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ABSTRACT

Study on color conversion and control technology for

full color micro LED display

By Won-Hee KIM
Advisor : Prof. Min Ki Kwon, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

Micro LED display is expanding rapidly in recent years because of its
outstanding features such as low power consumption, nanosecond response
time, long lifetime, high dynamic range, and wide color gamut. However, the
high vyield mass transfer process of micro LEDs from semiconductor wafer
to glass substrate remains a challenge. To achieve full color micro LED
displays, the most commonly used method is to grow red, green, and blue
(RGB) micro LEDs on different wafers, and then assemble them into
matrices on the same thin film transistor (TFT) based glass substrates
through mass transfer, which requires precise alignment for each pixel.
Moreover, the light emission efficiency and degradation rate of RGB micro
LEDs are different, as a result, it may need complicated driving circuit to
maintain the color rendering index during operation.

One approach to avoid mass transfer process is monolithic integration of
RGB micro LEDs via adhesive bonding. However, the fabrication process is
complicated since different semiconductor substrates are required for growing

blue/green micro LEDs and red micro LED. Another simpler method utilizes
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single color micro LEDs to excite the color converters, such as phosphors
or quantum dots (QDs). For example, UV LED array with pixelated RGB
QDs can achieve high efficiency and wide color gamut because no color filter
1s needed. However, for complete color down conversion, QDs with a high
optical density and a relatively thick layer are required.

Much research has been carried out recently to achieve high resolution
microdisplays by arranging RBG LED this films accurately and effectively,
resulting in a pixel size of under a few tens of micrometers. Currently, the
most widely attempted methods for creating micro-LEDs are picking and
placing a number of LED thin films without a substrate via laser lift—off
(LLO). The major technical issue with this approach is acquiring all of the
RGB thin film LED pixels and placing them on the display panel without any
mixing pixels. Therefore, many research groups are attempting to solve these
problem of transfer yield. Nevertheless, the thin film LED pixel transfer
method still has a limited resolution because it depends on the pick—and-place
machine accuracy rather than photolithograpy resolution. In short, this thin
LED pixel transfer method may be suitable for 100-400 pixel per inch PPI)
level display applications, such as smart watch, TVs and mobile phones.
However, higher resolution displays above 1000-2000 PPI such as head mount
displays, smart glasses and pico projector, remain a challenge.

In this paper, we propose the new red and green color conversion material
and lithography-based color conversion layer coating method with using
monolithic blue LEDs. In addition, we propose the new growth technique of
MOS?2 thin film at the low temperature below 450C with metal buffer to use

in fabrication of transparent and flexible TFT.
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AA7Y A EA o5 4 e AEd(Conduction Band)®] 74+ vh& 5
£ 538hal Ey(Valence Band)v= b7t A zpo] &ube o] o]FahA st
7FAAH ] 7P EE& odlyA] F=HE gt o] uf W= e dAxte] EAVF
FEHA v YA F=HE S dide dE dAAVE FHAg R o
a7l flEfiA s =S Foldolof stal o] FAA oy HIEH A
wpep =gl o] vEF oyA| 7t W oY A 2 WStEEE o] Hi=7]9
A7]el wek LED+ t& 3o ¥e WA ¥ Aolvh(A 1)

2 2 oA & dxe] MR YA (E)e R (A REH

=]

deAe] AR Aol 242 WER oyH it ZopA

)

rr

h
Ephoton = hv= TC: Eg (4 1)
he 1.24um « eV
— = ]
)\g Eg Eg (}'\‘l 2)

afcllA 3t FHdE 7HAAL 3k 71€ LCDE Back-lightell A

A2 b4 F% Wi OLEDE 718 LCDo] vl AAlua 54, e o S5,
“
Fo- - A1g R - A0 E S s S g

A9k OLED®] 7% ZdelZd87t 28 fle F7183A7F Ardgoen Abgdn
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Aoz FHEHSH HW Fo|ETL 66%°0]d0] &Aool MAEte], g l &40
2 "t} o]y 3k o] & AAH AR(Augmented Reality) &H] 9} AnfEQX] ¢o]g
8 gagdgels 98 o #wa 9 28420 gaEye] Vs 8HH °l°ﬂ w Q.
2% 7|0l wo]A® LED o|th
_— . _ Digital light Laser beam
Technology Liquid crystal Organic LED III-N uLED . .
Mechanism Backlinght/LED Self-emissive Self-emissive Backlinght/LED Backlinght/LD
Luminous efficacy Medium Low High High High
. o | 3000 (full color) 1500 (full color) ~10° (full color) . . . .
Luminance (cd/m?) ~10/(green) ~10ellow) ~10/(blue/groen) 1000 (full color) 1000 (full color)
., ‘ e e Very high Very high ) ‘
Contrast ratio 200:1(intrinsic) Y 10,000:1 Y 10,000:1 High High
Response time ms us ns ms ms
Operating 010 60T =50t 70T =100 to 120 To be determined | To be determined
temperature
Shock Low resis- Medium High Medium Medium
tance
Medium Short
Lifetime Medium Medium Long (limited by MEMS) (limited by laser
Y diodes)
Cost Low Low Low High High

npol2® LEDE 91l &g 71& LED9
A gk Z717F 100 wle]A R o]k
&H7F e
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3. i-LED(Micro Light Emitting Diode) %

=
k7] flal HA= AREstr] sl VW chipe® w#Este AR

b 4y AFEEE £9E nlola® LEDO A$ dy(z2d 215 a)dl
n-type A= HZFS 9% mesa FH(ZLH 215 b) ¥, /¥ chipe® #
2ls7] 9138l isolation(ZH215 ¢)stt}. o] F F U AF EXE 9%
FHA=S p-GaN#lol FA(2d 215 d)sf
np-type AE=E F2(LH 2.15 e)3r}.[13]

b

A
& = EEEEEE

n-GaN

4 Transparent Layer

-Pad
7 P
\- - - - - p-Pade— o 7—>TransparentLayer
n-Gah «—
. 1 e

Y 215 938 LEDAA 3A Y 33 LED

n-Pad
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T43% LEDY AS A4 7)o AAAZ oI (¥ 21.6 a)ol chip
19 2.1.6 b) & Mirror metal-Metal 7] 3
EHA AT (2 216 ¢) °o]F FAdI dAF &

