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1.1 4+ W43

digloly, JAuAe, AET, HEWHA & XISt ICT
(Information and Communication Technologies) 7]1& 4% 4

My Ao 2022d 7]FoE ok 97AEMIOIE (Zetabyte:102]
215) 9 dole7t A= en, 2025Wel 181AEHo]ETL o4
BAE A4 AFAE Btk g5k HolHE 58, Hgstr] st
HEEA Y] 8 Tk Zetgad oz syl e sAlY QFEHE=
e (AFEE, S5, A9 TS ZopAar Q).

g fe] AFE oA Dynamic Random Access Memory (DRAM)-&
e £ 9 52 JAAE o] Jhed WEYE FHEee 9T
i, 145 Ve W x gAs 9 s Mds stk
A t]xel = (design rule) 1x nm DRAMZS <Akl 9o} %

HAel & 10nm olsk= =3 Al F2eel o ol AVIE

=ole Aor 13As= 78] Bl

gzel & 749 dAE FH8] 918 4F?, Capacitor—less 2Tr
S o¥ Welo] ekE AT o]u] 20nm Planar NANDO|A A &=
gAE Holdrl fd Ae ATs= 7x9 V-NAND(Vertical
NAND) & % W3} 4 A Ax AlEE v 5o s o 7P d4A

8= ZAIYd DRAM= 3D DRAM(3d dimension vertical DRAM) ©]t}.
DRAM #Ax JAEE 2ALYHY (scaling) 3HAE Holdux 7
ZEwWo] 3D DRAMS a+3l1, 3D DRAME % %W FAo tfst
53 9 A&3sdA 3D DRAM A 45 sk 3ok

DRAM< NANDtH] HJAE (capacitor) 7} EA3t o H
e 273817l 3D DRAM 7I'E& fl&ll A4l DRAMO] &4, &4o]
Zo]l WAE Foln, 1 FAE 7P A WsE AL EWRAAE
AEE oidEt. DRAMS @44 A 7#E AEIe=
ARgetgloy, 3D DRAMS A ASshe F-xol7]e A& 718

AREE ¢ oglal vkt A =d4 S @Al oF ] wiEol

= =) [e]

G Td A EdHAAYH U AdE AL A dEd
A2 & (crystalline Si), ©4% AT+ (polycrystalline Si), H] A2
A2l & (amorphous  Si), H|AZA AFstE WFEA (Amorphous Oxide



Semiconductor, AOS)°| ¢lt}. DRAM % logic &AM = ©@AH
AelF=, V-NAND+ v24d Adgds, daZdde] &xs AlE
upet vy A, oAl e, vl AbstE HEAE ARE s
dad A A Ay olvr =9 M fFYsid, 9EA
A 2e 3D DRAM E#WAAE HL357] YalAE 1005 o)A
A /A8 Avkr (Si/SiGe) = ol H A (epitaxial) A&s AlAK
st ol ¥ dEVF AT mof MY 59 Egsit. thEd
Ao A9 olFE7F 100cm*Vs FFO&E Fi V-NANDeA]
Agatal glo] Aol HFHJow, A AeE il AEHA 7
FA AR 2 A 7 AL dst ZAVF =A% AFHA 7)) AR
7= V=NANDS] dA|o]7]e] 3D DRAMOIA L s dg &

ROR oA, vAdd AdeEe nAdd x5 o, T—f%l‘é, 74
ol HoluAw, olF%7t lem®/Vs oldtE UF wa, Ui

_|th mN *

g AbskE WhEAlE debEl AxkE FE (Atomic
Layer Deposition, ALD) T+ &4 714 S2 (Physical Vapor
Deposition, PVD) & 233t tf 4 Wal oz F2bo] 7hsstr] il
34 =7 ol M SW felsta, ARHAVE e vlA
TEE AE d3 9 FA dF EA7 ¢lew, 10em®/Vs FEe
o] FEE 7MA1L 3lo] 2~10cm?/Vs o5 %7t dash oz oy
3D DRAM Edlix|xE 9] Ad d=z A9zt sdolt. ngd Atsks
REEA & ZnO, ZnSnO(ZTO)[1], InZnSnOUZTO)[2] & vkt
=4o] /e gh=dl, 7P &ds] AqtH L st A 20044
Hosono IFANA sk IGZO (Indium—Gallium—Zinc—oxide) ©] t}.
a—IGZO (amorphous IGZO) [3]+ 1w, ZF, A3, A7l ¥x3
AGEA AR U AFT A Aste WA S4S BT 7HA
gom, fAZeo] AFE(AMOLED) % ZHEE o] oFibdo] shw
S 3D DRAM Ad =42 7Hg 243 S8 4otk
Capacitor—less %<l 2T0(2Transistor—0capacitor) TZ°I
IGZOE Ad Fo=x olgst =F°] 3oy, DRAM & =% 1T-
1C(1transistor—1lcapacitor) 7+=x°] [IGZ0E DRAM A¥ =
Agsto] ®ash AbEl= gtk webd 3D DRAM Wl IGZO A
Aget7] i E IGZ0 el AA SAAET oyt S =
ACE Adue W Heu LA/ A5 58 X £
Ao vlxs G ATV FskA Hast Aot # =
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3D DRAM Aol A&7l flal a—IGZOE AEd= A& v
2z u

EdAAEH S oldlstal, a—-IGZO s AlclE AAdHw
2A/EYS AT wE 5 A4S o] VNE Ve SgHE SRR

skl QT

2D DRAMOA Alo]E AAure A AFs}(thermal oxidation)
29l Si0,E AFEF oY, a-IGZOE A &3k 3D DRAMS 927F
Aol Fa 2@ e ERgtor AxF T2 W2 (Atomic layer
deposition, ALD)& ©]§3ato] AlolE HAw FAsfof stz 4 Aks}
SiO29 9AE S& Si0. wWE a—-1GZ0 54 wWalE g "ert
ATH.

Tk AElolE FF/elEEe A/l AT B wet a-—
IGZO vk EdXAE EA Wiyt Hu, A9 o7} zold4s=
deke o AR 53] 1% 1.39 3D DRAM FZolA a—-IGZ0O<}

AH Agdor A5 =4 & EAAAHY] 54
2o Ao, Wl 77 AAEH d=Fo 2 AFEE TiN (titanium
nitride) =  ¥3tsto] A3} Fo= o] FEE=  Ti(titanium),
gaZdo] EWAAESY T A=so® AMESE [TO(Indium Tin
Oxide) & a—IGZO EWAAE A A5 AEsto] A=
g ERAAAEL WA EAS B A5 24 IS Bt
sk 3tk
Olﬁii AT wEoRE # =E9 A WA AT FECA a-IGZO
?go e mel AHEHE $Aow FAE a-1GZ09
A2~E e 5AS wwska, 1 2ol dls
T HEE A5 E- wWE a-1GZO uhet

HomRH A% 4ol vt JYL FAsa A
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2.1 ¥3A A3E e

2.1.1 = :ILZQI'TQ AR
AALe 37 (A A, AAFd, vAdd) 2F T T vAdd
TEv A=Y wide] EqfFRAeolw AxE dAE HA] (short
range order)E 7FAaL Qo A2 A (long range order)+ $
TZ2E Kotk wepA njAdd Fxe AR A4 W A3 dolrt
A ExEo] low, ESdst A% st =t oy
A %= (disorder) 7191 W=7 (band gap) W HA e (state) 7}
XA fAd. A4 Tz din] dxxt A= W Ag dolrt
o] A oFst Agt(weak bonding)©] Wil EAs=d o] EZHH
Aete AFEES gl AbE) (tail state) @3 R ol AL gt
7EAA kel f1Xske Ao W b oip] s AHE
Y % (density of states)S Holx i}, 7iglo]le] o]Fo] i ng
AHE AA AEdE olFHY] witel mel AEHe dies 714
EAe & 9Fs wHY tgeor AxE 294dd Al
A3t (dangling bond) 7|91 WA= AHIE 22 AH (deep state)
st Amdiel ZPAd S3F e

r1r

o
S

e =9l Ask A ok
olxdE MY AH EAE AY Fxo WE Fxo & vRFA
=40 55 ME] 727 PAE] gl 249 MERS olFE

o

=
S
N

542 (mobility edge) 2 g1ty wl=24 of A A 2
AeE £33 FA3 A (ocalized states) 9t 7 wro] gEd
JHl (extended states) @ o] AH o] F9 H =
2 A2 (mobility edge) 2k T},

A AFe ERAAETE A AHAAAE B2

I A5 (off current) 542 AT 44 A2 1.12eVY

A
MENS 7R WE A% gi7]el A7 A Axd=z olsd
gom, ACE & sk HoIME = HWEH] 7HEH (Ev)
THE w7 Frol ¥4 71 AR AR7E 24l A2 ARTt
S7FeHA Evt
shAIRE B A AstE REEAl= 3.0eV ol W WEAS
ZHAIAL Qlol AAE AmthR olFo] ofHar, W= el W 22



=912 AAdH (deep state) EAE #H|=v] gHlo] JPAEGRE o] F
=HA ge d#HEn #HE A R R ol
= A 34 (localized state) ol 7ig]o17} L =7] vl dzo] EAT
ghgo] ol AX AEA W@ T AFE M ok webA
H7Ag4d AkstE REAE A5 53 A4 53
AFabs 7H7] "ol S8z AT ¢ glo] 1HAor w4
ARE A5 & Utk CHer AHo] 49 CAAC-IGZO(C—axis
aligned crystalline IGZ0)2 A% 7AX Aol ¥4 AF7F 107
A/pm, 85C =X 1hre H (refresh time)<S X113+ H}
Ao [7], a=IGZ0O® - AAANEZF Q= FxAM FEAF 3%10°
WA/ pm, 25T ZA0A 6459 B AI7HE FE591.29 [8], DRAMS
B AlZk(refresh time) AFSQl 64msXth 10008] =2 FFolth
ol a-IGZOE YT W o® AFH= 3D DRAMOA o4
DAz Qs E4E W2 A dARE BA AES ®BAS] Fo
Al ARFE(64ms) & REESAIE QS B O odoe=
)

[e]
A Qe ARE AR
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>
0, NS

_—

oN k 3o
>l

N
=

A{I =5-20 meV / CB

Eccnlcr
30-100 meV ___— _ Mobility edge
4
=910 0 tail (£, ~ 80 — 150 meV,
For as-deposited Ny ~ 1017 cm?)
z{ Deep traps (~2x10'¢ cm3/eV)
@ Tauc gap ~3.2eV
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o width ~1.5 eV
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2.1.3 8134 A3E vt=A 9 Ao 4 A YAUS
det= A FH/ FTEE  F¢Y(doping)ste]l A E

g5t AE2de 28 vAA AkstE REEAlE JidA (intrinsic)
Aol A4 FF(oxygen vacancy)ol & Aol (AAp e WEIH
AQETh AtA FEol W Al TS wFV] s A AxE
AGEEA 149 Atax FF F 2719 AFAATE SAASA =, 9

