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Abstract: In this paper, the properties of SnZnO films obtained from solution process with different
component fractions were compared. The thermal behavior of the SnZnO solutions showed only a slight
change according to the component fraction change. However, the definite changes were revealed at the
structural properties of the SnZnO films. With diverse analyses, the origin of the changes was proved to
the influence of phase change from SnO: to ZnO in SnZnO lattice. With the SnO.-phase-dominant
SnZnO, the highest field effect mobility and on/off ratio of about 8.6 cm?/Vs and 2 x 10° were achieved,

respectively.
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1. M B8

T vAZ4d A8E U= A| (transparent amorphous
oxide semiconductor, TAOS)2}= Az} A9l 7o)
Agd o=, ¥ EF U3 Ao i Bus}
AT7F A&H o2 359 gk [1]. TAOS 3
ddy 2 A, g4 A7) AxEx ¢ 3
A FHAdez 8 Hy dagdoy HYAA F
o] M713HA S8 EoplA d AleE Aew
Zld= 2 Aok [23]. olelg TAOS &3 7k&d 7+
FELI QUE Ao AF-ZE-oF4 A8E (InGaZnO)
ojtt. & Azt T gt JdF YA 7o
2 WA H3 5s M AEE ZI 3o °o]& A=A
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AE7 AHE AAAEEY HAZ Faz AR
AERZE AT v AHA A% InGaZnO7}
HFHQ HAZ/AEEE Hole dHd 7)d3Es Aoz
a2iAd Ad [4]. &A% TAOS 2L F@F 3l
o]A AF°] Bol= HHYAHL AFY *e HE Y
Fog2 Qe AA AFEHD, AF9 uiA EAS
SEFsh= Zlo] T8 FAZ giFsH U [5).
MR QAAZ Az A% He] HAFow AR AR
BEE AT YA E, AEH BRI E s
2] FFAF7}E 4 ool Hojof it} o] HE =
Aol F¥sHe 59 HAxA 4312 (transparent
conducting oxide, TCO)2¥: FI=F A3l (CAO)Y}
F4 AF3LE (SnOy)e] ded, o] 7}&d SnO,= 7+
d 8% TCO 4 7l¢d suyz ¥y FE
wolgtel E Aot} [6]. SnO,E o] &3t vt EA
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A £H (thin—film transistor, TFT)E A2 A+ %
Bag b} gloy [7], BEL 22 Agd] % =2
AEAL Aojsl7] st & 5 9299 sy
2 FH 2 TFTY A4 Zd HE&53 o [8]. 53]
old g SnOydll EUF F4-ofd 43E (SnZnO)ol
£ oEES FHojud A9 Aoz so de
AFgan o [9]. £ AFolA = SnZnO29] A Fel
oA ofd din] F2A o] o] FHI AsEH F4
o] Ayd AgE aglu F F59 Yo| T A
JES 8§99 TAHoE FH 1, Z4zo EFE B
ol T3, B8y, A7|H EA Aol vl &4
dHt. 28 T3 FAT ofdo] SnZnO WA
T35 JEL g8t InGaZnOE A 37 A
A3 SnZnO ¥ &S AEATt

2. &Y Y

SnZnO A|2H& 1§ &4 oy 2 Wier
AZE UG 94 FAHF o} 459 ATFELEN T
34 [Sn(Cl))H F3olMEA A [Zn(CHACOO); -
2H0l0] AHEsIgley, o]52] EFES £3A)7]7] Y8t
o] 2-t|EA|ogHE (2-methoxyethanol) [CH:OCH,OH]¢]
AMRERIY 5 B4 SEES Sold Hee 5 70T
o] 2XE sty 308 mubg 5 2447 Fok AL
oA Histel U &AL AF}AG. A9 HF
& 539 AlZg SnZn0 €9 E¥%7F 015 Mo
2 aAHNeH, &4 Yo F4 of oA v &9
Sn:Zn = 31, 11, 1:322 Z=AHUt

