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Abstract: With the recent development of emerging technologies, information acquisition and delivery between users has been
actively conducted, and inorganic thin film transfer technology that effectively transfers various materials and devices is being
studied to develop flexible electronic devices accordingly. This is aimed at innovative structural changes and functional
improvement of electronic devices in the era of the Internet of Things (IoT). In particular, advanced technologies such as micro-
LEDs are used to realize high-resolution flexible displays, and the possibility of heterogeneous integrated technologies can be
presented by precisely transferring materials to substrates through various transfer process. This paper introduced physical,
chemical, and self-assembly transfer methods based on inorganic thin film materials to implement heterogeneous integrated
flexible semiconductor systems and introduces the results of application studies of semiconductor devices obtained through

different transfer technologies. These studies are expected to bring about innovative changes in the field of smart devices, medical

technology, and user interfaces in the future.
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Fig. 1. Application strategies of inorganic thin-film transfer.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 241-252, May 2024: Ju et al.

Aol chal APIS] A Zolo, chepet AL WS S5
THE Ve A1 M 8T S8 AT ARSS 27ht

EEe (2d ).

= A1 AAL A2 HTeh o] AlAtE SREA] 4
A= 71AA &, B AdA], AVE f =, 49 52 224
ol &= o] &sh #ste 7]E9] 7]Ho M2 7|He
2 olFAI7] = oltt. 1Y 2(a)e LA HAAIE ol &
gt AR YA S ALE Sl 24 FAAE B 7|Hez A
Atshe WS B Fe 34 ZA ROt L@A B A &
stuol =20 H e A E K polydimethylsiloxane, PDMS)-2
ARG S Ad A& A=, AE A 7H O
w07 ARREE AAfolty. AAb 32, =Y 7|

(donor substrate) oA gtat AXjS HAHA|Z] & CMOS
A (complementary metal oxide semiconductor)2
S3fl ofo] 22 F7]9] vheA] 2212 MalstA Sch 47}
/T2 7% AtHo] HEst pEA} EFR] ABIDE =7t
Esto], Agao] YA o] &sto] AAFS it 7|
o2 BE uhala] Wct. o] A wel® AxH= 2]Alw 7l
(receiver substrate)oi SAR Y, A 7]To] EX
o Wet 9, A%, B gojeS Axt SO WRY &
9t} o] 7149 o2t Y o2 AYstA WA
ARE Yot 7|mo 2 FMAS & 9J o], Y LAo] =
}\E‘EE% /\]»_Q_o]»tli H]—EJH(])_] 7:1/\} Aol o] 7}\_ o}ll}‘— 7.]
10h[1,24]. 22iu S8R A9 gl et 2 Al
I =, A AALR] of 23, tha] AREA] AREILO]
o A AL 7t 9ict,
AAbE L2A A 2 HHE A 54 0]
7oz R gojii= ARE FAF A9
2

Z

fo

iel) ﬂJHU R od %2
o
I
n e
rni

"
D)
e

~N
b &
Uz
ol
>
=
ol
g,
-
F
1o
>.
)
I=]
ol
i)
T

10
-+
b |o
Q
>.
20)
>0
)
:

5 gl 2

odh 1
c &2 M
T
>
=2

Ir >

mo ki gy rIF

ox Moy o
o

)
b
>
u
|:|

t

o

o

K

>~
ol r
>
1o
ro
=
01
J‘.:
OE
%

(@]
g 2o
odr o J
9 0
o xR r
rrre

e
52 2 rZ oo L2 2

1o rr
>
a
o,

4

% ol

o

S~

i)

)

N

Ir

ol

o,

i)

Ir

)

o

fm

O

N
>
ol
_-
2

ml of L Hu
o O

4>

s}

Ra)

r2
NN
N[y o
P ol i

=
U )

>~

Pl

i)

- |

(@]
)
el
i

Y
= [
2
2

19

z

(o)

(o]

RAA

S~
>
1o
oX
ne
H1
N
)
oy
)
1=
-
S
Dol

243

OlI

o] A& ol &gt AAt=, Ao A]Q] Ho]A] 1
Y 71 g ST BEEAIA REEA] ARFE &
373 71=oIltt [2™ 2(0)]. 7P ©A], st &
o mHo] go]Aof MERl o g YrEoh= 5=
*l’dﬂr. 1 g5l dste YheAl /A 24 AR
2o 2 4*“’5% 3t
TAaARIT. Ho]A]-5]485-9] vt
011L1K191 EHOW% o]-&sto] A S &4 J01 %EIW
AL L g% E35) 271K] o]Ate] Ato g BiA7 =
->2Ga(s)+Ny(g)]2 &2 Utrof & 4~ 9l
B3 Ty 7|TOo 2 HE AXS MEIA
‘31 71of] AAR 4 ot [3].

