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I
i)
w
Ir

o] Aafde] whE A (100)2 IT1-V 5 A3 (110)9] el Agtd 7-9d a5 efol
hva

r\
1 it
=
8
rir
ol
N,
Lot
gﬂ(
>,
—
g
Lot
gﬂ(
>,
N}
fr
i<
>
FE
Lot
ot
i
ol
2
9
ki
9
i3
_o‘h
-
Gl
ke
%t

(A7) skeba 1 E 2004, A7) ME Sn, In, Cd, Zn, Ga 2 Ge & o= 3} &S e, A7) X 2
= 27 ClL, Br 2 1 F A= ox el detel=g ¥, A7)
0%} 1 Alele] AgolH | ath=n%d)

-8 w& 2ol 2Rt=(120)= wE EEbols Fghee] dElHel AAdE tEd 4 ot
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]
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TAHER, 7-9 w& dEtoln HtE(120)T wE FEkel= hghEo]l o &vie] S AHdipole)ol 9 &
Eo] 11-V = FAbd (110) 9] el 238 &+ sict.

dE& 5o, & el dAldel M2 FAHA00)E F TR 35 DEteln HES o8t s A&
TAE APk A5, A 12 2AEE -8 35 Etel= F0m120)7F HI-V A3 (110) 9] ER
AE + An

B, e AAee] mE FAH (10002 F FFO] AR e w5E dEels SgEs oldstd it=
A A4S sk A, A 22 BAHE -9 55 Feholm RE=(12007F 111V = AR (110) 9]

ﬂ!

o}
ool el uhe FAA (10002 [1-V F FA3 (11009 WS - (core) st T4 Hate z2te= vt
= =2

=

> [
¥e AYES M 5 9

ofo
o
_|_,
i

ot

2 =0, [1I-V & UAH(110) 2.2 InAsE AE3eta, 72-8 3£ o)t 7= (120)2 SnXE A}
7-8 & dalol @zb= (12009 Sn F-EI I11-V % Y (110)9) el As 9x7F Add 4 lar,
o] Agtem <la As 9] Hef(charge) 7t T FARA AR Ad) A$AA 2 5 9

ojwje] x]9-He] Fm=rt R =o(core)ol In YA} At dE As Grbe] XAy} FAdsA WHEAE

T X Fo] #d & 3l

wheba], 2 oabgo] AAde] wE PR (100)S 111-V = I (110)9] HWd] AdE s gz 2o A%
217+ = (high affinity ligand)Ql 7-8 < dglol= g7h=(120)2 Algdtozx As 49 2 s} o)%

-3 F% Tt WS (1200% FES EFFE 34 PR 9 Belelng xyPste Peolm RES Ed
1 ot

3, 35 3y gdols B8-S 747 Muliken A 8F(Muliken charge)E =il

¥

dE EBol, 2-8 o5 Fotol= r=(12009] =4 F3#9] Muliken Z3F(Muliken charge) #2 +1.5 e WA
0.2 e & 4 9.

dE 5, 2-% w4 Tetol= rh=(120)9] Feke]= 2] Muliken H8F(Muliken charge) gt -0.8 e Wi
A -0.1e & 4 U},

(120)¢] &2 oﬂLﬂXM #z‘ﬂjﬂe % 9l
Tz ox|e] Ag, AF o R ojw ggt=rt FH o ZF BEEAE BL I o AR =X Eeldr] ¢}
o Ak ghem, Aol $AE ongt gl

g, Bowne] dAde] uhE P4 (1000 -3 T ekel= #m(12009] X(Fetolm o] )9] zAo
me} 24 (At o5 E 2 Aa £ F Aok ofx dhho] Aod £ 3
wepa], B oo AAlde] w2 A (100)L 7-3 T4 shdlolm= @7 (120)9] delol= o] & (3}sk] 1 W
29 Xel olsg)e] =4S Alojste] ¥ wel AAdd] we PR (10009 Aol olFL ISl F

-8 w4 Belolt Blb=(120)9) Behol=(shaka 1 % 20) X EE X0 6ol meh FAA(100)9) el of
$w7t 249 & Aot

dg 5o, 11V F FA4H (110002 InAsE AHgata, 7-8 % Zehol= Zh=(12002 SnCl 2 SuBrE A}
g8l A9 -8 22 dglol= 7= (120)2 AFEEE SnClF SnBre] 7= 23HA (ligand complex)e] Wl
=9 A9, SnCl = SnBr ek dd} olFg o weol Wl 7] wie] dd} ol¥ =i SnClZh SnBrivk 2
Ack. W, SnCl = %W W23 A3 (dangling bond)& SnBr Btk o & AAsE 5 At