< n-GaN ¢ T2 (29 216 A3t n-type I =
kel

B b
p-GaN

Imemvowsmmmmm &8 B2 B BE B
n-GaN
Substrate

El __ Transparent Layer

& /nPad

EEEE Transparent layer<«—__ n-Pad
n-GaN

-G N(‘_‘H 7 MQW

p-Ga Metal substrate Mirrer metal

a4 216 4% LEDAZ 8% 43 LED

Flip chip LED= %% LED& A v FAbstt. w4 o9 (24
217 a)°l n-type A= HEFS 9% mesa ¥AH(ZH 217 b) ¥, /M4
chipe. & &g 3l7] 9a isolation(Z¥H 2.1.7 c)3t}. o] F HIALZ 7} &8
p W= A& S2(2d 217 dstar 7|4 Ho2 Hlo] yi= Flip chip
T2 54 W n-type W= HA=E p-type HAE A wolww T
(2" 217 e Wil 9ol SHE W dFe] e
=5 A 93 chip AAEZ passivation(1¥ 2.1.7 )3}
i3 LEDO d=o] 2 5 & d=
217 gtk mpA o g A2 7|gel] PAE wiHdF LED A=5ES A
(29 2.1.7 h)gt},

2

ot

ox
o
2

d

il
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H|

n-Pad -Pad
El 7P
I B .

Passivation '\
I B B I

e e e w w e e e we—3> Electrode

Reflective p-electrode;
* Electrode

29 2.1.7 Flip chip LEDA| 2} &4 3} Flip chip LED
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A24 TFT(Thin Film Transistor)

1. TFT9| ¢

et E A 2 (TFT & @nidz A 3
LCD EYHEA HA7NEE FFHste EWRA

vhuk EdA A= AA &Y EWX2EHY d FFHE RS MOSFETS +x¢9)
H| =82k S8 7|ghe] FAEY 28 221% TFT % ®A%olth 18 221

= Qs 2 % ) [
of £ 5 AR EEH FAAE SAHeR FH7)9 2 a9t B
5 g FHoZ BEAES FART] dojdrt mebA] Aol wrlE

(source)o| A FE Axp7} =golo

=
Fom AR BEE EYL A BEdgelis out 9lm v Fo] ohd &
A 3 F4%e] ARE 24T & vk TFTE dUdoz 44T & o) v

, Aol Y, FoiE el 5o omAAME A= AREE AL Sl

Semiconductor

Substrate Gate Dielectric

a9 221 TET 71 +4
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2. +x% 4

dol| W& TFT &

e

TFT= +zx° weg} =4 Staggered, Coplanar, Inverted Staggered,
Inverted coplanar 47}A 2 Yt (29 22.2) Staggered 8 TFT&= 4
-2l d=o] 7 flol FAH I vEA, AAA, ACE Fo= A
ZEg, HEAS flo FE Zdz=w A s AAAE A Fe7
ol WFEAF Aol Adto] WA 4 Qv dAE HA L
Coplanar®d Yl E @l X ~E = HEE A Qo] dAA, AloE A= 2 A
—=YQl HAE o so 2 AT, Aol WAl ghEFo] 9SSl
Inverted Staggered & YHEZA AHE &Ax-2EQ A0 HEEAR
o 9ol $1AIskH dwkH e Inverted Coplana FHr =L oJFEE
ZEA AL glel FHAdel whgo] b Fol dntHom #HEHA
Inverted Coplanar® ¥lZHE A A AHE AA-=d ¢ dto] whix wvhut

b |
v 22 @l fAsta Atk o= RbEA F& dAE7] del A7
—_L
-

| Glass |

| Glass | Glass
Coplanar Inverted Coplanar

Electrode
Ohmic layer | | Insulator

Semiconductor

29222 Fxdd wE TFT &4+
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TFT FxoA Fzrel ¥Ad AgF(a-SDHTo] Aded o F&
Source®} Drain A= Alolo] A F

g 9% 4
Utk o ALe P 3o BAL oW AL e @Y FR

A M @ AL vAd deF(a-S) TFTEA {8 7#l e F

2k Qe 2RE HY FHo=E 4ol LCDO A A a-Si
TFT= wAsfgot, 2ejy vAd A F9 54 7 w& w4
Aol 77 daEdol std& AstA 7l taZdo] wol s
Zob At A o] FolA A Hi AutEE A Fo] A3 AA
wA ekAA I AR o] A (Mobility)ol & wEo] AW a-Sic®EE
g8&ol AgHYPAA Ho AEZHAHYZ(LTP, Low Temperature

Poly-Si) TFT7} & &3sHA = S t}.

a-Siol #@elA AAs AAS o kA ol Aol HF EokA=

poly-Sio.® wpH =6 o] & o] &3te] TFTE WEA HAA. A2Zed
22 AT olsAge] ofF FAW TA GAVE BolA= A%

o

&

OLED, Flexible, Curved display7} &7 %W A Si AL talo 43t E
= 23S TET7F 7 E 9l

71E RHEAS] SAE S5 fle Ho] H 4,
T # (graphene) ¥ FFAFSE o2 B oA AFd EFHT QFo} F
7b E3 2000900cm’/Vs BES] ¥R o]FRE s W ofye}
On/Off ratioE 7FAaL lo] AHAt) £2¢ 79 vx=Zdole TFT
2 Zbgakal Qvh(GE 3)

N

N
2]
2
i
s
(r
3
5
(e
i
rlo

: -Vi
o ki

Hir

i
i)

_’|8_

Collection @ chosun



A3 49 fgaFdo +3

1. Pixel¥} Display +%&

AFHY ZYUEH 5 2ZE gAY ouAZ AA 3
goistd, 19 AAME AHHE Fdo] ofd oy e
%OJE‘E} o7l AA YAE omAE wt==v

¥ A (Plxel)ol E]r f?l“:]'.

