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Ab8lE WA wbel EdR] AE 9] AL siAluo]Ad W Qo)A
WA S dA gl ste] AbskAl7] = wAl;
471 A7 5 AtstE AAA 21 AR AlA (preclean) dh= AL

T AdAA FHo| InGaZnO, InGa0, InSnZnO, SnO, ZnO, InHfZnO, InZrZnO,
InAlZn0 R IZ02 o] Fox APSIEWFEA wolA AEE o= shusl Aoz QLSS A= T,

71 old® dAE AR AdTol TE AsE WA £ dS F =l A2 55

o
rr

FA7

A7) a2 AT "W =gl AIo] =2E AkstE WEEAo] SAM 224 Hexamethyldisilazane(CeHoNSis),

Octyltrichlorosilane(CsHi7C15S1), Octadecyltrichlorosilane (CigH57C15S1),
Docosyltrichlorosilane(CypHisClsSi), Phenethyltrichlorosilane(CsHgCi3Si), 3-
Aminopropyltriethoxysilane(CoHysNOsSi), Trichloro(3,3,4,4,5,5,6,6,7,7,8,8,8-
tridecafluorooctyl)silane(CgHyCisF1351), (3-Mercaptopropyl)trimethoxysilane(CsHs05SS1),
Triethoxyoctylsilane(CiHs50551), (3-Chloropropyl)triethoxysilane(CoHyC105S1), 1-Propanethiol,  3-

(triethoxysilyl)(CoHz:05SSi), 3-Aminopropyltriethoxysilane(CoHssNOsSi), Decylphosphonic acid(Ciolzs05P),
Hexylphosphonic acid(CeHs0sP), Tetradecylphosphonic acid(CiHs;:0sP), Octadecylphosphonic acid(CigHsg0sP)

2 Lauric acid (CioHp0p) & o] Fo] & o A

g o= Fuel o iAol dES SHAIE dAE Eiete A 5ASE o Abske wb=A 9
ot ERA 2O A2 Aol W
3ATE 2

N

A 13l 114,

™

7] AP Al A (preclean)IHE 0.2 | o] AbebtA(Si0)7F A E, 3w A E o)A E ofAE, ofolhx g

©O:

(isopropanol), DI(deionized) water 2.2 %23 WAl $=Z(ultrasonication bath)ollA Z+Z} 5% WX 10
7 A o], WV-2& AHYE 30% A 603 33 AS EFo= 3t Absts weA vy EfX A
o] A2 sirjuold .

ML o

A7) eSS 4keE WA 24 RF(Radio-frequency) WFIWER AWEE W2 ALD WS o] &3o] of=
(Ar) 2 2k (0)9ke] EF7)A 2l 1 WA 50 i 9] FAR FTFAINE QS EHoR S AbgkE

RheA] vpep ERAIAE 9] A2 s o] Y

Al 13l SlojA,

71 old@ehs dAlE AR WA 500C &=l 18 WA 90 &<k sk AS SHORE k= AbsteE WA
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deh s sl 4 Sl g,

Al 13l Slol A,

A7) F4 ATS Z2s= 9AE= DC(Direct current) 2HEH =& P39 (Thermal evaporation) WA ol
A SHFA7I= AL EFOZ e AtstE vbeA] v ERAAE ] A2 giAWold W,
T3 6

AbstE gteA] v ERRAEY A2 dAdeld IS ST ¢ e ArIxHETEHY F2(Self-
assembled monolayer deposition, SAMD) ZFX]ell <lojA, A7] SAMD #X]+= 35 heating stage$} 3JHF
deposition stage’} #2]5o] 9low], A7] heating stage®} 3H4- deposition stage: A-2olA 400T7FA 7}
do] 7hes AS EHoR st Ar|xHuTuhet S (Self-assembled monolayer deposition, SAMD) “&4].