ol 24t S AEA 2 AA} 7

loﬂ 7HE AR, AR dhAlof v s

OJANIgh g Eo] 7HsshaL, g tiHA AA} 715 6HX] g,

41, 17t go| A gu|7t g

, ARt B8]0 A Tt 57go] Alsid 4 9l
= o8 7k Qict[1,4,11-13,24].

A& 7] M AHelectrostatic transfer) 7] &2, A& 7] A
AP 250 78%‘% 7vell AR E fEskal, U 7] Ao
Aoz hojuyil S0l 2 2fAlH 7|Ho 2 &
AN 7] WATolT) [21,24]. AAF Bg2 318 1 (KA
718 |, golA = A 7HE), Yh=A] AA= S1E 2

of oJsli 7tE=lof, o] Fofl ofsh WAyt FA7] P2 &

o AAME =Y 7|Ho 2R gojd £ It} o] %, HA}

259 Mg AfUsto], Axt 2Al¥ TlEO 2 AL
2ot (29 2(d)]. o] 712 M2 YA ARE AEA
og %o-]iel A o] al, -]aﬂ Q;Q]J]. 7<-101 % _/,\_x]-7]-le7]
of=ofl, uLED 7|9t A Eo] o] m'd A0 7-&shthal
= 4 A [1]. sHRIRE A7) 718 R52 o st ot
ojl32 ANAZ|A AlAEl(micro electro mechanical
systems, MEMS) 7]&-& ©]&5}7] mj&of Al&ro] 54t5t
7170 ulstehs tho] Qlom, axt B4 R 7)o
Fopsr] mheo], AR} BAEls A PAIsk A 44
A|(dielectric material)& F715l= B0 574 AA}
B Qoihe WS 2t 3 AL 3 ARIS] 2
b gt dofl AL 7Hs-gt G o] 291X 2 A tizofl ti&
A4to] of2f g0l et [1.14].

K A}7] M AHelectromagnetic transfer)= A X7 A2
o|-&stof nlAlst AAt xR ES A 245t 71
of &71+= 71=oltt. AAF 5782 Vel /AR AR A|
=] T 7]3ho] obd A A] 7] (transitional substrate)
oA &2 RledEctt. =Y 7|3of pLEDeF A=2 gt
AAVge] AA] 7]o]| A § LLO 5742 &0l =

_E
ol

o N e H‘l

].

Jﬂ
0|0 |,
L I‘& o?:. rok
by w10

o[o
rlo

=

S
T



244 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 241-252, May 2024: Ju et al.

=l

U 715-E 2] gt AA] 71E910] AR mio] 3|S5 Qtoloh. 2 ALoA = UIA|SE AXFE A1E FALSH] 2]
YZAND), YZ-ENi-F) gge=z olfoz RS J/2 71 2o]A {= AlZH(laser-induced etching,
(ferromagnetic layer)g @43ttt 19 2(e)et Zo], A LIE) 7|&& ol&sl AASH A5 Aol Z&(vacuum
A7 BES Soll AHdSS Bold7]= A71ES WAl control-lab-le module, VCM )3 ol gstyct A3 vE
A, 2Rt Lgof FASEL AA] 7]Ho] FAE S AAAl 2 LIEZ|8F 20 pm &°] Ql+= /71 71t ste 2|y
et o2 o 82, w 50] AAPZ|H S A|l7SHH AAE 2] DA S4Hh-PDMS) uto] 2 iﬂd( channel)& AZ35}
AlH 7130 dsh= QAo AR 4 Qltk [14]. o] 7] of AAFHC) o2 213 2F& A= U] 4 ws)
&2 AAPZ|E S o] 8ol 2ALE #elsh7] igoll, 71 AFO](Py-nole<Parm)oll 2]l WIS Z150] 3o g AXS B
TIAA 2742 2 askd & A u, FUst AEA "MAp7E 7 Holl AR 2~ QI 1, a|Aly] 7] Yol BEO] S
5ot B S A=t SHAITE B 5O AlAfo] of P, A Yo uhy Fo 24 (FHshA AAE 7He3i o] A
85 FA/AA 5 A 570l BAFst, AAPZ|=Eol A AF7le2 19 2(f)°t Zol, & AL 544E ol &otH oY