A=d o E

=t EAY A7

A} 24 o]

71 Ze ARz o)

, A4 (Blue)o] ME AR o] FofA

=

of FAo 7 B&FE afdEe Mg on X7t x| 7test
thoole 22 yzaEgoe] A7) Qtel JA 7 @ol Eo] JYeFE O
n A7 8 dweta FAEd = Aws) ] wiolth I Ao 3}
Aogkel R Y ZREEAE Ut A HaZde] s edal g
AdWtA o8 7tEARE J4d F£5 ¥3 FHE ZTHIT. o fEdxEY @
9l = PPI(Pixel Per Inch)®A 181A] ¢t =0 = A F=5 vty
PPI7} =555 Aud o|nA & Fde] 7Festth.(2¥ 2.3.1)

S| AT THQ| : PPI (Pixel Per Inch)

RGE ME T4 r 1
2.54cm 2.54cm
(121K (121X
ol (Pixel) l I
2.54cm (121X]) 2.54cm (121X])
13 2.3.1 Pixel#} PPI
aZdols 474 AEWAYE Fa Low Aol mAUA

olv| x| 7} WA EEE st A7) A tlulo]l ottt tlAZHo
_‘|

7] 93] 223 Pixels

Addressing©] 2} 12

A8 sl of of
dt=d A=A

3 T}h, Pixel2 Al

47vA Wl . A
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Addressing 2. 24 APog2RE U} "Mool 7 Ao AZ4
Aojets Ao m F2 AL7IY defuo]ge AbgdH
Matrix Addressingo. 24 A=5 d3 & JHZ wjdsto] wapiio
AL wiAfA AstAE el JAEs FEAAY. A WHAE Grid
Addressing 2.2 &= A UHEA A7 ag=dF0=2 7HE8E o
PG A HEe LS = WA, U WA= SCAN Addressing . & ¥
FEdol Azl fFEwel &= HAAVE FEEH WS e WA
CRT, B3 TVel && ¥t thdgt Addressing B2 2
EdololA L F UAYD HRFY FAE FHS A ALES=
ko] Matrix Addressing ©] t}.
Matrix Addressing W ol = F 7} ®wFA o] Exjsh (29 1.2) A4
Passive Matrix(PM)W Al o 2 A F% 3] 2 ¢ Driver ICo 7F2 A =3} A
2 A=l dZYA FoAde FExE, F MY d=o] HAZ FEd g
A=

Aol Mol 9@, oW, st FEHILE Scan AFOE 7 el
S #Ador MYstt 8L s, UvA el TEHZE Data
A%ew AuE wE A4E HAHE d@e @ A Az 435
of e AW WAL wol oA B FEO WME £EEF
A3 ARE etk A% PMTEEA S A7e] &3b &7k 9]
of 9E&A H3 ScandFol F/AHA AW AT G Frhske] A
gol Ad W ohyel Mo Wulst Fass] ANAE Pixel FE F7HA

Aok dt=dl F7F=+% Pixel %5 Data A =3 Scan A% F7st2

2 o8 MEFVE A7 AL FojEo] AV F Ao w 2% F

T A Tolop & Pixelo] TFEHE Crosstalk dAto] e yr| = ko),

of wiitol] YaFdolrt AX I, FHAdo] oA E st wE A
=

AL
o7 a3 TJ4E Fdst=d PM7aHAE A7 o] A&
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, TFT$ Storage Capacitor(# % 7] 3 A|

d 7tz 3
E)E ol &3t TFTE on/offE Aot 29x J&& &, A3 #
WA= ZEdell 512 AdE AT 9EE 8 AEE AR
o2 Aol A3 B A . AMTEHA S ddH, asd
G4 Tdol stestrE dA TV, 2vtEZ, A4 § vzIdgolz
# A&3}E LCD, OLED Display ¢l #5222 Ab&¥a gt

o] 2% LEDE dzEeols R4 o§ss] 9% wHons =
A gk A MAE HA, =4, YA 22 LEDE Angaz A

=
&3t= %9, Back lightE o] &3te] Color filter =+ 2H3 24

g3k A ol T (E 2)

glo] A AFAI &ol AW R, G, B chip 2tz Mz FA
Zol o} Wit wopAm Alx FA EF gtk vael Ytk
¥ WA £ Back light® UV LED, Blue LED ¢ @ Chipg o] &
Al Color filter =+ R, G, B M¥ & =4 A& Ad-folth o WA
s, asfdee] frElstal R @
Color filter o €3 &4 Stoke-shife o & AW3l o]F & &o] Lol
= ®A7} 9tk 53], Black lightol] H] 3§

E
.
AA QA A4S Fgol v,

i
ol
i
A
2
BN
ok
1%
o
o~
2
o
o
_O|L
X
rET

=
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-
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o
24
o
AN
ﬁ_l
AN
)
o
55
o,
=

Ir

3, )3

pilf

Av.)

o] T2

tj~Zdg ol 37 CRT(Cathode Ray Tube), $8 &A= B,

Folgtal EHE yaIZgolE Aoz 7[EAH g &= CRTS

(2

o 7
(=1 |

_2"_

Collection @ chosun



vl =3ty CRTE 345 23 FED(Field Emission Diode), ¥ 2l %
Atolel HFAE Y AFS Fo Foll HolA HFAI = dYPE e
o] A PDP(Plasma Display Panel) = & @A 4AS o] ujx 3l
WglolE o] HS zwrdle] U ElY = LCD(Liquid Crystal Display)eb A
ALFEAHS 7AW F7]E LEDE  o]8€3 OLED(Organic Light
Emitting Diode) 7hA] tlx=Zd ol AR AU E 4ol7ts &0
A4 AFEokeln dAAE AHAHow A 2 THFo|H.

A "HaZHelzA 71 wel 483t

LCD+ Liquid Crystal Display ¢FAF= 3
taZdololtt. LCD F&WA2 7 /e AF3 Alojo] HAAGS ¥

N4e Aol N BielRE AL AE o] §Th LCD AFL
A BFAAA AA gl ol A/ AEE A FHAQ
AA44EE H7 ®oh 224 2AAE F9 el FaelA R4
AFA wola A7 NE7F ANAA @ PRE AGLH} obd ¥
e go] Ewslel A ®uh oW WRwo] AgHEH ARHE o
9 Wgos WAL We wPges Wol FrnAAL. 1du BYB
Apelel eigo] e W 90wrE wMFW £4 glol thy WERe
b & o =k 39 223@AAd BRARE e wugos uww
Wol Glassitol o] 44 $3) 00°% WIS Hol the AFWL Fts)
Mg e mgolt w17 223k AN We wgs wHF
A gol, WFol 90°rhE The JWfJMl A dol 9 to] g Bgol

: % | we Mg ogA 24

o do
2

o2l

1o

=2

vl

>

& Ak glow des] S
grel EdskA X B‘VIUP A8 E4HE F71go24 RGB M4& 338
T A o @A st Me FAtAL AS W gE Ao dA 55
b ASEE Thei A WEtolEVE FabekA] XAl skl "ok aeal oA
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o Al Age A7y AzME Fdsd 7 dee ¥rlE nguE
Aoy = k. WMol Es Aoy AeldEHvtowE WS A X
71 W&ol LCD tl&aZ#ololA 4 2ot} o e CCFL 835
S Wol A&t oy FHEodl= White LEDE ARS8 3t}

