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Ultrathin LEDs create new classes of hghtmg, dlsplay systems

By James E. Kioappal
Physical Sciences Edilor
new process for creating ultra-
thin, ultrasmall inorzanic light-
emitting diodes (LEDs) and as-
semhling them into large arrays
offers new classes of lighting and display
systems with wemu:ng praperties, sm,h
and b
waould be impossible 1o
nchieve with existing technologics,

Applications for the arrays, which can be
printed onto flat or flexible substrales rang-
ing from glass to plastic and rubber, include
general illumination, high-resolution home
theater displuys, wearnble health monitors,
and biomedical imaging devices,

“Chur goal is to murry some of the advan-
tages of inorganic LED technology with the
scalability, ease of processing and resolu-
tion of organic LEDs.” said John Rogers,
the Flory-Founder Chair Professor of Mate-
rials Science and Engineering at the UL

Rogers and collaborators at the UL,
Nonhwestern University, the Institute of
High Performance Computing in Singa-
pore and Tsinghua University in Beijing
described their work in the Aug. 21 issuc of
the jounal Science,

Compared 10 organic LEDs, inorganic
LEDs are brighter, more mbust and longer-
lived. Organic LEDs, however, are attrac-
tive because they can be formed on flexible

in dense, i d arrays.
“The researchers” new technology combines
features of both.

“By printing large arrays of ultrathin, ul-
trasmall inorganic LEDs and interconnect-
ing them using thin-film processing, we can
create gencral lighting and high-resolution
display systems that otherwise could not be
bauilt with the conventional ways that inor-
ganic LEDs are made, manipulated and as-
sembled,” Rogers suid.
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flexibility st
rubber substrate.

foster altemative 10 the standard robaotic
“pick and place’ process that manipulates
inorganic LEDs one at a time,” Rogers said,
“The new approach can lift luge numbers
of small, thin LEDs from the wafler in one
step, and then print them onto a substrate in
another step.”

By shifting position and repeating Ihc

ment pancls and display systems, flexible
and even stretchable sheets of printed LEDs
can be achicved, with potential use in the

health-care industry.
“Wrapping a stretchable sheet of tiny
LEDs around thc humm bady ol'l'crs in-
and

hable micre-LED display, consisting of an interconnected mesh of printed micre LEDs bonded to a

Huang, and at Tsinghua University, under
the guidance of Yonggang's father, profes-
sor Keh-chih Hwang, supported the project
through caleulations of mechanical strains
in the flexible and stretchable systems, Re-
searchers at llle Insuum for High Perfor-
mance Ci in 7 provided

teresting opy in bi
hiotechnology,” Rnp:nssld. |n|:|u¢mgn;»

stumping process, LEDs can be
to other locations on the same substrate,
In this fashion, large light pancls and dis-
plays can be crafied from small LEDs made
in dense armays on a single, comparatively
small wafer. And, because the LEDs can be
placed far apart and still provide sufficient
light output, the panels and displays can be
nearly The thin device geom-

and thi iated with ional
wafer dicing, packaging and wire bonding
methods, the rescarchers developed epi-
taxial growth techniques for creating LEDs
with sizes up to 100 imes smaller than usu-
al. They also developed printing processes
for assembling these devices into armays on
siifT, flexible and stretchable substrates.

As part of the growth process, a sacrifi-
cial luyer of material is embedded beneath
the LEDs. When fabrication is complete, a
wet chemical eichent removes this layer,
leaving the LEDs undercut from the wafer,
bt still tethered at anchor points.

To create an array, @ rubber stamp con-
tacts the wafer surface ot selected points,
lifts off the LEDs at those points, and trans-
fers them to the desired substrate.

“The stamping process provides a much

Micro-LED display printed on o thin sheet of
astic, wrapped around o fEnger.

ctries allow the use of thin-film processing
methods, rather than wire bonding, for in-
terconmects.

In addition 1o solid-state lighting, instru-

Transparent micro-LED display, placed
in front of university logo paitern,

plications in hea]lh
and imaging.”

The work relied eritically on broad, col-
laborative efforts at the UL In addition to
Rogers, the effons included elecirical and
compater engineering professors Xiuling
Li, an expen in epitaxial growth, and Kent
Choquette, a leader in semiconductor opto-
electronics, Mechanical science :md cngu-

finite- -:Il:rm:n[ sludn:s of ﬁu: S Syslems.
“This sort of broadly interdisciplinary,
integrated effort was essentinl for & soc-
cessful outcome,” Rogers said, Tt would be
extremely difficult to replicate this type of
project at any place other than a the UL™
Rogers is affiliated with the Beckman
Institute, the department of mechanical sci-
ence and engincering, the Frederick Seiw
Materials Rmn:h Labmmury and the Mi-

neering professor Placid Fe !
the printing-based manufacturing tools.

cro and N.
Ford Motor Co., the hmmnni Sclclm:

Theoretical lat ot Nontk
ern University, led by professor Yonggang

Foundation and the U.S, Department of En-
crgy funded the work. #

Array of nriere
LEDs (black
spares) printed
onto a sheet af
plastic, wrapped
om i curved
suppart with a
university logo
pettern in the
Background,
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Array of ultvathin, microe-LEDs (Mack squares)
printed onto o plate of glass, with o university logo
pertlern in the background.

Microscope image of an wltrathin, micre-LED (red)
in o suspaended, ‘diving board layout, released
alony its bedtom surface from the growth wafer
(grey), et held in place with polymer ‘anchor’
structures (e} al the two ack corners.
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