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METHOD OF CLEARING ELECTRICAL
CONTACT PADS IN THIN FILM SEALED
OLED DEVICES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of U.S. Provisional
Application 60/583,158, filed 26 Jun. 2004.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMEN'T

Not Applicable

REFERENCE TO A “*SEQUENCE LISTING™, A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON COMPACT DISC

Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention 1s 1n the field of manufacturing and provid-
ing OLED devices and similarly fabricated devices.

The present invention relates to making OLED devices on
a substrate. More specifically, 1t relates to making OLED
device on substrate, which may be silicon or other suitable
substrate, 1 part by using an ablation techmique to clear
clectrical contact pads.

2. Description of Prior Art Including Information Dis-
closed Under 37 CFR 1.97 and 1.98

The applicant 1s presently unaware of any such prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing layers of a device 1n accor-
dance with the present invention.

FIG. 2 1s a diagram of the device of FIG. 1, with incident
UV laser light, 1n accordance with the present invention.

FI1G. 3 1s a diagram 1llustrating an alternative to that illus-
trated 1n FIGS. 1 & 2.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

As1s well-known to those of ordinary skill in the art, 1n thin
film sealed OLED devices, good electrical contact must be
made with the electrical contact pads, e.g. wire bond pads.
Such pads are typically covered by the thin film seal materi-
als, thus impeding electrical contact; this occurs because
these materials are laid down as blanket films. It would be
desirable to open up/expose (“clean’) these electrical contact
pads for proper electrical connection.

OLED devices sealed with thin film seal material are typi-
cally covered with that material through the device, including
its electrical contact pads; this impedes electrical contact. In
active matrix OLEDs these contact pads are actually the wire
bond pads and are typically made of aluminum, which 1s
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vulnerable to attack by most chemicals, such as those which
would be used 1n a liquid etching (cleaning) of the wire bond
pads.

It 1s desirable to clean the wire bond pads via a single step
dry process, preferably by using a directed energy source, e.g.
a laser, such as an excimer laser.

The device in question typically comprises a laminar struc-
ture, with a thin film seal containing layers of inorganic and/or
organic materials, typically deposited 1in blanket unpatterned
form and covering the wire bond pads.

In accordance with the present method, no acid etch 1s
needed, and the cleaming of the wire bond pads 1s accom-
plished via a dry process without the use of wet chemicals.
The process comprises the following steps:

1. Prior to OLED deposition a photolithography patterning,
process 1s performed to selectively put photoresist over
only the wire bond pads and nowhere else (See FIG. 1).

2. OLED deposition 1s carried out in the usual fashion, 1n
any one of the many manners known to those of ordinary
skill 1n the relevant art. (See FIG. 1). An example would
be high vacuum evaporation method for small molecule.

3. The deposition of one or more thin film encapsulation
layers 1s made over the entire wafer surface. The thin
film encapsulation layer (which may comprise metal
oxides, or nitrides, deposited by a method such as ALD)
should most preferably suifficiently adhere to the photo-
resist surface covering the wire bond pad, so that the thin
film encapsulation layer over the photoresist 1s strong,
enough to undergo subsequent processing without fur-
ther damage to the entire structure.

4. Patterning of color filters 1s next performed, via a pho-
tolithography process which 1s carried out one layer at a
time, usually for at least R, G and B layers, and some-
times for an additional black layer which puts black
between the color pixels. (This step 1s more fully
described i U.S. patent application Ser. Nos. 09/860,
155 and 09/784,3°78, which are commonly owned with
the present application and which are hereby 1ncorpo-
rated by reference.)

5. Deposition of any additional protection layers may then
be made, n a manner similar to that previously
described, 11 additional protection 1s desired. (See FIG.
1)

6. Laser ablation process 1s executed (see FIG. 2), a process
which comprises providing an incident beam of directed
energy radiation to an area at least equal to, and prefer-
ably larger than, the area of the wire bond pad to be
cleaned. Typically, the wire bond pad has over it a pho-
toresist layer which 1s covered by layers comprising a
protective polymer layer (e.g. parylene), which 1s cov-
ered by a layer or layers comprising an imnorganic mate-
rial, e.g. an oxide such as S10,., or a suitable nitride or
other material. (Hereinaiter the inorganic material may
sometimes be referred to simply as an oxide, for exem-
plary purposes, 1t being understood that an oxide 1s but
one example of a suitable material. Similarly, hereinai-
ter the protective polymer layer may sometimes be
referred to simply as parylene, it being understood that
parylene 1s but one example of a suitable material. Typi-
cally, the incident beam will pass transparently through
the 1norganic layer, then will be absorbed by parylene,
which will absorb energy from the beam, and then
ablate, “blasting off”” the layer of parylene and any layer
above 1t. The next pulse of the laser will reach the pho-
toresist and be absorbed by it, which will absorb energy
from the beam, and then ablate, “blasting off” the layer
of photoresist and exposing the thereby removing the
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parylene, and finally absorbed strongly by the photore-
s1st, which 1s caused to undergo a mini-explosion which
“blows oif” from the wire bond pad both the photoresist
and the ALD film—Ileaving only the exposed wire bond
pad. The wavelength of the laser used for ablation can be
193 nm, 248 nm, 308 nm, 1.¢. any of the excimer laser
wavelengths. Ablating a single layer may require on the
order of 5 to 100 pulses of the laser. The fluence used for
a laser ablation process can be very high (e.g. typically
0.25 to 2.0 Joules per square centimeter.