A} = =1 ArH (shallow—donor state)
U 2 Aej(deep states)ol] e 4= Stk ZFEAAY A S =Y
AR EE A " AAES ARdE g4 o7 2 F Qo]

I HH‘
&/

e
x2

o

Asks A4 AE 71 Awd 2Ad A9 Al
oz B4

il
A
N
ofh
=
it
!l
M
9
)
2
_O|L
rlr
in)
L
i
i
o,
1
%, H
=

limited conduction, TLC), <% %X (variable range hopping
conduction, VRH), 3 ZFd o] HX(percolation conduction) Al
ZFA7F EASEE, ER Al A E W2 AgtelA #H=Eu oy A7}
ol F%E% (mobility edge, En) oFall &4 (Ex<En) st 45, AA7F
el ZJE(tail states)eoll EFE Agloj7t ey E whol
Helo] olF Wijolw, AeoluA|7t Fash]
TQ3 AE WAoot 33 A= EF AS %
Ao A7F Gl
Melol7t ol Fets AL WS %

T AstelA Aol "WRrt mobA MEY W me] AEE N
SRS -1 H 2w A (Er) 7} A (Ew) ©]
o] &3t (En<Er<En) B &2 & deEidelA AEA o
22 2= 0 Bl R B et ] | S P = b S ]
ol F=vt Ay AAAE AYIZde dE, A% dEF =of
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LQa-IGZO|

o0/ ¢-IGZ05

1016 1017 10® 101 102°
Carrier density / cm

% 2.4 1GZ09 Jlge] dxs} olF% A 5]
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2.1.4 H|AA AFE Ao 24 9D A7F EA

HAA 2kstE vteAls d=d #Hebdo] ns ARZ A E
(n = H5E ZASFE TEI ns AE TFHo|
AL AALSILE =

A=}
s}

no]y SnE2 5s ALE Zie= Jol29 ZFAu7} =&55 =2
Al
[e]

WoTE ps A% EHOE Q3] ALt Fo] HolA A HERE
e AEAS HolA A FAatd AndEs A oE e

FS SIS AOE, Zn - Zn 1 AT WSS AR
=

r]

o
offl
lo = ox 1o

4 AbgtE WEEA W AAAHA FAEHE Aba
FEoRE QY LA AEE AR UEE 2HEI= Zo] ofHuh
Eo AAEE 711 AR AH A AREGE o A AR AX
AR HE WA st £ A9H AFS Uekd § Utk ol&
B Abshs WEEA] o AbAsl FFet A3 E S 7 Gaoluk Al 2
w5 oS FUREHY Ata FE FAo] AAHWUA Yo FEE
228 F A Hol ¥ AR AFe AW AFuE A F A
st} [3]

- _

T ASE MEAL AR R 279 3% ool Egsu
]

SE F R
1

]
oj=3t7F ek o3t EqrAEE Fo AT HAHHE dEYA

IS I R
Mol s% xHs, Zne HAA s MdA R fAste s

3t a—1GZOS A st}

Iwasaki et al. <& IGZO ZAddlo] W& EWMAAEH 7|24 5A
A5 Bausgith Inf 2487 =575 AX A7 e AAY
AR AFe = =oF Aot AX AR ¥IE W Ha, Gagl
AT =E7S AN ARe AR AR BT skew, Znd
2407t =2 AgelA £E HS o)t 717 (subthreshold swing)

J&@

grol vk A3E KAAY Znol Ax tfS ot o &2 Azl AFEH
Azel Z14stAY Ay AlolE AAA Aol A AJE el
11



7193t Aoz 48ttt Kim et al. = o8k FARE AatE H3ih
oA H IGZO W ol Anl= 714 B4 9F= A= 72
= 2]

(a) Ga203 (b) Gaz03
@ Measured 02100 Amorphous  Crystalline 4
—

© Not measured

< < ”
& 025 %, o 'bq%
B 3 X .
1.00 1.00
0.25 0.50 075 ' 1.00 0 0.25 0.50 0.75 1.00
ZnO Xin (In203h—(Zn0)1-x (Mol%) In203 ZnO Xin (In203)~(Zn0)1-x (Mol%) In203

a9 2.51GZ0 &FH]o & o]sx 2 AAFF=x[10]

55 0 5 10 1 5
Ves (V)
I8 2.6 IGZO xAdv]el wE EWAAE W74 54[11]
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Golo] B FAEHWA S5 A Hi Yols Elo=E
TFEAA S A7)l A A A AdER Hkgo] WA "r oY
EAE A7) A8l BHe A wE WAS ARelA AT aRE
v = 153 w5 AHE o] ko] ERAlE AFEHY WHo=
< o] 7hssl Atk Radio frequency+ 13.56MHz F3+E 2|u|shH
1z oF 13565 EHAlo] 553 Y502 vy =d = A=
of= 3 ¢fol s EMACE Holgt AHEY WHES do7|al, Yol
Bl o] FAEH7] Aol wE SRR Yao® wviyTH A7])4
Hiakglo] zA-g35te] Fgkxvl U2 5otk gAl gl S50 %
R ol 23k Qo] HAFoR dolgt FTE WESS doy|HA
AW P S AEeth o] oA ol dape] A7|eh FA Ao
710 &= ZGEfell A &Fol 9] o]F HLHUl o= AdEjolA AL ol
S57F gl el ] AT WolA Al "nh AAl wRe +8 -
AFE 8T TA7F7F 0(zero)o] Hojob sto=® ERAY o]l
t Hoje7]

el BAS FA o3 wA Hi ARHOR 7wl
s s HwWA A3bias)7t AAUE o]E A
@ ol Al whelejxel  dd AR
AHEHYY gAAYE 5 HAXA(sheathh & At 5 AHE
A AHEPE S AHE 5 vk (412, Sheath @ Eehz=vl A 99}
A= Atole] AR vty ALAxp7E S5 4 AVEs 349
uFI wF AHEHYEL wavEERS JEEe uFd R
Y| EE A% E Y X (RF magnetron sputtering) & o] &% 11
Atk aFy wHF vIUEE AWEYPS B HE AAHS
WAooz N3 S5= IAAA AR *Ees WWEew
HEA710L, A9EY oA Bsts 23 AAd=ES 7HRA Eh
ek, Y S el Ax dr 9 dAxE ol ATt
S7Fghel wet w9 Faw Ao b SUbetE R ofEt o] Wt
S7tete] T2 £xUt Svbet 2 JATe AT wE vIIUERE
AW E " GH|E o] gste] 3 ekl
A7 W v EE AHE Y Y= pump, power supply (RF
generator), gun, target, substrate, shutter, gas line, matching box=
oA slom Z AA e Ve vy 2
Pump: W W 7k2e] 7] S 8 4 (W) =48 ZA
Power supply: EFlel dedS adste A9 39

Gun: B3} A9 Adse] SFOR FE3 B



Target: 7|9l 33t s B4L vishvl Gunell 2ol AHg
Substrate: EMA MHE] EAStE BAhel FRol Hi ol
FFom A4g

Gas line: Zebzrtg FAste ok=d 7hx 39 i Y b2l

2= o) o
A A
Matching box: &8 @3 =8| dIdA ol &3t RIALE Fo]7]
8k ZAA

Matching
Network

Generator

L
|

Sputtering Gas Inlet {Ar) Vacuum
IF 2.7 35 vIIMERE AHEH FH [12]
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A3FE £

3.1 47 44 2 24

3.1.1 2¥E¥ a-1GZO %3
By F4o] HiE a-IGZOE 1FY wF vy EE
~HE®  FH(SORONA Co. SRN-12005 ©o]g3dte] utuhgs
saetelom, A v 9 3 21 e gk
:r““ﬁ Al HE An)o] Y= Z=2 A (loadlock chamber) 9}
el W (main Chamber)i oo gloy, FAS
AgPstA] eki= Aol 22 AW 5x107! Torr °]3F ¢gloz me
AWM 7+1077 Torr oJste] oz ¥ HA s Stk Al
lecm*lem AFo] =9l %7} AJHRE 6inch wafer7bA] EF
7besteh WQl AW U F-ell= AlHo] Fole Y]do] MW st
At Sz EA S 7wy oF 30 AES 7IEVE AL
2] T AstolH AAFe A A ZSE H7] 3inch
Zn:0% HlE&o] 2:2:1:72 &Y IGZO EMS AR5l
22 a-IGZ0 3 34 &4 9 el ot A Aol
Iy al % 7+«1077 Torr
DA w7k Z1ekA Tk (eF 30 o1 AR). 5~7+1077
rEo mE Tt H
A& 1051077 Torr = BHE AEiolA A7} da—.ﬂ% S50WE 7ha)5d
Wdo]l  AlZEWA Eepxebrh BAET o]F FH|E A
AHESE7] SlEl Ao R A"RRE fadTH HE 3 =S
wH o) o2 kA HF 15scemEB FUH AA(T0 -> 35 —>
15scem), €48 2.1%10—3 Torr® #4 (10 => 5.1 —=> 2.1%107° Torr),
A7FAE 30W=E WHAsIH 3 7ol wHXTh 7w A &

o‘;":
rir

o R = e S I L R L B ) B M A S B )
LEe Ao AAH 9}1 =55 A4, 2487l A% Vs
AR oA A ¥ x2S WwERE T8 wAGE] 2149
TS 9 98, Eg=vt 20 kgst W el xWe 2d A
Ao MEASE ol&s J#e VR F 150 EF Z-
A~ HEH (pre—sputtering) A& sttt 2 -AHEHY * MEHAS
715 HFoR o]gstA S o] AlArE
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SAskE st AlEE pTTSI/SIOE ol &3k, 9 3
a—IGZO T&HE> °F 0.08A/soltt. A 57HA 7= T2 5749
A 20L& ® 3.1 Gk

Material 1GZO
Target In2GasZn0O; @ Toshima Co.
Substrate p"* Si/SiOs 100 nm
Thickness (nm) 50
Dep. Time (s) 6250
Power (W) 30
Working pressure (Torr) 2.1 %107°
Base pressure (Torr) < 8.0 %1077
Ar (sccm) 15
02 (sccm) -
Temperature Room temperature, rotation

E 3.1 A¥HE a-IGZ0 ¥4 x4

600

500¢
400+
300}
200
100+

Deposition amount( A )