SnCl¥} SnBre] #]7t= E3Ha(ligand complex)©] ME=¥ :we]l @22 A3 (dangling bond)e A& (facto
DF Aa} olBEsk £ AVVAZ 23 9lv) WEel, W= wwel WFY AT (dangling bond) ) A
(factor)®& 2@ste] M3} o] B=E 28T + v},

g o] Al mE A (100) 9] sk ol F ke 10° cmZ/VS ipy 10" cmz/vs o] 2= 9jt}.
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]
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-9 B4 Webolm Fh=(120)9) Pebol=(8hekA 1 % 29) X i X'o] ulg)el wheh R4 (10009] Ash 5

Wol 248 & A oF Sol, C1L Brith 11V % FA4(110)0] o @o] A3E7] wio] ¥ wie] 2
ool e PR (10000 EY AL AR Aol g7t HolAy] wFol dsh FHel § dojd
o

2 ool AAldof w2 b (100)2] sk -2 1000 ps WA 3000 ps & 4 U},

9] olFAEE Asl olFiet At FHH v ey wiol, ¥ wwgo]l Axdo] wE % (100)
& gglol= ZZF=(120)9] X(Zetol= o)) Al mEk 111-V & A (110)9] A3} ol& A

ﬁ
PN
ET I

it

b
%
s
i)
ol
lo

ool w2 UAH(100)2 2-8 T ol = (12009) M(FE o) 111-V & %
24 (110) 9] @%E]—E 7-8 2% gglolt 7= (120)9 A7 249 4 ),

A5 £, I1I-V F FAH(110)Z InAsE AFE3IES W, CdG9 InX:E AH&ets 4, 49d8-9oz ¢ <
Aele] CdX @ InX, ©] EH As 92 1709 A3EE vhA | SpX,B AMgEE A9, SnX7t B As 9 379 4
SLE) :": %1\1;}

H =

whebA], T1-V = FA 10 e 2-8 55 debol= gir=(120)9] F3 oluA]= CdX < InX, < SnX <=

EE, F ERY AR OE 35 delE HFR(L F5 Al HFE 2 A2 F5 A= HFR)S
oJgF U= AT TS Bo Ax® Y 22 BAHE -3 F5 ohl= dUE(120F EFFE 2
we] QAo e FAH100)9) A3, AL Bekols ol (34 29] Kol thg)sk A2 Tekol= o] (33}
A 2e) X0 W)l 2ol wek A o BE W ek FHL 2AY 5 ).

[3he14 2]

MXX 'y

(371 &gk 20041, 7] M2 Sn, In, Cd, Zn, Ga % Ge & ol st 5455 ¥3sta, A7 X 2 X'+ 7
Z+ Cl, Br 2 1 & Hok ox slye] dgol=s X3kl A7) a 2 A7] be 03 1 Alo]e] Aoy,
atb=nY)

sEASE, ey 22 EAHE -8 3% Beels PRm(1200E ] ey 3 EANE @B
¥+ dnh.

x|

(3}t 3]
SnCl,Bra.,

(371 shaba) 3914, 7] 23 0.5% 1.5 Abele] 4%4)

N
[0
o
K
o
it
P
i)
Ol

7Z7F 0.5 vgreld we] Wa® AF(dangling bond)o] Eoivt Hal F=Heo] 7 sl wbuke]

M3l ol st 7HAE vt
A5 o, F F7FY M= g F5 dgol= FEZ SnCl9F SnBr.& AHE3t= 49, SnCl.9F SnBr, o &3

HZ zAste] SnCl' / SnBr 2 EAle] wESole] 111-V = A (110)9] B siAl# o] A (passivation)<

SmBr' ©.& ZM9l InAs b uruke spcl’ moh At o]Ewsb =i, SnCl o= Ee]4kol InAs FAA uibul

© SnBr’ BT} Adt Fmo] A7) WFol, SnBr.9 SnCl,e HHS FAHse] M} o|BLe Ad FHL 2T
T A

TAFoR ) 11I-V F AAH(110) 2.2 [nAsE AFE3EtaL, 7-8 3<% Sofo]l= 2 7F=(120)% SnCl ¥ SnBr& A}
L3 A9, -8 5 gdElol= 7= (120) 2 AFEE = SnCl¥ SnBro] #7t= E3HA(ligand complex) 9] Hi
=] 45, SnCl = SoBr Wt} #3l ols& tf BWol Wl at7] ol Ast o]s%s SnCl7F SmBrEv &
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[0123]

[0124]

[0125]

[0126]

[0127]
[0128]

[0129]

[0130]