(a) (b) ()

polarizer
Glass

Color Filter

< 08060
> gl S e (@H)

up

Q 4 . .
- Liquid Crystal Direction e — Liquid Crystal

TFT, E 3 msm v [

b oieeo-eeee (Glass -oo--gen R Glass
polarizer
V--poarizer \( Back Light Unit

a9 232 (a),(h)LCDY +x ¥ (c) w3

OLED Yzz=Zd#Hole= ¥ 224 (a)° (el YHeydxel OLEDE
TFT&OLED, Encap Glass, A3A= FA4 o3tk TEFT7F 24t OLEDA
Ao ZEE AFE FHEs WS A= WAolw Encap Glasse
718 54 4 F719 Atk ¢g OLEDE R &3ty 93 Folth. v
Ao ® HgA= LCDAA AMEE = Ad A @] taEd o] vpgo

A Ak A4S SRE W welF] g8 EA @k

(a) (b)
il
o
i////
Ve
L1 polarizer
L Glass
s TFT, = OLED Cathode
L Metal
Encap Glass

TFT&:OLED Encap‘G\ass Polarizer

% 233 (a) OLEDe =% ¥ (b) &3¢
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o] 7} el

LCD OLED O}O| 3 ZLED C|A &g 0|

Hyw
R R nag
: wr= #2l w09
coue [ %5
« v I o E——
w3 "
Re7|a -
ey L
BLU

+8: LEDinside, KBEY U4

a9 234 tAaZgo] g Fx val

A4d A WAL 7=

A W e @ HaZdel Bopld Az nfd AA4e T
§7 98 A Agsa ATk A W Jee FRAE ol g WE
d @hA sgel 9e Fastel e g Wom Mol wEa:

7l & ot}
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of"l el oAt dA W= JArdE oy #Ago= g 7}
Alge dle o] e Ao =
o @3 Alel gAY s g3AE dUuAE
dEel o7 E99 oA FEE Wi, oAl VA FHE Eotrt
AA 2 Ay A T A RAer WEEE Aot djAe 2A =2
AA 2 EFehs de o BA el A gkE e &4 ol
2o A e Ay ZE AAAGd M EFetA "o
o] ol A Thef A= ol | # o 9
a FAol e dATE 1A FEA 7] dEHE HATIE BA 7
A GHE EmokE wl I dluA AolE Hlom TAsHA wHuh. whehA
ol dAolxEo]l LHAAA #HAost= YA E=HE AAIIH. EF o

3 (Luminescence) &t i 3F

Azt

o et Fol o

dAGA wF FAL Bl Lol

= O

7] 337 FFA e B 3Fo zolo] 9 s Stokes shift@AFo] WA}
=4l Stokes shift?r FE4do] =2 AUA o7 F& F3% 5§ 2
e GFCEad)e] dow wikd 2~ EQ 9 Zolm WAEtE

kol

]
sko}, oy A Ao o3k £=23 Stokes shiftol] <] gk

wA EdE %
& 7t F3A Fo] Holde] wE HrraEz PAA &S )
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A548 o]z EZ (2D matrerial)
1. 289 (Graphene)

2 PR 3 FoE o]Foj oA WS o|Fi v TX
2 2AE Eeh g4 dAES S48 HHRY lex}(honeycomb lattice)

a7 wee 54

rulo il
N
)

oX
ol
o
=
30,
>
o,
&
R
re
=2
r U
=
rJ
o>,
o
N
)
)
&
%0,
rr
£
rlr

ofyegl 1A 159 %77117} 0.33 mi/\i nj$- gkon] EI 979% ALR =

A L A ol s Heln P YA e 914 4
Az A FAR T Oazeeld] S8 5 ool WS B AAHS
A3 gk Aw aARe WEPAUAT glo] TFT 2ol A$A77oE: @

AE 7 AL lTh[15]

M
High
conductivity
Conduct
Polymer
Low
conductivity 5|

Low cost High cost

a8 251 aAY 7N AA, BEH EA
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2. Transition Metal Dichalcogenides (TMDs)
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3. Molybdenum disulfide (MoSy)
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Monoclayer
Direct Band Gap P

- F “
Fi .
” A
Decreasing with \
decteassg N

9 254 MoS»2] Monolayer, Bulk 48] Bandgap energy

E2g Alg ' —— monolayer |
—— few-layer
bulk

Intensity (arb. units)

I ' s
360 400 . 440
Raman shift (cm™)

-

19 255 MoSol 7 ghvth A E

olgldk MoSy 2 HAF o]FE7t  200em?/Vs ooz e Axp o] %(
~100000cm?/Vs)ol vlahd wj9- vrxuk 2o Ho FA4AQ wi=Mo] gri=
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e FHY 5 Ui oY BAZ WeEm vk adue Mol glof EdX
2~H 9 2813 7152l on/off 7} FEAIRE MoSy= A2 AEo =gls 7HA| il

o,
_OL
£
.
=
e
i
U
L
o
ﬂN_‘
&

Bol 299 /15 742 95 B oy A %

th[25]

wl' l Argon gas
< Cold zone) < Heating zone <Co[d zone>

Furnace

a9 256 stek 71 S A% AR A9 =

o|3}3} HglHdlol ok =9 A WH-e 7| A A vhe]) intercalation assisted

ukg] hydrothermal 34, 27| 3}st4 &4, B84 7| 2, &4 vty &
]

o qth AIRE o]yt WHE 7| ol T ASHA o]t Hdle] whdt
S AAsHA] Eeta, gHdo s eV PETE el gt o] HE HeE
sto] F < 3}8H7] ’2}%5‘3}* (Chemical Vapor Depostion; CVD)2S o] &3}o] 7]

o} 7] 7] Skl H 5
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A6d HAA

1. sIAA (Nucleation)

slulol gk AF oy A¥EY 5 olgald 2AR fal, Ay wi W)
So J)Rad F4E olF e Fuk e 1 Wure wER )

Bo dolet YA Jge] EdsA HW /% TW B S vk

olu] 7|#o] =23 Y= adatomolztir F-Er}. oju] 7|7 ol adatomo] <H4 A
ox Aget7] fsiM s d9ehA bddol HaskA Hed dF 50 7Ho®
o= 9AE FE7F =¥ A adatom®] oUAZE wokd 7|#a Adtsk= U A7t
SHA wo] &9 A& A=l 7w} AEg adatomo] Al HojA v #
t}, o] AAS AZFH(re-evaporation)o|gti dth mdE A 7wy Eolge

adatome] QAHE 71RoR trhes Aol ool s adatomel "oiA
(Resputtering) ¥4 % UEeld 4= 9t}