yige] Hy

7] & & of

By e faBeeld] olgu MehE uuk EUALE A4 AAuold By % o o] §3 P v
Aok, B AASE, e v EdsEe BWS AL FAL olfale AR WEAY EAUL Ak,
st e 9% @yomvE nuste] A4 Yt AVH 54L FET £ S e $HEA L P
o Tt Zolt.

g7 e

InGaZnO, InGaO, InSnZnO, SnO, 7Zn0O, InHfZnO, InZrZn0, 120 %<& X8t AHE  WF=A(oxide
semiconductor)E ©]g&3d wlet EWAAE|(Thin-film transistors, ©]3F TFTs)¥ 7]&€¢ hydrogenated
amorphous silicon(a-Si:H)Y} low-temperature polycrystalline silicon(LTPS)& ©]&3 TFTs Hut} && A=At
ol5 % (electron mobility), ¥ (uniformity), HHA3} 7}s(large scalability), 94 (flexibility),
B (transparency) =9 AAE 7FX 3 9o], flexible, transparent display$t 2 At A=A
(optoelectronic device)@2] 58] 7|th=aL 3

SIA 7k, oxide semiconductor TFTs+= &3 F7ld wl$- WsAl WH§8Fe] threshold voltage2] F7F,
subthreshold slope®] 724, leakage current =719} & A712 549 A&7t IA dojdr). welA] oxide
semiconductor®] 712 54 BH3587] Y &322 passivation layer= €7] 93 T2 A7) FrlH o=
F a3t} 7)€ passivation layer &3S 93] Plasma Enhanced Chemical Vapor Deposition(PECVD),
Sputter, Low-Pressure Chemical Vapor Deposition(LPCVD) 59| & T 2AM2E o]&3le SigN,, Si0, 2g]al
ALO; o WlE TS SHEAY, e TR fU71E 52 WZoMEA FHEFE thin-film
A

0,9 oA e dE4q Havt

ofj
flo

encapsulationg ©]&3tal ¢Jt}. Thin film encapsulationolA] F7]%
q5ts shal, f71E 52 FUIE 5 EHY A-VE AAAA dbol =1

a8y 71EY FU1E e YI)E/G7E wx FFE o] 83 passivation 7]ES FE L 2L 3y
A ZgzntE o) gsle] WukS PAlstsE wWhAloltl, Plasma® o]® 4% oxide semiconductorel] £4S F
o] WA Ax}e] H7|F E | o FAH A & 2x7 2d flexible displayel #-&
3l7lell s AA el Qa7 EA. (T 53531 10-2019-0047052)

Ml
e

Sl FHe

o] ® ZUde EWASH 2,
s

2+ wAlS o) gsle] A FEYHukEurab(Sel f-Assembled
Monolayer, ©]3} SAM)S sl =
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(E3&¢ 0001) 37H53 3K 10-2019-0047052

gige] g
S dst = HA

Bk o] SAMS o] &3F passivation WHE 7]FE $7]E passivation WHI B FPS o, plasmacl] &3 ©
n X 25E 2AFEIL, 150TCelste] AH2oA 34 do] 7hadt 714 bddo] ZA MAE v EWX]H
o] A Aol W H o]F o] &3 AAE AT AS HHoR g,

- T

—d

o2

79 HE e

A7 BEAE GAds] fske], 2 i AbskE wheA uber EdX~E ] A Aol W] glojA, \E
EAE dAEste] AsiA e dAl Y] Ak AsAl7E dAlE AA Abske dAA xde] AbskE Rk
EAe AEFS AANZIE @A 7] SEE AEE BEAE AAdYHIe @A A7) 4™ dAE A A
BE HEAo] a2 =0l ASS FERAIE 9 A AFo] SFE ASLE wteAd x|z HuEuk
(Self-assembled monolayer, ©]3} SAM)S 150TC©o]sle] =woAx] HZHA7]= GAE E33+= 2L EFo= 3
=

A SHA, 7] 71 EA- et AbstArlE dAE AW F Al (preclean) o= o] Abs A (Si0,) 7F
FAE, =3H AYE gol|HE otAE, olo]AZE RS (isopropanol), DI(deionized) water FO.& Z&u} vt