[0131]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]
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ok, wWHA SnCl & W W28 A3 (dangling bond)S SnBr Bt} © & AAsN=E 4+ Adrt.

wela el @Z3 Ad(dangling bond)] <1AF(facto

2 0=
v A3l olFk %94 AABAAE Zta Q7] W&o, M=y e W¥<¥ A3 (dangling bond)2] <1k
(factor)& Z43to] A3} olssE 24T + Ut

15 E5°1, SoBr,%t SnCly& ®l&o] 1119 W HA Y =45 =8 + Adt

2 o] AAjde] wE G (100)2 EWA L H AR EETOILE F Aok o]k 3t A&HE F
AT}

Aol whel, B oty Aajde] wpE kxR (100)S Wk L2E A 4 ).

bl F2E ZhE AS, 2 9 AAdd unE FxE(100)2 713 A FAEE A4 s 23 4
AT}

Z1¥e B8 7l B §71E 7)de] AHgE & Qv

FI1E 713E #9, A9 Quartz), Al203, SiC, Si, GaAs 2 InP & FHolk o] F}E ZE8st 4= v},

7% 71382 FAE &Y, YoM =(polyimide, PI), ZE A El2%E(polyethersulfone, PES), Z@ol=Zdd
o] E (polyacrylate, PAR), Zg |2 o]u]=(polyetherimide, PEI), Zgoj€dl X o]E (polyethylene
naphthalate, PEN), Zgodd ®g ==& o]E(polyethylene terephthalate, PET), Z#ddzl Aujol=
(polyphenylene sulfide, PPS), Z#|o}d#o]E(polyarylate), EZ|7FEM|o|E(polycarbonate, PC), AEEQ
2 EolMEo] E(cellulose triacetate, CTA) 2 AEZ XA ofMEo]E Z 23] Y|o]E(cellulose acetate
propionate, CAP) & o= sly&E X&g3 4 9o,

ERE, 2 dge] Aafdel mE kA (100)& EFEhE

oF

[e] A= ) s
A A, AEFH doltt A, dofE AM, S oA AA, 958 AA, BHE AN TGS
ARtz dgd 5 glen &8 A8 A, Ao X, duA 5E S R WE Ao A

TR, 2 Ew e Ao mhE FAHH(100)S Eedshs EWMAAEH R A TEUOlLE T Aok ok 3
s Ao AAME AREE .
g o] Aajdel] wE Ae)d A= B aw el Aol mE A (100)S IR

o] Ao mE Ao AT ERALE F2E e A9, 2 2o Aajdd wE Aol A=
ACIE A=, AlolE A= Aol = ACE AAT, AlolE dAT ol F45a, & 2ol dAjde] u
2 e xdshe 32T R ACE AAS Aol F4H, 32T F5Hd 44 IHHE 2n/=
gl A5S 2+ vk

l

ARIE A= 8 22/E-e A5e =, &, W, Aw, Heb, e, 4Fvs, 8EE, EfEds,
5 74

[Ea=) A ZekE, 1T0(indium tin oxide), FTO(fluorine doped tin oxide), IZO(indium zinc oxide), =

y =
testolo], dwa wEA, Si% adE F Aolw oln shbg X 4 glonk, ol AVHA @, 7]
AEEE 2 234 242 T3S 5 A,

il
2
L
ki
ox
Ly
r-{u:
Y
o
~

EDOT:PSS(polyethylene dioxythiophene:polystyrene sulphonate), Zgjofd® 2

Z9E T AHol= Oi: U xast 5= gt
O‘j%% 5102, SiNx, HfOQ, AlgOg, ZI'OXy 5131\14y —g—ﬂo]ulEy /ga‘l"j }‘\_ﬂ_g}, ‘j% }\\_]_'il' —j—EH'TE = E,Oi};;
&

F3kel ¢ doy, olo AFHA gFon, AlolE HAFE EWALE SHH R AMEEE
[e]
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[0139]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0148]

[0149]

[0151]

[0152]

[0153]

[0154]

[0155]
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oY
(ot
oX,
ofj
rlo
e
i)
ot
lo
11
>,
2
2
k=)
gl
o
2
o
tlo
Fd
oot
]
-
30
vl

Ir
o
j{o
ot

Eoodgol  AAdo] wE Ao  AMAMYE  BAZA (photoconductor) TFERE ZE %]
(photoconductor) T+%& EWA2E] oA AGE H=Fo] gl A=(electrode; A1 Aol tf-5)/¥ vt
AA oo WE dAHS Eotste FEAS/ A (electrode; A2 A= ths) +2E5 714 Q