0

0 2000

4000 6000

IGZO Deposition time (s)

a9 3.1 ~A¥HY a-1GZ0 T&E&
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3.1.2 a—IGZO EWARAH A|Z =¥
B AFo|AE inverted staggered—type TER(HYE Z o}

AE, Ad F Y= 2A/=He JAF EAsE 4+x)9 gy
EUAAE  Fgd] a-IGZO0 AE EANE  HUlEd ey
EWXAE A2 S o 2o

A AA

A7 sk E =389 pd AEF 7I#®IAF < 0.005Qcm )=
& AlolE (bottom gate) ® ARESFAL, HEF V& 92 14 4
kst s AA FAE Si0r 100nmE - AICJE AAH(gate
insulator) & 2 €3t 917|7k4] X 8H Ginch f°]¥HE dicing saw
AU Z ZeF 2em=2ecm Abol =9 x7F V|dE whEo] ARE-stth gt
5 U EE AHEE oA IniGa:Zn 2:2:1 £42 a—-1GZ0=
50nm F/Z FEeto] ERAAHO MY EH4E AREsi ol AlH
Qbe] oz e JhE ek ERAAHE 7] S8 AE sE #A4
] gttt MY HEYe EEF A28 Y (photolithography)
A 3 x4 Z=%% (deionized  water)  400mlgt  49%
s}

o

T2 (EAD 4mlE 100012 4o e 0.49% 59 349 &
o =] A

o
>
o)
o

oo ML ol of
2

o] 83) a-1GZ0 AEFL w4 AZs] AL AUE Y

[e]
0.49% EAF LHoA] a—IGZOE= 15nm/s o9 H24 2A7&

o,
off
-
£

L2
inverted staggered TX%E ¢HAJsH ¥  ubuk
= 3

'?4
EdAAHE FHF Ao FH3k ol 20umt

/=]l A=) HEES wola A A4E Sl@l furnace
el izl &E9171el4 350T, 1A1%F &< dAYE siFd uhe

EJdAAY A2 7o) ehrEt

& Aol A s vkl whE a-1GZ0 54 A7 A4
4 atst ¥E 714 F4E Si0z 100nmE dxzTow, dAs T

1Moz EAHE Si0: 100nm + RTA (Ny 1000C rapid thermal
annealing) S Bl 70 % P3P on, AA/Edel Ao WE H=
d
O

7= ITOE 7o 2, Tist TINS HluTo =

138



1. Gate insulator deposition 2. Channel layer deposition

SiO,
p++ Sj
= heavily doped p** Si
= 100 nm SiO,
(Thermal oxidation / Atomic layer deposition)

= 50 nm Sputtered IGZO

3. Channel layer patterning 4. Source/drain patterning

= Photolithography
= IGZO wet etch (200:1 dHF)
= PR strip

Photolithography

100nm sputtered Metal (ITO/ Ti/ TIN)

PR lift off

Furnace annealing (350 °C, air for 1 hour)

19 3.2 a—1GZ0 vt EAAAE A A
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vbke] geld, 3 A et ge B4 guE
#8319k

DFA: Si09F  a—1GZO  Hte] ST+ variable—angle
spectroscopic ellipsometry (VASE; J.A. Woollam, M—2000) &H] =
=74 5 B-Spline mode® ¥93to] F71¢] A3 S =3t

2) XA a—IGZ09 <&, 4F, 39 %, 24y, W deE X-
ray fluorescence spectroscopy (XRF; Thermoscientific, ARL
Quant’ X) o2 ZHAstsior AAY 23|0o]4) HEESIY  AAALS
R

IEE: Si0; % a-IGZ09 HEE  #lstr] f3 X-ray
reflectivity (XRR; PANalytical X' Pert PRO MPD)Z A3 ¥
critical angle H] 2 PANalytical®] X Pert Reflectivity
simulatione ©]&3ato] FE3 WEFhE AHEsllth

pARA: wrukol  AAAL grazing—angle incidence X-—ray
diffraction (GIXRD; PANalytical X’ Pert PRO MPD) 2 =73}t

5)F A wWE A a—IGZOS FACl wE AW WEE
3}el3la1xF X—ray photoelectron spectroscopy (PHI, Versaprobe)
e 2 depth profile 45 3}t

6) T BHE Z)de] WE a-1GZO, AT a-1GZ0S HEF-<
=212 AelE #918l1A} transmission electron microscope (TEM)
B4 HEo] ey AHE #1d 4 U= electron energy loss

spectroscopy (EELS) % energy dispersive spectrometer(EDS)

&3 w4 ARl dee ved 2
w3 BR d14 7] (Spectroscopic  ellipsometry, SE) &
FACE FedrE SAHste ASHolt. 249 Fe Aed,
]
=

T= FAES Web, ol nAFko] obd 3] wet
=] | —

=z
o
1=

MoyE o B ook JzoJ
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o
L
W,
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ERA A BT wbbt dejuti, P-AYS AAEHL FHs
Sabslo] NhAbTh )2 Fabt,

XRF, XPS, XRD, XRR+= X4 (X-ray) & o] &3l 4] WOz,
X-d& 0.0lnm~10nm Afe]e] z2> IS 7kl Azpr|azE dxt
A718F Hlszeto]l fApele] Adazrgo]l & dojut dxte] 548 4
T Q7] wjZel o] & o] &3k vkt 24 Yol JhE STt
H (X—ray fluorescence spectroscopy, XRF)<

AbskE 27 X—Hol MAStL ol & Fa A2 FA,

ol

0
2
o
>

APRAE T 5 g B wolth QAE X-Ael o8 U
AR AA7} 0175 o] (excitation) WHEHW w2 AR AR} )
Ao W AR APE ASWA  AAD ouA Folud
9% (fluorescent) o] WEH =, o= 94 vt} 9o A o zaw
Ax9 AH BHS ¥ 5 gom WEHE Zrb 929 o
oz

X— A #FAAR E3FH(X-ray photoelectron spectroscopy,
XPS)&  X-A= ARl SdAkskd X-A9 FdadR
3} 2} (photoelectron) 7} W&%H 11, FHE FHAY &5 odUAE=
A7 S48t AA7F AlsE25E BES] 218 A ouxl
Aoy~ (binding energy) & T F Utk A3 oY A (binding
energy): €4a° LFFE Fholr] wiEel o] oluyAEFE 49
AEE & 5 A B9 &5 942 AR b AR =S

Ay At Al AAE A HEA ARUATE AAER A9
et A "R FJIE 5 vk Esk o= o] H(Ar ion

qun) & o g3to] ks AnolN sz AzshEA dolel e

X—=4 34 (X-ray diffraction, XRD)<> X-4A& 44 ==
Al YAbetdE, X=A2 AlH YFE Tt dxpet FEE &
Abtat M2 B M dde doA S-S wEgowwk 3| Auv)
WAL o] 5 HE7] oA A skl B4 AW 7 x2E A% 7 Qe
AL ol IdE T ool dbE Abolel M= 14 Akolrt
Ee] Hiag v s A9 AR AHEE AHHeRE sl
ARRRA L, A wE ST AS JIFS] AVIZE ¥ A He
S v BAAEE dor7] fleiAe Bdl2 2 (Bragg' s
equation) nA=2dsinfd & WEst= Zh5olH, o] ZtLmoArt ¢dl st
B0l Aoy e FAr=z A" ygo] HEo] Hrh

N



sl a2 HE Azke] Wz AR de AxbslH, ol EHY 1
EAdo® A4 x5 ¢ T AUtk

X—=A "WAF(X—ray reﬂectivity, XRR) = X—A9 WAl g3
ARgsto] Bhute] ART] W I E gl ¢ e 24 7Holoh w-
e QAo A HE s mHS WhARSHE e E X-As d7tske
AHEAL WEE(REALZFO] AR sdE Ag) o ®E HRAME X—4l9
s S35k, w4 RS ARESte] vtets T, dE 9 AW
AE7NE 78 F o

23 Ax w7 (transmission electron microscope, TEM) &
A Eo A WEEE= HAA (electron beam)©o] A|RE  F3}3lo]
olm A= A= B4 Z|Holth AxE AHOo R FA77] Y &
NMERE e AXRE EEste] Hold i dEss 7HAH, AlEe

R F2E@EATE, 8 24, Ax A8 54) 5 248 & Ut
AR} oA &2 F34(electron energy loss spectroscopy, EELS)+=
Azt ARl FT= Al HEA AlgkoZ Qe HAAFAUA Y &A4
oUAIZ Aol sty AR (YATE)E S 7 Uk YA A4k

3} (Energy—dispersive X—ray spectroscopy, EDS) & AW &
AL UF Ay gFE wEE A9 AR AAr R R
HolA 7= bYst oA 54 X-Ao] WAst=dl o] X-A2

o
NAAE FA3t] A4 A 9 FS FA e

02

»

22



d A, Aele] Wi, Zolsvt
St vhuk zpA| o] A 712 542 Hall effect measurement (BIO—RAD,

| 7bsshd, Ad Bbeke] Adgke] I
ojgtojof FAo] 7hsd FAE Stk 2 F7EY LT a-IGZO=
Axg] Aol AGgho] 5k FFEOE Yol =4 EAl7F flony, Y]
217164 350TC dA-g & AAsiA Mol vt A Eo| Aol
w=olfl o] W} Hall effect measurement oA F4o] ¢tEo] BE
a—1GZ09 AN 5L vt EdXAEHY 3 A FHoZRE
FEoFAT

vhuk EdXAE Sl M3t dAEd 54 semiconductor parameter

=
A, FE 30% BAAA ACIE HMYES —20VHE +20V7HA 0.2V
2 QAUEY A, AA Ao a#HE(ground, 0V), =#<
=AY A E3p A3l diaE] 242 0.1V, 10VE Q17tsted
AF - AllE A FAE SA&S. olE dsk A
(transfer curve) 2} $ht},
EWAAHO Aat A 349 Aty AF#Ho=
A g e AR, AR AR AX A/ v,
13} 712-7] (subthreshold swing, S.S.) & &3t
X

& Fzetol B4 MRy 5+ vk AVA 54
[e]

2 2 o

T e )

R NN

Al Ak

1o

A
o>
1o

S

im o
=Y
a2

o

’

