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Abstract

Patterning the Black Matrix (BM) layer in an LCD typially
employs wet-etch lithography. This paper
alternative laser-based patterning technique calledssist

Liquid™. This technique meets rigorous customer targetsdan

may offer a more cost effective solution for LCD mafacture.

1. Introduction

Liquid Crystal Displays (LCDs) represent the most elyd
manufactured form of Flat Panel Display (FPD) ire tivorld

today. This market is extremely price sensitive aochpetition is
fierce. In an attempt to reduce costs, manufacucentinue to
maintain an interest in new technology to gain adl®n their
competition. In recent years the use of laser teldyy has been
increasing in the manufacture of FPDs — notablg eeplacement
for wet-etch lithography to pattern indium tin ogidITO) thin

films on the glass superstrates of Plasma DisptmeRR [1].

In this paper the authors describe a new laserdbgsghnique
which allows the direct patterning of the Black Mbatresin used
as a contrast enhancer between the RGB pixels irCéh This

technique combines Rapid Laser Pattering (RLP) witater jet
that acts to enhance the process quality. It salkesproblems
experienced in previous attempts at laser proogssih this

material, namely edge taper, feature variationduesand debris.
This technique has the potential to displace wet-dthography
for this process by offering cost advantages okieribhcumbent
technology — reducing process steps and chemicas$.clt could
also compliment inkjet technology for printing tieelour filter

(CF) components, providing accurate features intechvthe CF
could be printed.

A Black Matrix layer is commonly included within theolour
filter that is incorporated into modern LCD displays simplified
schematic cross-section diagram of a typical LCDshswn in
Figure 1 [2]. The TFT glass contains thin filmrséstors, ITO
electrodes, and signal lines. The liquid crystahrot be
controlled above signal track and transistors,@onally the light
would pass through reducing overall contrast ofdisplay. The
function of the BM layer is to prevent light leakapetween
pixels and therefore improve the contrast of thepldy. In
addition BM can act as a boundary to aid ink jettomg of colour
filter cells.

1.1 Existing technologies

The most common technology for producing black mas wet-
etch lithography. Photolithography is a multi st@pcess: spin
coat, solvent bake, expose, develop and cure. a&kbmatrix
material is a photoresist itself, so the numbesteps is reduced
[3,4]. However, some of those steps will involveemicals,
which pose an environmental risk. On the otherdhas LCD
panels become larger and contain smaller feataogsistency of
chemical processes can be an issue which can rgikeide An
alternative technique that can reduce the numbepraifess steps,
the use of consumables, and at the same time Allfiprocess
requirements could significantly lower productioosts. Some
most important requirements are shown in Table 1.
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Fig. 1. Simplified cross-section diagram of a TFT LCD
display. BM-black matrix tracks are between all colar
filter cells.

Parameter Target

— Fum

Best possible

Edge Resolution (Taper)

Edge Straightness

Residue 98% optical

transmission vs. glass

Table 1. Important requirements for black matrix patterning.

2. Alternative laser based technology

An alternative method of producing black matrixdisect laser
patterning. The main advantages of this methodreeeduction
of number of manufacturing steps, as shown in &grand a
reduction in the use of consumable chemicals. Laséterning
also offers high flexibility, high vyield and scality but
historically there are some problems: edge definjtresidue and
process repeatability. This paper describes theg@tions of
rapid laser patterning (RLP) of black matrix resid ahows how
these issues can be addressed.
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Fig. 2. Processing steps for novel laser process.



3. Experimental setup

The system consists of a high power DPSS lasem lasdivery
optics, and galvanometric scanner as shown in digdr All
substrates are LCD grade glass 0.8 mm thick withmlthick
black matrix resin. The laser used is a Starlaé¥ Avhich
features high peak power, high average power napose
duration pulses. At 6 kHz repetition rate the otifpuise energy is
53 mJ with pulse duration of 35 ns. The Starlasge of lasers is
manufactured exclusively by Powerlase Ltd, UK. Tdmer beam
is attenuated externally using a proprietary Poagerlunit. The
beam is homogenized by a beam shaper unit which
manufactured by LIMO GmbH.