71#e FU1E 71 B fU)E 7o) AHgE 4 9l
2% 713e f7, A (Quartz), Al0;, SiC, Si, GaAs @ InP 5 Ho]& o]x sE L33 4= 9t}

12 71Ee AE Y, EYoln|=(polyimide, P1), EZ|olH| 2% (polyethersulfone, PES), Ez2ota
o]E(polyacrylate, PAR), Z@oH|Z o]u]=(polyetherimide, PEI), Zgo&#: yYZ = o]E (polyethylene
naphthalate, PEN), Z@odd dw@=Zgdo]E(polyethylene terephthalate, PET), Zgdddl Xulo]=
(polyphenylene sulfide, PPS), Zejeldeo]E(polyarylate), Z]7}RUle]E(polycarbonate, PC), AER L
2~ EgolAH o] E(cellulose triacetate, CTA) & AZSZ 2 opAHO]E X 23] QY|o|E(cellulose acetate
propionate, CAP) & o= 3uE ¥33 4 Qr}.

AL AF 2 A2 AT BAAY ol F o, dF Sol, Al AF 4 A2 AFe F, &, WF,
A%, Hebg, 78, ¢5vs, 98F, SgPdy, 82d, U2 k= 29w T3 22 oY 55 d50]

A glol AHgE F A,

2 oo Arfde] wE Hed AT ERALE F2 B FAEA FERE e AS, 2 dHo A4
w2 Aol AlAE AR oF of7|ArF AAEIGL, AlJE S (Gate voltage) =

(source/drain voltage)oll X o]7]2}7} ¥-2] (separation) ¥ o] FHxte} FAHFoz ey,
(major carrier) Who] /=l (source/drain) Ao &fjx] FZ¥ i A wlo
r)E 2 3ol Ao wE AE(100)S E3EE FAAdZd AFeA wrt.

rlo

W b
o
>~ O
= |
é
0,

[ D

o 2 2

< 1°W

ri
)
ol
-
~
=8
=3
]
=
Q
o
=
=
(‘D

wepaA], Eodbgol AAjdo] wE HolM MAMeE FF A (carrier)® s FEAF A FH(charge
neutral) AEi7} A o= 97 YA MEE wHolA HA3F(major carrier)ES A2~/E=# < (source/drain)
Ao A =¢213}aL, uloly A3dF(minor carrier)”’} A ZA% (recombination) 7] A7kA] i< 2 WA 4 ¥t

ot &8 dot(carrier) MewE A7 gom wedd 5 39l

we] QAo mE HAH AN Y TEDOIQE T2E 2t A%, B owyel Axdd me 49
ALAS, AL AR gl G A $5F, Ask $5F Aol YA, @ WSl WAl
2 RIS

al
4E FEF 9 AT FEF O I4HE A2

kel
%
i)
4
X0,
o
2
r_|_4
Y
ME,
2
Do
r_|_4
Uy
flo
[o}
oft
Me
]
o,
2
>
ol
ox @
Ja
[e]
fru
>
>,
fo
o,
rir
o
Y
i
i
o,
»
>
>,
Oko
N
N
ofr
o
Rl

& E°f, Al A5 2 A2 A= JAF T4 AFSE(1105Indiun Tin Oxide), H4 =¥ 54 b
(FTO;Fluorinedoped tin oxide), <IHF o} At3E(Indium Zinc Oxide), ¢FrHE =W ofd Al

(AZO;Aluminium—doped Zinc Oxide), QFEI& &% 4] 4F3}E (ATO;Antimony-doped Tin Oxide), ZH %3
oled 4F3}E(GZ0;Gallium-doped Zinc Oxide), <& o}d F4 23} (1ZT0:Indium Zinc Tin Oxide), 1@
(Graphene) , kA U= H (Carbon nanotube), PEDOT : PSS (poly(3,4-
ethylenedioxythiophene)poly(styrenesulfonate)), ElElg ®3HE, & Yioefolo] (Silver nanowire), &FW|
F(AD, &g, 2w, T8 (Cw), Z2EPd), MEF(Pt), BA2Y=FHB(CNT, Carbon Nano Tube) % Z1zj=

(graphene) ¥ #olw ol shug T 5 Ak,
A% £55e F4 M4E, 35 A% L 35 AWRE F A% o= e EFT & At

shrEe A, A% 55 tegd EE 9 Fed A4 56 2R T3Y S A, ey £t
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3 el Ax} 4 E4E Zn0, ZnON, Ti0, ¢} Z<& n type?
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iy
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L
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Nfo

o

A

X
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[0156]

[0157]

23]

[0158]

4
L

Ze
2 (built-in potential )&

oM A P EETOQE TRE

S|
&

Aol
HFAel €]

[0159]

=

L

atef o} 7127}

o3

Tl

A} A

2

s

A 71A A E AL, -] Wi

3]

L

L

AlA
2] (separation) o} Fd=}pe} F

il

[0161]

2]

[0162]

el

aﬁ

i

A
I

ox

ATM.