=
A $=Z(ultrasonication bath)ollA Z+zF 58 Wx] 1087F A3 o|F UV-2F AHgE 308 WA 6083 &
g 4 Q.

vk s, A7) AbskE wrEAe] pEELS RF(Radio-frequency) "FIUWEE ~A¥E ¥ TEE Atomic layer
deposition (ALD)W2]S& o]&3le] of=Z3(Ar) ¥ AFA(0)9ke] 371 273kl A 1 WA 50 mm o] FAZ 5

ZA A 4 A},
ahdAEAl, 7] old®g ke Bl 42 UlA 500T &ElA 1% WA 90 St A vt
&

uhgra s, 7]
o,

2~ 9 =82l A5S FAsHE 9AE DC(Direct current) 2~ EIFHe] o) FHAA 5 3l

21y o] &7
B tgo) waH | SANS o] &35le] A& sjAju o)

r}f
o
i
o
ft
N
BN
i,
2
s
i
e
ki

s A Bt ERA~EHE, SAM A
glE ol Abske wbmAlel] ofgde vAE R R AR S SAsAd R, A7]A kgl AA N
Al de a9 ob&e] 7IE taEde] w4 Auldl AHgo] hsstew gLt 7hssin

flexible display T&el UH—Or ok N e

FAE HER ojmHolth. Q8% ol Xz SN A ute EfAXEHE A

E7k2 ek o]mAR, ()& S A v Edx s HE54S ek Zeli, (o) SAN
AeE v EdAsEe] 4570 e Aelt,

%= 39 (a) ¥ (b)E SAM AHg3t vt EA:X AE 9 thx9 transfer curve % output characteristice U}
Bl 1efzZolr}.

= 39 (o)E 2070¢] ¥t E@lx]~E 9] threshold voltage, hysteresise =43 & H@zks veEdl a8 =
o|t}.
= 39 (e 2071 vt EdA| 2B 9 field effect mobility, saturation mobilityS A3 T HHF#HS

LERI e szoltt,
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= 45 SAM A E 9 EdX B9 ) Z2TS Di(deionized) waterol] 6A17Hs<r EolFE &

) =243t threshold
oltageE YEA ZgZolm | (a)E transfer curve, (b)E output curveE ER Zefj3Eo|t},

T 5% SAM AFE 9 EWX 2 g (stability)S H7sl7] flske], SAM A2® uhel EdR] AEo|
negative-bias stress(NBS)E o023 A|7to] wWZ threshold voltageE e Aolth. (a)yE HxTo=
SAM vjAglE wel EWXAE Q] threshold voltageE WERA FHolal, (b)= SAM AHE v EdA]AEH
threshold voltageE YERH Holt),

Bye A E FAH B
o3}, H{E =HE 7AE HWEES JFFote] B A4S A Al ok, B odigo] oA AA] 4

)

Sol ola) ARHAY FAHE AL o,

AE AAZLE Ao|E HAFAo] A3 (thermal oxidation) 71BE o] 838t Si fo]® THS o|itshit4
3 2~HEE WA 52 ALD WAS o] &3 high-k 225 Si dlo)d el &

e Abste WA =2& ol&ste] dds Bl 42 & Ao,

HE FAdoez, AedFo AHeE ¢ e 2t 222 InGaZn0, InGa0, InSnZnO, SnO, ZnO, InHfZnO,
InZrZn0, IAZ0 % 120 2 o]Foiz oA Aed o= 3ud 4= Jub. &, A7) A 4o =3hg A

oF1-

LB'\__

NEFL radio-frequency (RF) WIZUEE A3y T4, ALD ¥4 2 2¥3g3} 3o &0 FAHS o] &5l
JA4E = Ay,

NES oA A2 A= E =8 A= 1 WA 100 nme] FA2] BH2=dW), WaPt), 2 (Cw), 5 (Aw),
EElE (Ti), YA (Ni), Z3EElg (TiN), &FHF (A) % o5 E£F&E =& U572 TS AFESH
JA4E = g

