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1 | OBJECTIVE AND BACKGROUND

MicroLEDs have great potential for future displays. High
dynamic range, brightness, and low power consumption
are a few of the potential benefits. Because the technology
is still relatively new, current best practices are to
make microLED tiles and then assemble the tiles into
large displays." To achieve high-resolution displays with
small pixel pitches, bezel-free operation is required. While
through glass vias (TGVs) can be used to connect the
microLEDs to the drive electronics,” wrap-around elec-
trodes are another method to complete the electrical con-
nection. Although Corning has developed TGV panel
making technology, the focus of this paper is on technol-
ogy developed to provide bezel-free wrap-around elec-
trodes on Corning Lotus™ NXT glass tiles. Corning
Lotus™ NXT glass has excellent dimensional stability,
thermal stability, and surface quality to enable MicroLED
displays. The low total pitch variation and thickness vari-
ations along with the stable dimensions at high tempera-
ture oxide/LTPS TFT processes enables high resolution
TFTs.

The objective is to create tiles with wrap-around elec-
trodes as shown in Figure 1, which is an illustration that
consists of two tiles that are in close proximity so that there
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The authors have developed a process to create wrap-around electrodes
(WAES) on glass for use in tiled microLED display applications. The electrodes
have small size and spacing, low resistance, and good reliability. In addition,
an opaque overcoat protects the edges of the tiles and reduces seam visibility.
These electrodes allow bezel-free tiled operation for high-resolution displays.

bezel-free, MicroLED, seamless display, tiled display, wrap-around electrode

is no change in pixel pitch from one tile to another. Key
features of these tiles are that the edges have small, slightly
curved chamfers, and a thin metallic electrode provides
connection from the front surface to back surface. The
chamfered edges increase the edge strength of the tiles and
improves the continuity of the metal electrodes. In addi-
tion, the electrodes are covered with an opaque
overcoating that provides both protection of the electrodes
from mechanical/contact damage and electrical insulation
between adjacent tiles. The opaque overcoat also reduces
reflections from the tile edges and make the seams less vis-
ible. The tiles also have very tight dimensional tolerances
for length, width, squareness, and uniformity of the curved
chamfer required for tiling of larger displays.

We have developed a process to create glass tiles
with wrap-around electrodes from large sheets of glass
as shown in Figure 2. First, large panels of patterned
glass are singulated into tiles with high precision and
dimensional accuracy. The tiles are edge finished to
provide a slightly curved chamfer and remove any chips
from the singulation step. Subsequently, metallic elec-
trodes are deposited around the edge of the tiles. Finally,
an opaque edge coating is applied to the edges to protect the
electrodes and provide electrical insulation between adja-
cent tiles.
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FIGURE 1 Cross sectional schematic of a MicroLED tile with a wrap-around electrode
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FIGURE 3 Typical edge finishing profiles for singulation and
edge finishing
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FIGURE 2 Process used to fabricate tiles with wrap-around
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TABLE 1 Singulation and edge finishing capability B mm
Key parameter

Side straightness +0.6 pm g | F ro nt s u rfa Ce

Side perpendicularity 90° + 0.006°

Dimension tolerance +3 pm
FIGURE 4 Fifty micron wrap-around electrodes with

Clhyzmiisr ol 7 J1im £8 8 1T 50 micron spacing on 0.5-mm-thick NXT glass
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2 | RESULTS
2.1 | Singulation and edge finishing

We have developed equipment and processes to singulate
and edge finish large sheets of patterned glass. Typical
panel sizes are around 300 x 400 mm, and tile sizes range
from 100 to 300 mm. The edge accuracy and precision in
singulation are on the order of 10 microns, and the cham-
fer tolerances are typically <60 microns. Control of the
chip size is also critical to enable continuity of the elec-
trodes that wrap around the edge of the glass. The cur-
rent 1 sigma capability is summarized in Table 1, with
typical edge profiles shown in Figure 3.

2.2 | Electrode deposition

The electrode deposition process creates electrodes that
can range from 100 microns wide with 100 micron spac-
ing down to 20 microns wide with 20 micron spacing.
The thickness of the deposited electrodes can range from
1 to 10 microns. The deposited electrodes consist of typi-
cal metals; silver, copper or gold, custom developed inks.
Sheet resistance of 0.02 ©/[] can be achieved. Figure 4
shows a typical wrap around electrode. In addition, the
contact resistance between the electrodes and metallic
contact pads has been characterized. The line pad struc-
ture is shown in Figure 5. Results have been obtained
using 4-point probe Kelvin resistance measurement
method. Contact resistance for gold is 0.06 Q.