_—

j-rl

5

2L
s

o]

o -

7]
S

d
-

e

Q
a1
=
T

=N

of m HE &
r

rE ox @
o

g0

gl AF7F InAdue] AlolE AYgeo=
constant current WWES o]&3sle] =gl
Vi) 10VellA Iys = (W /L) x 1 nA duj] AolE ¢t go=
stk o]F & (mobility, wE Z#e HAF  0.1vel A
e AA &% olEE(ue) 9t =@ AF 10Vl xS}
Zrel Ao EZslol T % () = AP 7 Z37He A/ ¥4 (3.1)
(3.2) ZHE FZFHUL (Cuns @Y W2 o Akste AgAed A, Wetb
Le AEe F3 dol& gn|sit})
las = trg Cox 7 (Vas = Ven — “22) Va (3.1)
las = Hsat Cox o (Vgs = Vin)” (3.2)
g A9t o]st 712 7] (subthreshold swing, S.S.)+ &g 9t
olal ¥ (AF 0.1nA~10nA #S Hole= FibelA Z&d A 10
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s

55 = (3.3)

d(loglas)

AR et AR Ao A5 B] (on/off current ratio, Ilon/lom) <
Vas7F 10VE o Tas % 5 W2 T 98% (FHUgh ol sid= = #k
0.05% (Hagh ol ald== s vhe #kelth 0V 249 Adst £

oF
=]

Ashat we olBE, W BH 4 27, e Az A
4

AR A AFH AFE 53 #4712 EAS 7 EWAXAEHE
e,
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3.2 3% 7|@e] WE a—1GZ0 2& AZ U =4

3.2.1 4+ wF
T o ael Si0,e S48t A EA(E,=8.9eV) T v AW

Ao 2 DRAM EWAAHO 2d 7z Ag8 AoE HAw
=4olty, 13y 3D DRAM F-ZAAM& AHEES AFESHA] ol &
2ksh Si0eE FAE ¢ §la, =7 BFbstr] wiitel ©xk 354 (step
coverage)©] £ x5 S&F W2 o2 Si0.5 A oF st} upebA
3D DRAM W x5 F2F SiOz= A&st7] 9138l 7= 4 Abst SiOz9
A T2 Si029] 545

7|Ee =wed A9 9 Arst WAY & o AH(Thermal
budget) 8] TAE FHEeIA B 29 dxts T2 A9 Si0.E
ek 24 TR dTstAW13], AR & SiOE AlCE

dedvtor Ag A W F3% ex U A7A /]9 Bio] um
=

R ey 7I#E a-IGZO7F SFFHS AlEs XEhH, 2 97belA
sHi- 7132 Tox9t Aoxg dulsety 7zt 34 Al =1

g8l

i
o
\\]
2

SiO9 Dry—Thermal oxide Atomic layer dep. oxide
(Tox) (Aox)
Gas O2 BTBAS, Og, N2 Plasma

BTBAS: Bis (tert—butylamino) silane

Temp. 850°C 400°C + 1000°C N2 RTA

E 32 @ 43 94 3 445 27 349 S0, 34 =4

— gy [e}
9 B AT AWEY gulE o gt
sHF 7ol wet a-1GZO S& s 9 Uy E-RAAEY HdU]H
S48 Agd Ak 2 Aolrh dsE AUt F ER G
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71g ~HEE Fulo T A Ya sAlel a-IGZOE FE st F
XRFZ #Asto] S25 9 24& vlwshd Tox thy] Aox 7]l A
a—IGZ09 WU T ZFA (Tox: Aox=24.11: 22.55 pg/cm?) % ZAH]
zho] 7} W2E QT Tox WH] Aox Z|FHoA AAE a—-1GZOE In9]
Adoz A (~2at®)stal, Gas  F7Fste] AW Aozt
At on, XPS 4 Avw Fdst AEFS Bl Eo T FH2
shi 7kl SHE a-1GZOE AdE A8t o

A D A471A 54 SAste] vlwa] 2 A3, Tox9 Aox X719
TEHLS 0.27V, 0.65Vo]H, ol ELE 16.47cm?/Vs,
11.86cm?/Vsol®, &8 9 olst 7]&7)(S.S)=  0.55V/dec.,
1.15V/dec.olH, 3 A9 AR =g AFE= 1.5%107*A, 6.9%10°
AR Tox tH] Aox Z7oA BF Agl¥rt. o] AyzHE FAd
-

=)
z707 T F32E a—1GZOo A%, 3% 7| g wet 2 A%
vl EdX AE O A7|A EA zolr @AsE AL Folsk S
ARTE weEbA = FFO) Si0.9 5A4E Hlusty, A4S T sy
Z1gke] W2 a—-1GZ0 B4 Aol S fets 99e ryetaAt skt
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@) (b)
£ 0 Tea | zn SR == T
L e T e [ N(@A OX
-— I -— Ga@Tox
§ 40 T § - GABDAOK Ga |
2 g |
o O 0 B
£ £ 20| -
o . <]
< 20} 1 ® In
9 Q
Tox Aox Tox Aox Tox Aox 1 2 3 4 5 6

Gate Insulator film

()

Ar etch time (min) @ XPS

107
103} [ » 1GZOon Tox
10+ L= 1oz0on Aas
105k Vgs : -20~20V,
10° step 0.2V
10 ] Vds : 0.1V, 10V
< 10°¢
= 10°
107
10"
10" g
10" M T =5 , , ,
; -20-15-10 -5 0 5 10 15 20
V. (V)
¥ 3.3 (a) 3% 71%e] WE a-1GZ0 FAH] @XRF, (b) a—1GZO
ZA8] @ XPS, (¢) sk 713 W& a—1GZO vu EW;MAAEH A3}
g =24
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3.2.2 Si02 A4 ®Hlu

HA Sz Ao mE SiO.E vlwstr] Sl Tox, Aox 77}
MIM (Metal—Insulator—Metal, p™" Si — SiOs; — Ti, area 0.084mm?)
]xl—s} _1':4 zi7]7<«] EM H)H Hhﬁo] -V, C-V _%x%g—]_o:hq_ -V
Z AF WX (current density) % & H<t(break voltage)
, C-V 545 E3 Hd&F(capacitance) ¥ FAE(x)E
o}, 57 100nm 7] Tox$ Aox I+ AF UEE FAFsHH,
Fo 9.3MV/um? 8.6MV/um® % T Tox7} Eoul}, uhm
A AEel| Q7F = AOJE A WMo (—20V~20V) Alol= AR
7F AL frAbste] BRe ERAIAE ] mA= JFe wv| T
T3k C-VE SHE JALF2 Toxs Aox EF
0.32fF/pm?, 0.33fF/pm201u4, 227 GASLS 3.82 3.88% SAFIT)
549 AL FoliA Aox 77 30nm 7S F7hste] vl A
FA WEe]  wer FdE [eke 85MV/um?®, FHAEFE

1.13fF/pm* 2. & Z7}akqitt.

o o mlm
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WX 2 fmoogt N o e I
ot & Jo ﬂﬂ?' 2 o BN
ot

fu
2
<>?~
i
o

sH- Zlwgk 4712 B0l Ak 21w EdX A 1 A=
Agte] B QslEe uigom &R swme] mE  uu
EAXAEe A7H 54 Aot thE @eld s fuE AL
Falg 4 9giet.

eoz x4 545 Hlushy] 98 A WAR XpSsE 24
A% A Toxet Aox E5F 348h ¢k#H] Sit 0=1: 2% AFSHAL,

Ao

EA E5-EQ Bas 0.5% ©l8tE Eva Aok Oio‘:q Si 2p9}t
ANYA 531.4eV, 102.3eVE FL3th + HAZ XRR

A9t 24 725 SR, AolE FlekA] X5kl

npxjEko ®  Abgtube]l WE s FRlskE 1w Wl F24 AAES

Hl 3R 0.49%2 EAF &R0z F24 A7t FJrhs ox+=

0.5A/s, AoxE 0.9A/sE Aox7} ¢ 56% AL wWE A7lES Ho

Aox® HE7} 35S 5”?161 T AN TS “]E*E oFgh Agstar

o A
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(a) (b)
1 e
o 10, 1= - + Tox100nm| = —~
E 1[11 «  Aox100nm =
-~ 182 2 Aox30nm =
E— 10’3‘ra " E
- 1041, "y
® 107 O
c 10 5
@ 10 =
c i | &
[ S b i 1 o
O 1051 e 1 8
3 1072 .
© 10" : ' '
-100 50 0 50 100
Applied voltage (V)
a3 3.4 Si0p F5ell w&
(a)
B? 80 |—m—O15_Tox
w 70t (0] 1 |—— 01s_Aox
— et T P e e f—a—C15_Tox
€ 60f l——C1s_Aaox
@ | ——Si2p T
% 20 Si —.—SiQE_A?;c
a 40} o B
T e S e g . TR
c 30t
S 20t
o
o 10} C
@ 1%00 2000 2500 3000
Ar sputtering time (s)
a9 3.5 Si0:9] (a) 24 ¥4 @ XPS,

29

1.5
1.2
= Tox100nm_1
091 « Tox100nm_2
+  Aox100nm_1
+  Aox100nm_2
0.6 + Anx30nm__‘1
4 Aox 30nm 2
0.3
0

0915705 0 5 10 15 20
Applied voltage (V)

(b)
100 - ; :
—=— Tox y= 0.9x -6.1

— 80 R?*=0.997
e
S 60f ]
: I
o 40
-
o
w201 /ﬁ:-s.s '

0 R*=0.997

0 30 60 90 120

Dipping time(s) in 0.49% HF
(b) 0.49% HF &2 21zt A3}



3.2.3 3% 71¥o)| wE a-1GZO0 F&F A% 73 27}
1) F& A1t 2%

oF Aol HI7M= a-1GZO 50nm(6250% S AL x7) 9
Apol7lel  vheFst FE AIRFelA HIhste]  FER AR wE
Wl HE sH 7)o mE a-1GZO F3 Zolo dds Il
st Wt 2O RE F O FRY SHRVIRE FAle Y3 a
Z2 A7FE 500%, 700%, 1400%, 2800%, 5400% ztzb 713)&}o]
XRFE g Est 24 % 480 =2 F7F Aol

a—1GZO T2 AJFto] Hojds=E F2E 4 In &
Agow ZAn7l W3lEw old WE Fole I 1w FH
BARel  FAFEILE AN mE F2 AIZke|q ToxthHl  Aox

Al FAE A 9 Ind o] WolXa Gadl gl
Z7HEJEd ol A AYI a-1GZO (6250%, 50nm) ZA¥gh
FUs AFgolth a—IGZO FAdH] W3 9 daxE59 wxE st
F7tH 0% TEM, EDS 9 EELS ¥4& A &3ty TEM A Tox$t
Aox AHF9 a-1GZ0¢9 FAE ZF 51.7nm<% 49.7nm=  Aox°olA
A9 a-1GZ02 FA7F ko EDS ¥4 Tox 71#2] a—IGZO U
In o] =31, Aox 7|Fo e Gadl o] ¥ AR o= XRF
A Aol fAREITE R REe I¥ 3.79 EELS 4
AoA Aox 7] AAE a-1GZO Y U In9 ¥¥7} 127
A Qe Aol oyl EdUst B 5 Holx Aglo] wAE