N
rlr
o
[
&
v
o,

Small clusters and Critical size Growing
molecules for clustering clusters
» No direct connection fo NPF  + Sulfunc acid and amines » Organics start to dominate
= Vary slow growih » Slabiizing organic compounds + Rapidly growing (~2 nmh)

+ Slowly growing (<1 nmh)

» . 2 e 3
4 ” . Y. I i
o . a9y . S Yol
-3 ) 9 3= s it
? bt r - )]
2 i
Key processes:
Gas-phase neactions, " Activation of cusiecs for
duster formalion/evaporation Cluster stabization enh;m.ﬂ arowth U
300 ... 500 amu 900 ... 2000 amu
1.1...1.3nm 1.5...1.9 nm

19 2.6.1 Cluster 4 #4[29]
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7193 AZUA7E B4 adatome T AN 1o wutow FHHE A
o ofuet 7%t Sl Fe LEAUAE AHGEEN Ao WA EolhA At

olg)st £2ols ¥ FAHSurface diffusion) ©]Fal 3t o] W IS E35
adatome°] 718]7lg] A WolglE& PAsA H=d olE F2H(Cluster) gl
shet,

N [* = critical radius
| - - = surface free ener
1 _’ * —2YTm # Iting t ijy
‘ = m = melting temperature
- : AHSAT AH, = latent heat of solidification

AT =Tm - T = supercooling

1% 2.6.2 Critical radius

olg13t FAE7} ol AAoT uwEolx &) ddsHow ¢tgI U=
Asteld Hagel 27)7F dasith ojwf gk HAage] A7 AA
2] 2 (Critical radius)o]2Fal 3t} = adatomeo] 547 FHAEH7F dANAER
o Aok wetoz gAE 4 ok JANAIEETG Zow &AL AT HE
oA A "k ANAEFE AR E Fod aat U YA (Surface free

o,
r]I
D)
i ]
o

energy), =4 (Melting temperature),
3

(Super cooling)dll ]3] AARA|Fo] 2
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Chip Design

nnnnnn

[o#03L ]|

Block #& - 24 # % 1cmx 1cm

| <4 Block#1~3 : LED Pitch JLE100um, M2
300um

| LED 100eax 33ea 2 9122

|  Block#s : LED Pich JH2300un, 412 500um

3ea y 39ea 210120

! 0 3
, / LED".. ..

Block #3| | | Block #4

A Tea#? |
« [ s#oaL |

.
l. . * .ll

o[ TEa#s || TEG#A"[,/'/

219 3.1.1 Chip design

E_/\

i
2
2
rir
N
Do

o1 % Epi¢tel Blue LEDE ©] &3t Green, Red®] A
Mg 54& @ 4 J=E gAdada.(ad 31.1) 4 Block#l>
blue chip W% %2, Block#2% Green MW3 282 A5V Ystoz
Block#3> Red W3 &S FA3t7] 9@, Block#4+= RGBE ol d#©]
o ® A Full color®] 3 7FsAdE& SAs7] Sls) AASAT.

Chip design& W3 H = 50mx60m= A Z3g o st e] chipe =
7125 60mx100mm 712 A A k. Block#1737hA &= chip H4 &
100m*300um = ¥ chipE 100eax33ea® W AR AA3A L Block#4ol A]
= chip AFelY AT E 300m*x300m= % chipe 14 E Full color B4
S ZA37] 98 33eax33ea W E A A3

Az A4 ® LEDE 2m F719 Si 2% ¥ n-GaN %, 55719 ]
T3 ¥ InGaN <% 2 v =3 ¥ GaN ZHow FAHE R okzp &

=

= (MQW) #4355 3 57 015m, & F
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T% 7Fs3 &z AES f8 4 AFE GaN LED epi(Z2¥ 3.1.2
a)E n-GaNZ ¥ p-GaN& ®ZA717] 93 ICPUnductively Coupled
Plasma)@ v 2 2um 2] Z A1 A mesaB A S JAAZHTG (29312 b) 1 &
p-GaNe] & HAzolsx=E 4312 FHAS ITO(ndium Tin
Oxide Film)& e-beam HHIE o] &d 02m <23A0h.(3.1.2 ¢) v
n-pad®¢} p-PadE Cr 0.05m/Au 02mE S23It.(29H 3.1.2 d) short
glol zZ&A17171 S8 Aded Asers &8 7 padF-iEw o Hsto
Passivation & A A SiOsS 500m & $ wpx|2o 2 7 chip array s

Cr 0.5m/Au Ims SHANHo=EM HER AZAZT (Y 31.2 e

% 312 98 vio]A=2 LED array A2} 3A

29 3138 9 WP olgdte] ARH A% % Wo|WAR HolF
o 2delA REe ¥R A%, e Po| AFHA Yt FARL T

ol
52
£

o
s

H
2 o
Ay
o
ro

2 LEDY sizeZ} ZolH ol wrel array 3 A
of ofs] WF FE FAAL= HUMF EVFEste] ole o 4 2

rot
ol
o
2
>

19 313 mpo]AE LED A& § o]
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2 7% 314 atv Passivation 374 % BOE(Buffer Oxide Etchant)
&oE Dip A2 A& ol &3dte] ol Fst= @AM BOES] Ewd el
o]3] Pad H-ito] 4= o] 1y 314 ()X Ee= npep o] oH
NAE= A FetAnt. ol xHgHo| o A H etching vl &
of g = AL s Asy] Y& 29 314 b dolHE A A 1A
shal S| HAIZIHA ol & Hs FAbste] A ZEt= Spray A7 WA S
o] &3t 3l A3t

a

a9 314 2] oA W wE A3} a)dip b)spin
19 315 at¥ Passivation &4 % SiOy, F47F 74 %< we} Crack
Aol YElH oln Aot} o] & | As7] fd 7€ SiOE 500mm =¥

AL 100m=E FAE A0 24 Crack FAE 82354

719 3.1.5 SiO; Crack 4 4

_35_
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29 3.1.6 aE WA o] peeling Aoz g = wlA FF Azlo] o
ol mel Si0, 713 A AAEel A A
Ao A Hojx YrtA FHe= A2 Fgrr[31] chip arrayE Cr 05
m/Au 1m B o eFe Cr 0.1mm/Au 0.6pum Z=23ro 24 843 o).