The homogenized beam illuminates a rectangular teask
0.4 mm x 1.2 mm. This mask plane is relayed tcsthsstrate and
demagnified using an f-theta 163 mm focal lengtanstens. A
HurryScan 25 galvanometric scanner manufacturedSognlab
GmbH is used to scan the beam across the sample.theA
workpiece, the beam shape is 90 um x 290 pm.

The laser processing results were assessed uslikpa LM1500
optical microscope fitted with a 12 Mega pixel camehat
delivered images into Lucia G software. This saftsvallows
microscopic measurements to be made against a Nikidrated
standard.
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Fig. 3. Processing steps for novel laser process.

4. Results and discussion

Several methods of laser based BM patterning arsidered,
including top ablation, through glass ablation jdaypd through
glass with water jet. These tests demonstrate togrgssion

towards Assist Liquil" in terms of quality and throughput. These

three methods are illustrated in Figure 4.

4.1 Top Ablation

The black matrix is ablated using the conventidaskr based
method where the laser beam irradiates the uppdacsuof a

coating. This is a well known technique and isdufee other thin

film processes [1]. Good single pulse ablatiomesebn the melt
and vaporisation of the whole thickness of the fikithin the

pulse duration, and this can be achieved in the tizat the film

thickness is less than the optical absorption dejiththe case of
black matrix resin the film thickness is severaids greater than
optical absorption depth which means that all laseergy is

absorbed only in the top layer of the coating. rémove the
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complete BM layer, the pulse energy must be highughoto
transfer energy to the rest of the coating throupkrmal
conduction or other non-optical processes. Thermaérgy
transfer within the BM layer is an isotropic progeskich means
that there will be an even spread of energy bothnsdards and
sideways which reduces resolution of material atatand
produces ragged edges.

Top ablation
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glass—
air
Through glass
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glass—
air BM

Through glass
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/_ITBM
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Fig. 4. Three laser

methods for BM

investigated patterning

Generally the shape of the edge of the removed riahte
corresponds to the profile of the laser beam. @lgh at the
mask the edges are very sharp, the image aftep@cabsystem
(projection lens) becomes blurred. The beam mrafdge width
is comparable to the optical resolution of thisjgection system:

I
d= 0.6-NA

Where NA is numerical aperture of projection systemd| is
wavelength of 1.064 pm.

The NA is defined as:
NA = sin(Q)

Whereq is acceptance half-angle. NA is a ratio of lepsrture
and working distance. For the experimental systdra, optical
resolution is ~ 8 um, and test results show an eddth of that
order which is insufficient for a LCD production.h& edge width
can be improved marginally by using multi-pulseatioh where
the fluence of each pulse is only slightly abovkatitn threshold.
However, as the number of pulses increases, theegsdecomes
more difficult to control, because super-positigniof multiple
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pulses in the same place must be achieved withddghracy.

A further disadvantage of this process is residdaporized
material is partially deposited back onto the imabetd zone and
surrounding area. For multi-pulse ablation thédigs is removed
with successive pulses but not from the remaining Batks.
This deposit is lightly attached to the originakhting, and if not
cleaned it can contaminate the substrate at a &tgre. The
effect of redeposition of ablated material can bartiglly
minimized by using compressed gas to blow the fuavesy, and
employing fume extraction system. However, during
experimental trials the authors did not succeegripducing a
clean surface using these methods. During theals ttie fluence
range for this process was 1.0-5.5 J/éon each pulse, and tests
involved either 1 or 2 pulses per pixel.

Figure 5 shows the best results obtained usingntigihod. The
process repeatability is good and edges are strdigh they are
relatively wide: ~5 um and ~4 um for single and lleupulse
ablation respectively and there is evidence ofifigmt residue.