(b)

_—
Al
p—"g

— —m—Tox In

w 08 ' ' ' 80 —a—Tox Gal

T} ir 1GZ0 on Aox - —o—Aox_In

© 0.6cps/s = 60! —o—Aox Ga| |

B 06} L ——Aox Zn

= B e IS Ga

[i7] -« -

© o ke DAcps/s § 40 ?;ﬁ&fEE -

= e @ |9 TTTEEEEme—ees >In

S 04| ¥l a

= L 9| ‘e

a £ Zn

g 2

02 . . ' 0 . ' '

Q 0 2000 4000 6000 0 2000 4000 6000

IGZO Deposition time(s) IGZO Deposition time(s)

a3 3.6 (a) =& Algte] W& a—-IGZO F2&, (b) FAv]
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51.7nm

Indium deficiency
= Re-sputtering

1% 3.7 8% 7)ste] w2 a—-1GZO TEM, EELS ¥4 A3}

7t Ads FRHEE, a-1GZO FF AlRbe] Hojye] uwhzt
gl Ine o] zFaHv o'l A2 Aox Z]EelA ©
ALS

A%E woltdl A 2e WIS fEtE 0 F A

Zboll whel A3 El®] X (sputtering yield) #Fzof uwh
A 719 &5 FAolth M Al et al. &= AbA 7129 B9
SHE AE R [15], °olAYW S A|ZE
A
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2) B A3 E 3 (re—sputtering)

1958 RICHARD E. HONIG> A% &4 (mass analyzer) & &
3 AHEH o8] WAEE YA (sputtered particle) & A 519
o], ¢fol&, T4 olol TATE FASSAIL[16], °olF Fol
A EH Y el sl oy e FREFAT EF o= STO
5 5 oA #AHEE 7]
21 28] M3t A4S Haskelar, T. Welzel et al.> A
Zn09 WY EE E g3t o]=9 UAE

Ry A BAY
]

=
=
Z

IN
B
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x
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N
O

IN
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L
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O

30 2 2 1 oo\ o\ N do of
N
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[ 20 do L;_ ol D4 O
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S5 o o

oo T,

L/\g A

5
lo
o
ot
o
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S P
h i

Ir e
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A% AUAL HLFE EolA
s olE] e
UA DA 2 5

14
&
o
o
mo, 1
[
o
12
W
=
|o
i
4z
o
i)

i
&
iy,

o

3aM; tMionEj
Sy =— argetMion 2Lon (3.4)
% (Mearget+Mion)? Ebind

(S,=Target atom per sputtering ion, Marget- Mass of Target, Mions=
Mass of ion(Ar), Ey,: Energy of the ion (below 1 keV), Epina -
Binding energy of the target material, a : angle of impact (0.2-0.4))

a—IGZOE ©°|F+= In, Ga, Zn9 AL Ino] 114amuz 7} A1,
Ag oUA = 443.9eVE  7FE wrol Ino AHEH dxr A
=0 AS 4T & Aok fAHA MU, Zhao et al.> A3 HY
A== F3 W= B33 (OES, Verity, SD2048DL) & #4138} 1 In*
9 In"e] WEFo] M Uas Huskith[22].

D. H. Kim et al.9 =il &t Ax7E Aae] fiA oA A
A= GHer olFHE eI Hax % Jduxd WY
ol 4 ] (displacement energy)+ In 14.2, Ga 41, Zn 50, and O 65 eVZ
Ino] 7bg s W9 oAUAE 7FXa glow, 7] LTdshe AbA
Sol29 A= DC bias 100~400Vel] uwkgl 28.9, 57.7, 86.6,
115.5eVE AAEGl=H Ingd] W9 dUA R 2% 52 3O F Ino
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7V HJA AAED F Adee T (23]. wpere® In, Ga, Zn7t
oxygen® A¥gst= ALEE  HA AF olUA(gibbs  free
energy) & 818} Whg-o] A v wakeltt. In, Ga, Zne AbAsbe] A
A U7 58 #s Hol AbglEo] FAEE wWEgo] dojuH,
W Ino® 3PdEo] Ga¥ Znujv]
o

2In +502 - In,05 , AG; = —830.7 kJ /mol
2Ga +>0; > Gay05 , AG, = —998.3 kj /mol
Zn+30, > Zn0 | AG; = —320.5 kj /mol

2In+ Ga,05 « In,05 + 2Ga , AG, — AG, = +168.3 k] /mol
2In + 3Zn0 < In,05+ 3Zn, AG, — 3AGs = +130.8k] /mol

mebd F 2@ T
nd gapo] He AL Mo
Aol o8 71%e] ol 7H
Aow sAdrh xamH" ANe THE e 9 2 7
fusle feloz Aka ol WHE o =

T2 A A 91 Bhe sel PavEY av
)l whet S Aol B

&
o
r o

o
o
gk
o
%
kT
=
N
_(:(L
32
5

Atomic Radius (pm) Binding Gibbs energy
Mass energy AGe
(amu) (eV) (kJ/mol, Oy)

In 114.8 163 In®* 79 443.9 —554

Ga 69.7 122 | Ga®*"62 1116.4 —665

7Zn 65.4 133 | Zn®*75 1021.8 —641

0 16 73 0% 140 543.1

Ar 40 97 248.4
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oA AFER dHE = 1}
Szety] el gAHEPE S 72 F e A
AA=AY e AA"R AbA
uetA] YAHEE S TSt &

=
ag FYste P4 Sdn W 2he Sy e

o2 Tox=
AFESLal, a—1GZ0 =& AlZF 1400x% 1A, A Y% Ossem (7]
Z7_Ref.), 0.3sccm(HA%), 0.5sccm, lsccmo]w, of=Z3 Ak

7}~ F %S 16scemOo® 0 ZEAY. (0%_Oscem_Ref.,
2%_0.3sccm, 3.3%_0.5sccm, 6.7%_lsccm; ©oF=ZZ+AFA=15sccm)
a—1GZ0 T4 + XRF=Z wdlnel dad 935 S8 e
Ag Aol

2 TS S7MAESE a-IGZ0 FFELS 0.51 cps/s, 0.27
cps/s, 0.21 cps/s, 0.15 cps/s(cps: count per second) & #4330,
T AUEA ZABE vt Abs % bl wet In A, Ga
=7}, Zn 57}8}"33} o] &A% FAFSHA X.F. Chen et al.& Akx

o ol A @S o= uiw] A=y A7|7F e
Nl Tor‘ﬂﬂ‘?i of= <t #tol Fraste]l EHAY FEskeE olUA|7F
T oolom, Ao gAY oR <)
st th[24]. T3 C.—H. Wu et al.9
bl wEk $EE e U In A 9 Zn

[€) =
= W 35 o] HstH= A¥E A ANT[25].
)

e rH

—=—In
Ref.

—e— Ga
801 —a— 71| |

In
40} ca —

20! ZIIA———-—""'"""‘

0.4}

0.2}

Atomic percent(at%)

0.0 e 0 : - -
0% 2.0% 3.3% 6.7% - 0% 20% 6.7%

O,/ O,+Ar, deposition time 1400s O,/ 0O, +Ar
3.8 A& 9] 27 wE a-1GZ0 (a) T&E, (b) 44|

Deposition rate(total cps/time)

§
o
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A maE #Rlsts 7 RAl 7R a-1GZ0 T A T FFY
< 0.3sccm(2%) 0.2 1174,

1400%, 2800%, 5400%, 13000%= Zrz} R &st] Abs Z A A

sk Z1gke] WE a-IGZO0 T&F Awes A EST Abx

A T2 Azro]l FHE S SERE Y Ino

sl UERA T S 78S TR

ol Aox 7|FeA F2E 9 Ing o] TAad (

Osscm_Ref._Ar only)Zt&= o& Aygdo=r F5IT FJo7)

IGZ09] €4 dF= 7w AR A4 #§ 22 Hlusrd A

] a—1GZ0 WHE % 7|72 & Ino o]

of
>
=2
2
0%
ol
)
H
[

™
Jdo
A
old
o

N

¢

do
o
EN
M
>
offl o
ne &

=, Aba FQ] H7h AV RE AL S9le] weh W el Ak
wetol  ZrlEol  olgsg gtaw FHw] gaHi FAM),
DAUAE R Ak golge] Hobd s 71w Wxe] pojmct
el o 2 UAR dasEgel FEl ekt e AAZol

FARSIA A 240 Aol gleldl Ao wew
(@) (b)

o —B— 0Z_Tox_In
—a— 0Z_Tox Ga

g 08 + Tox 80 ' :oz:T:§:zn ]
= o —_ —o0— 02 Acx_|
s Ar gas (Ref.)| o A= = —E—Oz_.ﬂ-mc_ﬁna
o 06 &« OZ Tox = gotb
= . '%\\H £ 02 Aox o —&— 02 Aox Zn
= % R E Gau
E 04} I * S 40} E{EE:E_—__D
= SV Ar+2% 0,035 | o In
3 <
o 00 - - - 0 : -
el 0 5000 10000 15000 0 5000 10000 15000

|GZ0 Deposition time(s) |GZ0 Deposition time(s)

a9 3.9 2k F]) 2% 3ol T2 AIRE sk Y]kl uhE

[e)
a—IGZO (a) T2&, (b) &AM

S /1 % Ak F9 &3 F0E RASAA Aox v WEsh
o oske s 719 Rkl BUW BhE A

71 Tox9 Aox(with Ny RTA), PECVD #+

RN}
lo
i
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Z= Al A
|

Si029]

N

= -

I B7b2 ¢k A3 PECVD Si029] 9 RTAE 3HA ¥+ ALD
Zo]l Tox % Aox WH] & F2 AZ4ES Hol WL7t
e Aakglar fFAsE d3E =A% FRlstalth26]. (0.5%
=4k 27y 5: Tox 0.5A/s, Aox with RTA 0.9A/s, PECVD SiO.
3A/s, ALD SiO. without RTA 3.3A4/s o] & 4F 72 s 7] 3o
a—IGZOUl+ =7, T A 1400x)E5 T2l S8t XRFZ
AdE 9 F2AS BMsEY, dErt W2 Si0p 7oA Ing
AAFFe] Wobx] WE7F e FAYE a-1GZ08 WEE ¥ Inf
stefo] olH ), (In atomic percent: Tox 40.6%, Aox 38.7%, PECVD
Si0s 38.0%, ALD SiO. without RTA 37.1%) %3 A4 F<