a9 316 9 A4 2 a)Cr 0.5um/Au 1gm, b)Cr 0.1pm/Au 0.6m

a9 3172 n, p-padet WA AA WA Y2 adhesion A2 A2
Abshebat Wi Apo] FE Hito] Wojx uyzbk olw AT §-EE olF
SiOz 713 Sl vx Ato]= F4 F3 Al Cre Tioll Hl3] Auet I+ 3
dol doju SiO29 adhesion©] FA gthial AT ATE[31] oo $
= Crs dAEA TiE Sda Aus iAoz A & 43kt
_ —

29 3.1.7 n, p-padet WA AAHANA Y A
obx AF3eE Qo A9 F2 3 adhesions Ao ¥ 31894 =

F %ol ol AMHSE & F AUtk
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A2d Mgt =4 7wt 249 LED +4

1. Egol e AnNE ad) A%

EZ¢e nlo]a® LEDE T 847171 a4 Red, Green, Blue ¥4 9]
A %7 Dadte A9 zZhzh Aupdh o 92 A Zste] FEEH7] 9 H) A

= chip ¥4 %A 3} transfer oA defect’} Zo] doj} & &o] F0
= W otyet A# ] §o] Fol =vh[30] T3 mpo]a® LEDE AW
S 9 A QD(Quantum dot)¥} Phosphor®t #Z2 EZ2E o7 7] 5o
A §8S A7 AR7F BEHA Chip 9o AEdste]l g g%
g WHo] AAHAS Y Chip e dealdo=w Mg 245 sjEHd 3
4& B3 295 YHES AAFHA & Udrh.[32-34]

244 obad ARL 98 ok=Y Resind dZtEE A B
1

= i=
SU-8& HolM FH3 @34 ofads A#sAth[35] 2

100Cel A 60sec, Exposure 54AmWeoll 4 14sec, Hard bakmg 110C
60sec, Developer(TMAH : 2.38%) 50secs 33t A3} X
e A ¥wk ol 19 321 do} edA FH= 4
3l A3} Blue, Green, Red oA F3%7F A9 100%
Ay fgxZHolE FdeHeAE FFg] s ¢
321 f& rpmE 2 &5 otad FAEAN rpm £E7F F
z2bg of=ad el FAVE #HATES 4 5 Advk olwl, 300rpmel Al 10um,
500rpmol A 4gm, 1000rpmol A1 2/m, 1500rpmeol A 1um o}=2E FA = &
HRZERE

By

] o E

et

)
o
it
KR )
o,

o\ o

—

4 2 mlo{' o%

N

]_61»

_37_

Collection @ chosun



Photoactive compound Wolf
rearrangement
0 l o 40u Oum
C—OH c
N — O
@> + Wate /
R
Dissolution enhancar Keten
d 00 e fnm,
: g
s 80 =) 28
£ 2 =]
2 60 g 2 £ 6
[0} C 0=
= @ o
el w
£ 40 5 1 a 4 |
C wn c
E 20 2 S 2]
E
0 . . . ‘ . 0 . . . - w L —
200 300 400 500 600 700 800 200 300 400 500 600 700 800 200 400 600 800 1000120014001600

Wavelength (nm) Wavelength (nm) Rpm of Spin coating

a9 321 B9 434 okag A% A%HA okady 72, bud 27
OB bz AEY, OFIFE, DFFE, ORPME T
4 BAS 434 okagel 4o dEdel ssd Pz A

7] §laf mpola® ) v Apolze] BTl HFA, 7] FFA MRS =4
o

a9 3228 wolaES yn 7Rk FU|EFA Y ARA oA s
AAL w AFRES nBoFEu, oA dBA = vlolazm Alol =9t U
Aol = H7IHBAE AFAA oladFH 1 wt L= 300rpmoll 4] 5min
41 0] B gkt

T 71542 Micro Aol = & 33A= mixing &4 & FA 98 o=
3 Az &Fo] ¢F Har HA ool HAHJG. welA wiolam
Atelz=eo] 7] @3 A R AFeA Fe Ao ?}&ﬂr (19 322 a)
oetA FAZE A2 yn FFAVE sbeEA e Ao m s itk Nano
Atol =z 9] 718 F A (QD)E EF°] Micro Abo]l = EE}{— R P =
W =FE &S Sapphire 7] ¥l ¥ Al Fs ojw|x ek o] T F

3 &o] 0o 7Mav.(24d 322
oo P13 A ofaAd Y el 9% Mqug =4 A

rA:
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a Micro size 27| 2

Foolad phosphor

0.4

0.2

Y (au)

0.0k \

7

T T T T T T T T
250 300 350 400 450 500 &50 00
Wawvelength (nm)

a9 322 e gl 7hedk ofAdd} a)ute]AR, bivte F7] FFA EF

H

-0.2

-

olel f-El= ofadd} Lol HIxT 7] Ve yx A9

mixingS A E=3FA T olwl 7] Y 333 A= perylene bisimide® 3}
Ath.(2¥ 3.2.3 a) Perylene bisimide F+E=AE tts WA e 239 w1
T w2 3 A yAE e WHEATE FHE ST d AR A,
EF54, WEwAd 3 HstgA 9 54 7HAL dol B, <t
5,948 2 MteAg 2 f7] AAARER SFE&H L dY [36,37]. ©]
3k EAS zEE perylene bisimide FEAS FXRE AAS L A s
Fr7]&uel i galeet d4 - gy 54 B e ERAEALS 2
= §7) ARAR AL ATE Aoz Qrh[38] o] Perylene

W
F = SAS HAH, EREdAME g3 25 94 5S4 dEhdg
249 # f7] A5 o FAE 259 A s I AolFomA A
Bzl vAl =40l 7heshrh[39,40]
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1% 323 by HEYo] 7ts3dk d3A| o perylene bisimide phosphor® 1#
3229 ol AYF FUIPFA n&H} Fol AL A T3 flo] &7l
e dom 71 9ol 1000rpmo.= ¥ Aol FFAE] TXA ¥ Aol
Z des 498 F Ar

1% 323 c& Green, Red ¥4 #AZ & rpm¥ PLS YEpd 3o
t}. Green, Red =5 1000rpmolA 71 & &85 2t 300rpm,
500rpmell A1 = spin coating $ Soft baking A A 7334