Fig. 5. Left - Top Ablation, single pulse at
5.5J/cnf, right - top Ablation, two pulses at
3.0J/cnf each

4.2 Through Glass Ablation — Dry Method

A different ablation technique is where the lasearh irradiates
the BM coating through the glass [5]. The main atighce
between this method and top ablation is that émergy is

absorbed at the glass-coating interface. In thée ¢he BM layer
removal mechanism is different, since the lasergneauses
vaporization of the BM resin at the interface, cagsrapid

pressure build up which enables explosive ejectibrihe BM

material. A clear benefit of this method is thag #dge taper is
much smaller, which gives an improvement of theoltg®n of

the patterning. However, the explosive removal ra@m is

variable and therefore the edges of the BM are dhgdegure 6
shows one of the best results obtained using tbtbadl.

100 pm

Fig. 6. Through glass ablation, dry method, 1.0J/cfm

5.2  Through Glass - Assist Liquid"

A variation of the above method is when a waterigetised in

conjunction with the laser beam beneath the substiaserves to
remove debris and ensure consistent material relmdkia water

jet is produced by a small water pump with a 1 miameter

circular nozzle. The water pressure is about &r4 &nd the flow
rate 0.4 litres/minute. The nozzle is positioneder the sample
at ~ 10 angle to the surface. The water jet after hittthg

sample flows on the surface as a uniform film. HEstimated
water film velocity was 2 metres/second.

The energy requirements are similar as for the ipuosily

described method: the ablation threshold is at 8®duJ/cm, and

consistent and repeatable results are achievedalchi. The

operating window in terms of fluence is relativdgrge, so
process control should not pose significant proklémthis area.
An example of patterned BM is shown in figure 7.0&® be seen
in the figure the patterned BM has sharply definddes (good
resolution), straight edges, high contrast and wmwmeace of
residue. The patterned BM in question is on a gitt wixel size

of 290x90um on a 300x100pum pitch. The line width@gtm.

Top lllumination Rear lllumination

sl 4:_-§

Fig. 7. Through Glass, Assist Liquid", 1.0J/cnf



6. Comparison with Customer Targets
Measurements were taken using a calibrated micpesdor a
statistically significant number of pixels. Strafigbss is assessed
by digitising a microscope picture, extracting #uge profile, and
performing statistical analysis over the full lemgif the long
edge. Table 2 compares customer targets with asthiessults.
The edge resolution and straightness results shagraficant
improvement over other laser patterning methodschvigixceed
the customer target.

Figure 8 shows the visible transmission spectruneézh of the 3
laser processing methods. For the Assist Lilliithethod the
transmission is greater than 90% across the visiplectrum
compared to uncoated glass, and as such does eobtcosomer
specification. However when compared to the trassion at the
RGB wavelengths for a populated LCD colour filter Bsven in
figure 9, it is clear that transmission is 10-20Béager — allowing
for some attenuation by the colour filter. Whictgbéhe question
is >90% transmission fit for purpose?

Customer Target Assist Liquid™

Edge Resolution

(taper) <1lm 0.6 m
Edge . +0.6 m (std. dev.
Straightness Best possible over 290 m)
5 -
Residue 98% optical > 90%

transmission vs glass|

Table 2. Comparison between customer targets and
Assist Liquid™ technique
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Fig. 8. Visible transmission spectrum of the three
laser techniques (Note that the reference level of
100% is the transmission of bare glass).

49.2 | P. M. Harrison

100

80 4

60 -

40 4

transmission %

20 +

0 7 ;
400 500 600 700

wavelength [nm]

Fig. 9.RGB transmission for a sample LCD

7 Conclusions

This work presents a potential alternative to tBe of wet-etch
lithography for patterning BM. The Assist Liquitilaser process
is a non-chemical technique offering possible sasings as well
as implicit environmental benefits. In combinatiaith inkjet it
could offer a path to replacing lithographic teclogy for the
manufacture of colour filters.

There are a number of advantages of using thisodether wet-
etch techniques which include :

it is a high quality process
it is an energy efficient process
it has the potential for high speed processing

it is more environmentally friendly than alternativ
technologies.
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