_IZJ'

o
=
By
=]

Z74(0.3scem_2% T or  a-1GZ0(EE Az 2800%_F&FE
Aaste] F2 A E3)E FAE] XRF £4 A sy JaEE
oF7ke] Apol7b EAEZ sk SRV TRl I¥ES wA

A In9] %S HGth. (In atomic percent: Tox 38.2%, Aox
38.0%, PECVD SiOs 37.5%, ALD SiO» without RTA 38.4%)

(a) (b)
300 . - . . T 40 —
T —_ | ™
e y :x+58 £ = e 5
& PECVD yF31x+68 ® 2
=< ALD{No RTA) ~R==0097 | = 30 ::::;‘Iﬁ. 30 2
& 200+ A 1 5 | -e—PECVD_In =
3 150 o ALD(Mo RT&)_In =
= i N 1 8 9] _ 20 2
m y=059-61 —w— Taoo_Areal density o
— 100t F R==(0gg7 {1 =2 | —v— Am_Areal dersity 3 =
s E —¥— PECVD_Aseal density @
o gl ,?/. 1 £ 104 v ALDNoRTA_Aresl densi I]..ﬁ..E
0 3” 60 9 120" 4000 1500 2000 2800 3000
2001 HF dipping time (s) IGZO Dep. time (s)
(c)
50
= Tz _In
o Aox_In
= 45 FECVD_In
- Al {NoRTA) In
1k}
o
o 40
2!
S 35
m
L=
30

Ar_1400s  02_3000s
IGZ0 process conditions

a9 3.10 Ax FY 2% A & 7]l whE a—-1GZO
(a) A7HE, (b) T&E, (o) =49
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aka 79 el diE Brks d3E e 2W Ak R
1 gAdEHY &32 a-IGZ0 FHEO)
Ha 48% 7‘*543 In-‘ﬂ geFol 1~2% wrotxlom, shE- 7)o
5 FTYsHA ¥ 7l oAM=
HY 237F deb#v a—1GZ09
25wl AN 7 A3tE el Ath F 2 73l
Ax= YA E" @37t Es)(saturation) =of &F 7|dte] wE
-1GZO & Awol AR A& sty vE TR/ sH
7195 Hlwsto] 71 S8tk
B Axz ks F9 %
IGZOE +3T + Slve A& gIgle
714 52 o = HA=A F
79 a-1GZOE #Z vty EHAAHE AlFste] A7)
IR Pss S =g
aba T F2HOE S V)de] wWE a—1GZ0 T Afole AT
Ao, dg zHoer FHE a-IGZO EWALE H7)H
& dsEsi V1€ 219 a-1GZO TFTE A »HAH
28] (350C air 1lhr in furnace) & Aol 2 Ax HE=Z
1= S

Aol Ee] S4%E QU7tstol®= AAA 9= T4 SAe Holi, dA4
A3 & Az Werp A4ds] Ay AlolE Akl wet AX/AA
293 He A 5AS B/l SHAIRE Al F9] delA =
upAlek A AFH AR/MAR 29F 5SS Hola, AX Hi
h(1.2¢107°A)°]  7]&=  FA  a-1GZ09 wAH  dAxE  F
FE(1.3+107'A) Ry Yol st Ad 5o diEHe ZeR
At AbA F9 Al a-IGZOY AAE FEYEel AbA F o
dastHA 714 SAo] Wt = o £33 fAREE AR Abs
Ty Al g8 ArA 5ol dstd Aom dddrh ES
Ellipsometry B2 F7 S4= Fd WEE &0 5 o= 39
4 n(refractive index_=2E)¥% WF ATS AT F+ Qe
k (extinction coefficient_ 29 )& FZFoto] vl Al AkA #<]
oA n gho] ol WErE wta, k gkel A ulF defecto] W&
HAo =z odstsitt. X.F. Chen et al., wdoME T3 HAFo=z A4
TS =YE n @] HolHE AFE B, ol w2 Ak
el A Aba |kl Ve F= QEO] T7ksto] S Aake] ol
ANUA 7} s ar vbeke] wjdo] =EEjdel wel 2 Eo] AT
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Anasicter]. vhekel Weg pRAew sklsud JF 203
A #Fd 2319 a-1GZ0 HHe 0.49% =Abs o]l gste] 54
A7tge BARAT, 1 A% 71FE A& O 16nmfs, e #9
Z71% 50nm/sE 3.5 o) wE HF2 AES B A 79
239 a-1GZO7F HE7F v vrerels #lskslt
AR 7] A e 7]kl WE a—-IGZO F&FHE 2 Ing
g Aol AR, J1E 23 del I g e, WE 9 gy
Asto] S7td AdE AT F S8l olZHE AMAh FY A
eadEigo] o wol wAS] a-1GZ0 U AF 9 5S4 dee
ot 2e A5
(@ 107° (b) 25
10°f= NoPVA 1620 BASE ] c 2'4 —— Aox Arl&Z0
10%|" PMA Tox IGZO BASE X 24 021620
10° e =
~ 1ol e 22|
S
mj‘: J E 20t
02 K| S 19
10535 o5 0 5 i 15200 '"§5 15 20 25 30 35
VQS V) Energy (eV)
a9 3.11 (a) a—IGZO x=7e] mE vut EWXAE det A 4,

(b) =HE
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YAHE ol 7]Ast T2 AI7H SHE 7)o
i & 3v] WgtE APk SHARE opF
g§8elA] e HE TF Aol dgle] 34 Aox Z|Fe] SEE a-
IGZ09] &% % Ing FgFo] v Mol ok ot} s
71l w2 a-1GZO 5/ 8 24v] Aeli= 10nm oJske] g S
A3 e 7IEks 88 Y 50nme TR FACMARE
e, o= & 7]dto] a—IGZO FFo AGeA TS Frhs
2 ulsitt. 3.14elA e 7o dWE Aolrh a-1GZO09
YAHEHY zolE fieteE Zor BEAHEY oyl W] EA
zZhol= Z7] vk Ao GFE wX= Zo] dubARl dAolu, &
By A S By wet

71%o] a—IGZO T2 AFel vA= 9

Al g sk

ol WHE F3 Hrbe= FE Ao weEk AWd A SUHE
Foksk B97) W3t ayE glola sk 71w Jes FelstuAt a-
IGZO F& A7k 1400% 133 xHaow SRS ukE AdgPsie=

7 S 7 Y sH 719 (Tox 9F Aox) & AHEE A1)

I 2RE sk 7l 2Ho®E a—1GZO

1400% FA] =& —> XRF &43}= A4S leycle® A3l 5 4cycle
RS W8S itk (leycle: a—1GZO 1400s $& + XRF 34).
HFHow o 718G 4deycle T4 AEHIL cycle Ay wjwjrk
AMEZL Tox, Aox 7]8& FAlol go] A1) e HelsE & + 3l

7% o Ao} mwd & QEE 9Tt

rir
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Experiment §

() Total dep. amount
£) Dep amount per cycle
= A dep. amount

R 2cycde ][ 3cyce |[ dcycde |

; @ Dep. amount per
New-1 cycle | New-1 cycle cycle according to
1 q_',_'me ! ] substrate
Total dep. 4 cycle 2 2 3 =
o uwy o uwy
amount 3 cycle P = & o & =&
2 cycle £8 £8 £8 i£8
(=1 o (=1 (=1
amount ¢E§&§§&§§&§§E
@ Deposition amount | @ i@ & i@ & <@ & =

according to Si0; (Tox, -
Aox) substrate Time (s)

¥ 312 a-1GZ09 wHT F3 g7t =435

Tox 7]l A +4 cycled] W& F a—I1GZ0 T&FS vlusLd
lcycle 5.48, 2cycle 10.52, 3cycle 15.45, 4cycle 20.14pg/cm?o] ™,
cycle & S7H9 F&F(A S & Artstd leycle 5.48, 2cycle
5.04, 3cycle 4.93, 4cycle 4.69pg/cm*Z cycle Z7o] wet =
ZRe (A ZRe) o Z7hsht cycle® ZR 7haEi= Asko|t).
Aox 7|#AMHE Tox 7|#F L3t AeS HI=H, Aox 7|3 A
T4 cycleo W& F Z2=HE 1cycle 5.2, 2cycle 9.86, 3cycle 14.46,
4cycle 18.87pg/cm?elH, cycle & 719 F2aS AAksld 1cycle
5.20, 2cycle 4.66, 3cycle 4.60, 4cycle 4.41pg/cm®Z cycle Z7}9]
mEl AA SRS S cycle ¥ SEES AT S
AAT BE cycle A Tox ©H] AoxolA w2 F#
Bt

A AT WA cycleod #Zol E AEE AIHE lcycle
SZAFLE Tox 7|# 7|F0 7 a—1GZ0 H¢ WU %+ 5.50pg/cm?® (1, 2,
3, 4N 1cycle &% 548, 5.47, 5.41, 5.63pg/cm?]™, Aox
7138 5.28 pg/em?® (1, 2, 3, 44199 1cycle &= 5.20, 5.31, 5.29,
5.30pg/cm®) 2.2 A WAl A3 leycled TFHHS A2 FAME
%k% HolA vk = WA cycleE cycled F&Fo] skl cycle
TEH THAFS O fgaEe Ao® Kol F3 AR dY
T A% Wk A AEe] wsh obd a-1GZO07}
LH—E 7133 g efel whek X]iﬂoi 046]:2 o WHlEt= As
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(a) (b)
C\'l.-“ g c:l—h r:-‘ g r T T
= AGZO@Iox £ E -

E A AlGZO@Aox . _20.5:‘, £ : ng.qgﬁggxi
o 8-1-a—Total IGZO@Tox . © D 8 . Continuous cycle @ Tox
3 |a TotalIGZO@Aox = 2 | & Continuous cyde @ Aox
= 71 . BEE
2 / T e
C g @ b6
© L10 @
T < = ° 3 =2 = 1
T 5- » - © g 5t = =
o i a @ s & i _—
o i 5 5 © *

4 1 — ®© 4
8 g =
® R — 0% & P
a) 1st 2nd  3rd  4th 5600s — © st 2nd 3 dth -

Deposition cycle ( 1400s / 1cycle) Deposition cycle ( 1400s / 1cycle)

I3 3.13 WHE ZSFof i a-1GZ0 (a)dd %, (b)lcycle vs.