-y R

0
e AR

2]

A4 el A

o)

o,

[N

o Aol ut

‘mo

e
=

A,

[0164]

2
=

]

CEETESE

ul
=

(ol

33 obul

ghshga, C1 WA €20

Lol (Oleylamine), <14F(Phosphoric acid)

2
=

23} opdl,

],

7] Y=+ 2#94H(0leic acid),

Alo]=(Trioctylphosphine oxide) &
-

14 o,
| A

A=A,
Gl

2
=

)

C12¢]

té]—

=
=

]

e}

i

[0165]
[0166]

3|
=

9] %7} 25 mg/mL W wro]® 4z}

[0167]

bl o

o

£

=

=

= 247} 93, 200 mg/mL

w5

Ao A

MX,,

[0168]
[0170]

[0171]

23|

el
Aqr
pja!

o

o

3004, A7) M2 Sn, In, Cd, Zn, Ga ¥ Ge & o=

a4
o of

(371 3t

[0172]

slel=are] skt

fEa
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2 238ty FAESAlolE | HIEEE o H 2, A4A, JdHEA, dAHEA, AEA, AHE a3l iAd 2 aksk
% wB3lEad F Holx on dusS %IE £ gl

g7te oo i 1o WA 10 mMY 5 Qar, 7tE £l b 1o ulukeld X8k ukSo] <loji}x
e BAE dar, 10 mME ZFEkd U e sehikgo R QA FEE YA whdte] J|g W o RN
g3y = F4 BAdsts EA47F A

siAuhe . & ouwhgel AAde] nhe gAHe] Az e A gl s gog Egelel 111V %
A f7] BNEE -8 (Z-type) FE Telol= etER ARSE WA(S130)E AAH

GAH g s §AS EFste] IV £ I §7] 2UREE -9 (Z-type) T4 Fetol= Ew
Ak WAGI061A, T4 detol= sgEe dEel 111V 5 FAe wwlel -8 35 o= o
ek A%E S k.

whebA], I1-V 5 GAAe] gl A%e 2-8 34 dhol= gkt ab7) sebd 1 2 sk 22 BAEE
32 Z Holm ol = ¥ate 4 9}

[sheh4) 1]

MX,

[sheb4) 2]

MXX

a4 defel= SgtE M(F4 ol)dl wet 111-V 5 e Ag=E -3 a5 defo|= iz v Eo]

=44 5 9o

Aol 3L} olate] F& Tgloln FIELS Al B o= B D A2 F& o= FABL xS
Ast ol s

Al 74 Fetol= shgE B A2 34 FEtol= shEe] EHlE 0.5:1.5 WA 1.5:0.59 F Atk

= Sol, Al 54 FEolm FEY A2 2% o= FFEZ SnClL9F SnBr.2 AME3E A, SnCl.9)
SnBr, ¢ Egu|E Akl SnCl / SmBr B BAlYl wEojule] 111V = xige] mw sjAwolA
(passivation)2 st 4= U},

SnBr' ©.& EeMel InAs FAHE wuhe SpCl WTh el o] FE7F %31, SnCll ©& EeM9l Inds %A ubut
© SnBr’ W} Ast Fwol U] WFol, SmBro SnCl,e WS xAste] A o]Fnel Ast FWe xA
T At

& 5, SnBry9t SnClys W& (EH)e] 1:19 o HHo] 2L 5T 5 ).

ool Ao w2 FAHE EWAAEH W IR TETo|0E F Aok o shte] H&dE 4 .
T3, Al 55 eol= SFE Y A2 g5 FEtol= sgEe £l ue, 7 2]

A1 gere]=(Xoll dl-gg) et A2 FEfol=(X o &) Eu7t -

kA, -8 w545 FEol= = Al FeEfe]l=(Xell tigE)et A2 FElol=(X o digE)e Ew
0.5:1.5 WA 1.5:0.59 4= U},

L
L

e AP FAL IV % FAH wel T4 422 oA 98 dx a4 Qa8 5 v
G @ BH BHL 10 ppn olFH] WAEAS A F a4 P BFANA AW FAYL
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[0197]

[0198]
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[0204]
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4 At

Anele] uwhet, & g o] AAde] ubE Aol ek RS e A, & e AAdel mE A
Az e muel f7] 2Rbesh AgE 111V S s £dehs A L& Axshs dAGHD, &
A Bos 71 el mEste] A AT A wEhe gAshe @AI(S112), Aol shu oo w& el
= S3Ee Edhe fits 948 Az BAI(S120) B A ATA wb el 2its e sw o]
[TI-V 5 FAe] 7] eAEs 28 (Z-type) w4 @efol= =R A8hshe @A(SIBDE 28 = 9lrt.