Zulg SnZnO €9 02 ym ZHE S A+
& AR Sio/F2 71 gol AHsbata, 3,000 rpme]
£52 30x 59 2% IY S £33 § 50T &
ZdolE oA 2417t EHEE T3 30 nm FF
9] SnZnO ¥2g 5T + Ut

ol4e FAL AYe F7 FoA FA=HUG
SnZnO TFTE A|#sh= 34X ol FAsHAl 3
e, AE =4S $dd p’ AN 42
glol® ol Si0, ¥t FAFAHsE  (thermally
grown oxide)A1Zl 7] #& Al&3l% 20, SnZnO 2%t
Azt o] Fo] A¥E]Y (sputtering) S T3t ¢Fv]
7 345 2229 =44l (S/D) AFLE FH3=
F4& FMdt o1& F8t9 A2 SnZnO TFT
= Ade yel/dolvl (W/L)E 1,000/150 ym=Z 7}
Aot

3. &% % 1

28 12 ofd o] FA49 4T ¥IAIH AF
% SnZnO &0 g dFF BN AAFAILF
BA (thermogravimetric analysis and  differential
scanning calorimetry, TG-DSC)& 433 Z3% & 1
o 331 gl
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Fig. 1. TG-DSC spectra for diverse SnZnO solution
with (a) Sn:iZn = 31, (b) SniZn = 1:1, and (¢) SniZn =
1:3.

InGaZnO°ll whiste] FYEHALE TG-DSC &4l A
4 o] 3hikgS AR we FRE &Y 2
g BAFA9 AR €9 [10], € SnZnO €949
TG-DSC 42 429 9a% 1d & eF% W
st7b FElEt A BEEA Ggokd ol AL FA HFE
Aol AgH A= dao] Aol F RAHA F=
dlell 2] 711 [11]. &2 FEAHY 2EIME &
A i dol A= a2 Adt SnZnO &4
Ao @NbgL 450T )39 A2 FH(7HA 2A A
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Fig. 2. XRD spectra for SnZnO thin films with Sn:Zn
ratio of (a) 3:1, (b) 1:1, and (c) 1:3. JCPDS database for
oxide given for the clear

each Sn-Zn lattice is

comparison.

dAslo] wAsA Hrh ole@ =Y I wgom
A8 weggol A HE UAE Fojxv], AstA

o7 ke g e AFIA He Gau obAH
olE B9 §tgEeo Udx ®olxA Hd. T, B
age] kg FAHAA &9 o FRE 942 ol

29 FF3 23] FAAAI FaA =8 uA
= it

a9 2% 7} SnZnO £4o2 A|zd wupe] AA
T2 4% XRD (X-ray diffraction) =3 Z ot}
A og Yl g 7iX 93rt FUEE Ao Hol
w2 whebso] H]Agd WA Y=Z2A A (nanocrystalline)
izr ZHE &g & 5 Aok @] EAlsteE AA
ZZ #9137 943t JCPDS #d 2] dlo]e] o] A

er vl a] Boke uf, BE SnZnO A &d| F43} o}
do] FFHOE FHH ULdE, F F5 a9
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Fig. 3. Optical transmittances for SnZnQ thin films with
SniZn ratio of (a) 3:1, (b) 1:1, and (¢) 1:3. Inset shows
Tauc plot for each sample.

3}FE29 SnZnOsvt SnZn0s8F 2L 29 AEE
(binary oxide)®] Z#& Fxv FastA FAHA &
otch ukA 190 A3E (unary oxide) SnQ. 2A F+
Zo|A 7103 Ao HolE 266° {SnO. (110) 3
|}, 34° {Sn0. (101) #HW} T2 HAY ZnO Z2H
T2 (100), (002), (101) Hwo] 2%k 31.8°, 34.5°
36.1°9 A7t FR3A FAHAG FA-olde] 2
4 AsET ZhZhe] 149 AHslEe Ha A7 FA
el zhzhe] 14 AkslEo] 93 RoE B £ glE
AA o EAsE sage] FAHuz 290 AH3HEo]
23 %RHWI gedis & 4 gley, SnZn0 £
Hoz AzZE watol = Sn0s9t ZnO e 19 A
sHEo] 39 Feeo] uwe Fx7F FasiA FAH
EAYE ¢ 7 9.

