US 20180277524A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2018/0277524 A1

MOON et al. 43) Pub. Date: Sep. 27,2018
(54) TRANSFER HEAD AND TRANSFER SYSTEM Publication Classification
FOR SEMICONDUCTOR LIGHT-EMITTING 1) Int. ClI
DEVICE AND METHOD FOR s
TRANSFERRING SEMICONDUCTOR HOIL 25/075 (2006.01)
LIGHT-EMITTING DEVICE HOIL 33/62 (2006.01)
) HOIL 33/22 (2006.01)
(71)  Applicant: %KGR )ELECTRONICS INC., Seoul (52) US. CL
CPC ... HOIL 25/0753 (2013.01); HOIL 33/62
(72) Inventors: Sunghyun MOON, Seoul (KR); (2013.01); HOIL 2933/0033 (2013.01); HOIL
Younghak CHANG, Seoul (KR); Jina 2933/0066 (2013.01); HOIL 33/22 (2013.01)
JEON, Seoul (KR); Seonhoo KIM,
Seoul (KR); Youngjoo YEE, Seoul
(KR); Hwankuk YUH, Seoul (KR) (57) ABSTRACT
(73) Assignee: LG ELECTRONICS INC., Seoul
(KR) The present invention relates to a display device and, more
) particularly, to a transfer head for a semiconductor light-
(21) - Appl. No.: 15/754.900 emitting device applied to the display device and a method
(22) PCT Filed: Aug. 26, 2016 for transferring a semiconductor light-emitting device. The
transfer head for a semiconductor light-emitting device,
(86) PCT No.: PCT/KR2016/009547 according to the present invention, comprises: a base sub-
strate; and an electrode unit disposed on the base substrate
§ 371 (c)(D), . .
’ to generate an electrostatic force by charging an un-doped
(2) Date: Feb. 23, 2018 ) . . o
semiconductor layer of the semiconductor light-emitting
(30) Foreign Application Priority Data device with electric charges, wherein the base substrate and
the electrode unit are formed of light-transmitting materials
Aug. 26, 2015 10-2015-0120497 so that at least a part of the semiconductor light-emitting
Aug. 26, 2016 10-2016-0109161 device is viewable through the base substrate and the
Aug. 26, 2016 10-2016-0109164 electrode unit in sequence.

1210 1220 1100
H_/

1200




Patent Application Publication  Sep. 27,2018 Sheet 1 of 52 US 2018/0277524 Al

FIG. 1




US 2018/0277524 Al

Sep. 27,2018 Sheet 2 of 52

Patent Application Publication

0€T

OTT 02T 091

|

04T

05050505050 e005050505952 OOOOWOOOO@O

0S0L0S0L0 0S0,0 CLOL0 0L0L0 005000

000 L0L0,000 00000000000 0000000000007 Vs

S

t
OOOOOOOOOOOO QOOOOOOOOOOOOO&E_OOOOOOO OO

95952526295252959d9520{F96962526259569624) \

OOOO
G/ xx% o «
> % 4 ox x 4 %% x o «
o Ooxxx  x % x x L x C o oxox o
¢
OJO xxxxxxxxxx v P Fa ¥ e % % x % %% = e P I, PR
2 AT
[=3 =ef

¢ OIH




100

PR i

i
/

130

[

US 2018/0277524 Al

ARARN

-

2
|

I
o
o

>,

o5
o

T
-

i
|

SRR

%

[\
L5}
o
o

i
<
o
o

[

|

110 120 160

T

-

140

T O
j

170

FIG. 3A

Sep. 27,2018 Sheet 3 of 52

FIG. 3B
G

ook
180

‘::

156 171

I

LT T TV DT AT

Patent Application Publication

162

110 120 160 130

140

152



US 2018/0277524 Al

Sep. 27,2018 Sheet 4 of 52

Patent Application Publication

FIG. 4

100

o154

N
SO

AN

AN

AN
\\
/ S " —
// //// i // // 155

O\

S S

156

FIG. 5A

A A SR R s
<
S

'

i)
o
2]

HEHHIHHN
©
o
0

=S




US 2018/0277524 Al

183

2

18

FIG. 5B

Sep. 27,2018 Sheet 5 of 52

181

Patent Application Publication

_ ] Yo B e,
B = ) A
ST CERSS pes
D S A DK
PN @ = G0 N
PP IIETS = RAcicl B Syoya)
PRI =

LI
o
o

elelele)

T
o
o

g

[

Epoo =
i =
b oo A =
x“,,voooa =EE) e =
= A oo — g
1= . o 00 e =
o Ecee % X - =
= \EL oo = £
%6% | = SO0Y 77 ) F 1=
xido,oio A o - = w 2 =
Hooo oo O =T =
= oo d ee yoed - 1=
= = e d =
= 1 S Sed [ =
= ao |- =
x o owom oW ox Flano AP i x!
MMIINIDS = JCCK: I YN [ £
%ok owoxox KO” P 00 [ =
cxowxx o Hoon X e N @ =
= o o0 = —
x %o « i SR == R —1
xxxHxHOHooo 550 mnxxXKxOH
= Y ) = -~ -CH
xxxx,ﬁlex,Ocoao 000 = VIV
oo LEpeed P = PG =
b oo AR5 EE Y- ==
oo oo NN G =
= CIIE) g Sk =
WP oo N B
!OQOQO A |
B ao . =
= + = RIS g Syoys —
b oo e =
xmacoco AR O =
= 55 b H
otusele | = RESRA S Yo (o] = 1=
L PR o' <O < |
= NOOX 4 — =
oo NN < £
T XXXOW 0 oo 12
DIV (= N I S | E
xxxxxAOWOOo OOQQQ == - =
nxxxxKO“JDDQQ 1) [lhxkxﬁxO“
. O O O P ~ =~ = = = = =
P I = e = H
oo = J
KKKXXXAU]ooo ASKN =T =
X om o oxox = A oo “xxxxAxOH
=oool Lok = B =
Kkhx‘xouaoos 009 MAxAKOH
= AR v o) == (=
1= Ol 59 g IVRSRE XOW
b oo d H
] ) S T =
FHoco 2.0, B 1=

A o0n
(== = a'od . =
Hoos SReRS T 1‘
= P ao B =
L CXSIC) g e . =
Ef.oos > —i v,.w =

xH.OC\ 30305 8]\!&0’#%)4” J

== NI hooo — e

Tt S o s Ooooo -
BEIYS = S i e
KK,xxXAu!,uoooc AN =l
v S PSS 00 . =
. OHCCC A XOH
T = L0 00 £
PR = I I S CE
e = e AL =
ool e =
BEEEEYe - 55 > o< CE
PEPENENENIN @ == [oXe)ou It oo A=
- G
=



US 2018/0277524 Al

Sep. 27,2018 Sheet 6 of 52

< o fox\]
Iz e ] <o <
2 2 O e - D Lo Lo
OOy L d vt i
L I e B o | V ™
11\09900 AA*AKAA = R = == e xxxﬁxX Akx,xx =
= s o e AR @ = s e << ANJTETTY ooo] DS = IERRR TS = S5
Fhda e b oo P X =) CH oo
PSRSSE g AN RRXAXAOHooo AﬂxAx,O\ooo A koo xS PIIEED - = oA
e w o PEPEPENEE oo d” ccxox x x 2GR0 L < xoxoxox o )T kAxAxxO oo
Fosal foos AA’QKAO\QQQ,«\OOO Aﬁx«xxg\ooo CEXe) PR R = PRI e = (cX=Ks)
Fp oo o0 PR I RS S T < xoxox o< PO S0 - o8
) oo O\uoo\ o o0 O\oog 00 i - M dcoo
=) o9 £k ok oxox Doodfeoo o R o ) G HM - Moo
Hooooc OQQQO < x o« x < DH ooooD \ .v)ooc & < xoxoxox ADH ooooo .o%% int § o= i Hooooo
i - % ow ok x % — = H <« o« oxox ow +—1 - - j—}
ks o oo Oiuoo oo o i we——— O;OOO\QOQ HH »x;ooo
) oo R < xowonox o =) ) H u o0
Hooni Jooo xoxoe o« ox 3RE B M« i Y 7 S HM— Hd—ooc
Fhoo X *:A(\OH H \<<x<<0Hoo oo H =Y
Eoooy Jooe ‘ i caoy oo u E1Y o feyeye]
oo oo RN~ O R~ :1s)s) [ef=) o8
cow oo \xxA<:_.O K‘AAV;XAODOO 8EY I PRI FAAYS
oo oo i cvn o rpoodboo oo
©0a OO @ Qo QG D [eReNe]
oy B num e ,:ﬁ,ﬂﬁoo o) : o0
mooo 000 Cxxoexox X P B 9 s oen | = oA
o oo Cxow ok ow ok % ok x x oz xx DO 20 ;;\‘XAXAO A&AK‘KAOOQ
cosyoon cooi oo N N L)
A N AX‘XXXXO xkx;xxxnoo g ckomonox ok <k ]
R G SIS | AR @ CIE 4 KCrX Il DRI Kk
) o0 A*(*XX*O AA‘AXXAOUQO/ Q0 ckk ok x < w @0
couiiloos P K P R 72 SICX) MM O PV @ 1O
oo o0 O Ooo o - oo
Y I e <k ks oxox % . o xoxow ook oool oo xXAAK*;O xxxﬁ\;AOooo
aa aa K ox o®ox o ox ¥ kv xRk x Qag Qo How e x %k P I Q0
soolooo R & MMM @ L1177 o Ui
o oa b oo oo oo
coo{djooa R = < xo cocl Joco L)
oa o AAKKXKAm ﬂnhnxnhm,oo =Ys) %Mw%&m— %MNW& X
Q0o el Kok ok ok ox x el c x x o= ox % [eheRs) skl g O 0 2
X e o ) o0
_boo oo < xox k% ox x < xoxoxox x x SO0 ) b b x k1 00
D00 oo PRI B .Lx,\LOzooo 00O i - i Ele)=)
“boo CE) M — K M Fpoo )] - ) oo
—Jo0o oooo N — i cor oo Fiooo 0O O 1 /xHQoa
50 o H Soo oY) o - A DG
jooo i Joos <k oxoxx - PRI soel Joos ¥ ooo
P oo a . |1 T £ 000 DO - 1 O
oo [0 0@ e — s D FHooo 00 O it - B =CRe!
oo oo ko oxox H PR bood pood & . ux b o0
ceoi oo B i R = GO 75 X H HEeee
[Hooa oo e [ N 1ooc oco e~ Fooo
Y ot IR — = YeYey= iy o xok o owox . YeYe) oo d < xox ok owox wxokoxoxox e
O g O
o @9 c 0 okox o x .o oxoxoxoxox Fpoos < )ox ok % x - “ Xk ok ox X P oo
Heoal ooo o0l \mom\ooo@o O\ O\mm>
o < oxowox kxS AT < xocoxoxox ook kX x x = PIPIP I
= oooma BRI 7 < oxox o x — ooom < oxoxoxox x ALK <k ok ox xox =
o s ke ox haood <« oxoxox x Q ) o xooxox % - < e oxomox =
Floooidoos M O\oocoo | N cocl fooo (@ =F . O\ooooo
. A 1 2 2 %ok ox x x <xoxoxoxox =
©on oo PPN 200l PR oo s ‘EEEERT O A,XXAXO Do
() (] N e B icok 5 e o0 oo F b od e Bioe
ele) oo . PP X H ok oxox ok 000 00O Mi]coal oo Moo
oo o N Okteed N oo oo b ood boo AL oo
jooa oo MEIEILIEIR ™ s LYoXe) ki < oxoxoxox cool Joun MH—Joocol oo M
Fhood hooc < oxoxoxox x D\ oad H xoxoxox x K. F KK P oo ) oo E LK
Hoo o :::O\ B e [¢ ¢ € x < x 0 K B BN i = 1 Gl
{0 o0 a ERsk=s roxox XX - T R [ jo oo 0 QO o oo @ 0 a It a0
Hpoo G0 < x % % x % - u < x % xox x s)=) D Moo o0 D oo
Hoovoy oo AXXA,XQH o PR coal Joon Aol Joos HHooo
poo oo = 00 ) L ) on i
oo Ao o x ok oxx kg < xxox x ok x B0 oV A0 o 6 RS e PR I (A i
o0 REE AA,AXA‘ODGN 5oy xXXXP\Uoo boo O
oonl foon C ke xox < k<o ok cosloos oool fooo
00 o0 P R N cod/poac 00C )
00T 0 & oo * oeomxx EX) 00 G \MWHOOQ\OOQ
50 CEY: P oxox ok oxox B ok ox oxox x X o R b ool pon
coaldoon «oxox ok oxoxx <ok oxoxox x ool Jov e < x x o« x x < O OO oo <xoxoxox % x XY
X oo 1) X BXoK= ¢ Yoo ELX:
g BERERRTe i o BEERRRLS 7 i EEERRELS
e et e (Y Rt O < xcx o CPBO 7N IEERERRTS 11
coaljoon P xox <o ko cociJoao < xoxoxox o x SO0V Ao o <xx ok x % x 0O
oo oo AO AK‘X<XKOoo ) ;xxxx‘xOoo g ) Ax‘xxxxOoo
oooljoon cool Jooo coo | dooo CXeXe!
0 00 ik ok xoxn P ors) 00 N o) X <xxxoxoxx b0
000 002 k% oxocox % % <« x < x x x Yoo 00 x % € % % % K Dool oo X X X X X X =]
) Xs) : - o X} codhon =X

Patent Application Publication




Patent Application Publication  Sep. 27,2018 Sheet 7 of 52 US 2018/0277524 Al

[T [ 14
252 950 230 210 220

FIG. §

282 250 240

‘ / Y ae
210 256 252 220 230



Patent Application Publication  Sep. 27,2018 Sheet 8 of 52 US 2018/0277524 Al

|
|
S S s

/ -
A 256




Patent Application Publication  Sep. 27,2018 Sheet 9 of 52 US 2018/0277524 Al

FIG. 10

1000

1050 1020



US 2018/0277524 Al

1080

1000

/

11A

1152a

Sep. 27,2018 Sheet 10 of 52

FIG

1040

1050

Patent Application Publication

1000

x
o

8
o0

UL
<
o

1040

/ BB

1010
B

1020

|

1152

1156
R
10814 11522 1091 1082

L T L T L LT S T T LT T
OO?,OO
5°5%5
FIG. 11B

1051c

1010

1051b



Patent Application Publication  Sep. 27,2018 Sheet 11 of 52  US 2018/0277524 Al

FIG. 12

1050
1152 1157
SN - //_ /// ___//_x1153a
i / / g -
/ T / // S/ // Vs 1153
152

R e




Patent Application Publication  Sep. 27,2018 Sheet 12 of 52 US 2018/0277524 Al

FIG. 13A

I

) m )
Wy)—
e 42010
/\\—p 2020
2030
——-] [+ 2022
2000
EREEER: 2021
11538 g
““““ Ere _/Z/t __7/_/___
A A
HEEH \ —T 1050

/.




Patent Application Publication  Sep. 27,2018 Sheet 13 of 52 US 2018/0277524 Al

FIG. 13B

2031la  2031b

.
2031



Patent Application Publication  Sep. 27,2018 Sheet 14 of 52 US 2018/0277524 Al

4>
x 0|
¢ A i
= &
<>
© :L\
|||—I o R
+ DO N
& —1




Patent Application Publication  Sep. 27,2018 Sheet 15 of 52 US 2018/0277524 Al

FIG. 15A

1153a 1101

1152 1156

FIG. 15B

1101
1152 1153a

] ] T 1063

—— 1062




Patent Application Publication  Sep. 27,2018 Sheet

FIG. 15C

16 of 52 US 2018/0277524 A1

1152 1153a
i \I‘Mr J [iRRARNNi L /
N A
INREE] R N MR} k \\ N
7 \/ 7 > s — 1063
-~ 1062
1156
11]52 1157  1153a
) // // / % // /j/ /,/
T NN T < 1
e S>> 1063
-1 1062




Patent Application Publication  Sep. 27,2018 Sheet 17 of 52 US 2018/0277524 Al

FIG. 15E

T TR 77

| iamtany k\\ j22zamn: g N BEIET [ s R
E == ez

FIG. 15F

2000




Patent Application Publication  Sep. 27,2018 Sheet 18 of 52

FIG. 15G

7 2000
// Ve - el

1152r\g_£/j

\

CRELiLiRARARN il aeatasatitd I
xxxxxxm/ S S S S Sxoxox s x
N P 1030
1
sxxxxsHH_ S /L L L LS kxx s %
bew s B~ \\ \\ xxxxx |
Mook ok x % x o ox x [P
xxxxxxxxxxxx / % x x5 x
Mook ok ox % x ok % x [P
REANARRERARRARRR]

. . L LTI L] 1020

(T T T T T I T

09¢20%020508080%005¢ 0020002020005
05809096969¢90909d969696%5209090 %

1156 1070,1010

US 2018/0277524 Al



Patent Application Publication  Sep. 27,2018 Sheet 19 of 52 US 2018/0277524 Al

FIG. 16
3040 3000
3??2 3%?1 // 3032 3010

-

A S By
Y Yo i 4

L/

L //
30302 3030@
Y
3030
3Q§0
3042 3041 3021
777 7]
f {\ // |
3010 \30303 3030bj

~
3030



Patent Application Publication  Sep. 27,2018 Sheet 20 of 52 US 2018/0277524 Al

FIG. 18A

4032

"403%b 4032a
/ \ 3000 4010

FIG. 18B




Patent Application Publication  Sep. 27,2018 Sheet 21 of 52 US 2018/0277524 Al

FIG. 19A

/ | [ i
L -
e N
2= N
6000// S
EEREERE
|iEEEREN ;_ e #_}7_/’&_—_7‘
:mm// /<\ 4 /1050 1220
\HH(H\ / 1200
R 1210

LI, 1100




US 2018/0277524 Al

Sep. 27,2018 Sheet 22 of 52

Patent Application Publication

FIG. 19B

6032
6032b  6032a

6010

\

M
A
////

NN
N

NN
N\
\
NN
DN
NN
\




Patent Application Publication  Sep. 27,2018 Sheet 23 of 52 US 2018/0277524 Al

| a

§ I

t !

i \~.-.—-~~.+

3 |

i I

i i
Vi \
i

i !
4; H»E:
+ {
§

P e e g

e SRR

AY

\\W

A
\Y
A A
\
>

7

AN

fh=ssse
NN

FIG. 20
s 1
Q\

[imnmnmint

R S
\\\
/|
v ) ’
Y )
P

.
\
|
J

UN——

/
0

e} \\\\
_____________ B 3 O\
[ = S AN
i S < N
! ‘ SN
J ] % \\\\\
b= T \\\\\
i 03‘\ 1 \\\\
+ B \: ol SN
| g 1 S A N
IV TANN 200 AN = e N
S I B NN
i g‘% i i i /\\\\ NS
S A e .% H— 1 N —i
] o gt 77 IO o O i
% m \’ ,/// \\\\\\\\
+ T AN NN
= l{\\% —{\\\ g
, -~ N
- | Hrrer NS &N
= % i SO e
I fowTos ' 8 N N -y
: ©w i H AR N oY
: ‘ &\KA;\\\\&"
: ‘\-w—rg.,_ . o
1 H