7= 712 2, A9 Quartz), ALOs;, SiC, Si, Gads B InP T #Holk= o styE T4 4 Q.

71% 71382 FAE Y, oM =(polyimide, PI), A El2%E(polyethersulfone, PES), Z@ol=add
o] E(polyacrylate, PAR), Z@oElZ o]u]=(polyetherimide, PEI), Z&ldd&dll e o]E (polyethylene
naphthalate, PEN), Zg o€ elglZego]E(polyethylene terephthalate, PET), Zzjdld#dl Ayjo]=
(polyphenylene sulfide, PPS), Z&|o}&d|o]E(polyarylate), Z&|7}HUlo]E(polycarbonate, PC), AEZQ
2~ Eg]olAH o] E(cellulose triacetate, CTA) % AZEZ o~ opAHo]E Z 23] QH|o|E(cellulose acetate

propionate, CAP) & o= sly&E X&g3 4 9o,

Zge 29 29, §9 =29, B39, &9 A 29 29, &3 7Y, 2ol =Y, T F B, v 29, 9
=9, A2, the] @Y, Zelol= =y, aehulel =Y L g9 mY F Aol® o shite Wyow 299
2~ o

-

AAfel upel, FAH LAS 7 Aol I GAHE At vhere PAskE @AI(S112) 2 SR A
d| (Z-type) &% o= ==

el Az e FAH ATA v o] A= gL mPatel [V % F
2 z
=

AFF G5, 79 (Z-type)

A9 1: FRpEe] B4

Hlale] 1: As-syn

InOAc (0.29.g), @ XH(oleic acid, 0.85 g) 2 1-=E}d| 4l (1-octadence, 5 mL)E Y1 120C -HA wHk
< 3} 2h AIZF U7 (degassing) S F&sta, AR ulFo], 300CEHA LEE 5235t0] TMSiAs &7

AE w27 Q&AM (injection) 3FHTE.

ol wlgl A=E In# As FH2=H(cluster)E EAS 522 FAGsto] dAE A 7o, Y3k 4AY =
717 & o AAE HEL F27MA] 58 " o, Z2olY JEHY InAs ¥AHe] ddst A& AEF
Ux 9AE Fe-&(1-butanol) &uje} £33l G4l E AAsATE. o] JiEtere S InAs YA S

AAld 1: CdXe
AAe 1-1: CdCL,

(o

10mg WA 100 mgl.2 L (octane)d] AFE [nAS FAH S 23 FE O [nAS LAA whabs 223 ofs
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[0217]

[0219]

[0220]

[0221]

[0223]

[0224]

[0226]

[0227]

[0229]

[0230]

[0231]

[0233]

[0234]

[0236]

[0237]

[0239]

[0240]
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o,

WS (methanol)ol] 10 mMe] X2 CAClLE =9 = &

7k o] % 74523 wWEekE (pure methanol)® 27F= XSk InA
=

o TS A4 et

%2
o2
X
k)
z
2
9,
k1
e
ol
ol
2
3
&
o
N
i
o
2
A
ol
ol
38

AA4 1-2: CdBr,

CdCl, thal CdBrog AR RS Al9lshd AAlel 1-13 L8l Az A

AAd 1-3: CdI,

CdCl, wial Cdlo2 AREEE A Alefshd AAld 1-13 FdstAl Az At

AAE 28 InXo
AAe 2-1: InCl;

CdCl, Al InClz & AR RS Al9shd

i

Alel 1-13} FLskA A=A

A 2-2: InBr;

AV

CdCl, 4l InBryE AHEEE A& Alefstd

i

Alel 1-13} FLskA A=A

AAle 2-3: Inl;

