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- Evolution of light source
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Mini LED
: Regular size 100-50 um
Power C-hlp 10-8 mil
aommnf) Semi- /\ Micro LED
power 30-20 um
chip 10-5 ym
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Micro LED manufacturing process steps
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Micro-LED Displa Tecnology
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Cellphones, Tablets, Laptops, AR/VR Micro displays
Monitors, TVs, etc.
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Micro LED R éEHpeig 4 ~ &R

E piwafer wavelength homogeneity
and defective die map.
If individual functional die testing
not available, use FL + troditional
surface inspection.
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Yield loss = hatched surfoces +
transfer felds where the number n
of KBD and paint defects exceeds

spedification.
Transfer field with 2 n point defect
are eliminated.

Transfer directly to backplane or create interpasers with transfer fields
that are within the wavelength bin and < n KBD/paint defects.
Some bad die are transferred and need to be repaired.
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PL Mapping System

Emission uniformity < 1 nm on 200 mm epiwafer

Dom Lambda—Z nm
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Statistics
nanometrics Average : 4551 nm
Stddev  : 0.956 nm
(0.210 %)
Median  : 4551 nm
Min : 4520 nm
Max . 4576 nm
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Dom Lamixia Histogram
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inspection

IEEE Access 6(2018)51329

1 Computer

2 Data cable (USB)

3 Digital camera

4 Microscope

5 Current supply probe

6 Micro-LED

7 Electrical current source
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micro LED

L

L ateral micro led

Additional interconnection
Low power

High heat

Complex
Medium-resolution

IEEE Journal of the Electron Devices Society VOLUME 5, NO. 1, JANUARY223017

vertical micro LED

Transfer and interconnection
High power

Low heat

Simple wiring

High resolution(400-1300ppi)



Electrical, spectrW

%mance of yellow—green and amber micro-
pixelated InGaN light-emitting diodes

p-metal track n-contact

.. mnw, =
,{‘:\-': !

Figure 2. Top-view optical micrograph of a 10 x 10 . :
individually-addressable LED array. Number labels in the lower Semicond. Sci. Technol. 27 (2012) 015003 (7pp) 22

image correspond to the measurement sequence for figure 3(b).



abrication process for AlGalnP-Micro LED
arrays

a : Anode Metal
i - Ist=
p‘i&"m ICPetching | PG _|g| PGP | "y eyl PGP | | PGP
nchdding —— 0 T Y EET T > [iveadang | 3 chdling |
DBR |21 DER | DBR DER
| (b=l | deposited p-contact [T [T
metal layers
f e d ﬂ polymer
encapsulation encapsulation i encapsulation
St =
ICPetching

P-GaP P-GaP | deposited n-contact | P.GaP P-GaP | gubstrate solated | P-GaP P.GaP
polddvg| [pohdlg]  metal layers chdding | [ p-cladding arooves p-chdding | [ p-cladding

AlGalnP MOWS AlGalnP MQWS AlGanP || MOWS
< ) [nechhdding | o 1clsdiing <—’ ncladding | ™[ ncledding
- Ind -
DR P fledsubstrae [ DR FDER J
gooveshy |
polyimide

Optics &LaserTechnology78(2016)33-41
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Fig. 11, (a) Image of array before the p-contact was deposited. (b) Magnified image of a segment of an AlGalnP pLED array chip showing ¢LED pixels and the deposited
p-contact, as viewed from the GaP side. (¢) The magnified image of 4 x 4 pLED pixels were driven.

Optics &LaserTechnology78(2016)34-41
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— Joumal of Luminescence 191 (2017) 112-116

Influence of size-reduction on the performances of GaN-based
micro-LEDs for display application

Francois Olivier *, Sauveur Tirano, Ludovic Dupré, Bernard Aventurier,
Christophe Largeron, Francois Templier

University Grenoble Alpes, CEA-LETI, Minatec Campus, Grenoble, France and -V Lak, Grenoble, France

P-contact N-contact
insulator (pixels) (common)
hybridization pad / \ J'

metal
MQW ——»

sapphire ————»

Fig. 1. Schematic cross-section of the final device,
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Fig. 4. EQE as a function of current density for different LED sizes.
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Table 1

H. optical photographs of LEDs at vanious cument densities.

LED size

Near onset of light emission

500*500um?*

200*200um?

100*100pm?

50*50pm?*

20*20pm?

Near maximum efficien

15°15um?

10*10pm*

Below sensitivity
of CCD camera
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Microdisplay

TIIIII1 .
TI12232
"TI21
TITITIY
"TIIIL
YT

L A A A A 2 2 2 1 1)

S000buwwwn

Interconnected uLED
| - J

Figure 1. New devices evolved from Ill-nitride je-emitter array
technology. including single-chip ac-LEDs that can be plugged
directly into standard high ac voltage power outlets, parallel
interconnected pLEDs for boosting the extraction efficiency of
LEDs, matrix addressable £ LED array for emissive microdisplays
and Il1-nitride LED array based biosensors.

N Micro emitter arrays

Array Biosensor

300 pum © 20um

Figure 2. Comparison of conventional LEDs and pLEDs.
Microscope images of (a) a conventional broad-area LED with a
device size of 300 gem x 300 em (inset shows the encapsulated LED
lamps) and several pLLEDs with a device size of 20 gzm x 20 pm
fabricated by the authors’ group.

