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(57) Abstract: Provided are: an oxide semiconductor containing Zn, In, and Hf, wherein the composition ratio of the content of
the Hf atom to the total content of Zn, In, and Hf atoms is 2 to 16 wt %; and a thin film transistor including the oxide semiconduc -

tor.
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3 2 v E X AF (Thin film transistor)+= U}FF 3k -8 H-ofo] o] &5 a1
Cal & bR o] & ¥ Al gl on,
EERSE SIAE: bﬂ SRS R AR A B 5 2L,

A4 TV-E s g2 A T =& o(LCDY7F 5752 ©]
FY U aEeo R TVRE $82 98 Be At
v zE o] 7 - Aol A 88 vhE S A 71% ‘%}%QE
HhA sk ek Aol A 2 ek Abgk e 2= g1 g 8 TV B3 DID(Digital
Information Display), A1 7}4, 318} (597 329, 28| d 5=, Bh7], ¢ e,
AAE) Fol Qlrk. o) gk e 27 Akl Bl $-3k7] A= frel Fol
Nvel B ohst A, S A e O aEelole] 2907 2 T EAAE
g dlhek E g X AF (TFT)7} L FH),

fagaole E B 2904 242 AEEE Ao R v Y
vk E @ %] 2~ B (a-Si TFT)7} QUth. o]+ A 7F9] H| & 0 2 2m*2m7} @+ e

7% ol A A 5 Q= 24 2A WAl 7P gl 2ol aabo]
ey, v 2E o] 2 ﬂ%%ﬁ} EL i@}éﬁ} FAloll whe} 22 A5 A a4 5o
Q750 o] F %= 0.5 cm2/VsF= 2] 7]¥9] a-Si TFT+= gHA ol tht}&E Ao
Aty whebA a-Si TFTH U 552 o] $ 2 & 2h= 3145 TFT 3 Al £ 7] 0]
g g 5}t

a-Si TFT t)1] A53] 28 5% 2 vha g A1) 2 v 2] 228 (poly-Si
TFD) = FA oA 59 cm2/Vs 2] 35 o] 5 =S zb7] W o], 7] a-Si TFTol| A
2@ e nekd taEeold] 443 4 i e et B,
a-Si TFTol| 1|8l A 54 E g} A7) vl - A1}, 2121, poly-Si TFTE
A 2Fsk7] $ 8l A = a-Si TFTol| Bl &l 533¢k &7do] Haslal Zrof w2 57}

H]-& & S 7 eE whek A, p-Si TFT+= H] 2235 7| 0] 9] 31844 S OLED9F 2+
&5 7] AgFaAI Rk, )& ol A= 71E a-Si TFTOl| v &l FAo] L=
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H 7S e S 0= ZnOA M ER A 2 H o]t
Zn 2F8HE Ga-In-Zn 28t & & o] A7) ¥ AT} ZnO A

Ao 2 A #fo] 7hsskal vl A A Aol 7] w &

18 2 7HX Y =8k, ZnO Al WEEA] 52 5105 =9

A ohAA e gE g F5gk v A 544 2t A,
(mobility) 7} 352 AFS}= WA 225, = ZnO A A (based) = H 5=
EWfX2H o Ad Aol AFE-317] Hgk A7 W& ¥ 51 vk ZnO Al E
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TEM AFx1-& e}

[13] % 4a U)X E 4d A A ool o] & AFe}E bl E a2 E o] Ay
% < o Hf ?:L%koﬂ 2=3 # H (transfer curve)= YEF Sl 0.2 Aol E
A (Vas)-= 8191 A 7 (Ips) W32 HHEFF 2832 o]t

[14] = Sa+= B 3.9.?_ Ar.Oz/] 1] £-0] 90:10% <1 Z A3l A 2| d-=- A8,

200520l A EA g gk H, A A 605l A, Alo]E A2 9ol 20V°]f'4

QA Az o] 10Vl e A, 1A 7F H 16A]7F $-9] Edl 5] A

3 A2 e Ao,

(5] =sbi AW 2 A 4% AR e GG 5, A 2 Bl Axs
=433, 10049141 9] V.o BAHAV,)E FA4E A2 JEbd g Zojo),

[16] = 6a WA &= 6d= BF 5, 6,7 B 8% Ar:0,2] H]H-0] 90:10sccm @] 59 7]
3loll A DC 2B & o2 A& vlul Edl x| 2~F o] Y
P (F A ol=50:4umyS FAT F, A TE97] SFell A A A 20050014 14]KE
et AA Y g v, ARl Aol 10Ve] 5, Aol E A (Ves)-= 1<)
A5 (Ips) W& WEFA 2132 o] T

Mo T

=

1 o
oﬁéﬁ

.