"
5
}
|



Patent Application Publication  Sep. 27,2018 Sheet 24 of 52 US 2018/0277524 Al

FIG. 21A

1152 1156

FIG. 21B

1101
1152 1153a

\\\ VNN

RS AR
\ AN

s ) "_/// / v
|, /// //, //// . P
00
e LS,

i//// ’ // // ‘ 7



Patent Application Publication  Sep. 27,2018 Sheet 25 of 52 US 2018/0277524 Al
11352 11)533
A 77
uagm| RN any \\
7777 ‘ / >
'\\\ \\\ \\\\ \\ \\ \\ \\ \ \\\\\ \\ \ \ \\ Vo 1220 -
AR RR N\ \
\ \\\ \\ W\ \ \ \ A\ \\ ~\_»1210
v // ey / ~ / ) V / e V4 y
’// / / T 4 // s/ //// // //
/ / // ‘ yd / ,« . / / g / / / / / e g
S S S S S SS 1100
YA e yavd S T A
// /‘ // /// / / / / / . // / / //
S S S S
oy S S yye s
1152 11357 1153a
] St A 400000 00 btbad A linmmiinnniy o )
H /| / / / // / il //// /// e / /// e
} 1 \\\ N T \ \\ Y
/ e / S
\ 1220
/_/
\
\ \ \\\ \\ \\ \\\ \\\\ 1200
\ \ \ \
Y \\ RRRRE Y 1010
S P Py /
Ve / / p / / S e V% yavd S /
n// S - g / / /// /S ’ / // //// / / / // / / //
oSS S / / s
S S S S f —— 1100
S S S S S S
Ve S S . / / / . V4 g S y
ayd e / / Yy i /// / / - /




Patent Application Publication  Sep. 27,2018 Sheet 26 of 52 US 2018/0277524 Al

FIG. 21E

6000

| 6% SO g v 757 I NS g v 724 QNS W_M_J

i g N g v

FIG. 21F

| 54 Q) SN R v | 7 S N v |




Patent Application Publication  Sep. 27,2018 Sheet 27 of 52 US 2018/0277524 Al

FIG. 21G

6000

L7 X i

FIG. 21H




Patent Application Publication  Sep. 27,2018 Sheet 28 of 52 US 2018/0277524 Al

FIG. 211

6000

(722 JANS 6 | 222 SN 22 L% B \NN g 722} | 742 N v L7722 N v {72 N )

1070



Patent Application Publication  Sep. 27,2018 Sheet 29 of 52 US 2018/0277524 Al

| 7030 |
| 010 77083 7034 |
! / | \ \ /o
0 .
N i I
| e oo
7 =N " o0
7000 o 7042
gy
i S/ // /
E 7 1050
mmumy N -~ 1220

AR 1210
/

,/ \\\\\\\ \ i




US 2018/0277524 Al

Sep. 27,2018 Sheet 30 of 52

Patent Application Publication

FIG. 23

7032

W
o NS
\\

7010

THH

N
AN
AN

DR

AR

N
A
AN

NN\
N VR TR
‘ N

////////

AN




Patent Application Publication  Sep. 27,2018 Sheet 31 of 52 US 2018/0277524 Al

FIG. 24
8001
w
8030
\
) 802
8110 ——— ——/\/\/\V\/\/— 8010
M M M M|
B A R F B ]
8120 r ( (
8121 8130 8128 8131
8060
)
!
L8050
8040
X



Patent Application Publication  Sep. 27,2018 Sheet 32 of 52 US 2018/0277524 Al

FIG. 25

8129 8130 8120

A |
N | | C}

o
N

B

8121




Patent Application Publication  Sep. 27,2018 Sheet 33 of 52 US 2018/0277524 Al

FIG. 26

80104

— 8110

|

8120—F il
J

8121 8130 8131



Patent Application Publication  Sep. 27,2018 Sheet 34 of 52 US 2018/0277524 Al

FIG. 27

8120

i T/
¢ 0

\
\

8121 ——H




Patent Application Publication  Sep. 27,2018 Sheet 35 of 52 US 2018/0277524 Al

FIG. 28A

80108
~+—8110
8120—t f | I 1 L
| |\/| ] |I |3 —
8121 8130 8131 8128
X



Patent Application Publication  Sep. 27,2018 Sheet 36 of 52 US 2018/0277524 Al

8190
8129 8121 8130

| L
O //\Q

e~ Y

\




Patent Application Publication  Sep. 27,2018 Sheet 37 of 52 US 2018/0277524 Al

FIG. 29

8010C
8120
8729 8T23 8%60 //
000 oooooogisgooo
O \ 0
O O
O O
0102020101001 0101020101020201010)
O O
O O
O O
00000 OOOOOLOOOLOOO
O O
O O
O O
OQO0O00O0O0O0O0OOOOLOOLOLOO
O O
O O
O O
0J0X0X0J010X010101010101010101010)




Patent Application Publication  Sep. 27,2018 Sheet 38 of 52 US 2018/0277524 Al

FIG. 30

8010D

-+ 8110

8120~~(’o\)o 00000000
- | | I |

8130 8131




Patent Application Publication  Sep. 27,2018 Sheet 39 of 52 US 2018/0277524 Al

FIG. 31

8010E
8110
8120E —+
TTL
\7
8130
X




Patent Application Publication  Sep. 27,2018 Sheet 40 of 52 US 2018/0277524 Al

FIG. 32A

8001

— 8020

8110 —~—— V'V \> V'V ~—8010
I l . ! i i I J : l J
|
[;

w/
\

8120
8121 8130

—+—— 8050

——— 8040




Patent Application Publication  Sep. 27,2018 Sheet 41 of 52 US 2018/0277524 Al

FIG. 32B
* g0
8110 ——| — 8010
//Lxﬂ i 5 2 1
A 8060
8120 81{ i
1 8050
I Y




Patent Application Publication  Sep. 27,2018 Sheet 42 of 52 US 2018/0277524 Al

FIG. 32C
I -— 8020
8110 ——— ~——8010
N ] M M
8120 —+———3060
8121
|
8050
——— 8040
X



Patent Application Publication  Sep. 27,2018 Sheet 43 of 52 US 2018/0277524 Al

FIG. 32D
* -~ 8020
8110 —~— ~———8010
M I A M|
812 a1t 8060
A 8050
—~—— 8040




Patent Application Publication  Sep. 27,2018 Sheet 44 of 52 US 2018/0277524 Al

FIG. 32E
| 4 — 8020
3110 —| - 8010
! | ' [ [ . | | : I | -
8120
3121
1 om0
1 8050
8040




Patent Application Publication  Sep. 27,2018 Sheet 45 of 52 US 2018/0277524 Al

FIG. 33
SO10F

8/1\40

/ }\ ~—8110
| ] [ 1 1
. l | i | 1 |

8130/ 8131

X



Patent Application Publication  Sep. 27,2018 Sheet 46 of 52 US 2018/0277524 Al

FIG. 34

8010F
3140 8110




Patent Application Publication  Sep. 27,2018 Sheet 47 of 52 US 2018/0277524 Al

FIG. 35

80106
— 8110
8140
8220:::::;‘\+l i [ ] | l 1 ;
8130
X



Patent Application Publication  Sep. 27,2018 Sheet 48 of 52 US 2018/0277524 Al

FIG. 36

80106
8140 8110

|

T




Patent Application Publication  Sep. 27,2018 Sheet 49 of 52 US 2018/0277524 Al

FIG. 37

S0100
8140 8110
A
0] @) 0]
O @) @) O O
0] O O ®) 0]
0] O O @) 0]
®) O O @) ®)




Patent Application Publication  Sep. 27,2018 Sheet 50 of 52 US 2018/0277524 Al

FIG. 38A
8%
8010F— T a0
e | S | S | |
— T T T T[]
820 \\\V/////
8130
8060
| Y

L8040




Patent Application Publication  Sep. 27,2018 Sheet 51 of 52 US 2018/0277524 Al

FIG. 38B
* 8020
8010F ~——= L8110
8140 ‘Xril ] 1 1 — m 2030
8220 8060
A4 8050
—— 8040




Patent Application Publication  Sep. 27,2018 Sheet 52 of 52 US 2018/0277524 Al

FIG. 38C
8020
8010F —— 1 e110
80— i [ [ [
+———8130
8220 38060
A~ 8050
—~— 8040




US 2018/0277524 Al

TRANSFER HEAD AND TRANSFER SYSTEM
FOR SEMICONDUCTOR LIGHT-EMITTING
DEVICE AND METHOD FOR
TRANSFERRING SEMICONDUCTOR
LIGHT-EMITTING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device
using a semiconductor light-emitting device, and more par-
ticularly, to a transfer head and a transfer system for semi-
conductor light-emitting devices and a method for transfer-
ring semiconductor light-emitting devices.

BACKGROUND ART

[0002] Recently, in display technology field, display
devices having good characteristics such as thinness and
flexibility are being developed. On the other hand, examples
of currently commercialized main display devices include
liquid crystal display (LCD) devices and active matrix
organic light-emitting diodes (AMOLED:).

[0003] However, in LCD devices, a response time is not
fast, and it is difficult to implement flexibility. In AMO-
LEDs, lifetime is short, a yield rate is not good, and a
flexible degree is weak.

[0004] Light-emitting diodes (LEDs) are well known
semiconductor light-emitting devices which convert a cur-
rent into light, and red LEDs using a GaAsP compound
semiconductor have been commercialized in 1962, where-
after the red LEDs are used as a light source for image
display of information communication devices and elec-
tronic devices along with GaP:N-based red LEDs. There-
fore, by implementing flexible display devices with the
semiconductor light-emitting devices, a method for solving
the problem may be proposed.

[0005] However, in flexible display devices using semi-
conductor light-emitting devices, it is needed that a number
of semiconductor light-emitting devices grow on a wafer,
and then, are transferred to a position corresponding to a
pixel of a display device. Examples of such a transfer
method include a method using a PDMS stamp type transfer
head or an electrostatic gripper, etc., but all of such methods
have a problem which alignment is difficult. Therefore, the
present invention proposes a transfer head where efficient
alignment is possible in comparison with the related art.
[0006] Moreover, the methods have a problem where the
manufacturing cost is high, and a yield rate is low. There-
fore, the present invention proposes a transfer method hav-
ing a high yield rate and control precision.

[0007] At present, a method of adjusting horizontality by
using an actuator which moves and rotates along a multi-
axis for horizontality and alignment between a transfer
wafer and a receiver wafer and between the transfer wafer
and a donor wafer is much used in a transfer process.
However, the actuator which rotates and is transferred along
the multi-axis are based on input values of various sensors
(sensors recognizing an image, a distance, etc.), but have a
problem where the input values are inaccurate and a problem
where it is unable to adjust accurate horizontality. Also,
horizontal alignment is made between the transfer wafer and
the receiver wafer, but in a case where there is a slope locally
or there is a height difference locally, it is difficult to pick up
a micro-device. Therefore, the present invention proposes a
transfer method for solving the problem.
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DISCLOSURE

Technical Problem

[0008] An object of the present invention is to provide a
method of transferring a semiconductor light-emitting
device in a new manner, which can transfer a semiconductor
light-emitting device with higher reliability. In more detail,
the present invention is for providing a method and appa-
ratus for more precisely transferring a semiconductor light-
emitting device.

[0009] An object of the present invention is to provide a
transfer head which has a simple structure and is easy to
align.

[0010] An object of the present invention is to provide a
method and apparatus of transferring a semiconductor light-
emitting device having a high yield rate and control preci-
sion.

[0011] An object of the present invention is to provide a
transfer head which has a simple structure and is low in
manufacturing cost.

[0012] An object of the present invention is to provide a
transfer head for micro-devices, in which a degree of free-
dom is added to the transfer head having a simple structure,
and thus, self-leveling is possible.

Technical Solution

[0013] A transfer head of a semiconductor light-emitting
device according to the present invention has a structure
where precise alignment is implemented with only a field of
upper view by using a transparent substrate and a transparent
electrode. In more detail, the transfer head of the semicon-
ductor light-emitting device includes a base substrate and an
electrode unit disposed on the base substrate to generate an
electrostatic force by electrifying an undoped semiconductor
layer of the semiconductor light-emitting device. The base
substrate and the electrode unit are each provided to have
light transmissivity so that at least a portion of the semi-
conductor light-emitting device is visible is visible by
sequentially passing through the base substrate and the
electrode unit.

[0014] Moreover, the present invention discloses a method
of transferring a semiconductor light-emitting device includ-
ing an undoped semiconductor layer disposed on a carrier
substrate, the method including bringing a transfer head,
including a base substrate and an electrode unit disposed on
the base substrate, in adjacency to an undoped semiconduc-
tor layer of the semiconductor light-emitting device, apply-
ing a voltage to the electrode unit in order for an adhesive
force to be applied to the undoped semiconductor layer with
an electrostatic force, and picking up, by the transfer head,
the semiconductor light-emitting device to transfer the semi-
conductor light-emitting device, wherein in the bringing of
the transfer head in adjacency to the undoped semiconductor
layer, the base substrate and the electrode unit are each
provided to have light transmissivity so that the transfer
head and the semiconductor light-emitting device are
aligned.

[0015] A transfer head of a semiconductor light-emitting
device according to the present invention has a structure
where a semiconductor light-emitting device is selectively
picked up in a simple structure by using an electrode formed
on a flat substrate. In more detail, the transfer head of the
semiconductor light-emitting device includes a base sub-
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strate including a plane and an electrode unit disposed on the
plane of the base substrate to generate an electrostatic force
by electrifying an undoped semiconductor layer of the
semiconductor light-emitting device, the electrode unit
including a first electrode lead and a second electrode lead
disposed in parallel. A plurality of protrusion electrodes are
provided in each of the first electrode lead and the second
electrode lead to selectively pick up a plurality of semicon-
ductor light-emitting devices with the electrostatic force.
[0016] Moreover, the present invention discloses a trans-
fer system for transferring a semiconductor light-emitting
device disposed on a carrier substrate by using the transfer
head.

[0017] Moreover, the present invention discloses a method
of transferring a semiconductor light-emitting device, the
method including bringing a transfer head, including a base
substrate and an electrode unit disposed on the base sub-
strate, in adjacency to an undoped semiconductor layer of
the semiconductor light-emitting device, applying a voltage
to the electrode unit in order for an adhesive force to be
applied to the undoped semiconductor layer with an elec-
trostatic force, and picking up, by the transfer head, the
semiconductor light-emitting device to transfer the semicon-
ductor light-emitting device, wherein the electrode unit is
disposed on a plane of the base substrate and includes a first
electrode lead and a second electrode lead disposed in
parallel, and a plurality of protrusion electrodes are provided
in each of the first electrode lead and the second electrode
lead to selectively pick up a plurality of semiconductor
light-emitting devices with the electrostatic force.

[0018] Moreover, a transfer head of a micro-device
according to the present invention includes a plurality of
pickup heads picking up micro-devices, a head holder sup-
porting the plurality of pickup heads, and a substrate sup-
porting the head holder, wherein the head holder is disposed
between the plurality of pickup heads and the substrate, and
a shape of the head holder is deformed by a movement of
each of the plurality of pickup heads, thereby providing a
degree of freedom to the plurality of pickup heads.

Advantageous Effects

[0019] In the present invention, a Johnsen rahbek type
electrostatic gripper may be applied to a method of trans-
ferring a semiconductor light-emitting device by using an
electrode of a transfer head and an undoped semiconductor
layer of a semiconductor light-emitting device. Therefore, a
method and apparatus of transferring a semiconductor light-
emitting device with a higher grip force may be imple-
mented. Also, in this case, each of a base substrate and an
electrode unit is provided to have light transmissivity, and
thus, precise control for alignment is possible with a field of
upper view.

[0020] Moreover, by transferring a plurality of semicon-
ductor light-emitting devices with a multi-head having light
transmissivity, the present invention can have an advantage
in large area and a plurality of transfer. Also, by using
low-cost glass for the base substrate having light transmis-
sivity, the manufacturing cost of a transfer head can be
reduced.

[0021] Moreover, according to the present invention, it is
easy that a number of semiconductor light-emitting devices
are pixelized on a wafer, and then, are selectively transferred
to a substrate with precision.
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[0022] Moreover, by using an electrostatic plate having a
simple structure without a complicated mesa structure, the
present invention realizes the low manufacturing cost and a
high yield rate. Furthermore, due to the simple structure, the
present invention has control precision, and large-area trans-
fer is possible.

[0023] Moreover, the present invention transfers a plural-
ity of semiconductor light-emitting devices by using a
transfer head having light transmissivity, and thus, can have
an advantage in large area and a plurality of transfer.
[0024] Moreover, according to the present invention, hori-
zontality and step heights of pickup heads and a donor
substrate may be aligned without using a sensor and a
transfer mechanism.

[0025] Moreover, according to the present invention, there
is an advantage where a large degree of freedom is indi-
vidually provided to a plurality of pickup heads.

DESCRIPTION OF DRAWINGS

[0026] FIG. 1is a conceptual view illustrating an embodi-
ment of a display device using a semiconductor light-
emitting device of the present invention.

[0027] FIG. 2 is a partially enlarged view of a portion A of
FIG. 1, and FIGS. 3A and 3B are cross-sectional views taken
along lines B-B and C-C of FIG. 2.

[0028] FIG. 4 is a conceptual view illustrating a flip chip
type semiconductor light-emitting device of FIG. 3.

[0029] FIGS. 5A to 5C are conceptual views illustrating
various forms for realizing a color in association with a flip
chip type semiconductor light-emitting device.

[0030] FIG. 6 is cross-sectional views illustrating a
method of manufacturing a display device using a semicon-
ductor light-emitting device of the present invention.
[0031] FIG. 7 is a perspective view illustrating another
embodiment of a display device using a semiconductor
light-emitting device of the present invention.

[0032] FIG. 8 is a cross-sectional view taken along line
D-D of FIG. 7.
[0033] FIG. 9 is a conceptual view illustrating a vertical

semiconductor light-emitting device of FIG. 8.

[0034] FIG. 10 is an enlarged view of the portion A of FIG.
1, for describing another embodiment of the present inven-
tion to which a semiconductor light-emitting device having
a new structure is applied.

[0035] FIG. 11A is a cross-sectional view taken along line
E-E of FIG. 10.

[0036] FIG. 11B is a cross-sectional view taken along line
F-F of FIG. 11.
[0037] FIG. 12 is a conceptual view illustrating a flip chip

type semiconductor light-emitting device of FIG. 11A.
[0038] FIGS. 13A and 13B are a cross-sectional view and
a perspective view illustrating a transfer head transferring a
semiconductor light-emitting device of the present inven-
tion.

[0039] FIG. 14 is a conceptual view illustrating an opera-
tion of transferring a semiconductor light-emitting device by
using the transfer head of FIG. 13A.

[0040] FIGS. 15A, 15B, 15C, 15D, 15E, 15F, and 15G are
cross-sectional views illustrating a method of manufacturing
adisplay device using a semiconductor light-emitting device
by using the transfer head of FIG. 13A.
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[0041] FIGS. 16 and 17 are a cross-sectional view and a
perspective view illustrating another embodiment of a trans-
fer head transferring a semiconductor light-emitting device
of the present invention.

[0042] FIGS. 18A and 18B are cross-sectional views illus-
trating modification examples of the transfer head of FIG.
16.

[0043] FIGS. 19A and 19B are a cross-sectional view and
a perspective view illustrating a transfer head transferring a
semiconductor light-emitting device of the present inven-
tion.

[0044] FIG. 20 is a conceptual view illustrating an opera-
tion of transferring a semiconductor light-emitting device by
using the transfer head of FIG. 19A.

[0045] FIGS. 21A, 21B, 21C, 21D, 21E, 21F, 21G, 21H,
and 211 are cross-sectional views illustrating a method of
manufacturing a display device using a semiconductor light-
emitting device by using the transfer head of FIG. 19A.
[0046] FIGS. 22 and 23 are a cross-sectional view and a
perspective view illustrating another embodiment of a trans-
fer head transferring a semiconductor light-emitting device
of the present invention.