Al o] A vk A d S A AT 2 =gl AS Aol JF FEREo] A" 4 9l

Aol AZFo]l E 4= = EAL silane Al EFo] AFEE 4 9t}

He FAHeR | gAHoldZd AlgE F dE B4 2| x2Yud=u(Sel f-assembled monolayer, SAM) =
7“01*’, Z”“& head, tail % functional group=> 7FA3L A& F71Edoy, Sy e BAS oAs 4
ATk, &, 7] dA] Bl =R ke

Organosilane?] THZ, Hexamethyldisilazane(CglioNSis), Octyltrichlorosilane(Cgl7Ci5S1),
Octadecyltrichlorosilane (Ciall3C15S1), Docosyltrichlorosilane(CoollisCl5Si),

Phenethyltrichlorosilane(CgHyCi3Si),3-Aminopropyltriethoxysilane(CoHasNOsSi),

Trichloro(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)silane(CsH,CisF15S1), (3-
Mercaptopropyl)trimethoxysilane(CgH;s058S1), Triethoxyoctylsilane(Ci4H30:S81), (3-
Chloropropyl)triethoxysilane(Col,C105S1), 1-Propanethiol, 3-(triethoxysilyl)(CoH»0:SSi) ®E+=  3-
Aminopropyltriethoxysilane(ColyNOsSi)o]  AFE= 4=  3l, alkyl phosphonic acids® FF/F=,

Decylphosphonic acid(CioHp30sP), Hexylphosphonic acid(Cgll;s0sP), Tetradecylphosphonic acid(CigHs0sP) H&
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Octadecylphosphonic acid(CigHsOsP)7F AF82 4= 2lo ™| n-alkanoic acids® 7= Lauric acid (CioHz0:)7}F

SAM 48 AA3 head, tail @ functional groupe 7M1 Y& F71EHoH, AHEE, 22 A=, =<
A5 Ao JF SHAA AW ATE AT o2, E3 o] W EWXAH Y2 AFA FEF
EUS Boshs Vs a 2

SAM &2 F4A head group FE7]= AHgE WA W] -0H groupd 2
group< AFsHE WHEA ¥ wpg Weko e HYd i”ﬁ J@r% HEEa] ¥He A
® ]

SN BAS AsE wwAl ERol siauoldste] AR shAMeld T AEE wuAe FH AFLL A
ez gedon dg4ol or, #AFWAE URH 2L FHAZD F o} ALelA Aol Ho] b
el Q.

B ougo] Azxdd wal gadoldZe] AR SAM B2 24 0TS(octadecyltrichlorosilane) (A ZA}
Aldrich, AFHE 104817)& AHEs o, 01Se] 4 F+32%& 3h7]ol YepdSltt.

CZM\\ "”“\‘{\\4’}"‘(: Hj
Si 16

CI/ \CI
Octadecyl-trichlorosilane
(OTS)

18 7| zgerZubel =2 4] (self-assembled monolayer deposition system, SAMD system)S ttERW A
olt}. SAMD Fx]:= A4 heating stage®} d}5- deposition stage’} E#FH o] 9lomw | Z} stagers EF A9
A 400C7HA] 7FEAAZE = Ak, dZ, heating stage= octadecyltrichlorosilane(0TS, SAMO] d=)& =wt

A71= 9388 deposition stage™ a-1GZ0%} OTS7F ¥H&3& 4 &= oyx T39S %%iﬂr SAMD “¢=] 3}
o= 2% Ax7F A2 IFE FolFHE R heating stagedl Al 223k OTS7F AMZ THO R o] Fste] =37+
2 UEF Zoer

Az 1. SAM Hgd e EWR2EY Ax

=3E AgE dolHE Fuljsta AAbslste] oF 100nm FAQ] o] AT (Si0)E AFAA AAFS A
o AAZQ oAbt A (Si0)E FAAIR Foll Abd Al (precleaned) I 0= | o]1bshat A (Si0)7F FAEE =
3
(u