N
’ N
[t

m{m r

=

[17] T 722 E7bw B 7 R 82 A Al O] A o ol o gk TEM o] 1] A &
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[18] T 82 B 692 Ar0,9] H]&0] 95:5scem@l 11 3)ol| A A d
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[31] g o] A Sl Qloj A, 7] In®] &3] 7151 WA 54 at.% A AbsHE
HEE A <= Q)
By o AAIE AE P

[32] olal, & x| E g o] AAj oo &gk AlshE v A B o] &
ol Akl vl ER X g o th sl A4S A ekl gk e
Lo =AlE 7 5o A W A2 A S ko] thA g YA RE YA S-S
g 4l sho of gt

[33] 5 la % = 1be 2 3y o] Ao o gk Ak WA S sl vt
EdAAHe 725 YEld v o]t L 1adl A = e Al o] E(bottom
gate)d B EW A 2E & YERU Y, I 1bol| X & ¥ Al o] E(top gate) S HHHf
EdA =Y E el vk 2 g o] A AJ oo of gk vkt E A 2~ = nbE
AlolE A & Alo] Eg uhul Eg X 2~Elof 25 A8 4 QU

[34] % lag Fxskd, g o] A Ajoof ok AkslE vk Ed A A =

zH%(lS)O] 3 *éﬂﬂ RO, iH“(ls)A =Rl 741 O]E @%%—(14) Aol =
2 2x(16a) H = 2116b)o] HAJH o]

[35] T 1bE FxEHd, 7] 9(101) Aol A25(102a) = =#H 21(102b)o] & A = o

oo, _/t/\(102a) o= ) 91 (102b) Alo] €] 7] (101) Aol &= 2 9 (103)°]

= o] o d(103) ”Oﬂ Ao E A AF(104)0] G H o] dom,

A e (103)011 ﬂ1 H Al E Z2?4(104) doll+= Aol E(105)7F 4 ¥ o] T
[36] g o] A Ao o o] & *Pé} E WA 2EE A Y (15)°] In-Zn 53

AbglEolHfE A 7Hek A
[37] o]}, & la ¥ & 1bol e
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ol FFI [o M Fﬂ

71311, 101)~= LHEA Q1 b A Axfo] AR = 7|33 AFE S = Qlom,
o| & B0 S, glass = 7] & A BE A= Q) 7] (11, 101) Aol =
dAFol dAE F o, dAFL o & 50 Si 7| 3-S ditgslo] 44
Si0,d = AT} A0 E(13,105)+= A=A LS AFES F 9lom, o & &0 Ti,
Pt, Ru, Au, Ag, Mo, Al, W 5= Cu} 2 4 S-=I1Z0(InZn0) =+

o
1 e
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AT Ao E A (14,

8 =4S ARR Sk A L

TA A 0= Si0, B+ Si0H T -4 5-0] =2 High-K &4 21 HfO,, ALO;, SI3N4

T o5 S3MES AFE S 0 QU A2 (16a, 102a) 2 = 21(16b, 102b)<-

ANeA] B4 ALEEo] PAlsh 5= 9lom, o & E9] Ti, Pt, Ru, Au, Ag, Mo, Al,
W E= Cust 42 55 5 1Z0(InZn0) = AZO(AIZnO)SF 2 55 &
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5
AL Abg=S ARE S = QU

Hodbrg o] A A]of o] o] gk 2kl WFE A =1In-Zn 3 AFslE-o| Hfo] H 71
=4lolt,

Hf & 27] 45713224, A7) S =71F3.5¢0 Akaeohe] A7) S %
Apol 7t 2,22 o] £- Aglo] sl ek e =S HAdghek el a1, HfS o]
HEA] &2 0.078nm=HA, 0] &2 HEX] 50] 0.074nm 21 Zn ¥} B]5=3)t}, webA | In-Zn
13F AbslE o Hiol H7b = 85 A4 229 W o] glo] Zn¥ X]$ho]