[0047] FIGS. 24 and 25 are a cross-sectional view and a
plan view illustrating a micro-device transfer apparatus
according to another embodiment of the present invention.
[0048] FIGS. 26 and 27 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0049] FIGS. 28A and 28B are a conceptual view of a
transfer head of a micro-device according to another
embodiment of the present invention.

[0050] FIG. 29 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0051] FIG. 30 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0052] FIG. 31 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0053] FIGS. 32A to 32E are flowcharts illustrating a state
where a micro-device transfer apparatus of the present
invention operates.

[0054] FIGS. 33 and 34 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0055] FIGS. 35 and 36 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0056] FIG. 37 is a plan view of a transfer head of a
micro-device according to another embodiment of the pres-
ent invention.

[0057] FIGS. 38Ato 38C are flowcharts illustrating a state
where a micro-device transfer apparatus of the present
invention operates.

MODE FOR INVENTION

[0058] Hereinafter, embodiments disclosed in the specifi-
cation will be described in detail with reference to the
accompanying drawings. The suffixes “module” and “unit”
to elements used herein is assigned or used in consideration
of easiness of description of the specification, and do not
have a meaning or a role differentiated from each other. In
describing the present invention, when it is determined that
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detailed descriptions of known techniques associated with
the present invention unnecessarily obscure the gist of the
present invention, the detailed descriptions thereof will be
omitted. Moreover, the accompanying drawings merely
enable embodiments disclosed in the specification to easily
understand, and it should not be construed that technical
spirit disclosed in the specification is limited by the accom-
panying drawings.

[0059] Moreover, it can be understood that when an ele-
ment such as a layer, a region, or a substrate is referred to as
being “on” another element, the element may be directly on
the other element, or an intermediate element may be located
therebetween.

[0060] Examples of a display device described in the
specification may include portable phones, smartphones,
laptop computers, digital broadcast terminals, personal digi-
tal assistants (PDAs), portable multimedia players (PMPs),
navigation devices, slate personal computers (PCs), tablet
PCs, ultra-book, digital televisions (TVs), desktop comput-
ers, etc. However, it can be easily understood by those
skilled in the art that elements according to an embodiment
described in the specification may be applied to display-
enabled apparatuses despite new type products developed
later.

[0061] FIG. 1is a conceptual view illustrating an embodi-
ment of a display device using a semiconductor light-
emitting device of the present invention.

[0062] According to illustration, information processed by
a controller of a display device 100 may be displayed by
using a flexible display.

[0063] Examples of the flexible display include a display
capable of being bent, curved, twisted, folded, and rolled by
an external force. For example, the flexible display may be
a display manufactured on a thin and flexible substrate
which is capable of being bent, curved, folded, and rolled
like paper while maintaining a display characteristic of a
conventional flat panel display.

[0064] 1In a state (for example, a state having an infinite
curvature radius) (hereinafter referred to as a first state)
where the flexible display is not bent, a display region of the
flexible display becomes a plane. In a state (for exaniple, a
state having a finite curvature radius) (hereinafter referred to
as a second state) where the flexible display is bent by an
external force in the first state, the display region may
become a curve surface. As illustrated, information dis-
played in the second state may be visual information output
on a curve surface. The visval information is realized
according to emission of light from a subpixel disposed in a
matrix type being independently controlled. The subpixel
denotes a minimum unit for realizing one color.

[0065] A subpixel of the flexible display may be imple-
mented by a semiconductor light-emitting device. In the
present invention, as a type of semiconductor light-emitting
device which converts a current into light, a light-emitting
diode (LED) is described. The LED is provided to have a
small size, and thus, may act as a subpixel even in the second
state.

[0066] Hereinafter, a flexible display implemented with
the LED will be described in more detail with reference to
the accompanying drawings.

[0067] FIG. 2 is a partially enlarged view of a portion A of
FIG. 1, and FIGS. 3A and 3B are cross-sectional views taken
along lines B-B and C-C of FIG. 2, FIG. 4 is a conceptual
view illustrating a flip chip type semiconductor light-emit-
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ting device of FIG. 3, and FIGS. 5A to 5C are conceptual
views illustrating various forms for realizing a color in
association with a flip chip type semiconductor light-emit-
ting device.

[0068] According to illustrations of FIGS. 2, 34, and 3B,
a display device 100 using a passive matrix (PM) semicon-
ductor light-emitting device is described as a display device
100 using a semiconductor light-emitting device. However,
an embodiment described below may be applied to an active
matrix (AM) semiconductor light-emitting device.

[0069] The display device 100 includes a substrate 110, a
first electrode 120, a conductive adhesive layer 130, a
second electrode 140, and a plurality of semiconductor
light-emitting devices 150.

[0070] The substrate 110 may be a flexible substrate. For
example, in order to implement a flexible display device, the
substrate 110 may include polyimide (PI). In addition, the
substrate 110 may use a material (for example, polyethylene
naphthalate (PEN), polyethylene terephthalate (PET), or the
like) having flexibility and insulating properties. Also, the
substrate 110 may use a transparent material or an opaque
material.

[0071] The substrate 110 may be a wiring substrate on
which the first electrode 120 1s disposed, and thus, the first
electrode 120 may be disposed on the substrate 110.
[0072] According to illustration, an insulation layer 160
may be disposed on the substrate 110 on which the first
electrode 120 is disposed, and a secondary electrode 170
may be disposed on the insulation layer 160. In this case, a
state where the insulation layer 160 is stacked on the
substrate 110 may be one wiring substrate. In more detail,
the insulation layer 160 may include a material having
flexibility and insulating properties like PI, PET, PEN, etc.
and may be provided as one body with the substrate 110 to
configure one substrate.

[0073] The secondary electrode 170 is an electrode which
electrically connects the first electrode 120 to the semicon-
ductor light-emitting device 150, and is disposed on the
insulation layer 160 in correspondence with a position of the
first electrode 120. For example, the secondary electrode
170 may have a dot form and may be electrically connected
to the first electrode 120 by an electrode hole 171 passing
through the insulation layer 160. The electrode hole 171 may
be formed by filling a conductive material into a via hole.
[0074] Referring to the drawings, the conductive adhesive
layer 130 is formed on one surface of the insulation layer
160, but the present invention is not limited thereto. For
example, a layer performing a specific function is formed
between the insulation layer 160 and the conductive adhe-
sive layer 130, but a structure where the conductive adhesive
layer 130 is disposed on the substrate 110 without the
insulation layer 160 is possible. In the structure where the
conductive adhesive layer 130 is disposed on the substrate
110, the conductive adhesive layer 130 may act as an
insulation layer.

[0075] The conductive adhesive layer 130 may be a layer
having adhesiveness and conductivity, and to this end, in the
conductive adhesive layer 130, a material having conduc-
tivity may be mixed with a material having adhesiveness.
Also, the conductive adhesive layer 130 has ductility, and
thus, may perform a flexible function in a display device.
[0076] For example, the conductive adhesive layer 130
may be an anisotropic conductive film (ACF), an anisotropic
conductive paste, a solution containing a conductive par-
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ticle, or the like. The conductive adhesive layer 130 may
allow an electrical connection in a Z direction passing
through a thickness, but may be configured as a layer having
electrical insulating properties in a horizontal X-Y direction.
Therefore, the conductive adhesive layer 130 may be
referred to as a Z-axis conductive layer (hereinafter referred
to as a ‘conductive adhesive layer’).

[0077] The anisotropic conductive film is a film where an
anisotropic conductive medium is mixed with an insulation
base member, and when heat and pressure are applied, only
a specific portion of the anisotropic conductive film has
conductivity due to the anisotropic conductive medium.
Hereinafter, it is described that the heat and the pressure is
applied to the anisotropic conductive film, but in order for
the anisotropic conductive film to partially have conductiv-
ity, another method is possible. Such a method may be, for
example, a process where only one of the heat and the
pressure is applied, or an ultraviolet (UV) curing process.

[0078] Moreover, the anisotropic conductive medium may
be, for example, a conductive ball or a conductive particle.
According to illustration, in the present embodiment, the
anisotropic conductive film is a film where a conductive ball
is mixed with an insulation base member, and when heat and
pressure are applied, only a specific portion of the anisotro-
pic conductive film has conductivity due to the conductive
ball. The anisotropic conductive film may be a state con-
taining a plurality of particles where a core of a conductive
material is covered by an insulation layer including a
polymer material, and in this case, as a portion to which heat
and pressure are applied is broken down by the insulation
layer, the anisotropic conductive film has conductivity due
to the core. In this case, a shape of the core may be
deformed, and thus, may configure layers which contact
each other in a thickness direction of the film. As a more
detailed example, heat and pressure are overall applied to the
anisotropic conductive film, and an electrical connection in
a Z-axis direction is partially formed by a height difference
of relative materials adhered to each other by the anisotropic
conductive film.

[0079] As another example, the anisotropic conductive
film may be a state containing a plurality of particles where
a conductive material is covered on an insulation core. In
this case, a conductive material of a portion to which heat
and pressure are applied is deformed (attached), and thus,
the anisotropic conductive film has conductivity in a thick-
ness direction of the film. As another example, it is possible
that a conductive material passes through an insulation base
member in the Z-axis direction and has conductivity in a
thickness direction of the film. In this case, the conductive
material may have a sharp end.

[0080] According to illustration, the anisotropic conduc-
tive film may be a fixed array ACF where a conductive ball
is inserted into one surface of an insulation base member. In
more detail, the insulation base member is formed of a
material having adhesiveness, and the conductive ball is
intensively disposed in a floor portion of the insulation base
member. When heat and pressure are applied to the insula-
tion base member, the insulation base member is deformed
along with the conductive ball, and thus, has conductivity in
a vertical direction.

[0081] However, the present invention is not limited
thereto, and the anisotropic conductive film may have a
state, where a conductive ball is randomly inserted into an
insulation base member, or a state where the anisotropic
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conductive film is configured with a plurality of layers and
a conductive ball is disposed on one layer.

[0082] The anisotropic conductive paste may have a state
where a paste is bonded to a conductive ball, and may be a
paste where a conductive ball is mixed with a base material
having adhesiveness and insulating properties. Also, the
solution containing the conductive particle may be a solution
containing a conductive particle or a nano particle.

[0083] Referring again to the drawing, the second elec-
trode 140 is spaced apart from the secondary electrode 170
and is disposed on the insulation layer 160. That is, the
conductive adhesive layer 130 is disposed on the insulation
layer 160 on which the secondary electrode 170 and the
second electrode 140 are located.

[0084] The conductive adhesive layer 130 is formed in a
state where the secondary electrode 170 and the second
electrode 140 are located on the insulation layer 160, and
then, when the semiconductor light-emitting device 150 is
connected in a flip chip type by applying heat and pressure,
the semiconductor light-emitting device 150 is electrically
connected to the first electrode 120 and the second electrode
140.

[0085] Referring to FIG. 4, the semiconductor light-emit-
ting device may be a flip chip type light-emitting device.

[0086] For example, the semiconductor light-emitting
device includes a p-type electrode 156, a p-type semicon-
ductor layer 155 on which the p-type electrode 156 is
formed, an active layer 154 formed on the p-type semicon-
ductor layer 155, an n-type semiconductor layer 153 formed
on the active layer 154, and an n-type electrode 152 which
is disposed on the n-type semiconductor layer 153 and is
spaced apart from the p-type electrode 156 in a horizontal
direction. In this case, the p-type electrode 156 may be
electrically connected to the secondary electrode 170 by the
conductive adhesive layer 130, and the n-type electrode 152
may be electrically connected to the second electrode 140.

[0087] Referring again to FIGS. 2, 3A, and 3B, the sec-
ondary electrode 170 may be long formed in one direction,
and one secondary electrode may be electrically connected
to a plurality of semiconductor light-emitting devices 150.
For example, p-type electrodes of semiconductor light-
emitting devices on the left and the right with respect to the
secondary electrode may be electrically connected to one
secondary electrode.

[0088] In more detail, the semiconductor light-emitting
device 150 is press-fitted to the inside of the conductive
adhesive layer 130 by heat and pressure, and thus, has
conductivity in only a portion between the p-type electrode
156 of the semiconductor light-emitting device 150 and the
secondary electrode 170 and only a portion between the
n-type electrode 152 of the semiconductor light-emitting
device 150 and the second electrode 140 and does not have
conductivity in the other portion because press-fitting of the
semiconductor light-emitting device is not performed. In
this manner, the conductive adhesive layer 130 couples and
electrically connects the semiconductor light-emitting
device 150 and the secondary electrode 170 and couples and
electrically connects the semiconductor light-emitting
device 150 and the second electrode 140.

[0089] Moreover, the plurality of the semiconductor light-
emitting devices 150 configure a light-emitting device array,
and a phosphor layer 180 is formed in the light-emitting
device array.
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[0090] The light-emitting device array may include a
plurality of semiconductor light-emitting devices having
different luminance values. Each of the semiconductor light-
emitting devices 150 configures a subpixel and is electrically
connected to the first electrode 120. For example, the first
electrode 120 may be provided in plurality, and the semi-
conductor light-emitting devices may be disposed in several
rows. The semiconductor light-emitting devices of each of
the several rows may be electrically connected to one of the
plurality of first electrodes.

[0091] Moreover, since semiconductor light-emitting
devices are connected in a flip chip type, semiconductor
light-emitting devices which have grown on a transparent
dielectric substrate may be used. Also, the semiconductor
light-emitting devices may be, for example, nitride semi-
conductor light-emitting devices. The semiconductor light-
emitting device 150 is good in luminance, and thus, may
configure an individual subpixel with a small size.

[0092] According to illustration, a partition wall 190 may
be formed between the semiconductor light-emitting devices
150. In this case, the partition wall 190 may separate
individual subpixels and may be provided as one body with
the conductive adhesive layer 130. For example, an aniso-
tropic conductive film may be inserted into the semiconduc-
tor light-emitting device 150, and thus, a base member of the
anisotropic conductive film may form the partition wall.

[0093] Moreover, when the base member of the anisotro-
pic conductive film is black, the partition wall 190 may have
a reflective characteristic, and contrast may increase, even
without a separate black insulator.

[0094] As another example, a reflective partition wall may
be separately provided as the partition wall 190. In this case,
the partition wall 190 may include a black or white insulator
depending on an object of the display device. In a case where
a partition wall of the white insulator is used, there can be
an effect where reflectivity increases, and in a case where a
partition wall of the black insulator is used, the partition wall
has a reflective characteristic, and contrast may increase.

[0095] The phosphor layer 180 may be disposed on an
outer surface of the semiconductor light-emitting device
150. For example, the semiconductor light-emitting device
150 is a blue semiconductor light-emitting device which
emits blue (B) light, and the phosphor layer 180 performs a
function of converting the blue (B) light into a color of a
subpixel. The phosphor layer 180 may be a red phosphor 181
or a green phosphor 182, which configures an individual
pixel.

[0096] That is, the red phosphor 181 for converting blue
light into red (R) light may be stacked on a blue semicon-
ductor light-emitting device 151 at a position at which a red
subpixel is provided, and the green phosphor 182 for con-
verting blue light into green (G) light may be stacked on the
blue semiconductor light-emitting device 151 at a position at
which a green subpixel is provided. Also, only the blue
semiconductor light-emitting device 151 may be used in a
portion where a blue subpixel is provided. In this case, red
(R), green (G), and blue (B) subpixels may configure one
pixel. In more detail, a phosphor having one color may be
stacked along each line of the first electrode 120. Therefore,
in the first electrode 120, one line may be an electrode which
controls one color. That is, red (R), green (G), and blue (B)
may be sequentially disposed along the second electrode
140, and thus, one subpixel may be implemented.
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[0097] However, the present invention is not limited
thereto, and instead of a phosphor, the semiconductor light-
emitting device 150 and a quantum dot QD may be com-
bined to implement red (R), green (G), and blue (B) sub-
pixels.

[0098] Moreover, in order to enhance contrast, a black
matrix 191 may be disposed between phosphor layers. That
is, the black matrix 191 can enhance contrast.

[0099] However, the present invention is not limited
thereto, and another structure for implementing blue, red,
and green may be applied.

[0100] Referring to FIG. 5A, each of the semiconductor
light-emitting devices 150 may include nitride gallium
(GaN) and include indium (In) and/or aluminum (Al), and
thus, may be implemented as a high-output light-emitting
device emitting various lights as well as blue.

[0101] In this case, the semiconductor light-emitting
devices 150 may be red, green, and blue semiconductor
light-emitting devices for configuring a subpixel. For
example, red, green, and blue semiconductor light-emitting
devices R, and B may be alternately disposed, and due to the
red, green, and blue semiconductor light-emitting devices,
red, green, and blue subpixels may configure one pixel, and
thus, a full color display may be implemented.

[0102] Referring to FIG. 5B, a semiconductor light-emit-
ting device may include a white light-emitting device W
where a yellow phosphor layer is provided in each indi-
vidual device. In this case, in order to configure a subpixel,
a red phosphor layer 181, a green phosphor layer 182, and
a blue phosphor layer 183 may be provided on the white
light-emitting device W. Also, a subpixel may be provided in
the white light-emitting device W by using a color filter
where red, green, and blue are repeated.

[0103] Referring to FIG. 5C, a structure where a red
phosphor layer 181, a green phosphor layer 182, and a blue
phosphor layer 183 are provided in an UV light-emitting
device UV may be implemented. In this manner, a semi-
conductor light-emitting device is available in a whole range
including UV as well as visible light and may be imple-
mented a form of a semiconductor light-emitting device
where UV is available as an excitation source for an upper
phosphor.

[0104] To again describe the present embodiment, the
semiconductor light-emitting device 150 is disposed on the
conductive adhesive layer 130 to configure a subpixel in the
display device. The semiconductor light-emitting device 150
is good in luminance, and thus, may configure an individual
subpixel with a small size. In a size of the individual
semiconductor light-emitting device 150, a length of one
side may be 80 um or less, and the semiconductor light-
emitting device 150 may be a rectangular or square device.
In a case where the semiconductor light-emitting device 150
is a rectangular device, the semiconductor light-emitting
device 150 may have a size of 20x80 pm or less.

[0105] Moreover, even when a square semiconductor
light-emitting device 150 where a length of one side is 10
um is used as a subpixel, brightness sufficient to implement
the display device is obtained. Therefore, for example, in a
rectangular pixel where one side of a subpixel is 600 um and
the other one side is 300 pum, a distance between semicon-
ductor light-emitting devices is relatively sufficiently large.
Accordingly, in this case, a flexible display device having
HD image quality may be implemented.
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[0106] A display device using the above-described semi-
conductor light-emitting device may be manufactured by a
new manufacturing method. Hereinafter, the manufacturing
method will be described with reference to FIG. 6.

[0107] FIG. 6 is cross-sectional views illustrating a
method of manufacturing a display device using a semicon-
ductor light-emitting device of the present invention.
[0108] Referring to the drawing, first, a conductive adhe-
sive layer 130 is formed on an insulation layer 160 on which
a secondary electrode 170 and a second electrode 140 are
disposed. An insulation layer 160 is stacked on a first
substrate 110 to configure one substrate (or a wiring sub-
strate), and a first electrode 120, the secondary electrode
170, and the second electrode 140 are disposed on the wiring
substrate. In this case, the first electrode 120 and the second
electrode 140 may be disposed in a direction in which the
first electrode 120 intersects the second electrode 140. Also,
in order to implement a flexible display device, the first
substrate 110 and the insulation layer 160 may each include
glass or PI.

