on the mask may
be a scaled version of the desired pattern on the work
surface, and linear motion may be induced between the
mask and the beam which is synchronized with the motion
of the flat panel display substrate. The scale factor
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for the mask pattern along the long dimension of the beam
may be different from the scale factor along the short
dimension.

As shown in Figure 10, patterned removal may
alternatively be accomplished by the use of one or more
linear masks 106 which may be moved in and out of the
beam 108 as the substrate is scanned under the beam. A
linear mask, as shown in the insert in figure 10, is a
comb-shaped object consisting of a bar approximately the
same length as the beam, and projections which block
portions of the beam. By positioning such a linear mask,
the material to be removed may be removed along the
entire width of the beam (retracted mask), or removed
from selected areas (mask extended into beam). A linear
mask may include more than one pattern, so that the
pattern of material removal may be changed according to
the position of the mask. Linear masks may be an
efficient patterning method for layers with highly
repetitive patterns, such as color filters.

Photoreactive processing may also be used to cure
thin films of materials such as polyimide, photoresist
and spin-on dielectrics. Curing does not remove the film
but changes its properties by causing chemical reactions
within the layer, typically cross-linking of a polymer.
As shown in Figure 7, a film 78 of material to be cured
on a substrate 74, is conveyed in direction 76 beneath a
beam 60 in the presence of flowing gas 64. The beam
initiates chemical reactions in the illuminated portion
80 of the film, resulting in a film 82 with changed
physical and chemical properties. Some species 84, such
as water vapor, organic solvents and other organic
molecules, may be ejected from the surface during this
process, and are carried off by the outgoing gas flow 66.

Photoreactive surface processing may be used to
remove a fraction of the thickness of the ITO conductor
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layer, as shown in Figure 12. This may be useful in
preparing the substrate for further processing steps in
cases where a portion of the ITO layer is contaminated.
The beam 120 is formed in such a way that a pulse has
insufficient intensity to remove the entire ITO layer
122. The flowing gas 124 (alternatively, a liquid may be
used) contains species such as hydrogen, chlorine or
fluorine, or molecules containing hydrogen, chlorine or
fluorine, which will react with the ITO layer where it is
illuminated by the beam. As the substrate is scanned
under the beam, the contaminated portion 126 of the ITO
layer is removed, leaving a clean surface 128 for further
processing.

Other embodiments are within the scope of the
following claims.

what is claimed is:
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Clajms

1. A method for processing a surface of a flat
panel display substrate comprising

providing a moving fluid, including a reactant,
and

delivering pulsed radiation to the surface of the
flat substrate in the presence of the fluid, such that a
surface modification reaction takes place.

2. The method of claim 1 wherein the surface
modification reaction comprises removal of material to
clean the surface.

3. The method of claim 2 wherein the surface
comprises glass.

4. The method of claim 2 wherein the surface
comprises ITO.

5. The method of claim 2 wherein the material
being removed comprises particles.

6. The method of claim 2 wherein the material
being removed comprises films.

7. The method of claim 2 wherein the material
being removed comprises a contaminated layer of the
substrate.

8. The method of claim 1 wherein the surface
modification reaction comprises curing a material.

9. The method of claim 1 wherein the surface
modification comprises patterning a material.

10. The method of claim 1 wherein the radiation is
in the wavelength range 150 nm to 405 nm.

11. The method of in claim 2 wherein the radiation
source comprises an excimer laser.

12. The method of claim 11 wherein the radiation
source comprises a solid state laser, such as a
frequency-multiplied Nd:YAG laser.
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13. The method of claim 11 wherein the radiation
is optically shaped into a blade, and relative motion is
induced between the optics and the surface to be
processed so that the blade scans the entire surface.

14. The method of claim 8 wherein the blade of
radiation is used to cure or bake photoresist.

15. The method of claim 10 wherein the intensity
of a pulse of radiation at the surface to be processed is
between 20 mJ/cm2 and 1000 mJ/cm2.

16. The method of claim 1 wherein the surface to
be processed or the moving fluid is heated.

17. The method of claim 1 wherein the surface to
be processed comprises spin-on dielectric and the process
comprises curing.

18. The method of claim 17 wherein the intensity
of a pulse of radiation at the surface is between 10
mJ/cm2 and 100 mJ/cm2.

19. The method of claim 1 wherein the surface to
be processed comprises polyimide and the process
comprises curing.

20. The method of claim 19 wherein the intensity
of a pulse of radiation at the surface is between 10
mJ/cm2 and 100 mJ/cm2.

21. The method of claim 1 wherein the surface to
be cleaned comprises glass.

22. The method of claim 21 wherein the reactant
includes an oxidant and the beam is ultraviolet light
with wavelength between 150 and 405 nm.

23. The method of claim 1 wherein the surface to
be cleaned comprises indium tin oxide.

24. The method of claim 23 wherein cleaning is
accomplished by removing a fractional thickness of the
indium tin oxide layer containing contaminants.
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25. The method of claim 14 wherein the beam
comprises ultraviolet light with wavelength between 150

nm and 405 nm.
26. The method of claim 1 wherein the surface is

patterned by the use of a mask to process in selected

areas only.
27. The method of claim 26 wherein the mask is

held within 10mm of the surface.

28. The method of claim 27 wherein a flow of gas
is provided above the mask. '

29. The method of claim 27 wherein a flow of gas
is provided between the mask and the surface.

30. The method of claim 26 wherein the mask is
located more than 10 mm from the surface.

31. The method of claim 30 wherein the mask
comprises a scaled replica of the pattern to be formed on
the surface.

32. The method of claim 26 wherein the mask
comprises one or more opaque objects which can be moved
into and out of the beam path.

33. The method of claim 26 wherein the surface to
be patterned comprises indium tin oxide.

34. The method of claim 26 wherein the surface to
be patterned comprises polyimide, and the flowing gas
includes an oxidant.

35. The method of claim 26 wherein the surface to
be patterned comprises a color filter layer, and the
flowing gas includes an oxidant.

36. The method of claim 26 wherein the surface to
be patterned comprises a planarization layer.

37. The method of claim 1 wherein the beam is
split into two or more beams on the surface.

38. The method of claim 1 wherein the moving

fluid comprises a liquid.
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39. A method for cleaning a glass or ITO surface
of a flat panel substrate comprising

delivering pulsed radiation to the glass or ITO
surface to cause a modification reaction with particles,
films, or contaminated layers on the surface to produce a
reaction product, and

removing the reaction product.

40. A method for cleaning polyimide, photoresist,
or spin-on dielectric from the surface of a flat panel
display substrate comprising '

delivering pulsed radiation to the surface to
cause a modification reaction with the polyimide,
photoresist, or spin-on dielectric to produce a reaction
product, and

removing the reaction product.

41. A method for patterning an ITO, polyimide,
color filter, or planarization layer on a flat panel
display substrate comprising

providing a moving fluid, including a reactant,
and

delivering a pattern of pulsed radiation to the
layer through a mask in the presence of the fluid, such
that a surface modification reaction takes place.
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