CdCl, il Inlz2 ARESE As Alefshd AAld 1-13 FLstAl Az At

A Ale] 3. SnX,
AAe 3-1: SnCl,

CdCl, tial SnCly 8 ARSSE A Al9shd

i

Alel 1-13} FLskA A=A

AAe 3-2: SnBr,

v

CdCl, EH}?J SHBFZ% /\]—_g_t:ﬂ— z\% Xﬂ-ﬂé}'ﬂd

il

Alel 1-13} FL8HA A=A

AAlo 3-3: Snl,

CdCl, wiAl Snlys ARESE As Alefstd AAld 1-13 FLstA Az At

T 38 A 1 WA A 30 wE gxpEe] FI-IR B4 A7E ©A|g agZoli, & 4% etolE o] &
of e XFH)ES =AF ag o)t}
T 39 5 4= F& dgtole FIFE(CAX,, InXs, SnXs, x=Cl, Br, )& o]&3slo] 11I-V = <FA}AQl InAs &
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e A 2as yehd Ao, FT-IR 24004 #E5 = CH 2 9= (bonding peak) o] =g o]&3}
sk 2t (oleic acid) ZRF=(R]aLe] 1o W& FARx)7F Aviy 2] gho] o] o

, w5 Tl 33EY golr o9 FH AE§le] CdXy < InX; < SnXp, To =2

5 ¥ X 62 Haud 1, Ao 1-1, Ao 1-2, AAjd] 2-1, AAJd 2-2, AAld 3-1 2 HA]o 3-2¢] w}
2 FAHE KPS A HAAE =AIgE e Eelt)

T 5% & 62 XPS BAE SEA F4 defol= FFHE(CdX,, InXs, SnXe, x=Cl, Br, D& 23t= Aele dhet
9] In 3d ¥ (orbital)® As 3d ¥ € (orbital)S 23U+

5% % 62 3, In 3d ©H S (orbital)d] XPS A%, = X3 TAH o]Fd RF TEHOZ A
oA (binding energy)7} 53t o1}, CdX,, InXs, SnX, Akelel] xto]7 & fle AE & F Ak

whHol | As 3d @M= (orbital)e] A9, CdX > InX;> SnXy O As0; A&7 Folus= AL 4 4= Q).

As:0:0] -, Wl Zt=rh B4 Fe) AAEe Ao A 7] wiel, =5 R X 68 Sl As W

AR
EF A e F)ol CdXe < InXy < SnX, w02 &5 = As & U

T 72 III-V & AR InAs RS As WS ZAIgE s 2 3HO As 9] Muliken H3F(Muliken
charge) #¥ 7-3 w4 Tehol= 2]F=9] Muliken A 3F(Muliken charge) #te Z=AISH 1|39} 3golt),

% 72 DFT(Density Functional Theory)& °]-&3lo] As W & etol= 3FE(CdXe, InXs;, SnXp, x=Cl,
Br, D7} 2-38 &% o= Y= dfgfd FefQl CdX, InX,, SnX7} A o, 1W< As datet 7-3 =
& shg}ol= g7t=9] F4:9 Muliken A3}(Muliken charge)E YERA Aolt},

T 75 Fxshd, InAs WF9] Indt As®] ¥2e] Muliken Z3F7F 40.44 e9F -0.44 eds e evhd, CdX; <
InX; < SnX, £ 22 HWo] As UAE UIF Ase} v]S:8 H3l(charge) & YAl wEoE 4 Ut}

EEh, CdX < InXs < SnXp o2 7-9 v depel= 2Rb=of 549 Muliken Hs7F Wi5-of In eAbeb wss)

A GHE= AS &+ A

oy

82 Muliken &5 7|Who & InAs XHE As Hol| 2%

28 ©AF oo},

it
o
oft
oy
b
]
&
)
[r
_VE

ZF=(CdX, InX, SnX)¢] T+

5 &SI, Cdst InXsw= 171 W As dAk} A sl dbde]  SnXoo A$ ®HY 3719 As dxo} 2
1

2= o)
= =2 T T

=92 g g7t EAskE vEel mE FHAUA(=Z S oA affinity)d] WaE A 2efZolnt,
il

il
et

9 Z RE 7= B)E 204, 34 dEol= FES CdX; < InXs < SnXy, 22 F& SF oy
A& el A4S & 4 g
T3, SnX, Y= ¥ As YUAE UF9 AsUAEF v|=d AHstE A dFo] =& SFRUA

(affinity) S Holx= AL & 4 9

wEkA, FRHAZ Aol e InAse] WS AT uf YFeof xwe AsE FYstA Fdsk= A(identical
surface charge)o] 523 AL & 4 U},
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[0263]

[0264]
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[0271]
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[0273]
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T 102 A geto]=(SnX,, x=C1,Br,1)¢] defol= x4 wWsle] W& XPS 4] A}E =Alg 1#>ela, &
ot},