[0109] The conductive adhesive layer 130 may be imple-
mented by, for example, an anisotropic conductive film, and
to this end, the anisotropic conductive film may be coated on
a substrate on which the insulation layer 160 is disposed.
[0110] Subsequently, a second substrate 112, on which a
plurality of semiconductor light-emitting devices 150 which
correspond to positions of the secondary electrode 170 and
the second electrode 140 and configure an individual pixel,
is disposed in order for the semiconductor light-emitting
device 150 to be opposite to the secondary electrode 170 and
the second electrode 140.

[0111] In this case, the second substrate 112 is a growth
substrate on which the semiconductor light-emitting device
150 has grown, and may be a sapphire substrate or a silicon
substrate.

[0112] The semiconductor light-emitting device has an
interval and a size for configuring a display device when the
semiconductor light-emitting device is formed in units of
one wafer, and thus, may be effectively used for the display
device.

[0113] Subsequently, a wiring substrate and the second
substrate 112 are thermally compressed. For example, the
wiring substrate and the second substrate 112 may be
thermally compressed by applying an ACF press head. The
wiring substrate and the second substrate 112 are bonded to
each other by the thermal compression. Due to a character-
istic of an anisotropic conductive film having conductivity
based on thermal compression, only a portion between the
semiconductor light-emitting device 150 and the secondary
electrode 170 and second electrode 140 has conductivity,
and thus, the electrodes may be electrically connected to the
semiconductor light-emitting device 150. At this time, the
semiconductor light-emitting device 150 may be inserted
into the anisotropic conductive film, and thus, a partition
wall may be formed between the semiconductor light-
emitting devices 150.

[0114] Subsequently, the second substrate 112 is removed.
For example, the second substrate 112 may be removed by
using a laser lift-off (LLO) process or a chemical lift-off
(CLO) process.

[0115] Finally, the semiconductor light-emitting devices
150 are exposed to the outside by removing the second
substrate 112. Depending on the case, silicon oxide (SiOx)
and/or the like is coated on the wiring substrate coupled to
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the semiconductor light-emitting device 150, thereby form-
ing a transparent insulation layer (not shown).

[0116] Moreover, the method may further include an
operation of forming a phosphor layer on one surface of the
semiconductor light-emitting device 150. For example, the
semiconductor light-emitting device 150 is a blue semicon-
ductor light-emitting device which emits blue (B) light, and
a red phosphor or a green phosphor for converting the blue
(B) light into a color of a subpixel may form a layer on one
surface of the semiconductor light-emitting device.

[0117] Hereinabove, a method of manufacturing a display
device using the above-described semiconductor light-emit-
ting device or a structure of the display device may be
modified into various forms. For example, a vertical semi-
conductor light-emitting device may be applied to the
above-described display device. Hereinafter, a vertical struc-
ture will be described with reference to FIGS. 5 and 6.
[0118] Moreover, in a below-described modification
example or embodiment, like reference numerals refer to
like elements, and the above descriptions are applied to
descriptions of the elements.

[0119] FIG. 7 is a perspective view illustrating another
embodiment of a display device using a semiconductor
light-emitting device of the present invention, FIG. 8 is a
cross-sectional view taken along line D-D of FIG. 7, and
FIG. 9 is a conceptual view illustrating a vertical semicon-
ductor light-emitting device of FIG. 8.

[0120] Referring to the drawings, a display device may be
a display device using a PM vertical semiconductor light-
emitting device.

[0121] The display device includes a substrate 210, a first
electrode 220, a conductive adhesive layer 230, a second
electrode 240, and a plurality of semiconductor light-emit-
ting devices 250.

[0122] The substrate 210 is a wiring substrate on which
the first electrode 220 is disposed, and may include PI for
implementing a flexible display device. In addition, the
substrate 210 may use a material having flexibility and
insulating properties.

[0123] The first electrode 220 is disposed on the substrate
210 and may be formed as a bar type electrode which is long
in one direction. The first electrode 220 may act as a data
electrode.

[0124] The conductive adhesive layer 230 is formed on the
substrate 210 on which the first electrode 220 is disposed.
Like a display device to which a flip chip type light-emitting
device is applied, the conductive adhesive layer 230 may be
an ACF, an anisotropic conductive paste, a solution contain-
ing a conductive particle, or the like. Furthermore, even in
the present embodiment, a case where the conductive adhe-
sive layer 230 is implemented by an anisotropic conductive
film is described.

[0125] The anisotropic conductive film is located in a state
where the first electrode 220 is located on the substrate 210,
and then, when the semiconductor light-emitting device 250
is connected by applying heat and pressure, the semicon-
ductor light-emitting device 250 is electrically connected to
the first electrode 220. In this case, it is preferable that the
semiconductor light-emitting device 250 is disposed on the
first electrode 220.

[0126] The electrical connection, as described above, is
formed because the anisotropic conductive film partially has
conductivity in a thickness direction when heat and pressure
are applied thereto. Accordingly, the anisotropic conductive
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film is divided into a portion 231 having conductivity in the
thickness direction and a portion 232 having no conductiv-
ity.

[0127] Moreover, since the anisotropic conductive film
contains an adhesive component, the conductive adhesive
layer 230 implements an electrical connection and mechani-
cal coupling between the semiconductor light-emitting
device 250 and the first electrode 220.

[0128] In this manner, the semiconductor light-emitting
device 250 is disposed on the conductive adhesive layer 230,
and thus, configures an individual pixel in a display device.
The semiconductor light-emitting device 250 is good in
luminance, and thus, may configure an individual subpixel
with a small size. In a size of the individual semiconductor
light-emitting device 250, a length of one side may be 80 pm
or less, and the semiconductor light-emitting device 250
may be a rectangular or square device. In a case where the
semiconductor light-emitting device 250 is a rectangular
device, the semiconductor light-emitting device 250 may
have a size of 20x80 um or less.

[0129] The semiconductor light-emitting device 250 may
have a vertical structure.

[0130] A plurality of second electrodes 240 electrically
connected to the vertical semiconductor light-emitting
device 250 are disposed between vertical semiconductor
light-emitting devices in a direction intersecting a length-
wise direction of the first electrode 220.

[0131] Referring to FIG. 9, the vertical semiconductor
light-emitting device includes a p-type electrode 256, a
p-type semiconductor layer 255 on which the p-type elec-
trode 256 is formed, an active layer 254 formed on the
p-type semiconductor layer 255, an n-type semiconductor
layer 253 formed on the active layer 254, and an n-type
electrode 252 formed on the n-type semiconductor layer
253. In this case, the p-type electrode 256 disposed in a
lower portion may be electrically connected to the first
electrode 220 by the conductive adhesive layer 230, and the
n-type electrode 252 disposed in an upper portion may be
electrically connected to the below-described second elec-
trode 240. In such a vertical semiconductor light-emitting
device 250, electrodes may be disposed in an upper portion
and a lower portion, and a chip size can be reduced.
[0132] Referring again to FIG. 8, a phosphor layer 280
may be disposed on one surface of the semiconductor
light-emitting device 250. For example, the semiconductor
light-emitting device 250 is a blue semiconductor light-
emitting device 251 which emits blue (B) light, and may
include the phosphor layer 280 for converting the blue (B)
light into a color of a subpixel. In this case, the phosphor
layer 280 may be a red phosphor 281 and a green phosphor
282, which each configure an individual pixel.

[0133] That is, the red phosphor 281 for converting blue
light into red (R) light may be stacked on the blue semi-
conductor light-emitting device 251 at a position at which a
red subpixel is provided, and the green phosphor 282 for
converting blue light into green (G) light may be stacked on
the blue semiconductor light-emitting device 251 at a posi-
tion at which a green subpixel is provided. Also, only the
blue semiconductor light-emitting device 251 may be used
in a portion where a blue subpixel is provided. In this case,
red (R), green (G), and blue (B) subpixels may configure one
pixel.

[0134] However, the present invention is not limited
thereto, and as described above in the display device to
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which a flip chip type light-emitting device is applied,
another structure for implementing blue, red. and green may
be applied.

[0135] To again describe the present embodiment, the
second electrode 240 is disposed between the semiconductor
light-emitting devices 250 and is electrically connected to
the semiconductor light-emitting devices 250. For example,
the semiconductor light-emitting devices 250 may be dis-
posed in a plurality of rows, and the second electrode 240
may be disposed between rows of the semiconductor light-
emitting devices 250.

[0136] Since a distance between semiconductor light-
emitting devices is relatively sufficiently large, the second
electrode 240 may be disposed between the semiconductor
light-emitting devices 250.

[0137] The second electrode 240 may be formed as a bar
type electrode which is long in one direction, and may be
disposed in a direction vertical to the first electrode.
[0138] Moreover, the second electrode 240 and the semi-
conductor light-emitting device 250 may be electrically
connected to each other by a connection electrode protrud-
ing from the second electrode 240. In more detail, the
connection electrode may be an n-type electrode of the
semiconductor light-emitting device 250. For example, the
n-type electrode is formed as an ohmic electrode for an
ohmic contact, and the second electrode covers at least a
portion of the ohmic electrode for printing or deposition.
Therefore, the second electrode 240 may be electrically
connected to the n-type electrode of the semiconductor
light-emitting device 250.

[0139] According to illustration, the second electrode 240
may be disposed on the conductive adhesive layer 230.
Depending on the case, a transparent insulation layer (not
shown) including silicon oxide (SiOx) and/or the like may
be formed on the substrate 210 on which the semiconductor
light-emitting device 250 is formed. In a case where the
second electrode 240 is disposed after the transparent insu-
lation layer is formed, the second electrode 240 is disposed
on the transparent insulation layer. Also, the second elec-
trode 240 may be formed and spaced apart from the con-
ductive adhesive layer 230 or the transparent insulation
layer.

[0140] For example, if a transparent electrode such as
indium tin oxide (ITO) is used for locating the second
electrode 240 on the semiconductor light-emitting device
250, there is a problem where a contact between ITO and an
n-type semiconductor layer is not good. Therefore, in the
present invention, since the second electrode 240 is located
between the semiconductor light-emitting devices 250, there
is an advantage where a transparent electrode such as ITO is
not used. Accordingly, a selection of a transparent material
is not constrained, and a conductive material where adhe-
siveness to the n-type semiconductor layer is good is used as
a horizontal electrode, thereby enhancing light extraction
efficiency.

[0141] According to illustration, a partition wall 290 may
be located between the semiconductor light-emitting devices
250. That is, in order to insulate the semiconductor light-
emitting device 250 configuring an individual pixel, the
partition wall 290 may be disposed between the vertical
semiconductor light-emitting devices 250. In this case, the
partition wall 290 may separate individual subpixels and
may be provided as one body with the conductive adhesive
layer 230. For example, the semiconductor light-emitting
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device 250 may be inserted into an anisotropic conductive
film, and thus, a base member of the anisotropic conductive
film may form the partition wall.

[0142] Moreover, when the base member of the anisotro-
pic conductive film is black, the partition wall 190 may have
a reflective characteristic, and contrast may increase, even
without a separate black insulator.

[0143] As another example, a reflective partition wall may
be separately provided as the partition wall 290. The parti-
tion wall 290 may include a black or white insulator depend-
ing on an object of the display device.

[0144] For example, in a case where the second electrode
240 is disposed directly on the conductive adhesive layer
230 between the semiconductor light-emitting devices 250,
the partition wall 290 may be disposed between the vertical
semiconductor light-emitting device 250 and the second
electrode 240. Therefore, an individual subpixel may be
configured by using the semiconductor light-emitting device
250 with a small size, and since a distance between the
semiconductor light-emitting devices 250 is relatively suf-
ficiently large, the second electrode 240 may be disposed
between the semiconductor light-emitting devices 250,
thereby implementing a flexible display device having HD
image quality.

[0145] Moreover, according to illustration, in order to
enhance contrast, a black matrix 291 may be disposed
between phosphor layers. That is, the black matrix 291 can
enhance contrast.

[0146] As described above, the semiconductor light-emit-
ting device 250 is disposed on the conductive adhesive layer
230, and thus, an individual pixel is configured in a display
device. The semiconductor light-emitting device 250 is good
in luminance, and thus, may configure an individual sub-
pixel with a small size. Accordingly, a full color display
where red (R), green (G), and blue (B) subpixels configure
one pixel may be implemented by a semiconductor light-
emitting device.

[0147] Inadisplay device using the above-described semi-
conductor light-emitting device of the present invention, in
a case where a flip chip type is applied, first and second
electrodes are disposed on the same plane, and for this
reason, there is a problem where it is difficult to implement
high definition (a fine pitch). Hereinafter, a display device to
which a flip chip type light-emitting device according to
another embodiment of the present invention is applied will
be described.

[0148] FIG. 10 is an enlarged view of the portion A of FIG.
1, for describing another embodiment of the present inven-
tion to which a semiconductor light-emitting device having
anew structure is applied. FIG. 11 A is a cross-sectional view
taken along line E-E of FIG. 10. FIG. 11B is a cross-
sectional view taken along line F-F of FIG. 11. FIG. 12 is a
conceptual view illustrating a flip chip type semiconductor
light-emitting device of FIG. 11A.

[0149] According to illustrations of FIGS. 10, 114, and
11B, a display device 1000 using a PM semiconductor
light-emitting device is described as a display device 1000
using a semiconductor light-emitting device. However, an
embodiment described below may be applied to an AM
semiconductor light-emitting device.

[0150] The display device 1000 includes a substrate 1010,
a first electrode 1020, a conductive adhesive layer 1030, a
second electrode 1040, and a plurality of semiconductor
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light-emitting devices 1050. Here, the first electrode 1020
and the second electrode 1040 may each include a plurality
of electrode lines.

[0151] The substrate 1010 is a wiring substrate on which
the first electrode 1020 is disposed, and may include PI for
implementing a flexible display device. In addition, the
substrate 1010 may use a material having flexibility and
insulating properties.

[0152] The first electrode 1020 is disposed on the substrate
1010 and may be formed as a bar type electrode which is
long in one direction. The first electrode 1020 may act as a
data electrode.

[0153] The conductive adhesive layer 1030 is formed on
the substrate 1010 on which the first electrode 1020 is
disposed. Like a display device to which a flip chip type
light-emitting device is applied, the conductive adhesive
layer 2030 may be an ACF, an anisotropic conductive paste,
a solution containing a conductive particle, or the like. In the
present embodiment, the conductive adhesive layer 1030
may be replaced by an adhesive layer. For example, if the
first electrode 1020 is not disposed on the substrate 1010 and
is provided as one body with a conductive electrode of the
semiconductor light-emitting device, the adhesive layer can-
not need conductivity.

[0154] A plurality of second electrodes 1040 electrically
connected to the semiconductor light-emitting device 1050
are disposed between the semiconductor light-emitting
devices in a direction intersecting a lengthwise direction of
the first electrode 1020.

[0155] According to illustration, the second electrode
1040 may be disposed on the conductive adhesive layer
1030. That is, the conductive adhesive layer 1030 is dis-
posed between a wiring substrate and the second electrode
1040. The second electrode 1040 may be electrically con-
nected to the semiconductor light-emitting device 1050 by a
contact with the semiconductor light-emitting device 1050.
[0156] Due to the above-described structure, the plurality
of semiconductor light-emitting devices 1050 are coupled to
the conductive adhesive layer 1030 and are electrically
connected to the first electrode 1020 and the second elec-
trode 1040.

[0157] Depending on the case, a transparent insulation
layer (not shown) including silicon oxide (SiOx) and/or the
like may be formed on the substrate 1010 on which the
semiconductor light-emitting device 1050 is formed. In a
case where the second electrode 1040 is disposed after the
transparent insulation layer is formed, the second electrode
1040 is disposed on the transparent insulation layer. Also,
the second electrode 1040 may be formed and spaced apart
from the conductive adhesive layer 1030 or the transparent
insulation layer.

[0158] As illustrated, the plurality of semiconductor light-
emitting devices 1050 may form a plurality of rows in a
direction parallel to a plurality of electrode lines included in
the first electrode 1020. However, the present invention is
not limited thereto. For example, the plurality of semicon-
ductor light-emitting devices 1050 may form the plurality of
rows along the second electrode 1040.

[0159] Furthermore, the display device 1000 may further
include a phosphor layer 1080 provided on one surface of
each of the plurality of semiconductor light-emitting devices
1050. For example, the semiconductor light-emitting device
1050 is a blue semiconductor light-emitting device which
emits blue (B) light, and the phosphor layer 1080 performs
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a function of converting the blue (B) light into a color of a
subpixel. The phosphor layer 1080 may be a red phosphor
1081 or a green phosphor 1082, which configures an indi-
vidual pixel. That is, the red phosphor 1081 for converting
blue light into red (R) light may be stacked on a blue
semiconductor light-emitting device 1051a at a position at
which a red subpixel is provided, and the green phosphor
1082 for converting blue light into green (G) light may be
stacked on a blue semiconductor light-emitting device
10515 at a position at which a green subpixel is provided.
Also, only a blue semiconductor light-emitting device 1051¢
may be used in a portion where a blue subpixel is provided.
In this case, red (R), green (G), and blue (B) subpixels may
configure one pixel. In more detail, a phosphor having one
color may be stacked along each line of the first electrode
1020. Therefore, in the first electrode 1020, one line may be
an electrode which controls one color. However, the present
invention is not limited thereto, and instead of a phosphor,
the semiconductor light-emitting device 1050 and a quantum
dot QD may be combined to implement a subpixel which
emits each of red (R), green (G), and blue (B) lights.
[0160] Inorderto enhance a contrast of the phosphor layer
1080, the display device may further include a black matrix
1091 disposed between phosphors. A gap may be provided
between phosphor dots, and the black matrix 1091 may be
formed by filling a black material into the gap. Therefore,
the black matrix 1091 absorbs reflected external light and
can enhance contrast. The black matrix 1091 is disposed
between phosphor layers along the first electrode 1020
corresponding to a direction in which the phosphor layer
1080 is stacked. In this case, a phosphor layer is not formed
at a position corresponding to the blue semiconductor light-
emitting device 1051¢, but the black matrix 1091 may be
formed on each of both sides with a space (or the blue
semiconductor light-emitting device 1051c¢ therebetween),
where the phosphor layer is not provided, therebetween.
[0161] To again describe the semiconductor light-emitting
device 1050 of the present embodiment, in the semiconduc-
tor light-emitting device 1050, electrodes may be disposed
in an upper portion and a lower portion, and thus, a chip size
can be reduced. However, the electrodes are disposed in the
upper portion and the lower portion, but the semiconductor
light-emitting device of the present invention may be a flip
chip type light-emitting device.

[0162] Referring to FIG. 12, for example, the semicon-
ductor light-emitting device 1050 includes a first conductive
electrode 1156, a first conductive semiconductor layer 1155
on which the first conductive electrode 1156 is formed, an
active layer 1154 formed on the first conductive semicon-
ductor layer 1155, a second conductive semiconductor layer
1153 formed on the active layer 1154, and a second con-
ductive electrode 1152 formed on the second conductive
semiconductor layer 1153.

[0163] In more detail, the first conductive electrode 1156
and the first conductive semiconductor layer 1155 may
respectively be a p-type electrode and a p-type semiconduc-
tor layer, and the second conductive electrode 1152 and the
second conductive semiconductor layer 1153 may respec-
tively be an n-type electrode and an n-type semiconductor
layer. However, the present invention is not limited thereto,
and a first conductive type may be an n-type and a second
conductive type may be a p-type.