AP RAL She SHEAI/AAL AAP] BFS F 4 ACHE @ HEL 271, AR19] SER] A5F A AL s g0,
2RI o] 9k [4.24] olg 5o ol YN WEAE TAL 5 YU Tet A
o]

oto] 2.2 A5 AAKmicro-vacuum assisted selective & JAL7} 7FHgoho] AR w7dof Q1
transfer, pVAST)«= X135 25 XS 7|¥tQ 2 ufo]3  ALE A<hs| v & Qlon, o]s}
2 ABYEY FYAL FUsto] AALS OIFAIIE W A A% S ALGNA] P Q2R

=
i [}
/' I
Donor substrate

Receiver substrate

ga)

(@) (b) ()
Stamp \ y

<

Receiver .

(e)

Electrostatic module

Ferromagnetlc metal  Electromagnetic module

Electromagnetic coil
Ferromagnetic layer(Ni)
El
ectrode Sacrificial layer

LED chip

N st Bonding layer

a &

LED chip

Heater 3 |

™ Supporting layer
....‘..... Learilboved Transitional substrate PRArTRE

Heater 2 ' 1
Receiver substrate

' Transitional substrate Receiver substrate

® @

Growth of hBN on Epitaxy of

» Blue LED
spptiewaler  buehGaLED DO 0

Fig. 2. Schematic image of (a) stamping-based transfer process by using PDMS elastomer, (b) elastomer-based roll-to-roll transfer process, (c)
laser lift-off (LLO) process, (d) electrostatic transfer process, (e) electromagnetic module based-transfer process, (f) micro-vacuum assisted
selective transfer, and (g) 2D layer-based-transfer process.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 241-252, May 2024: Ju et al.

KOP

ARSI 27te] Egolut MRS WAl 4
o] Qltt [4,15].

27k 278 #olo] 7yt AL 714 A2 ol gatol
glolm =7]0] chei A utot HAp} 7bset RS AL Y
Holot [5]. 5782 o= ol AleddTt [1™ 2(g)]. L
2 (graphene), A A A3}t B4 (hexagonal-boron
nitride, h-BN)2} 22 24te] 2708 &1 7|30l A4
7100, 3 g8 =R ARE AR H, 2 mHof et
AEHAS 7= A& Nig ZAAIZIG NioflA] f-=¢
AE AL TR 02 HAlo] e 2Rh 2A/MHeA
RO Ao Q] Bte] & LAA 7|, =1 Z|Ho|A =
oj7l urure. 417 2Al¥ 7|Fo e MAbET) 251g) 2
12 AR 1~359] &2 2 of2 § 970, 7ol 17
278 VA ARE AR 5 A siEH, 71E
B2 ou&Al(heteroepitaxy)tt oA 2ZE Q&
Aake gel ARk BUAH TS Aok 3R E
t}. oj2fgt WAlS AMESHAl =W 1175 RGB uLED
A ST Ho s AARE 4 Q7 "o 2DLT 7]

paS)

t}

ox

rir

or w
r

5]

B rr ok
Flo mm %

HF 49%
RMS 2.955 + 0.214 nm

Conventional ELO

02 o4

06 08

HCI 36%
RMS 0.349 £+ 0.031 nm

Novel ELO

GaAs Wafer

Etchant Solution

ii) Wafer Removal

245

of

A

%

224 Qlol MEA /AR 24t EU 7o 2 RE

1 4 91002 7|8 fAkgol Zhs ek, ohwA ¢
of

e

.

=

A

S

£ 3732 olgatol AAH 1
olct AFAS Zhir},

o=

bt

2,5

e

o me -
rl
¢

2L

Moo Mz N

2 B MU

ok >

0.
r
i)
rr

+

2.2 33X MA}

glstA] AL whal e ube A ARf7F A4

QA 2}
Hof| D7}, AR A= 2R1E shet

=] ] AAMS ma] AENY] (free-standing) st A
|2 Tr=11 2jAJH 7|0 2 HALSH= WALZ Lottt 7}
AL HA, onjeid 2] T E Q I (epitaxial lift-off, ELO)=
£ 2] 27} Afolof giAlE SAIETS Ao
7¥etol upat axb2 Bels) Ui RAL 7] 2olch, oj2l g
71e2 71E 2 A A 57 ol vlal ol st 10t
o] 2ol M} 715 B A7} Wastx| ek stela &
ooz Aejet] ghgo] ulma AT v o HAb}

Phste A S RIS Botaiet 2o atetA A7 §

(b)

A 00>

iii) Monolithic Red f-VLEDs

Polymcv*

Bottom Electrode
Passivation,

Hairless
Mouse Model

iv)‘ Phototherapy

Fig. 3. Fabrication schematic of (a) epitaxial lift-off (ELO) process, (b) surface tension assisted epitaxial lift-off (STA-ELO), and (c) chemical

etching transfer for flexible vertical pLEDs.