In an alternative to the above (see FIG. 3), the wire bonds
may not be protected by a photoresist pattern, and during
OLED deposition the organic layers can be shadow masked 1n
such a way that 1n addition to the active areas receirving the
organic layers the wire bond pads can also receive the layers.
In this alternative, the wire bond pads receive patterned
organic material over which the thin film seal layers will be
laid down and laser ablation can remove all the layers (includ-
ing the OLED organic layers). Note that while this alternative
process 15 desirable inasmuch as it eliminates one photoli-
thography step, it requires a high precision shadow mask for
the wire bond openings (about 75 microns holes).

It should be noted 1n connection with this process that
damage can result due to the proximity of the ESD protection
diodes 1n the silicon to the wire bond pads (about 10 microme-
ters from the edge of the pad). This proximity can create the
possibility for a problem since the fluence used for a laser
ablation process can be very high (e.g. typically 0.25 to 2.0
Joules per square centimeter), and can permanently damage
the diodes. Theretfore, a metal pad may, at (or near) the same
process step as the anode metal, be positioned such that 1t 1s
essentially underlying the entire structure, which 1s especially
important below the wire bond pads, to block the laser light
from penetrating into the silicon devices.

What is claimed 1s:

1. A process of cleaning wire bond pads associated with
OLED devices formed on a substrate using a shadow mask
wherein the shadow mask has openings adapted to align with
e active matrix display region and the wire bond pad region,
ne method comprising the steps of (a) depositing a conduc-
tive layer on a substrate; (b) placing the shadow mask over the
conductive layer; (¢) depositing an organic material layer on
the conductive layer through the openings 1n the shadow mask
to form an OLED pattern on the conductive layer 1n the active
matrix display region and cover the wire bond pad region; (d)
removing the shadow mask; forming a thin film encapsulation
layer over substantially the entire surface of the wafer; and
applying a laser beam to the wire bond pad region of the water
so as to remove the organic material and all layers above same
to expose the wire bond pads.

2. The process of claim 1, further comprising forming one
or movre additional thin film encapsulation layers over the
organic material layer.

3. The process of claim 2, wherein the one or move addi-
tional thin film encapsulation layvers comprise at least one
layer composed of inorganic material.

4. The process of claim 2, wherein the one of more addi-
tional thin film encapsulation layvers comprise at least one
layver composed of organic material.

5. The process of claim 2, wherein the one or more addi-
tional thin film encapsulation layers comprise a first polymer
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laver, a second polymer laver, and a layer of inorganic mate-
rial disposed between the first polvmer layer and the second

polymer layer.

6. A process of cleaning wire bond pads associated with
OLED devices formed on a substrate using a shadow mask
wherein the shadow mask has openings adapted to align with
the active matrix display vegion and the wirve bond pad region,
the process comprising:

depositing a conductive layer on a substrate;
placing the shadow mask over the conductive layer;

depositing an ovganic material layver on the conductive
laver through the openings in the shadow mask to cover
the active matvix display region and the wire bond pad
region,

removing the shadow mask;

forming one ov movre encapsulation layers over substan-
tially the entire surface of the wafer; and

applving a laser beam to the wire bond pad region of the
wafer so as to remove the ovganic material and all layers
above same to expose the wire bond pads.

7. The process of claim 6, wherein the one or more encap-
sulation lavers comprises one ov move thin film encapsulation
layers.

8. The process of claim 7, whervein the one or morve thin film
encapsulation layers comprise at least one layer composed of
inorganic material.

9. The process of claim 7, whevein the one of more thin film
encapsulation layers comprise at least one layer composed of
organic material.

10. The process of claim 6, wherein the one or more encap-
sulation layers comprise a first polyvmer layer, a second poly-
mer layer, and a layer of inovganic material disposed between
the first polyvmer laver and the second polymer layer.

11. A process for forming an OLED device, the process
COmprising.

forming a conductive layer over a substrate, the conductive
laver comprising a wirve bond pad region and an active
matrix display vegion;

positioning a shadow mask over the conductive layer, the
shadow mask having first opening and a second open-
ing, the first opening corresponding to the wire bond pad

region and the second opening corresponding to the
active display matrix region;

depositing an ovganic matevial through the first and second
openings of the shadow mask to form an ovganic mate-
rial layer over the wire bond pad region and the active
matrix display vegion;

forming one or more layers over the orvganic material
layer; and

applving a divected energy source to the wive bond pad
vegion to remove the organic material layer and all
layvers above the organic material laver:

12. The process of claim 11, wherein the one or more
encapsulation layers comprises one ov move thin film encap-
sulation layers.
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