[0164] In more detail, the first conductive electrode 1156
is formed on one surface of the first conductive semicon-
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ductor layer 1155, the active layer 1154 is formed between
the other surface of the first conductive semiconductor layer
1155 and one surface of the second conductive semiconduc-
tor layer 1153, and the second conductive electrode 1152 is
formed on one surface of the second conductive semicon-
ductor layer 1153.

[0165] In this case, the second conductive electrode may
be disposed on one surface of the second conductive semi-
conductor layer 1153, and an undoped semiconductor layer
1153a may be formed on the other surface of the second
conductive semiconductor layer 1153.

[0166] Referring to FIG. 12 along with FIGS. 10 to 11B,
the one surface of the second conductive semiconductor
layer may be a surface closest to the wiring substrate, and the
other surface of the second conductive semiconductor layer
may be a surface farthest away from the wiring substrate.
[0167] Moreover, the first conductive electrode 1156 and
the second conductive electrode 1152 are provided to have
a height difference therebetween in a direction (or a thick-
ness direction) vertical to a widthwise direction at a position
which is spaced apart from each other along the widthwise
direction of the semiconductor light-emitting device.
[0168] By using the height difference, the second conduc-
tive electrode 1152 is formed on the second conductive
semiconductor layer 1153, but is disposed adjacent to the
second electrode 1040 located on an upper side of the
semiconductor light-emitting device.

[0169] In this case, at least a portion of the second
conductive electrode 152 may extend from one surface of
the second conductive semiconductor layer 1153 to a side
surface of the undoped semiconductor layer 1153a and may
protrude from the side surface of the undoped semiconduc-
tor layer 1153a.

[0170] In this manner, since the second conductive elec-
trode 1152 protrudes from the side surface of the undoped
semiconductor layer 11534, the second conductive electrode
1152 may be exposed to an upper side of the semiconductor
light-emitting device. Therefore, the second conductive
electrode 1152 is disposed at a position overlapping the
second electrode 1040 disposed on an upper side of the
conductive adhesive layer 1030.

[0171] In more detail, the semiconductor light-emitting
device includes a protrusion 1152¢ which extends from the
second conductive electrode 1152 and protrudes from a side
surface of each of the plurality of semiconductor light-
emitting device. In this case, with respect to the protrusion
1152a, the first conductive electrode 1156 and the second
conductive electrode 1152 may be disposed at positions
spaced apart therefrom along a protrusion direction in which
the protrusion 11524 protrudes, and may be expressed as
being formed to have a height difference therebetween in a
direction vertical to the protrusion direction.

[0172] The protrusion 11524 extends from one surface to
a side surface of the second conductive semiconductor layer
1153 and extends to a top (in more detail, the undoped
semiconductor layer 11534) of the second conductive semi-
conductor layer 1153. The protrusion 1152« protrudes from
a side surface of the undoped semiconductor layer 11534
along the widthwise direction. Therefore, the protrusion
1152a may be electrically connected to the second electrode
1040 on the reverse of the first conductive electrode with
respect to the second conductive semiconductor layer.
[0173] A structure including the protrusion 1152a may be
a structure capable of using the above-described vertical
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semiconductor light-emitting device and an advantage of the
vertical semiconductor light-emitting device.

[0174] The undoped semiconductor layer 1153a¢ may
include grooves 1157 which are formed in one surface
farthest away from the first conductive electrode 1156. The
grooves 1157 may be etched in order for a text to be textured
in the one surface farthest away from the first conductive
electrode 1156. As a groove is etched in the undoped
semiconductor layer 11534, according to the present inven-
tion, texturing may be performed on a surface of the
semiconductor light-emitting device.

[0175] The above-described semiconductor light-emitting
device may be transferred to a transfer head when manu-
facturing a display device. Therefore, the present invention
proposes a transfer head having a new structure for trans-
ferring the semiconductor light-emitting device. The transfer
head having the new structure has a high electrostatic force
by directly electrifying an undoped semiconductor layer
based on a Johnsen rahbek type, and precise control of
alignment is implemented with only a field of upper view.
[0176] Hereinafter, a structure of a transfer head transfer-
ring a semiconductor light-emitting device of the present
invention will be described in detail with reference to the
accompanying drawings. FIGS. 13A and 13B are a cross-
sectional view and a perspective view illustrating a transfer
head transferring a semiconductor light-emitting device of
the present invention. FIG. 14 is a conceptual view illus-
trating an operation of transferring a semiconductor light-
emitting device by using the transfer head of FIG. 13A.
[0177] Referring to FIGS. 13A and 13B, a transfer head
2000 directly electrifies an undoped semiconductor layer
1153a. In more detail, the transfer head 2000 contacts a
surface of the undoped semiconductor layer 11534, and by
applying a voltage, the transfer head 2000 induces electri-
fication of the undoped semiconductor layer 11534, and
thus, a semiconductor light-emitting device 1050 is picked
up by using a generated electrostatic force.

[0178] For example, the transfer head 2000 includes a
base substrate 2010, a protrusion 2020, and an electrode unit
2030.

[0179] The base substrate 2010 may include, for example,
various materials such as ceramic and a polymer. Also, a
wiring (not shown) for connecting the transfer head 2000 to
an electric device controlling the transfer head 2000 may be
included in the base substrate 2010.

[0180] According to illustration, the protrusion 2020 pro-
trudes from the base substrate 2010.

[0181] In more detail, the protrusion 2020 has a mesa
structure including an upper surface 2021 and sidewalls
2022 and may be formed of a material which is the same as
or different from that of the base substrate 2010. The mesa
structure is a micro-structure and has a size (a width or a
height) of 100 um or less. Also, the protrusion 2020 pro-
trudes in a direction deviating from the base substrate 2010
to provide a contact point for picking up a specific semi-
conductor light-emitting device in a pickup process.
[0182] Moreover, the protrusion 2020 may be formed by
removing a portion of the base substrate 2010 through
etching for example and may be provided as one body with
the base substrate 2010. As another example, the protrusion
2020 may be attached or grown on an upper portion of the
base substrate 2010 and may be patterned. The protrusion
2020 may be a patterned oxide layer such as silicon dioxide
formed on a semiconductor substrate such as silicon.
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[0183] In this case, the base substrate 2010 may be formed
to have light transmissivity. For example, the base substrate
2010 may be formed of glass, a light-transmitting ceramic
material, or the like. In more detail, the base substrate may
be formed of a glass material including soda lime having a
transmittance of 90% to 99.9%. Since the base substrate
2010 has light transmissivity, the protrusion 2020 may be
formed of the same material having light transmissivity or a
different material having light transmissivity.

[0184] The electrode unit 2030 may include a head elec-
trode 2031 and electrode leads 2032.

[0185] The head electrode 2031 is disposed on the pro-
trusion 2020 so that an electrostatic force is generated by
electrifying the undoped semiconductor layer 1153a of a
semiconductor light-emitting device. In this case, although
not shown in the drawing, a passivation layer including
silicon oxide or oxide aluminum may be formed between the
protrusion 2020 and the head electrode 2031.

[0186] According to illustration, a conductive layer may
be attached on the protrusion 2020 or the passivation layer
and may be patterned for forming the head electrode 2031.
Furthermore, in the conductive layer, the electrode leads
2032 may be formed along with the head electrode 2031.
The electrode leads 2032 may connect with the head elec-
trode 2031 along an upper surface 2021 and a sidewall 2022
of the protrusion 2020. The head electrode 2031 and the
electrode leads 2032 may be formed to have light transmis-
sivity. For example, each of the head electrode 2031 and the
electrode leads 2032 is a transparent electrode having a
width or a height of 100 pm or less and may include a
conductive transparent electrode material such as InSnO or
7Zn0. As another example, each of the head electrode 2031
and the electrode leads 2032 may be formed of a combina-
tion of the transparent electrode material and a conductive
material such as Au, Ti, Pt, Ni, Cu, Ag, and/or the like. In
this case, each of the head electrode 2031 and the electrode
leads 2032 may have semi-transmissivity.

[0187] 1In the present embodiment, the head electrode
2031 is exposed to the outside so as to contact the undoped
semiconductor layer 1153a of the semiconductor light-
emitting device. In more detail, the head electrode 2031
includes an exposure surface which overlaps a top farthest
away from the base substrate 2010 at the protrusion 2020
and is exposed to the outside at the top. The exposure surface
may directly contact the undoped semiconductor layer
1153a of the semiconductor light-emitting device in order to
pick up the semiconductor light-emitting device and may be
an upper surface 2021 of the transfer head.

[0188] In this case, each of the base substrate 2010 and the
electrode unit 2030 is formed to have light transmissivity,
and thus, passes through the base substrate 2010 and the
electrode unit 2030 sequentially, whereby at least a portion
of the semiconductor light-emitting device can be seen.
Accordingly, a field of upper view can be secured when
aligning the transfer head and the semiconductor light-
emitting device.

[0189] The head electrode 2031 is provided as one pair on
the protrusion 2020, and thus, the electrode leads 2032 may
be provided as one pair. However, the present invention is
not limited thereto, and the head electrode may be formed as
a single electrode.

[0190] As a more detailed example, a first head electrode
2031a and a second head electrode 20315 may be disposed
on the protrusion 2020 and may be spaced apart from each
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other. A first electrode lead 2032a and a second electrode
lead 20325 may connect with an electrode disposed on the
upper surface 2021 along the sidewall 2022 of the protru-
sion. Also, an alternating current (AC) voltage source which
applied a voltage to the first head electrode 2031a and the
second head electrode 20315 may be controlled so that a
positive voltage is applied to the second head electrode
20315 at a time when a negative voltage is applied to the first
head electrode 2031, and vice versa.

[0191] In this case, since the first head electrode 2031a
and the second head electrode 20315 are at least formed to
have light transmissivity, the first head electrode 2031a and
the second head electrode 20315 may sequentially pass
through the base substrate, the protrusion, the first head
electrode 2031a, and the second head electrode 20315, and
thus, the semiconductor light-emitting device may be pho-
tographed. Therefore, the precise control of alignment is
possible.

[0192] Hereinafter, a detailed operating method of trans-
ferring a semiconductor light-emitting device by using the
transfer head will be described.

[0193] Referring to FIG. 14, in the detailed operating
method, a transfer head is adjacent to a semiconductor
light-emitting device which is to be gripped. and is aligned.
Subsequently, the transfer head contacts the head electrode
2031 and the undoped semiconductor layer 1153a of the
semiconductor light-emitting device.

[0194] In order for the transfer head and the semiconduc-
tor light-emitting device to be aligned, each of a base
substrate and an electrode unit has light transmissivity. In
this case, alignment of the head electrode and the semicon-
ductor light-emitting device may be precisely controlled by
using a camera from an upper portion of the transfer head.
In more detail, since the base substrate, the protrusion, the
first head electrode 2031a, and the second head electrode
20314 have light transmissivity, and thus, a field of upper
view can be secured for alignment.

[0195] Subsequently, by applying a voltage causing an
electrostatic force, the semiconductor light-emitting device
is attached on the head electrode, and then, the semicon-
ductor light-emitting device is picked up. Finally, the trans-
fer head is moved to a place to which the transfer head is to
be moved. and then, after a reverse bias is applied, by
stopping a bias, the semiconductor light-emitting device is
lowered, and then, only a head is raised.

[0196] According to the structure of the transfer head
described above, a semiconductor light-emitting device may
be picked up by directly electrifying the semiconductor
light-emitting device including an undoped semiconductor
layer based on the Johnsen rahbek type.

[0197] Hereinafter, a method of manufacturing a display
device including the semiconductor light-emitting device
described above with reference to FIG. 12 by using the
transfer head described above with reference to FIG. 13A
will be described.

[0198] FIGS. 15A, 15B, 15C, 15D, 15E. 15F, and 15G are
cross-sectional views illustrating a method of manufacturing
adisplay device using a semiconductor light-emitting device
by using the transfer head of FIG. 13A.

[0199] First, according to the manufacturing method, an
operation of coupling a plurality of semiconductor light-
emitting devices to a substrate is performed. For example, a
first conductive semiconductor layer, an active layer, and a
second conductive semiconductor layer grow on a growth
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substrate, each of semiconductor light-emitting devices is
formed through etching, and a first conductive electrode
1156 and a second conductive electrode 1152 are formed
(FIG. 15A).

[0200] A growth substrate 1101 (a wafer) may be formed
of a material (for example, one of sapphire (AL,O;), GaN,
Zn0, and A10) having light-transmitting properties, but is
not limited thereto. Also, the growth substrate 1101 may be
formed of a material (a carrier wafer) suitable for growing
a semiconductor material. The growth substrate 1101 may be
formed of a material which is good in thermal conductivity,
and may use a conductive substrate or an insulating sub-
strate, and for example, may use a SiC substrate having
thermal conductivity higher than a sapphire (Al,O;) sub-
strate or at least one of Si, GaAs, GaP, InP, and Ga,0,.
[0201] The first conductive electrode 1156 and the first
conductive semiconductor layer may respectively be a
p-type electrode and a p-type semiconductor layer, and the
second conductive electrode 1152 and the second conductive
semiconductor layer may respectively be an n-type electrode
and an n-type semiconductor layer. However, the present
invention is not limited thereto, and a first conductive type
may be an n-type and a second conductive type may be a
p-type.

[0202] In this case, as described above, an undoped semi-
conductor layer 1153« is formed on the second conductive
semiconductor layer, and at least a portion of the second
conductive electrode 1152 protrudes from a side surface of
the undoped semiconductor layer 1153a. Therefore, the
semiconductor light-emitting device may be a flip chip type
LED where an n-type semiconductor layer is stacked on the
undoped semiconductor layer. Also, an n-type electrode
connected to the n-type semiconductor layer extends from
one surface of the n-type semiconductor layer to a side
surface of the undoped semiconductor layer and protrudes
from a side surface of the undoped semiconductor layer. In
this case, grooves may be formed in a surface of the undoped
semiconductor layer facing a head electrode of the transfer
head.

[0203] Subsequently, the flip chip type light-emitting
device is temporarily coupled to a carrier substrate, and the
growth substrate is removed (FIG. 15B).

[0204] Forexample, the growth substrate may be removed
by using an LLO process or a CLO process. Particularly, in
the LLO process, the undoped semiconductor layer 1153a
reduces or prevents damage, caused by a laser, of the second
conductive electrode 1152 protruding to the side surface.
[0205] However, the present invention is not limited
thereto, and the undoped semiconductor layer may be
replaced by another type of absorption layer which absorbs
a UV laser. The absorption layer may be a buffer layer, may
be formed in a low temperature atmosphere, and may be
formed of a material for reducing a lattice constant differ-
ence between a semiconductor layer and the growth sub-
strate. For example, the absorption layer may include a
material such as GaN, InN, AIN, AlInN, InGaN, AlGaN, or
InAlGaN.

[0206] As illustrated, the carrier substrate 1062 may
include an adhesive layer 1063, and the semiconductor
light-emitting device may be transferred from the growth
substrate 1101 to the adhesive layer 1063.

[0207]  As another example, the carrier substrate 1062 may
be formed of an adhesive sheet formed of a material having
viscosity like polydimethylsiloxane (PDMS). Therefore, the
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carrier substrate 1062 may be referred to as a PDMS
substrate. Due to an adhesive force of PDMS, semiconduc-
tor light-emitting devices 1050 move to the carrier substrate
1062 after the growth substrate is removed.

[0208] Subsequently. a portion of the undoped semicon-
ductor layer 11534 covering the second conductive electrode
1152 is removed through etching (FIG. 15C). In this case, a
portion of the undoped semiconductor layer 1153a still
overlaps the second conductive semiconductor layer.

[0209] Subsequently. as in FIG. 15D, an operation of
forming a groove in the undoped semiconductor layer
through etching is performed. For example, grooves 1157
may be etched in order for a text to be textured in the one
surface farthest away from the first conductive electrode
1156. As a groove is etched in the undoped semiconductor
layer 11534, texturing may be performed on a surface of the
semiconductor light-emitting device.

[0210] Subsequently. an operation of transferring the
semiconductor light-emitting devices from the carrier sub-
strate 1062 to a base substrate 1070 of a display device is
performed.

[0211] Referring to FIG. 15E, in the transfer operation, a
transfer head including an electrode unit is first located to
face a semiconductor light-emitting device including an
undoped semiconductor layer disposed on a carrier sub-
strate.

[0212] Subsequently. the electrode unit of the transfer
head is adjacent to the undoped semiconductor layer of the
semiconductor light-emitting device, and an exposure sur-
face of the electrode unit contacts the undoped semiconduc-
tor layer.

[0213] In an operation where the electrode unit is adjacent
to the undoped semiconductor layer, a base substrate and the
electrode unit may each have light transmissivity in order for
the transfer head and the semiconductor light-emitting
device to be aligned. As described above, as a detailed
example, the base substrate, the protrusion, the first head
electrode 2031a, and the second head electrode 20315 may
have light transmissivity, and thus, a field of upper view can
be secured for alignment.

[0214] The transfer head is described with respect to the
transfer head described above with reference to FIGS. 13A
and 13B, but may be a below-described transfer head of
another embodiment. In the present embodiment, the trans-
fer head may be a multi transfer head where the transfer head
described above with reference to FIGS. 13A and 13B is
arranged in plurality.

[0215] For example, the electrode unit may include a
plurality of electrodes which are sequentially disposed at
predetermined intervals on one surface of the base substrate.
Particularly, the transfer head may be arranged in a matrix
type so as to correspond to arrangement of the semiconduc-
tor light-emitting devices on the carrier substrate.

[0216] Subsequently. as in FIG. 15F, an operation of
applying a voltage to the head electrode 2031 in order for an
adhesive force to be applied to the undoped semiconductor
layer with an electrostatic force is performed. In this case,
the voltage is selectively applied, and thus, the electrostatic
force may be applied to only some of the semiconductor
light-emitting devices arranged on the carrier substrate
1062. In this manner, the semiconductor light-emitting
devices are sequentially arranged on the carrier substrate
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1062, and some of the semiconductor light-emitting devices
arranged on the carrier substrate 1062 may be selected and
picked up.

[0217] Subsequently, as in FIG. 15G, an operation of
picking up the semiconductor light-emitting device to trans-
fer the semiconductor light-emitting device to the transfer
head 2000 is performed, and the semiconductor light-emit-
ting devices are selectively picked up and transferred to the
base substrate 1070 of a display device.

[0218] Subsequently, as in FIG. 15H, the semiconductor
light-emitting device is located on the base substrate 1070,
and then, the transfer head 2000 stops the application of the
voltage to remove the electrostatic force and returns to an
original position.

[0219] In this case, the semiconductor light-emitting
device is at least one of a plurality of semiconductor
light-emitting devices, and the semiconductor light-emitting
devices may be released on a substrate to form red, green,
and blue subpixels.

[0220] The base substrate 1070 may be a wiring substrate
1010 on which a wiring electrode is formed, and the
semiconductor light-emitting device may be mounted on the
base substrate 1070 by using a conductive adhesive layer
1030.

[0221] In this case, the wiring electrode may be the
above-described first electrode 1020, and the base substrate
1070 may be formed of a flexible material for implementing
a flexible display device.

[0222] The semiconductor light-emitting devices may be
transferred to the base substrate 1070, and then, by applying
heat or a catalyst to the conductive adhesive layer 1030, the
semiconductor light-emitting devices and the conductive
adhesive layer 1030 may be thermally compressed.

[0223] However, in the present embodiment, the conduc-
tive adhesive layer may be replaced by an adhesive layer.
For example, if the first electrode 1020 is not located on a
substrate 1010 and is provided as one body with a conduc-
tive electrode of a semiconductor light-emitting device, the
adhesive layer does not need conductivity.