246

7]A o AlZF 8 HQ,] §_,|]-1‘\_}o] Q

=

e
i)
o
2> b oo Y o

H:l ok 4z I H1 oX w2 oy Hob

&
i)
A
== rr
)

ﬂﬂi ?lﬁﬂ %ﬂxl Ue FAVHR] &%= o 2
ol = & 2 Ut olof AA| ¥r=A|/ AR} AR
Agtole Ago] oje} e Hoz o Sect 12 3(b)e
H AHEE JIRteR omElAd 2]ZE @ n(surface
tension assisted epitaxial lift off, STA-ELO)E X15§ 6}
L 948 Hojach X EY XA E(photoresist, PR) 2

9 ol TS A 89 B 1200 ZHER m
£ 53] 7120] A2 3 e Aatstect. goln JlHe
2 A8 GaAso] HUL A4 8o|4 A34 S Tol,
o2 913) WA W Aol o3 W} Axpp AxR ]
Bo.2 e w2lie). w27 g0l o] v 91 =
1, B g e AxtE BHH sto] A2k BASH o

I o

(a)

Agitation

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 241-252, May 2024: Ju et al.

| 215 pLEDE A zxsts 34 7l
oIt} ] A WAL J1HIA JLEDSF 2L WA
27} ohol 1 |wg s sk, el Lrjel
S o} 7)) B0 FAFsHE 7)ol GaAs 7| A
o 87124 33t 714 &SZHmetal organic vapor
chemical vapor deposition, MOCVD) d}¥-2 o] &3]
AlGaInPQJ LEDiQ S| 7<l—}\]7] 6’ H]-Ei;ﬂ _T'O_Hg Eaﬂ n
LED ofdflo] 5 @/dsttt. 24 9ol L@2AF o] HA] 24
g JJsto A5 S w05y, o] 32 2oy @
FozHE AAE Hoste 4TS gttt o] 9 1
2(H202, 13 wt%)Qt L AAHCsHgO7, 30 wt%)o] &3+-8-of
= AHEsto, GaAs 715 €Als] AAshs 4 A7)
ES
T

N
2, 1A=9] g A 2R
o
.

(wet-etching) AALS &l 4xP S=3&- 02 Z%
QA FTH[17). 2 7] 42 HEiA A|7he Bl B stn] o)

718 AU A7 s slo], W agt 24} ofeo]
”} elATH 71l i 4 710l 57 o] ul-e- Zhstal
AAF A7HS FabA o g Zol 2 ojch t}ut, 31EHAl A|ZF
2 gt Aol B as), AT skt goto] Aluel] v
SR/ Ao GRS FA| LES R0t Wast
ot oj2fet Az AAF 7] @2 GaAset Z2 S7d¢t Hlo]
H 7|Eo 2 FE|of ALRE T AoA] WEA] 47} A
& 5730 ARGl @7 Agto] glot.

o

T

(b)

* e LEDchlpletsg
e 20e e evd-w

@ e_= s\s U
e € &..°

Fluld agitation

@\

Fig. 4. Process illustration of (a) self-assembly transfer process and (b) electric field based self-assembly transfer process.



247

Juetal.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 241-252, May 2024

Table 1. Summary of features of thin film transfer technologies.
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2.3 X7 =8 AL
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oA OjAgt AXME OF & 7|JH o g2 HAArsh= gl 919,
AR ol 2AtE o] Qe ARPZE 2 ATH 78 Aol A A
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A 719F A}7] 2 " (fluidic self-assembly, FSA) AR gFA]
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Fig. 5. (a) Flexible red pLEDs for optogenetics applications, (b) photographs of flexible lithium-ion battery under bent state, (c) active-matrix
WULED display with red pLED and single crystal Si-TFT on serpentine structured flexible polyimide substrate, (d) optical image of flexible
RRAM, and (e) vertically-stacked RGB nLEDs showing multicolor wavelength lighting.
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