FIGURE 5 Metal lines printed on gold pads. Kelvin probe
measurements on pads and lines yield contact resistance

Various reliability tests of the electrodes have also
been performed. As can be seen from Figure 6, cross
hatch adhesion testing of a 5 micron thick layer of the
electrode material to glass resulted in a value of 5B°. In
addition, a modified cross hatch test was performed on
the electrodes. Lines that are nominally 50 microns wide,
with 100 micron spacing, were deposited on the glass sur-
face and then the crosshatch was performed perpendicu-
lar to the lines. The same tape used in the ASTM
standard was then applied and removed. The resulting
image of the test is shown in Figure 7, demonstrating
excellent adhesion. Additionally, the electrodes have
been exposed to accelerated lifetime testing of 1000 h at

FIGURE 6
thick layer of electrode ink

5B adhesion from crosshatch test for 5-micron-

FIGURE 7 “5B” like adhesion for modified cross hatch test on
50-micron-wide electrodes
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85°C/85% relative humidity with no degradation in elec-
trical performance. Finally, the electrodes have been sub-
jected to high current at elevated temperatures (300 mA
at 85°C) with no permanent change in electrical proper-
ties. Table 2 summarizes the electrical performance.

2.3 | Edge coating

The final process step is to provide an opaque edge coat-
ing to protect the electrodes from impact damage and
provide electrical insulation between adjacent tiles. In
addition, making the edge black helps hide the seam of
the tile by managing light reflections. Typical example of
the edge coating is shown in Figure 8, and the perfor-
mance of the edge coating is summarized in Table 3. The
coating has 5B adhesion as shown by cross hatch mea-
surement in Figure 9.

2.4 | TFT performance

Functioning LTPS TFTs driven by wrap-around electrodes
have also been fabricated. Samples were made with TFTs
positioned 125 microns from a finished edge. Wrap-around

TABLE 2  Summary of electrode performance
Key parameter
Sheet resistance 0.02 Q/]
Contact resistance with gold 0.06 Q
Change in resistance after 1000 h of 85C/85%RH 0.2+ 1%
Change in resistance after 300-mA cycle 0%

Edge Coating

Surface wiﬁSOpm electrodes

FIGURE 8 Edge-coated 50 micron wrap-around electrode
with measurement pads

PASTEL ET AL.
TABLE 3  Edge coating performance
Key parameter
Coating thickness (pm) 4
Surface overlap (um) 60 + 25
Optical density 23+0.1
Crosshatch adhesion 5B

FIGURE 9 5B cross hatch result for black edge coating material
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FIGURE 10 LTPS TFT drain current as function of gate
voltage. Blue triangles indicate TFT was driven using wrap-around
electrodes
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electrodes were deposited connecting the copper pads of
the TFT to a backside interconnect. Figure 10 shows the
TFT performance before and after the electrodes were
deposited. The shift in threshold voltage was caused by
slight oxidization of the copper pads attached to the TFTs
because no annealing step was performed.

3

| IMPACT

To the best of our knowledge, this is the first paper
reporting status and progress of wrap-around electrodes
for tiled display applications. This approach offers an
alternative to TGV technology to enable bezel-free tiles
for microLED applications.

ORCID

David Pastel

https://orcid.org/0000-0002-3676-9351

REFERENCES

1.

Biwa G, Doi M, Yasuda A, Kadota H. Technologies for the
Crystal LED Display System. SID Display Week 2019; May 14
20109.

Shorey AB, Lu R. Progress and application of through glass via
(TGV) technology. 2016 Pan Pacific Microelectronics Sympo-
sium, Pan Pacific 2016, March 7, 2016, 2016 Pan Pacific Micro-
electronics Symposium, Pan Pacific 2016.

ASTM International. D3359-17 Standard Test Methods for Rat-
ing Adhesion by Tape Test West Conshohocken, PA: ASTM
International; 2017.

Note: Sheet resistance was measured via Van der Pauw
method, with current stepped between 0 and 10 mA in
0.1-mA steps, while other resistances were measured via
kelvin 4-point probe method and best fit line of the IV
curve for current stepped between 0 and 10 mA in
0.1-mA increments.

ORCID

David Pastel

https://orcid.org/0000-0002-3676-9351

AUTHOR BIOGRAPHIES

Dr. David A. Pastel, Sr. Project
Manager, Manufacturing Technology
Engineering—Advanced

Manufacturing Technology, joined
Corning in 1991 and has held posi-
tions in measurement systems devel-
opment, product and process
development, automation, and systems engineering.

Pastel holds a Doctoral Degree in Electrical

Engineering—Nonlinear Optical Propagation from
Cornell University. He also graduated from Cornell
University with a Master's and Bachelor's degree in
Applied and Engineering Physics. He holds 13 granted
patents.