Az ks A Xeta SR AL os) m&o] YeoldE &l & ¢

o}
AR .
Green
a < 8000
—300 rpm
= ——500 rpm
% 6000
2
=
E 4000 o
w
C
@
E 2000
_1
o
a . T T
500 550 00 650
b Wavelength (nm)
Red
40000
— 00 rpm
— — 00 TR
= — 000 rpm
% Jnana 4 ——1500 rpm
- — 000 PR
2
0 200004
Py
w
C 10000 4
z
c
o
T T T T T T
580 580 600 620 640 680 68D

Wavelength (nm)

ot

719 3.2.3 a)Perylene bisimide &3A|, b)74A o=l &

_40_
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a9 324+ oA AFs ¥ Jhsek dFAE Soft bakingdl o gk
25 9 AEE HAEg Aatoltk, sE Y ATAR Soft baking ol
110Cel A Fej7t 2 o
Wl M3 bo]Eo]

A A 7TFE 60secE ARG LEE E=oEF o
gtow 2LE 1 olgoR EHE A IE F
ofdth. (29 324 a) T3k <A 110T
o FS wjE= 70sec7t A gretw 1 oo
dold k. Z, Soft baking ol 9]??} SRR

[e}
g A Y] FH o Eo] FAES &
| -
100°C 120°C 1307C
| - - - -
50sec 70sec 90sec 100sec

19 3.2.4 Soft baking 71 Z2¥

a9 325 IE 7hs3t B AE Exposureo] WE =3 A7) BOAZE
FA 7= 26mW, Al7FS bSsec7t dE o] v s

4ol FolddA dn. o9 & AHUE =
[ A (29 325 a) Azt
| SA #(4d 325 b)a o

s
v}
N
1°)
£

7sec
19 325 Exposure =A19E Ay}

5sec

_4’|_
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9 326 a& A Soft baking¥ Exposure 2 &3 ZAilo|A I =3
110°C/70sec, 25mW/5sec #F o Zato] A7+ 2 Developer® 33 43}
ojt}. Algto] 7} A4 E Fwlo] HAAJEWA S0sec7t 7HE A A #HA

NI S 4 = A Yo 2e 248 19 326 bt #o] Red, Green
ggA A TL3A ERSET

a Developer
10 sec
(Soft baking :
1107, 60sec /
Exposure :
25mW, 5sec)

10sec 20sec 30sec 50sec

Thickness : 3.32um

1% 326 a)Developer =44 Ax hHE A

a4 3278 44 2des L dEdeol Jhed dFAE AFAG
Micro LED $]o AMeldg o=z sy ds Aato]r}. Block#lS Blue chip®h
Block#2& Blue LED ¢ Green 3334, Block#32 Blue LED ¢ 9l
Red &3 A, Block#4 Blue LED, Blue LED+G, R & A& ©]&3 RGB
EFAYE ¥R 4 AdWd JHE g Adoln. MR 24L&
Z ex7F HAJAAR 2 A B o ko] diid g do] WEE

5 > 1= oo B 5 2=
o o ARgE 54 g FEEA Fes T F A

rlo

rok
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HqE

Infgreeirum 0.45
1.2 — Blue ——Green
0.4
1 035
0.8 03
0.25
0.6 0.2
0.4 15
1
0.2
05
0 ‘Wayelength [nm] o
380 480 580 6E0 380 480 580 680 780
12 16
1 fed 4 \ ——RGE BATE
08 Greer/Red/Clear Patterri2
& A
06 0.08
0.4 0.06
0,04
0.2
0.02
o o
380 480 580 680 780

719 3.2.7 Color conversion layer

%2+ 1% Color conversion layer? ZiE

o] 7] 913 Blued HAE, Red 3 A

=
A7b, BR% Aw 4y, AF¥ 24 gL B

3282 A FAHE HoFEr

> RDNM S8 Hef sl 2

CRRR s AR s m e AR
T R

N T nT

White Light = (Bloe + Red + Green) Light (Red + Green) Light = Yellow Light
_ Yebow Fiter
=H Absorbs Bloe Light

hittp:/ e, phiysics, wise, edu/ingersollmuseum
Jeshibits/optics® color/subcolomix

rx
a7
=)
O

9 328 #HAE g8 N

_43_

Collection @ chosun



Blue chipo] &d3tel wel F-d Aot wheshA g W (d 329 a)
N A WAL A Y Q= WAHAALS olg7] 93] BM(Black matrix) &
o] &3 A t.[41] -+ AR otmdE I HolFol sy shedt
BME A #&stAch(2¥ 329 b) 700rpmol A F3HE7F BE 7HAE 99
S Awdo] ok olArH oIt (2™ 329 c¢) 3 Soft baking 110T
/90sec, Exposure 25mW/10sec, Developer 2min, Hard baking 100TC
/0secd] Ao 2 MHYS AFstAL(2d 329 d) &FHo] AdE S

E g A (2" 329 e)

&
i
w0
=
o

1500 rpm
—— 700 rpm

Transmittance (%)

_J

200 400 800 200 1000 1200
Wavelength (nm)

19 329 QAT Black matrixs £33 QA A 14

1% 3210 Red® #ubd W 289 Fae AN 9ot =
go| #aste AS W7 Yd Green FFA L} A v &R E7eto

sttt ol & W As7] fd Greend 41 A H W Blue #°] Green 333 A<l
od F4%Hi Green FFA oA A3 Ho] Red HFANA AT
Ho] HFAHOE Red Hol] WESZ] wo T3 2 5 0oy

- 44 -
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3tal 1 ol o ® Green HFAE EF Aol = Greend ZHF o] =oluy
gl #a%e & F Yrh(2¥ 3210 a) £ Red THAY £ )
dEe ¢ dv.(2¥ 3.2.10 b)
a

Green : Red algi 5:1

(Sb3orm 014 300) 510 873

fEI.GLEEETIZ::I‘O:H) L% 6%
SPL &3 Data 0.2

Itenshy [ ====BlU

1
"
n
H
]
!
H
R
!
H
:'
Hit
.‘
Hat
1 1}
1 1
Ualh
AN
h L}
1 1]
1
L)

0

380 430 480 50 s~ - 63 _ 680~ 730 780
We m]

favelength

19 3.2.10 Red®} Green F3A &3

3.2.6 bollAl HZo]l HF FxolA FZA7F 332m=E Bk},
dutq o AWed = 100m olde FAE 7HAT. wEbA ekobxl