a9 32 7+ vt diste] e R M-7HA %
A 99 F3x 4 (UV-vis transmittance) Z23}&
BoFi gtk SnZnO ¥HEe BE FA A 400
nm °]4 e didte 85% ol & FHEE
B A=, Tauct & F3te] Qe F3H3 W=z
AbshE wbe lo] ofqd M| &o] wele] wil SnO.
o] W=7490 38 eV [12]1914 ZnO<9) WM=7Ql 33 eV
[13] Atelo] & FH3H HAHoz zFelx: 7
AE B, oA wet yo FxHA Hess
2 SnZnO ¥rebso| ofldnt F=A H]go uwe}
Sn0:¢t ZnO7t &= 549 FHads Zx1 dee
ERIAA Ft.
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Fig. 4. O 1s and Sn 3d level XPS spectra for SnZnO
films for SniZn = (a) 1:0 (SnOw), (b) 31, (c) 1:1, and (d)
1:3.

XPS (X-ray photoelectron spectroscopy) &4<
%39 SnZnO 99t W] 33t ZFHS AE3HA
A8 18 4ol = & SnZnO 9 72 O
ls Aztel, Sn 3d 2FEHA (spectral line)E EH
F3 9t O 1s AAe A3E grete] H7|H 54
& FA}ed FL2F 242 AFHD glon B
a2gdAME B T3E 530 eV U229 e AF
YA (binding energy, Ep)& 2+ 0.9 532 eV U
o 22 AF UAE ZE 0,2 FHEEL Y.
3o A% duAE Z2E 0,5 F5-43E FA o
o EAsn e AA2E Yela e, o Ak
E2 AH 45 YAEFHY ZAFPoRE &AM o3
"o} (0%). olut & AF xS Z2E=01s 2
AEHHN LS A Yo 44 FF (oxygen vacancy,
Vool A9 S iy o F3g Ahd gsA
A&dctn g4 UG [14]. A9 duty oz A}
£53 e i FFA 4F 0 1s 2% ddA

Table 1. Peak proportion in oxygen ls spectral line for
SnZnO thin films with different Sn:Zn ratio.

Proportion of Oy, peak area

Ayl O/(04+0y)
SniZn = 1:0 20.8%
SniZn = 311 24.4%
SniZn = 111 28.6%
SniZn = 1:3 29.1%

Edo F3g Ado o ZAF AR Aol=
05 eV Hute 2 Aub3Ql FAHHH Pyoz FA
8t7] olggo] W P & AdFdME F 7}
2 A% o B2 0 1s 2% AUAE FHA O
2 TS £ 34 3L AL 227 AsE
B Ax FFI WS o2t dHA HH
2 F#Z¥"g+= Kawabed 97 Z#E @& AoER
[15), o] A%o AxE -19 A34E e (0).
o 2 aPdA 0, HAE SnZnO Hrte] Exj
e Al 339 4& HAAHeR BAFEGR 47
g F gtk olo] i AFAHA AL st E 1
oA At2e 0,9 Op HZ 9 HolE HluUH.

gtut o] ofd ] FaFo] F7Hgel et O, 92
Wol7l F7hste AgA ol FHEA #EHUD o
E SnOlAe AtA: FF FAAYA  (formation
energy)’t ZnOolA 9] 44 FF FAAUAEG ¥
o= 2ae dx3E Aoz [16], 22t We ZnO
vl go] F7gto] uwe} 44k FF 4= S713E &
F v}t 38 W E Hol: O 1s ¥=g 22 Sn
3d Haxs FHo §F Fao mt Al7|wke] A&F
oz Zas B g2 i BAHA Fu. o=
Azt Yo FAo| g4 +4¢ FH (Sn')E FE3
AstElo)l eSS FHEG, ofde ZH$ox 10219
eV oM =7t BRERon A7 9o EGgE
W3E Holx YhEd ol ofd HA itsiHo A
AE A& S FTASE Aot (£ =&
= BAIHZA &gk,

a9y 55 99 SnZnO w2te 2 AZd TFT 234
& H9Fa Qg & A¥dA TFTY 5S4 FA
(transfer curve)E2 42229 =#< 7+ At (Vps)
£ 101 V& 713 e 2029 AolE 7F Mt
(Vas)S -15 VollA 20 V7HA ¥istAl 7] SA = A
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Vs V)

Fig. 5. Transfer curves for SnZnO TFTs with different
Sn:Zn ratio.