118 As 949 AT E EAE 1)

I«

T 10 @ % 118 #Fxsbd, In 3d 28] (orbital)e XPSAZE A3 A3, AAZQ 25 Aol H& 9
U2 olsdes & & vk, Iy, Snl,9 A4S, ®ste] F2d o= In WY [9 Ade] 43S 9

i

F71AQ0 XPS Y4 B4 AT E ol o9 H& F olo]d (iodide)e] 7HE H2 AL & & 9,
HZulo] = (Bromide)d A9 FETo]=(chloride) Bt} B A& v]&< AL & 5 Y},

Lo

T 12 9 5 132 AA e 3-1 © AAd 3-20] w2 oFx}A

&34 %= (Transient absorbance) A¥E EA|E gz olt},

wpeh el Aste) $He 2487 98 84

1

138 = 129 A3E 71EFs] EAG Ao, & 12 @ = 138 Fa) Ak vbebe] or)® ofr|xte] S

.
4% 4 9

v i

=12 3 = 13E Fxshd, i 54 SEA SnClust SnBr. & o]8dte] AghEl InAs FAH wre W A
o) e Zhz} 2218 ps 9 1262 ps &% FAHE AT
webd, SnCli Inds EWlel o ol AFsislel EW Aol uoh wrke ¥ 3 0 € 49 XPS Azt @ o

A8 = As & 5 Ao

ol
bt

M
[

AFe 2: B digo] AAdo] wE YAHLS X33 AAAY] ERRXEH o EA
AAd 4: AAFT EMRAAE (FET transistor)

300 nme] Alo]E AdT(gate insulator)el Si0,= SiZ]|#HHo] <& XA (thermal grown) W2]o g F&3F U}L
71 ol kxR WS 50 np Zela, ZEE ofxlAd vkl Ao un]: el (width: length) H]&o] 60 A2

/e A Faes,
GAPH ke AAld 1-1 YR A 3-3 T o= o] WS o] &3te] AlzE AT
b, E 149 2o AAET EWAAEHE A 25T}

s

o AAelo] W PR EFsHe AL EdA2E o],

;
folr
X
[m
&
A
>,
o
lo
L
o
2
o
o
j=}
w
e
aD
-
(@]
[t
=
<
D
l
H
>
ro
I
k)
[l
o
Ll
H
—
D
flo
L
gﬂ

10 em Vs 7 1.017X 10 emV'S' o AL o 5 9T}

e, el Aol Aste] o EANE AstelBwsh Askel Sy v Sbr, & ol&dtel AFH Inds
PAH W] A 13w o e ASelFAUE e

=
s
pocy
o
u2
&
%0,
v

Al 2: B wnje] AN e FAAL e Tedolose] B4
AAd 5: FETe|oE

WA AHE IT0 Y Aol UV0(UV-ozone) HEE 308 APs oh&, ]‘i‘r%(Methanol)TqL 222y e
(chloroform) &oe] 1:1H] &2 EAME 100mg/mLe] Zn0 Y= YAE 2500 rpme 82 2W 78 13},
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ET0 |7] 2|1Zt=7t ZEE -V F SXHE ¥k |

.

XO|E 3iLt 01410 34 HIOIC 58182 Hsl=
22IE 8 HE

.

XY B 2|Zic BUS S81510]
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=83
——— Chlordie Bromide lodide
SnX, )

-]

G LS v, .

LH

W | AL

olm
As-syn J\k

2400 2700 3000 3300

Ot (cm™)
=4
—@— Chloride
90 }—a—Bromide
—Qa—|odide
w7y
2 80
Offu ?
270 /
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60 L " ]
Cd In Sn
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E@Hs
an SnBr, SnCl,
4% InBr, InCl,
— °f . CdBr, * CdCl,
= 14 ¢ As-syn a %
&L i i
LH jok s 1.
Ye 2.
~0 2 i; i i &
4, © T 4, 2 %
;o % . iy :" ‘
445 450 455
74-':-
A8 L X] (eV)
EH6
AsOy | cdCl, Incl, sncl,
° MXIigandJ
Q
t-,%
-~ - o O
L .
"nL!.lU InAs heam e
38 40 46 38 40 42 44 46 38 40 42 44 46 38 40 42 44 46

42 44

g H x| (eV)
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k1
N
N

B3 In HWA+H0.44)

047 -0.30 Q70

23 As B4(-0.44) 010 -0.80. 0.30
In As Sn/Br
Metal (e) Bratom(e) | Asatom (e) |
CdBr +1.13 -0.61 0,70
0.25 ML InBr, +0.84 -0.34 049
SnBr +0.67 -0.30 042
CdBr +1.11 -0.61 -0.68
0.50 ML InBr; +0.76 -0.29 0,46
SnBr +0.56 -0.32 042
E08
7~ CdBr,
\_ Side view
/" InBry

_ Side view

00015
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