[0224] Subsequently, a second electrode 1040 (see FIG.
11A) may be formed in a direction intersecting the first
electrode to connect with the second conductive electrode
1152. The second electrode 1040 is an upper wiring con-
necting the second conductive electrode 1152 which pro-
trudes, and is directly connected to the second conductive
electrode 1152. In this case, the second electrode 1040 may
be formed through deposition or the like. Furthermore, an
operation of forming a phosphor layer 1080 (see FIG. 10) on
one surface of each of a plurality of semiconductor light-
emitting devices 1050 may be performed.

[0225] Hereinabove, a method of manufacturing a display
device of the present invention will be described. A structure
of the transfer head of the present invention may be modified
into various forms, and various embodiments will be
described below.

[0226] FIGS. 16 and 17 are a cross-sectional view and a
perspective view illustrating another embodiment of a trans-
fer head transferring a semiconductor light-emitting device
of the present invention.

[0227] In the present embodiments, a case where a new
structure is applied to the transfer head described above with
reference to FIGS. 13A and 13B is described. Therefore, in
the present embodiment, elements which are the same as or
similar to the elements described above with reference to
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FIGS. 13A and 13B are referred to by like reference numer-
als, and the above descriptions are applied to descriptions of
the elements.

[0228] Referring to the drawings, a transfer head 3000
includes a base substrate 3010, an electrode unit 3030, and
a metal block unit 3040.

[0229] The base substrate 3010 may be formed to have
light transmissivity. For example, the base substrate 3010
may be formed of glass, a light-transmitting ceramic mate-
rial, or the like. In more detail, the base substrate 3010 may
be formed of a glass material including soda lime having a
transmittance of 90% to 99.9%. Also, a wiring (not shown)
for connecting the transfer head 3000 to an electric device
controlling the transfer head 3000 may be included in the
base substrate 3010.

[0230] Moreover, at least one surface of the base substrate
3010 may be formed as a plane. For example, the base
substrate 3010 may be formed as a plate.

[0231] According to illustration, the electrode unit 3030
may be disposed on a plane of the base substrate 3010. The
electrode unit 3030 may be formed to have light transmis-
sivity.

[0232] For example, the electrode unit 3030 may include
electrode leads 3032 without a head electrode, and the
electrode leads 3032 may be formed to have light transmis-
sivity. For example, each of the electrode leads 3032 is a
transparent electrode having a height (a thickness) of 0.1 pm
to 2 um and may include a conductive transparent electrode
material such as InSnO or ZnO. A material such as [TO may
be deposited to have a thickness of 2 um or less, and by
forming an electrode pattern through etching or laser irra-
diation, the electrode leads 3032 may be implemented.

[0233] As another example, the electrode leads 2032 may
be formed of a combination of the transparent electrode
material and a conductive material such as Au, Ti, Pt, Ni, Cu,
Ag, and/or the like. In this case, the electrode leads 2032
may have semi-transmissivity.

[0234] According to illustration, the metal block unit 3040
is disposed in one end of the electrode unit 3030. The metal
block unit 3040 may protrude from an end of the electrode
unit 3030 in a direction (a thickness direction) passing
through one surface of the base substrate 3010. In more
detail, the metal block unit 3040 protrudes in a direction
deviating from the base substrate 3010 to provide a contact
point for picking up a specific semiconductor light-emitting
device in a pickup process. A via hole electrically connected
to the electrode unit may be formed in the base substrate.
Due to such a via hole structure, a bias may be applied to the
electrode unit.

[0235] The metal block unit 3040 may be formed of metal
having light non-transmissivity and may include a first metal
block 3041 and a second metal block 3042. As a detailed
example, the electrode unit 3030 may include a first elec-
trode 3030q and a second electrode 30305 spaced apart from
each other. The first metal block 3041 may be disposed in an
end of the first electrode 3030a, and the second metal block
3042 may be disposed in an end of the second electrode
30302.

[0236] The first metal block 3041 and the second metal
block 3042 may each have a tetragonal block form where
width X height is 50x50 um and a thickness is 1 um to 5 pm.
Also, an interval between the first metal block 3041 and the
second metal block 3042 may be 5 um to 20 pm.
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[0237] According to illustration, the first metal block 3041
and the second metal block 3042 are exposed to the outside
to contact the undoped semiconductor layer 1153a of the
semiconductor light-emitting device. In more detail, each of
the first metal block 3041 and the second metal block 3042
includes an upper surface 3021 or an exposure surface
exposed to the outside at the top. The exposure surface may
directly contact the undoped semiconductor layer 1153a of
the semiconductor light-emitting device in order to pick up
the semiconductor light-emitting device.

[0238] According to the above-described structure, the
transfer head implements a high electrostatic force by
directly electrifying an undoped semiconductor layer based
on a Johnsen rahbek type, and moreover, transfers a semi-
conductor light-emitting device through precise control.

[0239] Moreover, even though the first metal block 3041
and the second metal block 3042 are formed of metal having
light non-transmissivity, since the base substrate is a trans-
parent substrate and the electrode unit is a transparent metal
electrode, a field of upper view can be secured when
aligning the transfer head and the semiconductor light-
emitting device. According to such a transparent metal block
structure, accurate alignment may be performed through a
transparent substrate, and a vision system can be simplified.
Therefore, a time taken in manufacturing a display device
including the semiconductor light-emitting device can be
shortened.

[0240] The transfer head of the present embodiment may
be modified into various forms.

[0241] Referring to FIG. 18A, in the present embodiment,
an electrode unit 4030 includes electrode leads 4032 without
a head electrode, and the electrode leads 4032 may be
disposed on both surfaces of a base substrate 4010. For
example, the electrode leads 4032 may include a first
electrode lead 4032a and a second electrode lead 40325
spaced apart from each other. One of the first electrode lead
4032a and the second electrode lead 40325 may be disposed
on a top of the base substrate 4010, and the other may be
disposed on a bottom of the base substrate 4010.

[0242] Moreover, in the present embodiment, some of the
electrode leads 4032 may be formed to have light transmis-
sivity. For example, one of the first electrode lead 40324 and
the second electrode lead 40326 may be formed as a
transparent electrode having a height (a thickness) of 0.1 um
to 2 um, and the other may be formed as an opaque
electrode.

[0243] The opaque electrode may be formed of, for
example, a conductive material such as metal, a metal alloy,
a refractory metal, or a refractory metal alloy. For example,
the opaque electrode may be formed of a material such as
titanium, platinum, silver, or chromium and may be an
electrode having a height (a thickness) of 100 um or less.

[0244] As another example, referring to FIG. 18B, the
electrode unit 5030 may include electrode leads 5032 with-
out a head electrode, and the electrode leads 5032 may be
arranged in a direction intersecting each other. For example,
the electrode leads 5032 includes a first electrode lead 50324
and a second electrode lead 50325 spaced apart from each
other, and the first electrode lead 5032a and the second
electrode lead 50324 are disposed vertical to each other. In
this case, at least one of the first electrode lead 50324 and the
second electrode lead 50325 may be formed as a transparent
electrode.
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[0245] 1In the present embodiment, since the first electrode
lead 5032¢ and the second electrode lead 50325 are verti-
cally arranged, an advantage where a field of upper view is
secured at various angles can be obtained.

[0246] The present invention proposes a transfer system
capable of large-area transfer in a simple structure. The
transfer system includes a transfer head and a carrier sub-
strate and will be described below in more detail with
reference to the drawings.

[0247] Hereinafter, a structure of a transfer head transfer-
ring a semiconductor light-emitting device of the present
embodiment will be described in detail with reference to the
accompanying drawings. FIGS. 19A and 19B are a cross-
sectional view and a perspective view illustrating a transfer
head transferring a semiconductor light-emitting device of
the present invention, and FIG. 20 is a conceptual view
illustrating an operation of transferring a semiconductor
light-emitting device by using the transfer head of FIG. 19A.
[0248] Referring to FIGS. 19A and 19B, a transfer head
6000 directly electrifies an undoped semiconductor layer
1153a. In more detail, the transfer head 6000 contacts a
surface of the undoped semiconductor layer 11534, and by
applying a voltage, the transfer head 6000 induces electri-
fication of the undoped semiconductor layer 1153a, and
thus, a semiconductor light-emitting device 1050 is picked
up by using a generated electrostatic force.

[0249] For example, the transfer head 6000 includes a
base substrate 6010 and an electrode unit 6030.

[0250] The base substrate 6010 may include, for example,
various materials such as ceramic and a polymer. Also, a
wiring (not shown) for connecting the transfer head 6000 to
an electric device controlling the transfer head 6000 may be
included in the base substrate 6010.

[0251] Moreover, at least one surface of the base substrate
6010 may be formed as a plane. For example, the base
substrate 6010 may be formed as a plate, and thus, both
surfaces may each be a plane.

[0252] The base substrate 6010 may be formed to have
light transmissivity. For example, the base substrate 6010
may be formed of glass, a light-transmitting ceramic mate-
rial, or the like. In more detail, the base substrate 6010 may
be formed of a glass material including soda lime having a
transmittance of 90% to 99.9%.

[0253] According to illustration, the electrode unit 6030
may be disposed on one surface of the base substrate 6010.
The electrode unit 6030 may be disposed on a plane of the
base substrate so that an electrostatic force is generated by
electrifying the undoped semiconductor layer of a semicon-
ductor light-emitting device.

[0254] The electrode unit 6030 may include electrode
leads 6032, and the electrode leads 6032 may be formed as
a plurality of lines on the plane of the base substrate. For
example, the electrode leads 6032 includes a first electrode
lead 6032¢ and a second electrode lead 60325 which are
disposed in parallel.

[0255] The first electrode lead 6032a and the second
electrode lead 60325 may each be a metal thin film including
at least one of Au, Ti, Pt, Ni, Cu, and Ag, or may be a
transparent thin film including at least one of InSnO and
Zn0. In this case, a height (a thickness) of the metal thin film
may be 100 um or less, and a height (a thickness) of the
transparent thin film may be 0.1 um to 2 pm. In the
transparent thin film, a material such as ITO may be depos-
ited to have a thickness of 2 um or less, and by forming an
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electrode pattern through etching or laser irradiation, the
electrode leads 6032 may be implemented. As another
example, the electrode leads 6032 may be formed of a
combination of the transparent electrode material and a
conductive material such as Au, Ti, Pt, Ni, Cu, Ag, and/or the
like. In this case, each of the electrode leads 6032 may have
semi-transmissivity.

[0256] According to illustration, the first electrode lead
6032a and the second electrode lead 60325 extend in one
direction on the plane and are sequentially disposed in
another direction vertical to the one direction. In more detail,
the first electrode lead 60324 and the second electrode lead
60325 may be alternately disposed at specific intervals in the
other direction.

[0257] Moreover, at least one of the first electrode lead
60324 and the second electrode lead 60325 may extend to a
side surface of the base substrate. For example, the first
electrode lead 6032a may extend to an opposite surface of
the plane via the side surface and may be electrically
connected to a power supply. Also, the second electrode lead
60325 may extend to the opposite surface via the side
surface and may be electrically connected to the power
supply.

[0258] According to illustration, a plurality of protrusion
electrodes 6033 and 6034 may be formed for providing a
contact point for picking up a specific semiconductor light-
emitting device. For example, the plurality of protrusion
electrodes 6033 and 6034 may be respectively formed in the
first electrode lead 6032a and the second electrode lead
60325 so as to selectively pick up a plurality of semicon-
ductor light-emitting devices with an electrostatic force.
[0259] In more detail, a plurality of first protrusion elec-
trodes 6033 are sequentially disposed at predetermined
intervals in the first electrode lead 60324, and a plurality of
second protrusion electrodes 6034 are sequentially disposed
at predetermined intervals in the second electrode lead
603254. The plurality of first protrusion electrodes 6033 are
included in the first electrode lead 6032« and are sequen-
tially disposed at specific intervals. Also, the plurality of
second protrusion electrodes 6034 are included in the second
electrode lead 60325 and are sequentially disposed at spe-
cific intervals. In this case, in the first electrode lead 60324,
the first protrusion electrodes 6033 protrude toward the
second electrode lead 603254, and in the second electrode
lead 60325, the second protrusion electrodes 6034 protrude
toward the first electrode lead 6032a.

[0260] Here, the first protrusion electrodes 6033 and the
second protrusion electrodes 6034 may be formed of the
same material as the first electrode lead 6032a and the
second electrode lead 60325 and may be formed to have a
pattern integrated with the first electrode lead 6032¢ and the
second electrode lead 60326.

[0261] In the present embodiment, the first protrusion
electrodes 6033 and the second protrusion electrodes 6034
are exposed to the outside to contact the undoped semicon-
ductor layer 1153a of the semiconductor light-emitting
device. In more detail, the first protrusion electrodes 6033
and the second protrusion electrodes 6034 include an expo-
sure surface exposed to the outside at a plane of the base
substrate 6010. The exposure surface may directly contact
the undoped semiconductor layer 11534 of the semiconduc-
tor light-emitting device in order to pick up the semicon-
ductor light-emitting device and may be an upper surface of
the transfer head.
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[0262] According to illustration, at least one of the first
protrusion electrodes 6033 and at least one of the second
protrusion electrodes 6034 are provided as one pair to
generate an electrostatic force between a corresponding
protrusion electrode and a semiconductor light-emitting
device. An AC voltage source which applies a voltage to the
pair of first protrusion electrode and second protrusion
electrode applies a positive voltage to the second protrusion
electrode at a time when a negative voltage is applied to the
first protrusion electrode, thereby generating the electro-
static force. In this case, the transfer head may be controlled
in order for a voltage to be applied in reverse.

[0263] In this case, since each of the base substrate 6010
and the electrode unit 6030 is formed to have light trans-
missivity, the semiconductor light-emitting device sequen-
tially passes through the base substrate 6010 and the elec-
trode unit 6030, and thus, at least a portion of the base
substrate 6010 and the electrode unit 6030 can be shown.
Accordingly, a field of upper view can be secured when
aligning the transfer head and the semiconductor light-
emitting device.

[0264] Hereinafter, a detailed operating method of trans-
ferring a semiconductor light-emitting device by using the
transfer head will be described.

[0265] Referring to FIGS. 19A and 20, in the detailed
operating method, a transfer head is adjacent to a semicon-
ductor light-emitting device which is to be gripped, and is
aligned. Subsequently, the transfer head contacts a plurality
of protrusion electrodes and the undoped semiconductor
layer 11534 of the semiconductor light-emitting device.
[0266] At this time, the semiconductor light-emitting
device may be disposed on a carrier substrate 1100. Accord-
ing to illustration, a positioning member 1200 on which the
semiconductor light-emitting device is positioned may be
mounted on one surface of carrier substrate 1100. In this
case, the carrier substrate 1100 may be formed of a material
such as Si, glass, ceramic, or the like, and the positioning
member may be formed of at least one of PDMS, silicon,
and acrylic.

[0267] The positioning member 1200 includes a base part
1210 and a positioning projection 1220.

[0268] The base part 1210 is a part overlapping one
surface of the carrier substrate and may be formed of a
material different from the carrier substrate. The positioning
projections 1220 protrude from the base part and are sequen-
tially disposed at predetermined intervals. The semiconduc-
tor light-emitting device is temporarily positioned on the
positioning projection 1220.

[0269] Subsequently. by applying a voltage causing an
electrostatic force, the semiconductor light-emitting device
is attached on the head electrode, and then, the semicon-
ductor light-emitting device is picked up. Finally, the trans-
fer head is moved to a place to which the transfer head is to
be moved, and then, after a reverse bias is applied, by
stopping a bias, the semiconductor light-emitting device is
lowered, and then, only a head is raised.

[0270] According to the structure of the transfer head
described above, a semiconductor light-emitting device may
be picked up by directly electrifying the semiconductor
light-emitting device including an undoped semiconductor
layer based on the Johnsen rahbek type.

[0271] Hereinafter, a method of manufacturing a display
device including the semiconductor light-emitting device
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described above with reference to FIG. 12 by using the
transfer head described above with reference to FIG. 19A
will be described.

[0272] FIGS. 21A, 21B, 21C, 21D, 21E, 21F, 21G, 21H,
and 211 are cross-sectional views illustrating a method of
manufacturing a display device using a semiconductor light-
emitting device by using the transfer head of FIG. 19A.
[0273] First, according to the manufacturing method, an
operation of coupling a plurality of semiconductor light-
emitting devices to a substrate is performed. For example, a
first conductive semiconductor layer, an active layer, and a
second conductive semiconductor layer grow on a growth
substrate, each of semiconductor light-emitting devices is
formed through etching, and a first conductive electrode
1156 and a second conductive electrode 1152 are formed
(FIG. 21A).

[0274] A growth substrate 1101 (a wafer) may be formed
of a material (for example, one of sapphire (Al,O;), GaN,
Zn0, and AlO) having light-transmitting properties, but is
not limited thereto. Also, the growth substrate 1101 may be
formed of a material (a carrier wafer) suitable for growing
a semiconductor material. The growth substrate 1101 may be
formed of a material which is good in thermal conductivity,
and may use a conductive substrate or an insulating sub-
strate, and for example, may use a SiC substrate having
thermal conductivity higher than a sapphire (Al,O,) sub-
strate or at least one of Si, GaAs, GaP, InP, and Ga,O,.
[0275] The first conductive electrode 1156 and the first
conductive semiconductor layer may respectively be a
p-type electrode and a p-type semiconductor layer, and the
second conductive electrode 1152 and the second conductive
semiconductor layer may respectively be an n-type electrode
and an n-type semiconductor layer. However, the present
invention is not limited thereto, and a first conductive type
may be an n-type and a second conductive type may be a
p-type.

[0276] In this case, as described above, an undoped semi-
conductor layer 1153« is formed on the second conductive
semiconductor layer, and at least a portion of the second
conductive electrode 1152 protrudes from a side surface of
the undoped semiconductor layer 1153a. Therefore, the
semiconductor light-emitting device may be a flip chip type
LED where an n-type semiconductor layer is stacked on the
undoped semiconductor layer. Also, an n-type electrode
connected to the n-type semiconductor layer extends from
one surface of the n-type semiconductor layer to a side
surface of the undoped semiconductor layer and protrudes
from a side surface of the undoped semiconductor layer. In
this case, grooves may be formed in a surface of the undoped
semiconductor layer facing a head electrode of the transfer
head.

[0277] Subsequently, the flip chip type light-emitting
device is temporarily coupled to a carrier substrate, and the
growth substrate is removed (FIG. 21B).

[0278] Forexample, the growth substrate may be removed
by using an LLO process or a CLO process. Particularly, in
the LLO process, the undoped semiconductor layer 1153a
reduces or prevents damage, caused by a laser, of the second
conductive electrode 1152 protruding to the side surface.
[0279] However, the present invention is not limited
thereto, and the undoped semiconductor layer may be
replaced by another type of absorption layer which absorbs
a UV laser. The absorption layer may be a buffer layer, may
be formed in a low temperature atmosphere, and may be
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formed of a material for reducing a lattice constant differ-
ence between a semiconductor layer and the growth sub-
strate. For example, the absorption layer may include a
material such as GaN, InN, AIN, AlInN, InGaN, AlGaN, or
InAlGaN.

[0280] As illustrated, the carrier substrate 1100 may
include a positioning member 1200, and the semiconductor
light-emitting device may be transferred from the growth
substrate 1101 to the positioning member 1200.

[0281] As another example, the positioning member 1200
may be formed of an adhesive sheet formed of a material
having viscosity like polydimethylsiloxane (PDMS). There-
fore, the carrier substrate 1100 may be referred to as a PDMS
substrate. Due to an adhesive force of PDMS, semiconduc-
tor light-emitting devices 1050 move to the carrier substrate
1100 after the growth substrate is removed.