& Al A = 3l

ol HEel A A E o] & Qlske] of 3t A g} (weak bond)o] =4 5} Al €Tt
ole] gt A2 M TFTE A7I3t 7-gshA ¥ At d Aol A4 5=+
E(Hole)o] 54 H A Aapd o2 Agho] oA A Hof itH H3h(Vih) o]l
mhE A E Aol A 7 A R b o] 2 9ke] A= ol AT E 2
A7 7F AA Ak A o) 22 At A ]lo] overlabo] o Aol

Al dol & of gk Al o] S48k W5 o= Qs T H A9 (Vihy el ekt
71e] iAW 22 Alg g o] 2 Wk EQIA AE & Az 7]ofsheE Ao R
AP 2R o AA ool AHEe] =7 Zn 4TSk v Zn-In %)
ARk 2 o] ]9k o] A gho] Ul o] Avks A s B o] o]

A7) At E wrE A o = Li, K 22 15 94, Mg, Ca, St 22 115 94, Ga,
Al In, Y3} 242 15 914, Ti, Zr, Si, Sn, Ge?} 242 IV 912>, Ta, Vb, Nb, Sbo}
2, Ln A€ ¥4 (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu) 5o] F7F4 o= 23k 4= Qv

g o] A Aol o gk AFsHE NERE A =LCD, OLEDY| A5 &= 45
EdA LYY A=A 4 RO, By Axpel FHE| 2 E
TSt EWA &Y, B A EAX AT Ald BARE A8 5 Qv

ola}l, &2 2a WA| &2 2eF FEsto] i Iy o A Aol o] g 4hg) vl

b

H
i
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it

EdA 2o Az el diel Ay st gkl of 714 = BEE Alo] EY Bl
E WA 2 9 Az uhHol tsl] g slara) gk,

%228 sk, WA 713011 Ao 7] 3(11)+>= Si, glass B2 7] =
A8 S AHES 5= QAU Sis 718 (11) &5 AFE-8h= -5, AAks) 57 ol ¢ 3
713(11) EH o) AAE(12), o] & £ Si0,2 I 5= Yt Zrg]ar, 7]13(11)
Aol 45 e AR a5 g 5o AR 41302 B

L 2bE FxH, AEA B2 (13a)S I H P T o=A Aol E(13)F I ¢t
% 2cE FESH, Aol E(13) Aol Al E4S B skal ko] Aol E
AAZ (14 S FAgt Ao E S A& sk, Al A,
33 ¥ (Hf) AFSHe, &5 v i AFghE: Bh = Sl Ak el a2 o2 5 AksE o)
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E AAZ(14) ol Ald 545 PVD,CVD B ALD
H, Al E13)0ll th-g-5 = Aol E AAF(14) el Ad
e dsto=2A A Y152 FA skt 2wy 9
(15)2 In-Zn 53} A8k HES 3 7Fste] g8 5= 2l
o (sputtering) & O = A9 (15)S A st 45, InZnOol|
517 ¥ 3}1}2] Bl 7l (one target) S 374 A o
uttering) &4 0.2 A D(15)= A e 5 U
b, 3 e Al 45 Akske T =2 S Adas) 3
14) Aol] =33k 5, 29 (15)9] S5 dAH =S5
O 2ZA A2(16a) 2 = Cl(16b)E A} npxEFo 2 A4 4005
o] &}, o] & &0 A 20022 =Lol A A Q] B 1] 2, RTA(rapid thermal
annealing), o] ©] A H1= SkE& o] E ol 53 o] &3] AAld] £82 AA g
Al £ o
7o 2 A g AFEEkar, 73 ol A e AkelE-S 100nm A =
o= o
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GA sk}, 7] ol oF 200nm 7 2] MoE A 3lo] Alo]EE A% A
7138 B Alo] E Aol 200nm -7 o] A e & A sk g E3ESko] Ao E
AETS AT 2L, Ao Ed vl g5 = AlClE 55 ol 2tsh=
WEAE EXse] QS G435 A Ao FAAQ S Ak
Ukt 2