TFT¥ on AfFE FA49 %o Z2gd wz 7
23e TR AFALE Holn oy, o9 i
off AF¢ ZAFAHL BEHEH, 238 on AF
B4 w2 old #$Fo] ¥ SniZn = 13
TFTAA 7H} &2 3g Holx it} o] 4L A
FHoz Ax FFY Fo wWE uwER FE
(carrier concentration)®] ®3}ollA 7]QldE Aoz
Bldh dubAog Aba FF9 go] Frletd wg
A B FEkE Aow <8A dEd [17], XPS
3 AN FAHAK Ath FF e ofd
o] FFo| F7Hgel wek Zol FzhetAl @t dlA
9k SnZnO wotol A A4 FFo] o) wAH wE
52 TFTAA on AFY F7tel =ZA 71493817
gE AoR B 237y F7I3 wrEARE| off
B FHAFE FMIHLEN off AFY F7}
gt 7143t Aoz 4 & o

ofde] gaFo] ZAFd wel, F FA9 FFo
Z7tgtoll mel YelyE on AFO e Ak FF
ojvf 19 AAE WEA x| Fte] &) B

T AstE AA el A48 AR AxB R 9
Edts 2o B FUYAF 4 o)4L e B
o] A% QA 933 F8¥ s AL (s orbital)®] 73
o2 A3 Az FEHZ7F AFEHoE Ao &
HA Ao F4e Fe HZ AxV} s AE 2o
p AE2 A= Qlof, Hz Azrt s Ao
2 o]FoA oldArT s AKX wAL 9 . 3
At AAHA FHAYT wAEel FA9 7% 139 pm

=

A-Ata: A¥ERg AdAzle] Axd & 79 F
© ALE AlgdEd. F49 o] F/gd g
SnZnO ®ute] 713 54 Wsb=, A3E o ¢
e 4ol F7E w olFxet WA FEIL Zo
F7heg e 71E9 Baet Aol Holn [18], o=
AEIH F4 BF AExe] ZF7bd 7)19sAq 24z}
o] 5 AL Ze= 54 utE} AEHE oA b
AE QA A7t UGS BoFEo.

FH-AE AFS T FEE AR A=EARE &
dted SnZnO TFTe9 AA&EH o]5% (field effect
mobility, pre)= SniZn = 1:39] 26 cm®/V-sol A 5LE
SniZn = 119 32 cm’V-s, SniZn = 319 86
em’/V-s 74A| %7189tk 53] SniZn = 312 A|Z€
SnZnO TFTe] 7% 938xdHF 7]€7] (subthreshold
slope, S. S)7} 047 V/dec., on/off HFH]7} 215 x
10%] ol2& €43 d7)q 54¢ Bk

4. d &

£ AF99ME InGaZnOE HA87]) 48 SA=2H
4 FHo2 AZE SnZn09 754 S Qe
o, 53 22 e F4 ol ofd ZAu|e] sl
e &4 WHslE EA4sdd. XRD A A,
SnZnO Bt FA 3 olde] FHFOR ¥§5o] 9
o F 47 Agd 29 A3E Fgnct 19 2
38 YU AAE P4se ez egon,
dF = ¥go] Hol: B8Y FLE EAHL FH
3 ofde] Hlgo] uwel AAHE Aoz HAHY
o},

Sn0x9t ZnOAlA 9] 4ta FF FAUA o]z
Aste] FAeo] ggFo]l ¥ SnZnO uttel Al A
TF ST ofd FFol ¥ SnZnO el A 9
A FF HAFRG Hoes Ade] XPS B4 A
FeH A, ol AL FF9 LS TFTHA
o] on Aol 719stA] @kt A on AFE F7}
A7l 8 aRle] o o] F4 g ZFrto wf
€ AR AERHZe FFYL AT F AUt

olE T3l ¥ =FAME £E29 HF F4 o o}
A =49 SniZn = 31914 SnZnO TFT9 AAL
3} o]EE 86 cm?/V's, A3tAF 7|127] 047 V/dec,,
on/off AFH| 215 x 10°8 zt&= =Y TFT 248
58 + i
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ZAte 2

o] =Re 012d% AR (aSHstr|EF) AY
o2 F2ATAEY A A3} EFAAAY AYe ¢
o} #8i¥ A9 (No.2011-0028819).
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