[0282] Subsequently, a portion of the undoped semicon-
ductor layer 11534 covering the second conductive electrode
1152 is removed through etching (FIG. 21C). In this case, a
portion of the undoped semiconductor layer 1153a still
overlaps the second conductive semiconductor layer.
[0283] Subsequently. as in FIG. 21D, an operation of
forming a groove in the undoped semiconductor layer
through etching is performed. For example, grooves 1157
may be etched in order for a text to be textured in the one
surface farthest away from the first conductive electrode
1156. As a groove is etched in the undoped semiconductor
layer 11534, texturing may be performed on a surface of the
semiconductor light-emitting device.

[0284] Subsequently, an operation of transferring the
semiconductor light-emitting devices from the carrier sub-
strate 1100 to a wiring substrate 1010 of a display device is
performed.

[0285] Referring to FIG. 21E, in the transfer operation, a
transfer head including an electrode unit is first located to
face a semiconductor light-emitting device including an
undoped semiconductor layer disposed on a carrier sub-
strate.

[0286] Subsequently. the electrode unit of the transfer
head is adjacent to the undoped semiconductor layer of the
semiconductor light-emitting device, and an exposure sur-
face of the electrode unit contacts the undoped semiconduc-
tor layer.

[0287] In an operation where the electrode unit is adjacent
to the undoped semiconductor layer, protrusion electrodes of
the transfer head and the semiconductor light-emitting
device are aligned.

[0288] The transfer head is described with respect to the
transfer head described above with reference to FIGS. 19A
and 19B, but may be a below-described transfer head of
another embodiment.

[0289] Subsequently. an operation of applying a voltage to
the protrusion electrode in order for an adhesive force to be
applied to the undoped semiconductor layer with an elec-
trostatic force is performed. In this case, the voltage is
selectively applied, and thus, the electrostatic force may be
applied to only some of the semiconductor light-emitting
devices arranged on the carrier substrate 1100. In this
manner, the semiconductor light-emitting devices are
sequentially arranged on the carrier substrate 1100, and
some of the semiconductor light-emitting devices arranged
on the carrier substrate 1100 may be selected and picked up.
[0290] Subsequently. as in FIGS. 21F and 21G, a semi-
conductor light-emitting device having a different color may
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be picked up by using the above-described method. For
example, after a blue semiconductor light-emitting device is
picked up, a green semiconductor light-emitting device may
be additionally picked up in a process of FIG. 21F, and a red
semiconductor light-emitting device may be additionally
picked up in a process of FIG. 21G.

[0291] Therefore, blue, green, and red semiconductor
light-emitting devices may configure one pixel and may be
picked up to the transfer head.

[0292] Subsequently, as in FIG. 21H, an operation of
transferring the semiconductor light-emitting device to
transfer the semiconductor light-emitting device to the trans-
fer head 6000 is performed, and the semiconductor light-
emitting devices are selectively picked up and transferred to
the base substrate 1070 of a display device.

[0293] Subsequently, as in FIG. 211, the semiconductor
light-emitting device is located on the base substrate 1070,
and then, the transfer head 6000 stops the application of the
voltage to remove the electrostatic force and returns to an
original position.

[0294] In this case, the semiconductor light-emitting
device is at least one of a plurality of semiconductor
light-emitting devices, and the semiconductor light-emitting
devices may be released on a substrate to form red, green,
and blue subpixels.

[0295] The base substrate 1070 may be a wiring substrate
1010 on which a wiring electrode is formed, and the
semiconductor light-emitting device may be mounted on the
base substrate 1070 by using a conductive adhesive layer
1030.

[0296] In this case, the wiring electrode may be the
above-described first electrode 1020, and the base substrate
1070 may be formed of a flexible material for implementing
a flexible display device.

[0297] The semiconductor light-emitting devices may be
transferred to the base substrate 1070, and then, by applying
heat or a catalyst to the conductive adhesive layer 1030, the
semiconductor light-emitting devices and the conductive
adhesive layer 1030 may be thermally compressed.

[0298] However, in the present embodiment, the conduc-
tive adhesive layer may be replaced by an adhesive layer.
For example, if the first electrode 1020 is not located on a
substrate 1010 and is provided as one body with a conduc-
tive electrode of a semiconductor light-emitting device, the
adhesive layer does not need conductivity.

[0299] Subsequently, a second electrode 1040 (see FIG.
11A) may be formed in a direction intersecting the first
electrode to connect with the second conductive electrode
1152. The second electrode 1040 is an upper wiring con-
necting the second conductive electrode 1152 which pro-
trudes, and is directly connected to the second conductive
electrode 1152. In this case, the second electrode 1040 may
be formed through deposition or the like. Furthermore, an
operation of forming a phosphor layer 1080 (see FIG. 10) on
one surface of each of a plurality of semiconductor light-
emitting devices 1050 may be performed.

[0300] Hereinabove, a method of manufacturing a display
device of the present invention will be described. A structure
of the transfer head of the present invention may be modified
into various forms, and various embodiments will be
described below.
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[0301] FIGS. 22 and 23 are a cross-sectional view and a
perspective view illustrating another embodiment of a trans-
fer head transferring a semiconductor light-emitting device
of the present invention.

[0302] In the present embodiments, a case where a new
structure is applied to the transfer head described above with
reference to FIGS. 19A and 19B is described. Therefore, in
the present embodiment, elements which are the same as or
similar to the elements described above with reference to
FIGS. 19A and 19B are referred to by like reference numer-
als, and the above descriptions are applied to descriptions of
the elements.

[0303] Referring to the drawings, a transfer head 7000
includes a base substrate 7010, an electrode unit 7030, and
a metal block unit 7040.

[0304] In this case, the base substrate 7010 may have the
same structure as the base substrate described above with
reference to FIGS. 19A and 19B, and the electrode unit 7030
may have the same structure as the electrode unit described
above with reference to FIGS. 19A and 19B. Thus, the above
descriptions are applied to descriptions of the elements.

[0305] Inthe present embodiment, a metal block unit 7040
may be coupled to each of first protrusion electrodes 7033
and second protrusion electrodes 7034.

[0306] The metal block unit 7040 may include a first metal
block 7041 coupled to the first protrusion electrodes 7033
and a second metal block 7042 coupled to the second
protrusion electrodes 7034. The first metal block 7041 and
the second metal block 7042 may protrude from an end of
the protrusion electrodes in a direction (a thickness direc-
tion) passing through one surface of the base substrate 7010.

[0307] In more detail, the metal block protrudes in a
direction deviating from the base substrate 7010 to provide
a contact point for picking up a specific semiconductor
light-emitting device in a pickup process. The metal block
may be formed of metal having light non-transmissivity.

[0308] The first metal block 7041 and the second metal
block 7042 may each have a tetragonal block form where
width X height is 50x50 um and a thickness is 1 um to 5 pm.
According to illustration, the first metal block 7041 and the
second metal block 7042 are exposed to the outside to
contact the undoped semiconductor layer 1153a of the
semiconductor light-emitting device. In more detail, each of
the first metal block 7041 and the second metal block 7042
includes an upper surface or an exposure surface exposed to
the outside at the top. The exposure surface may directly
contact the undoped semiconductor layer 1153a of the
semiconductor light-emitting device in order to pick up the
semiconductor light-emitting device.

[0309] According to the above-described structure, the
transfer head implements a high electrostatic force by
directly electrifying an undoped semiconductor layer based
on a Johnsen rahbek type, and moreover, transfers a semi-
conductor light-emitting device in a simple structure, based
on a large area.

[0310] The present invention provides a mechanism which
can align horizontality and step heights of pickup heads and
a donor substrate may be aligned without using a sensor and
a transfer mechanism. Therefore, there is an advantage
where a large degree of freedom is individually provided to
a plurality of pickup heads. Hereinafter, such a mechanism
will be described.
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[0311] FIGS. 24 and 25 are a cross-sectional view and a
plan view illustrating a micro-device transfer apparatus
according to another embodiment of the present invention.
[0312] Referring to FIGS. 24 and 25, a micro-device
transfer apparatus 8001 according to the present embodi-
ment includes a transfer head 8010 of a micro-device 8060
and picks up and transfers a number of micro-devices 8060
by using the transfer head 8010 of the micro-device 8060.
The micro-device may be the above-described semiconduc-
tor light-emitting device, and in more detail, may be a
micro-LED.

[0313] Moreover, the micro-device transfer apparatus
8001 of the present embodiment includes a head transfer
unit 8020, which fixes and transfers a transfer head 8010 of
the micro-device 8060, and a substrate holder 8040 where a
donor substrate on which the micro-device 8060 is disposed
or a receiver substrate 8070 to which the micro-device 8060
is to be transferred is positioned.

[0314] In the specification, an up direction denotes an
X-axis direction in a space coordinate system, and a down
direction denotes a Y-axis direction in the space coordinate
system. A horizontal surface denotes a Y-7 axis plane. A
vertical direction is a direction including the up and down
directions.

[0315] The donor substrate 8050 or the receiver substrate
8070, which supports the micro-device 8060, is positioned
on a substrate holder 8040. The substrate holder 8040 may
further include a heating element (not shown) for decoupling
and coupling of the micro-device 8060.

[0316] The substrate holder 8040 includes a positioning
surface by which the donor substrate §050 or the receiver
substrate 8070 is supported, and such one surface is flatly
formed. Two the substrate holders 8040 may be installed.
Therefore, one of the two substrate holders 8040 may
support the donor substrate 8050, and the other may support
the receiver substrate 8070.

[0317] The substrate holder 8040 may be moved on the
Y-7 plane by at least two driving mechanisms (not shown)
having a degree of freedom. The substrate holder 8040
moves on a horizontal surface and is aligned with the
transfer head 8010 of the micro-device 8060,

[0318] In FIG. 24, it is illustrated that the donor substrate
8050 is supported by the substrate holder 8040, and a
plurality of the micro-devices 8060 which are to be picked
up by the transfer head 8010 of the micro-device 8060 is
disposed on the donor substrate 8§050.

[0319] The head transfer unit 8020 includes a mount
surface (a lower surface in FIG. 24), and the transfer head
8010 of the micro-device 8060 is mounted on the mount
surface. The mount surface of the head transfer unit 8020 is
substantially flatly formed. The head transfer unit 8020
transfers the transfer head 8010 of the micro-device 8060.
[0320] Indetail, the head transfer unit 8020 may be moved
to the transfer head 8010 of the micro-device 8060 by at
least six driving mechanisms (not shown) having a degree of
freedom. In more detail, the head transfer unit 8020 recip-
rocates in X-axis, Y-axis, and Z-axis directions and rotates
with the X-axis, Y-axis, and Z-axis directions as an axial
direction. The transfer head 8010 of the micro-device 8060
is accurately disposed and aligned on the micro-device 8060
by a degree of freedom of the head transfer unit 8020.
[0321] Moreover, the head transfer unit 8020 may adjust a
distance between the head transfer unit 8020 and the sub-
strate holder 8040 and horizontality between the head trans-
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fer unit 8020 and the mount surface of the substrate holder
8040, based on input values input from various sensors.
Bach of the sensors provides a control feedback which helps
adjustment of the substrate holder 8040.

[0322] Moreover, the transfer head 8010 of the micro-
device 8060 may include a fixing means (not shown) which
fixes a substrate 8110 and the donor substrate 8050. For
example, the fixing means may include a vacuum sucker.
[0323] The transfer head 8010 of the micro-device 8060
picks up the micro-device 8060 disposed on the donor
substrate 8050 supported by the substrate holder 8040 and
transfers the micro-device 8060 to the receiver substrate
8070.

[0324] For example, the transfer head 8010 of the micro-
device 8060 includes a plurality of pickup heads 8130 which
pick up a plurality of the micro-devices 8060, a head holder
8120 which supports the plurality of pickup heads 8130, and
the substrate 8110 which supports the head holder 8120.
[0325] The substrate 8110 provides the head holder 8120
with structural supporting. In the substrate 8110, a material
having a support force and rigidity is selected. The substrate
8110 may be formed of various materials such as silicon,
ceramic, and a polymer. In detail, the substrate 8110 is
formed of a material which is different from or the same as
that of the head holder 8120. The substrate 8110 has
hardness which is greater than that of the head holder 8120.
Here, a hardness of an arbitrary object is defined as a level
of a resistance force to deformation of the object when the
object is pressed by another object. Preferably, the substrate
8110 is formed of a rigid material.

[0326] A support surface (a lower surface) by which the
head holder 8120 is supported is provided on one surface of
the substrate 8110 in a plate shape.

[0327] The plurality of pickup heads 8130 pick up the
micro-devices 8060 with an adhesive force. The plurality of
pickup heads 8130 each include an adhesive surface 8131 to
which the micro-device 8060 is adhered. The plurality of
pickup heads 8130 may have an adhesive force with the
micro-device 8060 for picking up the micro-device 8060
from the donor substrate 8§050.

[0328] For example, a bonding material having an adhe-
sive force may be coated on the adhesive surface 8131 of
each of the plurality of pickup heads 8130. The adhesive
force of the coated material is released by heat applied an
outer side thereof.

[0329] As another example, as illustrated in FIG. 24, the
plurality of pickup heads 8130 may be adhered to the
micro-device 8060 by static electricity. Therefore, the
micro-device transfer apparatus 8001 of an embodiment
may further include a static electricity voltage source. As the
static electricity voltage source is turned on/off, adhesion
between the pickup head 8130 and the micro-device 8060 is
maintained or released.

[0330] The plurality of pickup heads 8130 are arranged at
certain pitches on a horizontal surface. In detail, the pitches
of the plurality of pickup heads 8130 correspond to pitches
of the plurality of micro-device 8060. That is, the pitches of
the plurality of pickup heads 8130 match the pitches of the
plurality of micro-device 8060, or are an integer multiple of
the pitches of the plurality of micro-device 8060. In more
detail, the plurality of pickup heads 8130 may be disposed
in a plurality of rows on the horizontal surface.

[0331] The plurality of pickup heads 8130 may have
various materials. For example, the plurality of pickup heads
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8130 may include one of silicon, glass, and an elastic
material. The plurality of pickup heads 8130 may have an
elastic force and may move to some extent.

[0332] Preferably, a hardness of each of the plurality of
pickup heads 8130 may have hardness which is greater than
that of the head holder 8120.

[0333] The head holder 8120 structurally supports the
plurality of pickup heads 8130. The head holder 8120 is
located between the plurality of pickup heads 8130 and the
substrate 8110 and couples the plurality of pickup heads
8130 to the substrate 8110.

[0334] A shape of the head holder 8120 is deformed by
movements of the plurality of pickup heads 8130, and thus,
the head holder 8120 provides the plurality of pickup heads
8130 with a degree of freedom. In order to pick up the
micro-device 8060 disposed on the donor substrate 8050,
approximate horizontality between the adhesive surface
8131 of each of the plurality of pickup heads 8130 and the
donor substrate 8050 is adjusted by movements of the
substrate holder 8040 and the head transfer unit §020.
However, there may locally be a step height in the donor
substrate 8050, and there a case where there is the step
height between the donor substrate 8050 and a top of the
micro-device 8060, or the donor substrate 8050 and the
adhesive surface 8131 of each of the plurality of pickup
heads 8130 is not locally horizontal. In this case, the head
holder 8120 provides the plurality of pickup heads 8130
with a degree of freedom, thereby enabling a plurality of the
micro-devices 8060 to be efficiently picked up.

[0335] In detail, a level of each of the adhesive surfaces
8131 of the plurality of pickup heads 8130 is individually
changed by deformation of the head holder 8120. Here, the
level of each of the adhesive surfaces 8131 of the plurality
of pickup heads 8130 denotes a relative position in a vertical
direction.

[0336] Moreover, a horizontal angle of each of the adhe-
sive surfaces 8131 of the plurality of pickup heads 8130 is
individually changed by deformation of the head holder
8120. Here, the horizontal angle of each of the adhesive
surfaces 8131 of the plurality of pickup heads 8130 denotes
a slope between a horizontal surface and each of the adhe-
sive surfaces 8131 of the plurality of pickup heads 8130.
[0337] The head holder 8120 provides a space where the
plurality of pickup heads 8130 are located. In detail, the head
holder 8120 is a plate shape including a support surface 8128
supporting the plurality of pickup heads 8130 on the hori-
zontal surface. It is preferable that the support surface 8128
of the head holder 8120 is flatly formed. The support surface
8128 of the head holder 8120 is disposed parallel with the
horizontal surface before deformation. Each of the adhesive
surfaces 8131 of the plurality of pickup heads 8130 is
disposed and spaced apart from the support surface 8128 of
the head holder 8120.

[0338] A shape of the head holder 8120 is deformed by an
external force, and when the external force is released, the
shape of the head holder 8120 is restored. The head holder
8120 has an elastic restoring force. In detail, the head holder
8120 has at least flexibility in a vertical direction.

[0339] For example, the head holder 8120 uses a material
which is softer than that of the substrate §110 and/or the
plurality of pickup heads 8130. In detail, the head holder
8120 has hardness which is less than that of the substrate
8110. The head holder 8120 has hardness which is less than
that of each of the plurality of pickup heads 8130. In detail,
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the head holder 8120 is a resin material having an elastic
force. Preferably, the head holder 8120 may be silicon
(sylgard 184) having an elastic force.

[0340] Moreover, at least one of a hollow portion 8124, a
hole, and a groove 8121 which facilitate a movement of the
head holder 8120 may be provided in the head holder 8120.
A degree of freedom of each of the plurality of pickup heads
8130 increases by the hollow portion 8124, the hole, and the
groove 8121.

[0341] In detail, as illustrated in FIG. 24, the groove 8121
which is deformed when the shape of the head holder 8120
is deformed is provided in the head holder 8120.

[0342] The groove 8121 is formed by recessing the sup-
port surface 8128 of the head holder 8120. A depth of the
groove 8121 is not limited, but it is preferable that the depth
of the groove 8121 is 20% to 80% of a thickness of the head
holder 8120. A width of the groove 8121 is proportional to
a degree of freedom of each of the plurality of pickup heads
8130. The width of the groove 8121 is set based the degree
of freedom of each of the plurality of pickup heads 8130.
When the plurality of pickup heads 8130 move, the head
holder 8120 is compressed by an external force and gets
close to the groove 8121. Therefore, a change rate or
flexibility in a vertical direction is enhanced by the groove
8121 provided in the head holder 8120.

[0343] The groove 8121 may be variously disposed. For
example, the groove 8121 is provided in plurality, and the
plurality of grooves 8121 are disposed in a dot shape on the
support surface 8128 of the head holder 8120. The dot-
shaped grooves are regularly arranged. Also, the dot-shaped
grooves may be disposed in a line shape.

[0344] As another example, the support surface 8128 of
the head holder 8120 is divided into a plurality of holder
blocks B by the groove 8121. At least one pickup head 8130
is supported in the holder block B. Preferably, one to four
pickup heads 8130 are supported in one holder block B. The
support surface 8128 of the head holder 8120 is divided into
the plurality of holder blocks B, and a small number of
pickup heads 8130 are located in the holder block B, thereby
enhancing a degree of individual freedom of the pickup head
8130.

[0345] Moreover, a position determination unit 8129
which determines a position of the donor substrate 8050 is
provided in the head holder 8§120.

[0346] FIGS. 26 and 27 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0347] A transfer head 8010 of a micro-device 8060
according to the present embodiment has a difference in
disposition of a groove 8121 in comparison with the
embodiment of FIGS. 24 and 25.