Dr. Richard Peterson joined Corn-
ing Incorporated in 1999 working in
the Manufacturing Technology and
Engineering organization supporting
early stage development of new pro-
cesses and materials supporting
Corning Research and Development
Corporation and various Corning business divisions
directly. Prior to joining Corning Incorporated, Rich-
ard Peterson worked for the National Institute of Sci-
ence and Technology (NIST) focusing on composites
and then worked for the New Jersey Center for Bio-
materials focusing on bioresorbable materials for tis-
sue engineering.

Richard Peterson holds a Doctoral Degree in Mate-
rials Science and Engineering from The University of
Michigan. He also holds a Masters and Bachelor
degree in Material Science and Engineering as well as
a Bachelor degree in Chemical Engineering also from
The University of Michigan.

Tetyana Buchholz, Development
Process Engineer, Emerging Innova-
tions Group—New Programs Devel-
opment, joined Corning in 2017. In
her role, she engages in early-stage
product and process development.
Buchholz graduated from Ukrainian
Engineering Pedagogical Academy with a Master's
and Bachelor's degree in Engineering.

Dr. Hareg Tadesse joined Corning
in 2011 as a lead scientist and work-
stream leader early stage projects
related to surface functionalizing and
bulk chemical sensing. Tadesse holds
a Doctoral Degree in Chemistry and
Surface Patterning from the Univer-
sity of Nottingham, England and worked as Postdoc-
toral Fellow on Organic Chemistry and
Nanomaterials, at the U.S. National Laboratory under
Environmental Protection Agency, in Cincinnati, OH.
She also graduated with Masters and Bachelors degree
in Medicinal Organic Chemistry from Addis Ababa
University, Ethiopia. Tadesse holds 12 patent



https://orcid.org/0000-0002-3676-9351
https://orcid.org/0000-0002-3676-9351
https://orcid.org/0000-0002-3676-9351
https://orcid.org/0000-0002-3676-9351

“ | WILEY

PASTEL ET AL.

applications, 16 inventions and 47 publications and
book chapter.

Dr. Rajesh Vaddi, Sr. Research Sci-
entist, Thin Films and Surfaces,
Corning Research and Development
Division, joined Corning in 2015
after supporting Corning's flexible
electronics project under a research
contract during his graduate studies.
He holds doctorate in material science and engineer-
ing and master's in electrical engineering from State
University of New York at Binghamton. Dr. Vaddi has
filed for 11 U.S. patents and has been granted lof
them. He has also authored or coauthored five
referred publications and nine technical research
reports.

Dr. Kuan-Ting (Chris) Kuo,
Sr. Material Process Scientist, Corn-
ing Research Center Taiwan, joined
Corning in 2010 as research scientist
at Corning Research Center Taiwan.
Chris holds a Doctoral Degree in
Material Science and Engineering
from National Chiao-Tung University Taiwan. He
also graduated from National Kaohsiung Normal Uni-
versity with a master's degree in Chemistry and Tung-
Hai University with a bachelor's degree in Chemistry.

Sean Garner received a BEng
degree in Engineering Physics
(Applied Laser and Optics) from Ste-
vens Institute of Technology in 1993
and a PhD in Electrical Engineering
(Electrophysics) from the University
of Southern California in 1998. Sean
joined Corning Incorporated in 1998 working in the

area of materials processing and device prototyping,
and today, he continues this work at the company's
Science and Technology Center as a Senior Research
Associate.

Sijan Khan, Sr. Chemical Process
Engineer, Manufacturing Technolo-
gies & Engineering—Applied Pro-
cesses for Manufacturing, joined
Corning in 2011 and has held posi-
tions in manufacturing engineering
along with materials, process, and
product development. Sijan graduated from
Rensselaer Polytechnic Institute with a Bachelor of
Science degree in Chemical Engineering. He also
graduated from Cornell University with a Master of
Engineering degree in Chemical Engineering, focus-
ing on surface engineering and processing.

Jamie H. Curtis, Material Process
Sci/Eng, Emerging Innovations
Group—New Programs Develop-
ment, joined Corning's Emerging
Innovations Group—New Programs
Development in 2018. In this role,
she engages in early-stage product
and process development for EIG programs as well as
business-focused projects. Curtis holds a bachelor's
degree in Materials Science and Engineering from the
Georgia Institute of Technology.

How to cite this article: Pastel D, Peterson R,
Buchholz T, et al. Wrap-around electrodes for
microLED tiled displays. J Soc Inf Display. 2020;28:
463-468. https://doi.org/10.1002/isid.905



https://doi.org/10.1002/jsid.905

	Wrap-around electrodes for microLED tiled displays
	  OBJECTIVE AND BACKGROUND
	  RESULTS
	  Singulation and edge finishing
	  Electrode deposition
	  Edge coating
	  TFT performance

	  IMPACT
	REFERENCES