LTS(chermcal) ALell HEO»:In,05:Zn0®] #% W) £-5 747} 0.1:1: 2(1;}741 1),
0.2:1:22(EFA 2), 0.3:1:2(EFA 3) 2 0.4:1:2(BHAl )2 SA B A28 2 2] 5}
471 9] Akl A Fekal o] & AREsto] A S YA qlrh B 1 WA 4
= 7}ZF 2~ 3 B (VarianAl, B9 MS2100)2] A1) Wof] Z2FA] 7] ar, k-2 o] A
Ar:0, 7} =& 90~ 95'5 10scem B & 2 &3 SmTorrd] 122 434 0,
el 150watt®] 75 ¢1718o] RF vt IH EE 23 H g8 A A8kl
S 2F 70nm 2] szﬂi A3 o, Ad 2/ o] (W/L)E 50/4um=
FAletdvt, g ar, A d el Y=o A2 H =9 © 2 200nm 7| 2] Mo
st en, Si *@}%i °F 200nm 77 &] S| A o] A FE& A 8k3l T
A IARE S EA Y S AT
g o] A Al of|of] o] gk AbslE W= A o tf 3l &
Bl wE Ao ARNE <lslr] Yot

‘ja“jg A =
o o8 vl F3bA 23 1) 73 (TEM) AFX 2 3]°4 3 € (diffraction pattern) AF21-2
Abeh el 12 30 U)7) 1 3di B o) A4 ool o) Al A Ee] T e

Ebdl TEM AFAS YER T olu), = 328 F2ahd, Bl 12 P43 A H 9
75, Hruto] AR o A A nt A s ) E Qo Ak o2

) 2 (amorphous) 7 E 7} T H AT}, I 3b W #| = 3dE 25, K 3a0l A
SAlE dpuko A Fid o2 AAslE 2l ool ey Ay
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AAA oz ddeA dEE = JleRyE =, g2l 2 4] g2l 42 A%

A e] 735, kel g ool A A v 4 el e % 4 alr}. 77t
ElAl o 2 &) gl A]#H of] U] ICP(inductively coupled plasma) 2 24 w41 &
LT 3E 10014 = EFAL 1 W A] 42 34 Sk A|3H ol A] Zn, In, HfS] 240 &
at% = Y ER T

[52] (% 1]

[53]
b Zn/(Zn+In+Hf) In/(Zn+In+Hf) Hf/(Zn+In+Hf)

atomic% atomic% atomic%

B 1 46 52 2
ElA 2 42 54 5
ElA 3 39 54 7
Bl 4 41 52 7

541 7] 5 2 olael A R i IcP B4 ATk A4 @A el A i e E
kol £1% 2] A3k 71T}

[55] U} 2 Y (Corning)AHoll HfO,:In,0::Zn02] #=% H] &5 242} 0.1:1:2(EFA
5), 0.2:1:2(E}F 21 6), 0.3:1:2(EF A 7) 2 0.4:1:2(E}F A 8) & GUEL Al A 25 2] 7] 5}o]
471 9] Absh B 0 ' §lrstal o] & AR sto] A dS A Akl B AL S, 6, 7,
82 Z+7F 2~ ¥ B (VarianAF, 2 EMS2100)l] 23131 Ar:0, 7F2= = 95:5scem
Hl &2 F5shs JHEd A, DC 2HEH o2 S P H, A4 of
20000 A N, -9 7] aloll A 1A 7 Fot A2 & A A8kt 1g] 31, ICP=
248 B3 31 20 A = B 5 U1 A 85 A Sk Al sH ol A Zn, In, HFC)
245 at% =S HERY T

[56] ¥ 2]

[57]
b Zn/(Zn+In+Hf) In/(Zn+In+Hf) Hf/(Zn+In+Hf)

atomic% atomic% atomic%

ElA 5 42 52 5
Bl 6 38 51 11
E}2 7 34 52 14
Bl 8 31 53 16

[58] -9 % Advanced Nano ProductsA}l] HFO,:1n,0::Zn02] &% V] &5

0.15:1:2(EF 9)=2 9] & 3}o] A o]z B AL 23 E|(VarianA}, 298 MS2100)0]]
A2F3) 31 Ar:0, 7F2~Z 90:10scem B & 2 333} Aol A, DC 298 ¥
TACR QDL FAF H, AAR 2k 20000 1417 Bek A A S
28, A ukuke] 1ICPR-41 A 2 Hf] &2 3.8 atomic %2 A &
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AT}

Lda A & 4dv= g o] Al oo] o AbskE v EfA]~E o A g
o] & (.7 0]=50:4um) 2] Hf 3FeFo] w2 E el 25 # Y (transfer curve) S UE}F
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