¥ AE do|HE ofE, ool Z¥E(isopropanol), DI(deionized) water T2 25T FXF
Itrasonication bath)ollA Z}ZF 583 A 23k o] &, V-2.& AHIZE 4083t 331 o.
V-2.F A7 & AYSS IAANT)7] Y8k, 16202 radio-frequency (RF) wIUEE ~A¥EH T4 o &
oh%wwﬂﬁl%i%ﬁfﬂé%ﬂﬂﬂéﬁjwﬁl%ﬂﬂ]]HZmEEOWﬂ z738tel sk it.
o2 (Ar) ¥ A& (09 EF7IAE o2 (Ar) A (0,)=9:19] Enj&2 24318l
IGZO“:‘\: Il’lgOgZGagOg:Zl’lO = lllgl H]%i zﬂ}_é}?ﬁf/}
AEFS FAA717] 98 16208 AFE3te] 7F=(width), AlZ(length) Aol= ZZb 250, 50 m = 3dtar, F7
= 30 nmZ ko] LSS FAAIFH .
AEF ¥4 F box furnaceol A 400TC9 2= 2 1A1ZF &<t old®H (annealing) & 33T,
AEZ Aol A

22 A (source electrodes) ® =2l H=(drain electrodes)S 50nm F71¢ H2d(W)S
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olg&3to] DC =¥ E Y 45 &3l 49 AL, YZE-Sx(lift-off)e A= &3 &

< PAA77] 3 0ISEAS ALgate] 150To]8te] Aex7oA HEZE,
A= 3 =R A5 el o SHAARe RN, SA Aed dE EdXAHE Alxsiy

o
ot
X,
>
A
ui

g gxsy, Aol 7] A Fo FE4S 24 An, () AAMlHL 7] A9l Sar v A
My EAAsEY A4S 54T A0M, 49 = 459905, (OF ANMlAS @ F su AdE
[e3]

o, SN AQ OIS Abgste] Aol Foma 01se] A4 2E717h vt EdAsE EHe] A
et QA 2E ng ggoRt A54 4877 AXdGonE, Su AE W EdAsE ] EHol

B{7l 2. SAM A ad 9tk EWRX 29 SAM X2 e EWRAE 9 transfer curve & output curve F

= 39 (a), (Y a2z, A7 AFd 194 AZzE SAH A9 vt EAX A9 A7) dRLoA Az
SAM " glg wel EWXAE 9 transfer curve?} output curveE =4 Ao s},

Bt 3. SAM AE 2 ERAXAE Y SAM vl E 2 ERAR2E Y [AVH A Ut

% 39 (o), (M) T, SA A g urek E@x g 20709 SAM v el E uhek Ed2E 20709 A7) A
548 A7 Aol

=

(o) 2=, SAM A 2 EdA g 20709 SAM v g)® vhe Edx] 2 20719 threshold voltage<}
hysteresise T3to] Hitaks YeERd Aolth. 54 Zz, SAM HgH 9o EWAXAHE SAL v A7 vt EWR
A 2~E 9} B3RS W], threshold voltages= -0.34 VoA -0.2 VibE EAo] 45131, hysteresist 0.92
Voﬂ/q 0.57 VU]—EL zs 151 74 0 g]-o o],oﬂr/}

(2P x=, SAM A= vy Ed@x]2H 20702 SAM v AgE de E X]/\Ei 2070¢] field effect
mobility®} saturation mobilitys -3t HaghS Wepbd otk 54 A3, SAI A ¥ EAX2HE
SAM W Hg] et Edlx]AE el HlwatdS W, filed effect mobility: 5.87 cm‘v”s“oﬂfﬂ 7.4 en'V's 2 1.53
en’V's W saturation mobility= 3.72 cn'V's oA 4.8 en’V's 2 1.08 cnV s W 7H7} Zrlals AL
B A=

obel [3£ 11 471 [87F 3]l €3t A714 54 A3

il
rot

gel gt Aol
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* 1
Field effect Saturation
Surface Vin Hysteresis mo bility mobility
treatment (V) (AV) HFE Paat
(em*V-1ish) (em?V-'sh)
Untreated -0.34+0.107 0.92+0.142 5.87+0.500 3.72+0.280
SAM treated -0.20:0.115 0.57+0.053 7.40+0.173 4.80+0.117