2cycle~4cycle HUE v W

Ine] &% 7|FOo=® cycled wWE WIE sl K™, Tox
713 A 1cycled a—IGZO W In9 Ho WHEE 2.96 pg/cm?o]H,
F24 cyclee] ZH AHL] cycle G &L Jcycle 2.93, 2cycle
2.55, 3cycle 2.46, 4cycle 22.39 pg/cm®E ZA¥TH Aox 7] FHollA
leycled a—-IGZO W In¢ Hi WULE 2.80pg/cm?olm, 3
cycleol W& cycled F&FS 276, 2.28, 2.22, 2.10pug/cm*E
adr. Ine WHEE YAHE(atomic percent)®  $HAF Al Tox
71 A lcycle 40.55% —> 4cycle 38.53% %4, Aox 7]3&eA
40.22% —> 36.98% %2 #A¥ 1, In:Ga:Zno HEE Gals 7|+2=
AakehE Ine H]&-2 Tox 7oA 1.06 —> 0.91 , AoxellA 1 —>
0.89=% ytolxity,

@) (b)
< 6 — —a— Tox_In
E n &J'n at@Tolx I I I 12 NE 80 I I I ::: Ez_?:
= & aln at@Aox 8 —o— Aox_In
2 5{—m—Total In at%@Tox » u L0 D@ = —o— Aox_Ga
= |4 Total In at%@Aox / N =% 60¢ —a—Aox Zn| ]
» AL et LA
b / -6 § § 40 ——
w 3 ] 5 2 R
S —8 Zn g 48z

24 w 4 A E 'g-, 20 A——, —
£ 2 D -
2 S P W
a tst 2nd 3rd  4th 5600s — Ist 2nd 3rd 4th 5600s

Deposition cycle ( 1400s / 1cycle) Deposition cycle
I8 3.14 vrE =2 WE 3-1GZ09 (a)In "WEX%E, (b)lcycle vs.
2cycle~4cycle IGZO %% vl
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TE H7E Z2H9A4 Tox WH] Aox 719 a—-1GZ0% Sz =3t
Ino] §=Fo] v, cycle 37t T7HEFE A F2AF 9 Ing
TFE S7HANE, cycle™ SAF 9 Ine] e fhaE, o] dAFS
Tox% Aox 7] EF EdsiA yvetdt. & F7ME Fd&, a—-1GZO
S Al AKHow R VW JETFE Wt S
Ul chamber %]7] W3slel st o] 315
o8 a—I1GZ0 F2% 4 In9 ¢ Wiy 2 2

A AnE FEste] siAsiRd, s 79 W=
IGZO =& A Y2¥yd ax7t aA vehdt x7] 8y
Tox ¥l Aox 7|¥olA o] HAHI, g AT
aHE o el fA AAEHEA Al A77F ¥ AAA
olel #Ago]l a—I1GZO T2 Wil dAstAA T2 Algto] Zof
Ago]l AAM a-IGZO T&AF 2 Ing ko] FradTh
HAYFo 2 %7] Aol B2 AoxolA Tox t¥] @& F
s Hole Zo® AlmHTh

AR

(b) @ o
LR B
DO

0000000
a9 3.15 a-IGZ0 F2 As 2413} (a) lcycle a—IGZO (b) 2cycle
a—1GZ0O

|
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5) a—IGZO FA° W& w714 54

Z2 AZro]l AojAFE a-1GZ0Y EZH FAC FrrEow
FAZF B2 a-1GZ02 wEt EWAAEE A W 548 2435
YAy g7t a-IGZO utere] ArjA Bl vAe IFE
stz st Hrh 271 Sz AIZF 1400%, 2150%, 4200,
5600% & A a—IGZ09 F7= 10, 20, 37, 47nmo|™, Z+ FAH
a—IGZO Hret EJAAE S Ast Ad (¥ 3.16) S ZF-H
A714 535 FE38ke] & 3.4 A3

a=1GZO F7 7kl w TE AL , H
Ak ola N 7P gk FAE AYsta ek, ol x W
AR AFHE 7 o) FA wE W4 54 Wit FA7F
7 eE Ao Ry AXAAA AA dE7F S7HE 7110l th Hall
measurement =74 %3] a—-I1GZO(without annealing) F717}
FALASFE Az dmrh Fold A& AT WA "ot
7t a—IGZOW 383 Fdo] oH9A dQ Aol SUHEORE
Y Aol &9 wWEox olgHA #HoH[28]. FEH Mt ol
1&71% F77F S7kgel wet S7bs e, ols T2 AW 2 339
A%t (defect) 71Rj= ™, FAZ F7HEsS Ha W A% wobAdA
=g ¢t o)k &7 FUkHE Fow dddn. &, FA 7
oF2 10nm AL 7FF =2 9 A o8t 71&71#s 2ole,
oS FAoME EvY H AH md 5 due FHol I3y
Qe oabdri[28]. AR WE7h F/HE4E AxEe] Wy

JHE 2T A9 #E29 s HdEgE oAl wEt
Aol ol mrt ok AL, AX AFel #E 7k

(a) (b)

o

st el

F

N

H
o J

o
r

]
(o4

N

=
AC)

[-‘>~I

102 T 4 08 18
102 [ » 47nm
10 = 37nm V=10V 07
5 20nm 3 — 16 ~
10 » 12nm 06"5 g
"] —— (Y- @
. :gv 1= 2 T g
< 8 £ L0652 o
10 { - 2
e 10°) IR o2l
T 10™ N S
107" 0 03 10
107
1072 T -1 . , . . —02 L§
20-15-10-5 0 5 10 15 20 10 20 30 40 50
V_(V) IGZ0O Thickness (nm)
gs
a9 3.16 a—1GZ0 Tl & (a) A3t A 234, (b) A7]4
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a—1GZ0O F7 12nm 20nm 37nm 47nm

Vi, (V) 2.80 1.14 0.52 0.27
wre (em /Vs) | 0.49 0.42 0.50 0.55
S.S. (V/dec) | 9.04 13.05 15.08 16.47

Ton (A) 9.3+10 | 1.2¢10 | 1.4%10 | 1.5%10 '
¥ 3.4 a—1GZ0O FA w& #7174 54

[S] gul
IGZO ¥rerel Aol S7hg el Pt}ﬁ‘r XW]@ %i*é A3t edsisled,

4 tr=2A FA Skl wet 5% A714 548 Rl HA
U 9] thE Q9lo] 9lEx By 3 a—I1GZO FACl wWE
ko] Gz EXS BEAgRdrt WA a-IGZO F7o] wel XRR
4 SE $4S w8 wtete] dxE st FAVF SUkeel ot
2HECIE A, n) #el S7FHI, XRR ¥ ox FE¥ UE g
T3 STFEY T S7bel wheb Btehe] dmrh FrhE AT s
Z1skel whel a—1GZ09 Wk Hlw Al Tox thH] Aox 7]ZeA v
WLE Ho] Aox 7]|%ol %8— Axp weel virh R Tox oyl
dstd ©714 545 YEbd S 4 5 A

—
Q
—

n
N
-
o

—=—Tox
—— AOX
- —a—Tox_0,2%

N
o
o

2.00-

1.95}

=
(s}
o

Optical refractive index

10 20 30 40 50
IGZO thickness (nm)
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(@)
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. — .
| i Tox IGZ0 20nm | |
= | = | Tox_IGZO 50im 6.066 g/cm? |
; [ Tox_1GZO 50fym 6.066 g/cm? | ; [ Tox_IGZO 40hm 6.017 g/cm? |
T AOX__lGZO 4 6.020 g/cm? | & | Tox_IGZO 20rym 5.977 g/cm? |
£l = X ]

0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
Incident angle (degree) Incident angle (degree)@ XRR

2% 3.17 7 9 S 71wl uhE a—1GZ0 () FEE, (b) F*
712l wE a-1GZO W, (o) Tox 71BelA FAe we a-1GZO

u] ©
= 1

=92 Tox, Aox shf 7]l &% a—-1GZ0 27} 7 10nm,
50nm, Tox 3l 7]Fef oxygen ¢ #7119 a-1GZ0S X3t % 5
F79 AHS TEM % EELS (Electron energy loss spectroscopy)
A3t EELS 419 In mapping 284 Tox tH] Aox 7|30
S#&E a-IGZO W In® Ase]l @ow, F7 50nm A[He Ty
10nm A]H°] Inﬂ Aol #wiu FEToE ot To] ¢ X WshH
AR =dETEs Aol T Ee AFolth AAE
e 205 gy Inﬂ Aol Ex A @o| A
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Substrate/ IGZO on Tox IGZO on ALD ox
Dep. time(Thk.)

1200”
(~10nm)

6400”
(~50nm)

6400”
Ar+0,(2%)
(~30nm)

¥ 3.5a-1GZ0 7] w& In ¥ @ EELS

C. Talagrand et al.o] W= a—IGZO =2+ A|7to] =7}&ke]| ule}
=4 Eo] F7FeI L ol YAHE Y WAoo w ofg Agte AlASHHA
A7 S7HE it Raskgled, & A3E FAHA 2l AHE P
okst Agto] A|Ask= WraFol7|e] W7t
st YAksel 719 ARt FE0]

Mo
N

i

ek ooty 54 oyA o
FoellA) Agelx 7jojgtt, sk vkl 38 SHoA ouxE 7H
A2 (energetic particle)®] W T+ A 42 I g7 (atomic
peening effect)e] Az B}k f 45 o] sty wbutol
AR [30]. =, 715l " = dyAs dges dAske
Ao, S dAEe]l b AXE olEstAl sk oUAE

FoEke] Agke RS Adsk evteks FASH] wiEel
7t

g3t A 3t
a—IGZO W7t T7te Aoz A e
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AF7A e Ants F3sle] a-1GZ09 F2 IS Helshd
o Zow T§ 3.18e EAstetith 1Al SiOp sk 7]del a-—
IGZ0 &= Al SA9EHE 7|9 A% #Ao] B =4, Tox
o] dE7F w2 Aox 7oA BlAREY w37t A vEr o
22 In Asgto]l EAste] T 9 Ind o] uitt 2dkAl F3EE
a—IGZO $12 a-IGZO FT&¥= AR gadEe] o3 dF
7 AR AAEE Aol © AAA Aok 27|HYH Aol ¥d
Aox 7138 a—IGZOeA g AaHE"Ho] o wo] WAEo Tox thy]
Aox 7189 a—1GZO7} A&HH oz Fatekyl In9 o] ), =g
2 WMAYFORE FF ATkl AAAAA FARF Ind FaEHe
A5 welth 3¢kl glAadE Yoz SHd AR5 AAEHE FAl
Agnbe oA = Bhuk of b A (AFOoE gk NiFhHE W
HAA sHE wro] XA T3 Aol Foldel wet WETF S7tste]
T8k A7)17A 50| 7ht

[a-IGZO on Tox ] [a- 1GZO on ALD ox ]
1 . M
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2CHA|
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6) B AMEH

HAA Absts REEAlE A E AXHA T 2
WE7F S7behes A¥e R, fAdEPoR QI uwe Ag
dxelE Tl MAH=AE Lot A 1 cycle7b#] XA AJH
500C air 97|14 1hr =<t furnace A 83t FH 2 cycle(F HA
cycle) = F 83} t}.