380 430 480 530 580 630 680 730

TZ27F 28 9SS = Aoz Ay, 19 32112 Green-"/] z
€S =597 Y8 AR FFA Green FFAE o) A Z=3d9ct 6
WA= 3 gfom 1 ooz HZ=3 W Okﬂ%ﬂ o} A

Ados e o ol a&o] TUkekA

18000
» 16000
B A= ~ 4]
. T2 1o . N h
-~ 14000
12000

10000

Intensity (arb. unit)

8000

6000 4

Intensity (arb. unit)

4000 4

]

» 2000

S [ . 0
14

3.2.11 Green 83A A=

T T
400 600

Wavelength (nm)
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19 3212« Blue ¥ A% FAEHo] 50%0]dol 22 Blue AW
FE FAAE T FALFS AAsta FFA T BBEE =59 B
&S w7l A8 FAAl TiO,, AlR0; 94 Z71E= FF A A7t
T3 HE Y3 image ¥ &8 wWgolth TiO; 0.5umE 1%wtz 3 713
FW ®&o] Greeno| 246w (19 3.2.12 a), Red”7} 68 (2% 3.2.12 b) A
=7 3es & 5 A

a Green
0.3 Graen (Ref )
= Greem o 7000 (Lum)
035 —— Geen + TIOZ [0.5um)
= Green ¢ ARDS (lum)
—_— Gewen & ARDA (3 3um
(i %]
01%
o1
005
L]
630 GED T3
b Red
[ L]
—— BU_Bhe
045 10w : 200%
----- Red + Ti02 [Lum)
os '| |
[ — g + TiO2 (0.Sum )
05

01 3%
,ﬂ\
=
1

{“ICollection @ chosun

—Red + AIZOS (1um)

Ret + AL208 (0. 3um

on2 -

0.0z

oms

-

Green (Ref )
== Green o 7000 (Lum)
—— Green + TiO2 (25um)
= Green ¢ ARDE (Lum)

—_— reen & ARDA (3 3um|

247%

J4%

e B _ B0
..... Red & Tion2 (Lusa)

g * TIOL (D Swarn |
e g + R N208 (Lum)

s i + AI208 (0.3um

emEmmmE=
=z m=Sr "

=

% 3212 &AHAl H7F F Green, Red 3334 &8
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g g YorE wAE A Ssl
blue #& €8] Add 4 3= #FA Yellow pigment #l2HskSltt,
Yellow pigment= 19 3213 a%t #o] Blue #& ¢x3] 2dst= o
& 9o, 1§l 32213 b, coF ol ShA AFE HEA ol E 3 Yellow
pigmentE 1wt%® 41o] 7734 Yellow pigmentE A #3Fo] 500rpm L.
2 FYA 10% A% F47F 5 double ZBA FHE7F AL 0%=
blue #eo] ¢+d3s AdgaS & 5 3

it

a
White Light = (Blue + Red + Green) Light (Red + Green) Light = Yellow Light
Yellow Filter
Absorbs Blue Light

b c Yellaw pigment coating [S00 RPM]
100

304 Transmittance

E 804
704
604

504

S ¥
« ¢ [
[

“
q = o]

T T T
300 400 500 800 7oo

Tranamittanca('h)
i
=

Wavelength fam}

a9 3213 7344 Yellow pigment A% 2 54

a9 3214904 & ¢ %ol AFE 7EA Yellow pigmentZ Color

conversion layerol | E]J3te] &9 A3} Blue #o] A3 Ad HUS

& FAY 5 Utk ol F Fdl blue B ol &3kl ©4F red, green ¥
Ao Az} AsES S 5 A
- 47 -
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Green conversion

Green+ YP
Green + ¥P Zcoating

1200

1600 o

Intensity [arb. unit ]

800

Green + Yellow pigment  Green + Yellow pigment
- T T
double coating 400 500 500 700 800

Wavelength [nm ]

Red conversion

8000
—ad 4 VP
| —Red + YP 2coaling
8000 -
=
c
3
=
5 40004
£
m
g
=4
2000
. Red + Yellow pigment ¢ 400 =00 800 700 200
Red + Yellow pigment doubl : =
ouble CDEITII'IQ Wavelength [ nm ]

1% 3214 734 Yellow pigmentE Blue chip 9ol &2

a9 3215 Aw7hA 2e AAgd < Blued R4, Red
FFA 1A, FFA A5, FAA HUE =73 Ad ZHE A EA
3T

o

] Aol 5] H o] red, green, blue®] &Z7 I Ao

stolt}, T el

Jh ftlo o 2 ot
%)
o

iAo R wdEE & 7 vk AEdd A2 wo= #9 4d wE
Z A AT B F blue Fo] tHE MEo] HE & E¥€HE 7FA L G
Awk 32159 AHEH A HEo] red, green ¥ AE FAd 4 gloH
blue$} green?] ~#HEF R 7} ¢ty = olf & blue #9 HS ~FAE

Wol o Jaow

o
-,
Y
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Color conversion

=3 Blye Red
Lree

Intensity [arb. unit |
8

“luf | | :

T T T T T
400 DD

‘Wavelength [ nm ]

19 3215 &8 7BA 3 Color conversion layer RGB A 24 7}
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A3A EA8 LED MAE ¢g 2D 7|19 TFT &4 A+

0(

AuA O MoSy e SE/IAZAYOT LA (700T900C) 433
W el 79he] SEGE0T60T)S MoS, 4% &xol ue)
frel 71 S0 A% e Zlo] obd A /%

ol Al AeEA dwrHott, weka AA v|Idel A H MoS:E TFTE]
MEA BAR AZ37] YeiME MoS:e 2 7FolA TFT &A=z HAL
o] HQsHA H=d, ARG A MoSe BHehe 714 Aol 334
BEE HIAANA BE&S A4 2 5 AT TWEA MoS: & A 2dlA Adst=

Aol 7hsstvtd 1 e 7ld Sl et sAAAS @5 oo}
Yzt dAF A s A% IAE & 3l
s}V 352 S o] &8kl MoSE st WS A9 (quartz) && o] 5o
Z1 W (Chamber) ol A1 Mo<} S uheks dojdl 4= gl 31817
FEAME o] &8t MoS; b Aol & Sle B UFA ol Stk 1
T e o 7AWl 24 ot} Molybdenum
trioxide(MoQO3) ¢} Sulfur® A3k Wy ol 1= 7198 MoO39t Sulfur
o} 7ol Y#s % (¥ 311 (), 99X wet down-stream(L¥
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