[0348] Referring to FIGS. 26 and 27, the groove 8121 of
the present embodiment has a line shape which forms a
closed space on the support surface of 8128 of the head
holder 8120. A plurality of pickup heads 8130 are located in
the closed space formed by the groove 8121.

[0349] In the present embodiment, a degree of freedom of
each of the plurality of pickup heads 8130 is lower than the
embodiment of FIGS. 24 and 25, but there is an advantage
where manufacturing is easy.

[0350] FIG. 28A is a cross-sectional view of a transfer
head of a micro-device according to another embodiment of
the present invention, and FIG. 28B is a plan view.
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[0351] In the present embodiment, in comparison with the
embodiment of FIGS. 24 and 25, the head holder 8120
includes a through hole 8122 instead of the groove 8121, for
enhancing flexibility.

[0352] Referring to FIG. 28, a head holder 8120 of a third
embodiment includes a through hole 8122 for enhancing
flexibility. The through hole 8122 is formed in a support
surface 8128 of the head holder 8120. In detail, the through
hole 8122 is formed to pass through the head holder 8120 in
a direction intersecting the support surface 8128 of the head
holder 8120.

[0353] For example, as illustrated in FIG. 28, the through
hole 8122 is provided in plurality, and the plurality of
through holes 8122 are disposed in a line shape in the
support surface 8128 of the head holder 8120. The line-
shaped through holes 8122 are arranged at certain pitches.
The line-shaped through holes 8122 may have a matrix type
intersecting one another.

[0354] Preferably, the head holder 8120 includes a plural-
ity of holder blocks B which are disposed on a horizontal
surface and are spaced apart from each other. The plurality
of holder blocks B may be defined by the line-shaped
through hole 8122.

[0355] At least one pickup head 8130 is supported in the
holder block B. Preferably, one to four pickup heads 8130
are supported in one holder block B. The head holder 8120
is divided into the plurality of holder blocks B, and a small
number of pickup heads 8130 are located in the holder block
B, thereby enhancing a degree of individual freedom of the
pickup head 8130.

[0356] FIG. 29 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0357] Referring to FIG. 29, in comparison with the
embodiment of FIG. 28, a head holder 8120 of the present
embodiment has a difference in shape of a through hole
8123,

[0358] The through hole 8123 of the present embodiment
is provided in plurality, and the plurality of through holes
8123 are disposed in a dot shape on a support surface 8128
of the head holder 8120. The through hole 8123 passes
through the head holder 8120 in a direction intersecting the
support surface. The dot-shaped through holes 8123 are
regularly arranged. Also, the dot-shaped through holes 8123
may be disposed in a line shape. A shape of each of the
dot-shaped through holes 8123 is deformed by external
pressure and provides flexibility to the head holder 8120.
[0359] FIG. 30 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0360] Referring to FIG. 30, in comparison with the
embodiment of FIGS. 24 and 25, a head holder 8120 of the
present embodiment includes a plurality of hollow portions
8124 instead of the groove 8121.

[0361] The hollow portions 8124 are located in the head
holder 8120. The hollow portions 8124 are regularly or
irregularly disposed in the head holder 8120. When a shape
of the head holder 8120 is deformed, the hollow portion
8124 is deformed and provides flexibility to the head holder
8120. Accordingly, a degree of freedom of each of a plurality
of the pickup heads 8130 increases.

[0362] A size of the hollow portion 8124 is not limited. It
is preferable that a diameter of the hollow portion 8124 is
10% to 40% of a thickness of the head holder 8120. This is
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because if a size of the hollow portion 8124 is too large, a
rigidity of the head holder 8120 is reduced, and if the size
of the hollow portion 8124 is too small, sufficient flexibility
cannot be provided to the head holder 8120.

[0363] FIG. 31 is a cross-sectional view of a transfer head
of a micro-device according to another embodiment of the
present invention.

[0364] Referring to FIG. 31, in comparison with the
embodiment of FIGS. 24 and 25, the present embodiment
has a difference where a groove 8121 is omitted in a head
holder 8120, and the head holder 8120 further includes a
head base 8132.

[0365] The head base 8132 provides a space where a
plurality of pickup heads 8130 are located. In detail, the head
base 8132 is a plate shape including a support surface
supporting the plurality of pickup heads 8130 on a horizon-
tal surface. It is preferable that the support surface of the
head base 8132 is flatly formed. The support surface of the
head base 8132 is disposed parallel with the horizontal
surface before deformation. A mount surface of each of the
plurality of pickup heads 8130 is disposed and spaced apart
from the support surface of the head base 8132. The head
base 8132 is disposed between the head holder 8120 and the
pickup heads 8130. The head base 8132 is supported by the
head holder 8120.

[0366] A shape of the head base 8132 is deformed by an
external force, and when the external force is released, the
shape of the head base 8132 is restored. The head base 8132
has an elastic restoring force. In detail, the head base 8132
has at least flexibility in a vertical direction.

[0367] For example, the head base 8132 uses a material
which is softer than that of a substrate 8110 and/or the
plurality of pickup heads 8130. In detail, the head base 8132
has hardness which is less than that of the substrate §110.
The head base 8132 has hardness which is less than that of
each of the plurality of pickup heads 8130. In detail, the head
base 8132 is a resin material having an elastic force.
Preferably, the head base 8132 may be silicon (sylgard 184)
having an elastic force. In this case, the head holder 8120 has
hardness which is higher than that of head base 8132, or may
have the same hardness.

[0368] A thickness of the head base 8132 is not limited.
Preferably, the thickness of the head base 8132 is 100 um to
300 um. The head base 8132 may be provided as one body
with the head holder 8120 or independently from the head
holder 8120.

[0369] FIG. 32 is a flowchart illustrating a state where a
micro-device transfer apparatus of the present invention
operates.

[0370] Referring to FIG. 32A. a donor substrate 8050 on
which a plurality of micro-devices 8060 are arranged is
supported by a substrate holder 8040. A head transfer unit
8020 and the substrate holder 8040 are adjusted based on
input values input from various sensors so that a top of the
donor substrate 8050 is substantially parallel with a support
surface 8128 of a head holder 8120. However, a local portion
of the donor substrate 8050 is not parallel with a support
surface 8128 of the head holder 8120, or a local step height
may be on a top of each of the micro-devices 8060.
[0371] Referring to FIG. 32B, a transfer head 8010 is
downward moved by the head transfer unit 8020, and the
micro-devices 8060 are adhered to an adhesive surface 8131
of each of the pickup heads 8130. In this case, a pickup head
8130 which picks up a micro-device 8060 protruding more
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upward than another micro-device 8060 is automatically
leveled by deformation of a head holder 8120 (a holder
block B).

[0372] Referring to FIG. 32C, the transfer head 8010 is
upward moved, and the micro-devices 8060 deviate from the
donor substrate 8050.

[0373] Referring to FIG. 32D, a receiver substrate 8070 is
supported on the substrate holder 8040, and the head transfer
unit 8020 and the substrate holder 8040 move to adjust
horizontality. The transfer head 8010 is downward moved by
the head transfer unit 8020.

[0374] Referring to FIG. 32E, the micro-device 8060 is
positioned on the receiver substrate 8070, and then, an
adhesive force of the pickup head 8130 is released. By
applying a thermal factor and a chemical factor to the
receiver substrate 8070, the micro-device 8060 is adhered to
the receiver substrate 8§070.

[0375] Accordingly, a plurality of micro-LEDs can be
quickly and accurately arranged on a large-area receiver
substrate 8070.

[0376] FIGS. 33 and 34 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0377] Referring to FIG. 33, in comparison with the
embodiment of FIGS. 24 and 25, the present embodiment
has a difference where a groove 8121 is omitted in a head
holder 8220, and a spacer 8140 is further provided between
the head holder 8220 and a substrate 8110.

[0378] In the present embodiment, the head holder 8220 is
formed in a plat shape and supports a plurality of pickup
heads 8130. In this case, a head holder 8220 of a seventh
embodiment may use material which is higher than that of
the head holder 8220 of the preceding embodiment. For
example, the head holder 8220 of an embodiment uses a
resin material having flexibility.

[0379] The spacer 8140 structurally supports the head
holder 8220. The spacer 8140 is located between the head
holder 8220 and the substrate 8110. The spacer 8140 is
located in a portion of a space between the head holder 8220
and the substrate 8110.

[0380] A shape of the spacer 8140 is deformed by a
movement of each of a plurality of pickup heads 8130, and
thus, the spacer 8140 provides a degree of freedom to the
head holder 8220. When the spacer 8140 is deformed, a
slope and a curvature of the head holder 8220 are deformed,
thereby providing a degree of freedom to the pickup head
8130.

[0381] In detail, a level of each of adhesive surfaces 8131
of the plurality of pickup heads 8130 is individually changed
by deformation of the spacer 8140. Also, a horizontal angle
of each of the adhesive surfaces 8131 of the plurality of
pickup heads 8130 is individually changed by deformation
of the spacer 8140.

[0382] Forexample, the spacer 8140 uses a material which
is softer than that of a substrate 8110 and/or the head holder
8220. In detail, the spacer 8140 has hardness which is less
than that of the substrate 8110. The spacer 8140 has hardness
which is less than that of the head holder 8220. In detail, the
spacer 8140 is a resin material having an elastic force.
Preferably, the spacer 8140 may be silicon (sylgard 184)
having an elastic force.

[0383] One side of the spacer 8140 is supported by the
substrate 8110, and the other side of the spacer 8140
supports the head holder 8220. The spacer 8140 forms a gap
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between the head holder 8220 and the substrate 8110, and
the spacer 8140 is disposed in a partial region of a space
between the head holder 8220 and the substrate 8110.

[0384] In detail, the spacer 8140 is disposed on a support
surface of the substrate 8110 and is spaced apart from the
substrate 8110 by a certain pitch. The spacer 8140 may be
variously disposed. For example, as illustrated in FIG. 34,
the spacer 8140 is provided in plurality, and the plurality of
spacers 8140 are disposed in a line shape in the support
surface of the substrate 8110. The line-shaped spacers 8140
are arranged at certain pitches. The line-shaped spacers 8140
may have a matrix type intersecting one another.

[0385] FIGS. 35 and 36 are a cross-sectional view and a
plan view of a transfer head of a micro-device according to
another embodiment of the present invention.

[0386] Referring to FIGS. 35 and 36, in comparison with
the embodiment of FIGS. 33 and 34, the present embodi-
ment has a difference in disposition of a spacer 8§140.

[0387] The spacer 8140 of the present embodiment is
disposed to surround a border of a head holder 8220. A
plurality of pickup heads 8130 are disposed to overlap the
inside of a space formed by the spacer 8140. Accordingly, in
an embodiment, a higher degree of freedom can be provided
to the pickup heads 8130.

[0388] FIG. 37 is a plan view of a transfer head of a
micro-device according to another embodiment of the pres-
ent invention.

[0389] Referring to FIG. 37, in comparison with the
embodiment of FIGS. 33 and 34, the present embodiment
has a difference in disposition of a spacer §140.

[0390] The spacer 8140 of the present embodiment is
provided in plurality, and the plurality of spacers 8140 are
disposed in a dot shape on a support surface of the substrate
8110. The dot-shaped spacers 8140 are regularly arranged.
Also, the dot-shaped spacers 8140 may be disposed in a line
shape or a matrix type.

[0391] FIG. 38 is a flowchart illustrating a state where a
micro-device transfer apparatus of the present invention
operates.

[0392] Referring to FIG. 38A, a donor substrate 8050 on
which a plurality of micro-devices 8060 are arranged is
supported by a substrate holder 8040. A head transfer unit
8020 and the substrate holder 8040 are adjusted based on
input values input from various sensors so that a top of the
donor substrate 8050 is substantially parallel with a support
surface 8128 of a head holder 8120. However, a local portion
of the donor substrate 8050 may not be parallel with a
support surface 8128 of the head holder 8120.

[0393] Referring to FIG. 38B, a transfer head 8010 is
downward moved by the head transfer unit 8020, and the
micro-devices 8060 are adhered to an adhesive surface 8131
of each of the pickup heads 8130. At this time, a spacer 8140
is deformed, and the head holder 8220 is inclined to corre-
spond to a slope of the donor substrate 8050.

[0394] Referring to FIG. 38C, the transfer head 8010 is
upward moved, and the micro-devices 8060 deviate from the
donor substrate 8050. Subsequently, the micro-device 8060
is positioned on a receiver substrate 8070, and then, an
adhesive force of the pickup head 8130 is released.

[0395] The display device using the semiconductor light-
emitting device described above is not limited to the con-
figuration and method of the embodiments described above,
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and all or some of the embodiments may be selectively
combined and configured so that the embodiments are
variously modified.

1. A transfer head of a semiconductor light-emitting
device, the transfer head comprising:

a base substrate; and

an electrode unit disposed on the base substrate to gen-

erate an electrostatic force by electrifying an undoped
semiconductor layer of the semiconductor light-emit-
ting device,

wherein the base substrate and the electrode unit are each

provided to have light transmissivity so that at least a
portion of the semiconductor light-emitting device is
visible by sequentially passing through the base sub-
strate and the electrode unit.

2. The transfer head of claim 1, wherein a protrusion
protrudes from one surface of the base substrate, and the
electrode unit is disposed in the protrusion.

3. The transfer head of claim 1, wherein the electrode unit
is externally exposed to contact the undoped semiconductor
layer.

4. The transfer head of claim 1, further comprising a metal
block unit disposed in one end of the electrode unit.

5. The transfer head of claim 4, whetein the electrode unit
comprises a first electrode and a second electrode spaced
apart from each other, and the metal block unit comprises a
first metal block disposed in an end of the first electrode and
a second metal block disposed in an end of the second
electrode.

6. The transfer head of claim 5, wherein the first metal
block and the second metal block are formed of metal having
light non-transmissivity.

7. The transfer head of claim 4, wherein the electrode unit
is disposed on one surface of the base substrate, and the
metal block protrudes from an end of the electrode unit in a
direction passing through one surface of the base substrate.

8. The transfer head of claim 1, wherein a via hole
electrically connected to the electrode unit is provided in the
base substrate.

9. The transfer head of claim 1, wherein the electrode unit
comprises a plurality of electrodes sequentially disposed at
predetermined intervals on one surface of the base substrate.

10. A method of transferring a semiconductor light-
emitting device including an undoped semiconductor layer
disposed on a carrier substrate, the method comprising:

bringing a transfer head, including a base substrate and an

electrode unit disposed on the base substrate, in adja-
cency to an undoped semiconductor layer of the semi-
conductor light-emitting device;

applying a voltage to the electrode unit in order for an

adhesive force to be applied to the undoped semicon-
ductor layer with an electrostatic force; and picking up,
by the transfer head, the semiconductor light-emitting
device to transfer the semiconductor light-emitting
device,

wherein in the bringing of the transfer head in adjacency

to the undoped semiconductor layer, the base substrate
and the electrode unit are each provided to have light
transmissivity so that the transfer head and the semi-
conductor light-emitting device are aligned.

11. A transfer head of a semiconductor light-emitting
device, the transfer head comprising:
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a base substrate including a plane; and

an electrode unit disposed on the plane of the base
substrate to generate an electrostatic force by electri-
fying an undoped semiconductor layer of the semicon-
ductor light-emitting device, the electrode unit includ-
ing a first electrode lead and a second electrode lead
disposed in parallel,

wherein a plurality of protrusion electrodes are provided

in each of the first electrode lead and the second
electrode lead to selectively pick up a plurality of
semiconductor light-emitting devices with the electro-
static force.

12. The transfer head of claim 11, wherein a plurality of
first protrusion electrodes are sequentially arranged at pre-
determined intervals in the first electrode lead, and a plu-
rality of second protrusion electrodes are sequentially
arranged at predetermined intervals in the second electrode
lead.

13. The transfer head of claim 12, wherein the first
protrusion electrodes protrude from the first electrode lead to
the second electrode lead, and the second protrusion elec-
trodes protrude from the second electrode lead to the first
electrode lead.

14. The transfer head of claim 13, wherein a metal block
unit is coupled to the first protrusion electrodes and the
second protrusion electrodes.

15. The transfer head of claim 11, wherein the first
electrode lead and the second electrode lead each extend in
one direction on the plane and are sequentially disposed in
another direction vertical to the one direction.

16. The transfer head of claim 15, wherein at least one of
the first electrode lead and the second electrode lead extends
to a side surface of the base substrate.

17. The transfer head of claim 11, wherein each of the first
electrode lead and the second electrode lead is a metal thin
film including at least one of Au, Ti, Pt, Ni, Cu, and Ag, or
is a transparent thin film including at least one of InSnO and
Zn0.

18. The transfer head of claim 11, wherein the base
substrate is formed of a light-transmitting material.

19. A transfer system for transferring a semiconductor
light-emitting device disposed on a carrier substrate by using
a transfer head, the transfer head comprising:

a base substrate including a plane; and

an electrode unit disposed on the plane of the base

substrate to generate an electrostatic force by electri-
fying an undoped semiconductor layer of the semicon-
ductor light-emitting device, the electrode unit includ-
ing a first electrode lead and a second electrode lead
disposed in parallel,

wherein a plurality of protrusion electrodes are provided

in each of the first electrode lead and the second
electrode lead to selectively pick up a plurality of
semiconductor light-emitting devices with the electro-
static force.

20. The transfer system of claim 19, wherein a positioning
member where the semiconductor light-emitting device is
positioned is mounted on one surface of the carrier substrate.

21. The transfer system of claim 20, wherein the posi-
tioning member comprises: a base part overlapping the one
surface of the carrier substrate; and a plurality of positioning
projections protruding from the base part, the plurality of
positioning projections being sequentially arranged at pre-
determined intervals.
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22. A transfer head of a micro-device, the transfer head
comptising:

a plurality of pickup heads picking up micro-devices; a
head holder supporting the plurality of pickup heads;
and

a substrate supporting the head holder,

wherein the head holder is disposed between the plurality
of pickup heads and the substrate, and a shape of the
head holder is deformed by a movement of each of the
plurality of pickup heads, thereby providing a degree of
freedom to the plurality of pickup heads.

23. The transfer head of claim 22, wherein the plurality of
pickup heads each comprise an adhesive surface adhered to
the micro-device, and a level of each of the adhesive
surfaces of the plurality of pickup heads is individually
changed by deformation of the head holder.

24. The transfer head of claim 22, wherein the plurality of
pickup heads each comprise an adhesive surface adhered to
the micro-device, and a horizontal angle of each of the
adhesive surfaces of the plurality of pickup heads is indi-
vidually changed by deformation of the head holder.

25. The transfer head of claim 24, wherein the head holder
comprises silicon.

26. The transfer head of claim 22, wherein a plurality of
hollow portion, which are deformed when a shape of the
head holder is deformed, are provided in the head holder.
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27. The transfer head of claim 22, wherein a groove,
which is deformed when a shape of the head holder is
deformed, is provided in the head holder.

28. The transfer head of claim 22, wherein the head holder
comprises a plurality of holder blocks disposed on a hori-
zontal surface and spaced apart from each other, and each of

the plurality of holder blocks supports at least one pickup
head.

29. A transfer head of a micro-device, the transfer head
comprising:
a plurality of pickup heads picking up micro-devices; a
head holder supporting the plurality of pickup heads;
a substrate supporting the head holder; and

a plurality of spacers forming a gap between the substrate
and the head holder,

wherein a shape of each of the plurality of spacers is
deformed by a movement of the head holder, thereby
providing a degree of freedom to the head holder.

30. The transfer head of claim 29, wherein a horizontal
angle of a support surface of the head holder supported by
each of the plurality of pickup heads is changed by an elastic
deformation of each of the plurality of spacers.
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