B37F 4. SAM AEE 2 ERAA 2B SAM VA EE B ERAALE Y W7 54 B}

SN Al whoh EdAsEel A S Azl ols] @R SAueldFel B3 Ahksh 3
wlet B 2B BEsEA Helst] stel 6B HolE F 474 54 watE ¥

HbE % 49] (@) EE B, SAM mAEE "9t EdAAEHE a-IGZ07F B BAEEE A
H
B 7|4 B4 9 ko] AslH S ou|git),

7} 5. Negative bias stress(NBS) H7}

taZeo] MEele] 28359 ul negative bias stress(NBS) EA|7F tlF2 = ddl, NBS HAEE 13
stol, SAM A e uheh ERAAE A a-16209] HEAEES skt

%= 59 (a)ollA, SAM mA g% vle Edx]~E 9 field-induced water absorption®] back channeloll A 2AY3}
of | AlZbko] Aol whEl HAFH o2 threshold’} &2 Wako = F713k AL &lslit).

E= 59 (b)ellA, SAM AHzZl" vler EWHXAE A9, SAM vAZE dhek EdX A9} HusidS u,
threshold voltage7} &9 wWako = IA Z7}elA @i, FZ Abo] WA= gk},

=, SAM AHe 2yl Efx o] EHoe]l gy ow wAwo]Ad ¥ o] back-channell A field-induced water
absorption®] dojyA] &2 A& &l 4 9z, ol W EWMX2E H7|A ko] AA MAHASS

of ] gty

A7l Azd F gz o8] Alxd uwdt EdX Ao ZE AT H7HE semiconductor parameter analyzer
(R ZAF Agilent, 2a™ 41550)¢ <& A= ATh
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k1
N2

1
(g
~

Heating stage —

Deposition stage

ContactAngle: 49° Contact Angle: 90°
E83
(a) 5 (b) - . . :
10° WIL 250/50 30F v =0V~ 10V (Step : 2V) -
V=1V {4 25— Control
107
— ' Control & = ol SAM
< 10 ¥, o5
= f — SAM << ©
w g L Q 15
_o 10 12 o =
E’ 107° -:(-n _‘3 10
10™ T = 5r
-12 0
- -5 0 5 15) 0 2 4 6 8 10
V vV
(c) M (d) so v o V] . 5.6
0.4
‘% 1.0 75 i 5.2
) = T0F —
083 ool 5 lasT
~ 062 & P
2;; 00 <I) E g 6.0} 14.4 =
B ol {04 & = 53¢ 40%
' " % 50t <
04} + i 45] j 13.6
" . 0.0 4.0 . . 32
Control SAM Control SAM
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RVl
(a) 5
10° WL = 250/50
10.7 VD = 1 V
z 10°t— Control
2 10° — SAM
3 10™
10"
.12 @
10 10
(b)

30} V=0V ~ 10V (Step: 2V) ]

25}
L 20}
@
o 15
=
B 10}
5.
0 e
0 2 4 6 8 10
Vv, V]
=85
1s 100s 400s B0Os
1200s 1600s 2000s 2400s
(a) 2800s 3200s 3600s
10°
10°
—
[ — 10—8
8
T 10° AV, =-7.88V
O 1o Control
107" Stress Voltage
V= -15V
107" : :
-10 -5 0 5 10
V, V]
(b)
10°
10°
— 107
— 108
8
=10 AV, =-1.22V
2 10'10 SAM
10" Stress Voltage
L V=15V
1 -12 } N N
6 -10 -5 0 5 10
V. V]
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