J. Phys. D: Appl. Phys. 41 (2008) 094001 (12pp)
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p-pad pine {matal)

Si0

sapphire (a)

p-line T transparamt
p-GaN nlllna metal layar

sapphirea
(b)

L —

c)

~
lll'l'l

Smenitan

SUITRLIINMNSLI e
AN s

Figure 8. Microscope images of a (@) 160 x 120 microdisplay
fabricated by the authors with insct showing the processed 2 in.
wafer and one pixel turned on. (b) a 120 x 120 microdisplay device
with a die size of 3.2 mm x 3.2 mm is encapsulated in the standard
281-pin PGA package and (¢) the zoom-in image shows the device
and wire bonding (courtesy: 11I-N Technology. Inc.).

Figure 7. {a) The top view and (&) the cross-section view of the
schematic diagrams of the passive-driven microdisplay. () The
cross-section view after surface plananzation.

J. Phys. D: Appl. Phys. 41 (2008) 094001 &2pp)
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MOSFET P
MOSFET P
o e B
CAP Pueel

LED
~

(b)

n-contact

In bump
p-contact

J. Phys. D: Appl. Phys. 41 (2008) 094001

(c)

Microlens
Sapphire
n-GaN
p-GaN

In bump

ASIC
driver

v

Figure 12. (@) Circuit schematic of an active drving unit cell.
(&) The structure of a wlED armay for active driving. (c) Integration
of a plLED array with 51 IC by flip—hip bonding for active driving.
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“passive-matrix micro-LED

(b)

a
@) Blue LED epitaxial Green LED epitaxial

Wl ol
Ll
(oL
WEREHEN

i) ICP etching

Green pixel
Blue pixel

bl

Fig. 1. (a) The fabrication steps of a vertically-stacked passive-matrix micro-LED array: i) ICP
etching of GaN for the formation of the row and all pixels of the micro-LED array. ii)
deposition of ITO on p-GaN. deposition of Ti/Au layers on n-GaN, iii) SU-8 pattern for
isolation between metal electrodes. deposition of Cr/Au layers. iv) wafer bonding of the blue
and the green LED chip. (b) Microscopy images before (top) and after (bottom) alignment of
the blue LED chip stacked on green LED chip. (¢) SEM image of the cross-sectional interface

between the blue and the green LED chip.
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Vol. 25, No. 3| 6 Feb 2017 | OPTICS EXPRESS
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The duty ratio is defined as the percentage
of one period in which a signal is active,
where ¢, and t are the duration in which
a signal is active and non-active,

respectively. 31
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vicro LED arrays

ring shaped contact n metal line

@ p contact
== Sio3
1 spreading layer

(a) (b)

Figure 1. (a) Cross-section of a second generation matrix addressable LED array. (b) Microscope image of a blue 64 x 64 matrix LED
where two rows of LEDs are turned on. The scale on the top image is 200 zzm.

J. Phys. D: Appl. Phys. 41 (2008) 094014 (9pp) 32



icro LED arrays

64x64 LED matrix

X X

8x MIC5891

Programmable source driver

ot Ml
[K-
A I

USB ‘ L
PIC18F4550 ‘ 4x MAX6971
Microcontroller Constant current sink

(@) (b)

Figure 2. (a) Schematics of the matrix LED driver. (b) ‘Opto Neuro pattern being displayed on a UV, blue and green micro-LED array.

J. Phys. D: Appl. Phys. 41 (2008) 094014 (9pp)
33



Resonant- full-color emission
antum-dot-based micro led display
technology —

Intensity (a.u.)

400 500 600 700
Wavelength (nm)

OSA 14 Dec 2015 | Vol. 23, No. 25 | DOI:10.1364/0E.23.032504 | OPTICS EXPRESS 32510 34
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Re ORAaNt-enNnnancec |l-color emissior Of
quantum -dot-based dlsplay technology
using a pulsed spray method

450 500 550 600 650 700
Wavelength(nm)

1) 11-pair HfO2/SiO2 DBR on glass
2) Mask

3) RGB QDs

4) R/G/B, PDMS

Adv. Funct. Mater. 2012, DOI; 10.1002/adfm.201200765 35



“colour gquantum dot
transfer printing

(LR LR LR LR LR L

, (LR LR L LR LR ]

Press S 2 i A : ; o Yo .l .. '. " ""
E—

300pm

Spin-casting
QDs

Donor
substrate

> - S v-)
» 4 4
) / 4 # (iv)
Printing Printing
green QDs red QDs
¢ Printing
(vi) blue QDs

(vii)

Figure 1 | Schematic illustration of solvent-free transfer printing. a Schematic of transfer printing process for patterning of quantum dots. The first step of
the process begins with surface modification of the donor substrate by the introduction of a chemically bound SAM. After printing the red-emissive QDs,
green- and blue-emissive QDs are printed by the same process, with precision alignment. (i) Medification of the donor surface with SAM, and spin-coating
of QDs. (i) Application of an elastomer stamp to the QD film with appropriate pressure. (iii) Peeling of the stamp, quickly, from the donor substrate. (iv)
Contacting the inked stamp to the device stack, and slowly peeling back the stamp. (v)-(vii) Sequential transfer printing of green and blue QDs.

b, Fluorescence micrograph of the transfer-printed RGB QD stripes onto the glass substrate, excited by 365 nm UV radiation.

Figure 5 | Full-colour QD display and its flexible form. | 1300

NATURE PHOTONICS | VOL 5 | 182 MARCH*9011
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Head mounted display Head up display

Figure 6. Coin-size microdisplays have two categories of applications: projection or near-to-eyes. The current technologies are based on
LCOS, DLP and OLED., and all of them have limitations in brightness, efficiency and robustness, especially for applications such as head-up
displays used in a car running under sunlight, or head-mounted displays used in the extreme condition of field applications (Image sources:
http://www.ti.com, http://www.emagin.com, http://www.siemensvdo.com).

J. Phys. D: Appl. Phys. 41 (2008) 094001
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