H7F Ay, AAEE 3 AJHY 2 cycledAM Y STFF(F WHEE)
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500°C air, 1hr furnace annealing

—
[sY]
—

before 2M cycle IGZ0O dep*sition

|l Total areal density

Areal density(ug/cmzj

1st  2nd

-> 2nd

L with anealing!
Deposition cycle ( 1400s / 1cycle)

—_—

| —=— Areal density

40.84 4091 41.94 4292
————"

IGZO Atomic percent(at%) T

4|
o | R
491 5.95 499 481
0
Ref.21 26 29 34

IGZO working pressure(mTorr)
Dep. time 1400s

a9 3.19 (@EAHg st 712 a—-1GZO0

=
| .

el 7o

IGZO Atomic percent(at%).0.

s
o

M
o

80 80
—n—In —=—In
—s—Ga —a—0Ga

gof ——4n go} —+—Zn

| —— Areal density

——

—

3648 @ 3775 384

— i

— =

11.46 11.58 12.06

Ref30 | 90 150
IGZO power (W)

Dep. time 3000s 690s 360s

a—I1GZ0O A, (c) Q7 Ao &

"
=

o]
IR N I

In A%, (b)
a—1GZ0 %A

7 A

s 7)ol W a-1GZ0 $F 9 a-1GZO TFTE A714 54
Aolg wATIA, FH A U Ak FY FHE el s 7w
WE Aol g% dadEY & el A% A AFHs
W A PhE B FF TP U S /19 9B won
dasEgon Qg AFel Frhgel ue FHE W I ga Ao
SERES Bl A mE 54 2NS B3 FA7 F1Ees
$5F YL Holt A0 s vl A A weke Wt
Z719e Fgstel a-IGZO % Aol sl sk shztow
34 20 WFs] dadEYS 2T F AE A54S FAstn
vube] me FA% dadEEe 4aT £ 9t Y 20 £
23S Ak,



3.3 &&/=d A5 £4 B#E a-IGZO ¥ EARA
2 24

3.3.1 47 Wi7A
A@S DRAM 54 43t W 4 #AE dov+= +
Stt2, DRAM 70 s ol A o] w2 =& 242 ¥
> Ru, Mo, Co) [33] ¥ EAIt HJFsteo] dAVYE AWST 710 AT
3371 9%t =¥ (Silicide, high doping, interface engineering) <
A&star ok 53] 5% A= vEAY HJ PRl =8 AR
£ 951, RC delayE S7MA 7ol wef -5 Aol FobA
ARt g FAlE EAATI7] Wil EWHAAHE A4
| f18l 22 HF A%ds A A7 ZFHolt.
DRAM ¥ #2 dxrg Ao a-I1GZOE Ad=E AL A5
A AgdE 107° Qem® 59 HE A dv 1077 Qcem?
[34]c2 w$ & HF ¥AZeE Fo FAE oFHi,
g 22 AHE St wep Ad Aol Fhae] wE AA Al
AE AFY Fol Frkshr] wiel Ade dIE do
o] d <+ 3itf. wekd 3D DRAM¥ e A=EL &2
-IGZOE AE =4d= g3 e v =5 A=
A AbskE WEEAY] HE SA SHelA A st EWHAAH
Hsle] thsk AR ol E Syt Ao] Fastt.
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ok b M X
ofr 1 _1
o ﬂl\

o
o%
0%
ol
ol
N
1l

o ©

o

=
N m

ox & oMr N & & )y O
off oX O o ot EN

old AoAor HE AY WHoE st A= 24e o]&F
a—1GZO EJMA2HY 54 <47 AdEd. 25 HAEwo]
wokelld 7 taZdels A Al FH A=l dv T4
AshEQl ITO= daEde]l AFERr ofyel ®ief d=ol AHgH<=
EA 1 oz, FAYE ZHFa Qlo] FEET & =40]7]9
ITOE 71 A=2o= o & A5 =439 A5 AFs vlusksivh

T3 EAAAE Y e e Ad HS ALS W5 AdAe
UE =483 gkgAdol o, wE mAdS 7kl A= ARgete
Aol fFestrt o] M= ARE Pt, Au, Cu, W 5o] EAst=d °] &
Pt, Au T3 22 Aus B4 A2 dou, & d¥FE A

A

EAE HQl a—-IGZOAAM = AR} Fao] &3}
EAJS © ZAo AF Q] Zho] v ckArAo
FgrEx o= EA7F 9rl. s HES Aol ke Al 79&131:10
AgEol v Re @AE Uehd 4 ok Wl Cu, Wel B35 e
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Ao wWrg W 2A A2 wjdo® ARgetal oy, E
w9 kg "R EAR HEE 9 gak X Fo] QT
Edolt), webq HaE 9 gk A E 9E8e 3 5 Qe wESA o]
& TiE A% 23t Ti/Cul3b] (FAFsHAl Ti/Au, Ti/W, Ti/Mo) =9l
3t A3x wWol AIALTE Tix Aol LowAME  AbA99
gAdol 2 BAR TiE dAFor A3 o 3 a-1GZ0%9
HHg/d el digk olalfiel A HE5A e g A47F Qs
npAleto 2 2D DRAM T-ZollA BIEZRI(Bit line) ol 7Hglol7t

EWAAHE FHs FH oy TEE A AWYAERE olFHE Wh,
3D DRAM< EHAAHE T35 o7t vt2 AFAIHE A4 =
ANAIE Q] e o] =l Ad=e®2 9 ity dA7HA DRAM
ANAHE A= 24 wbgAdo] AdAor vtu, d¢sr Adsgh
TiNS AFg3ta Qlth TiNS DRAM AFAE AF8uk ofygl 154
=4 Aol E (high k metal gate, HKMG)2] £2 % DRAM Y% Logic
224 U A5 BEAE oW 7 AE8Ee] o 9 540 b Ao
grw EZo|th TINS A~/ Aoz ARE-se] a—-1GZ09H9
HESA 9l HE AgS EAske] A gkt
webA ITO, Ti, TIN Al 7} A= & 2l

Ag3to] a— IGZO Bty ENAAEE 242 Al&sta A= Edof w&

=
A28 54 24 3 TLM 392 Ba 4% 4TS FEss

=
%;ﬂ fe) x]
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3.3.2 v 4
a—IGZOE 7R3t hosono 15594 PLD(pulsed laser deposition)

Au| 2 S8 a—-1GZ0%} vhekst S5 8= (Ag, Au, In, Pt, Ti—electron
beam, ITO, a—IZO-PLD)¥e HEAFTES  AF3ATH36].
TLM(transmission line model) W2z 9 dolo wWE F
A&l A vATS FEI] 259 4877 HEF vAFH
ABAAE ®wolw ITO, Ti7k 7F¢ @& ¢k 251074, 3%107! @—cm? 9
AE v AFES 13k (4.26 eV for Ag, 5.1 eV for Au, 4.12 eV
for In, 5.65 eV for Pt, 4.33 eV for Ti, 4.3-5.2 eV for ITO, and 4.9—
5.2 eV for a—IZ0. &5 w%°] ofd ITOS a-120+ 34 =1 %
Ao wet d3rE WskE).

AF8HAl MLE. Rivas—Aguilar et al.< Ti/Au— electron beam, ITO,
AZO-PLD A% o] gslo] a—IGZO%tY HE AZS AF73 =55
s tH37]. 9bA B Y. Shimura et al.9] =FolM= ITOS HE%
v A& gtol g WAk, o] =FolME Ti/Au Fo] 107°Q-
cm?o 7 7 9e AF v Aol FEHU A, AZOS ITOE 10°Q -
cm? and 10'Q-cm?e 2 ¥& HFH nATES Bk XPS A4S
Tl A=, A5 a-1GZ0 AW, a-1GZ0E X33k 7k FellA 2] 3}8h
A Ad WsEYE O HE uATge] dJdE f¥staA ssith
Ti/Au®] % Ti0.9 W& ZF AAY dAgy F(JHf Ti03 = —
1518.49 kJ/mol &+ AHf TiOs = —943.57 kJ/mol, AHf In,03= —
925.8 kJ/mol) ©.& Ti7} a—IGZOW AbA¢} wEg-sto] Ti/Aust a—1GZO

AdNA TiOs, Ti0s7F FAH T AAE wjck7l a—1GZO U AkAx
5ol T7tEel wEl Ao st SUE WEA AE 9 vjHFH
Aol HAAaxEeE Aor FASST HHdE ITO A= A$ A4
59 W37l AdeA = YERA] AT a—1GZ0 vrE A Ak
T8 ek F7HARL Zn0 Aol H= o Kot ITO 54 &<t
Ab0l f9log Q] a—IGZO AbA FEE AY Ao rE A
A F7hES Baskt[37]

TINZ & 55 A9 g H4o0=7 &85 glon, =2
AT MAA A 18~21GPa), UvIRA, ¥ §38(~2,950C) &

_]

JS 7FA2 3Yh. A. Belmonte et al.& 2719
EWdxAH W AIPAEHZF gl MY DRAMS!I 2T0 3% 2 549
gk =S Fasiled, Y =EolA TiING &AA/EdQ] =42,
AdE a-IGZO =d=E A &st8lth. TIN 52 W2le uwet ALD TiN
52
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tiB] PVD TiNo| AbA¢}e] wh-gAdo] o 7 a—IGZO W At& &
T7HAIA vheke]l Aol F7FE el wel on current”t ©F lorder
Z7ValA e 38]. FAFEHAl L. Wu et al.9] =% wp=@ ALD TIN

oX, o

B,

TE u Zof], AldefA TIN whato g Aka gAto]
S5 Asla JquH[39]. T Lee et al.&= ITO9F TiN/ITOS] 2t
B 7hek A¥, S22k 9 dAE 5 A o
= FAARD Aol ZdH o] A ke ITO
A% Rec = 4 k@, TIN/ITO A= F+x9 H$ Re =
IE Ho] TINS 92 HAEFATS AT 5 UATH[40].

2 = B orlo ol

B ot e
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3.3.3 =& A= ¥4 271 9 ¥AF
2 A= a-IGZOE AYR &3 ERAAHE A A5k
HE AT 54 Wrks St EWRAAE AR eA o2 W

3.1.243 oy ax/mbel A B4R Aolsith Ax/mdl T
=42 H7lE ITO, Ti, TINS E5F AHEHHE Ad|ox Fz2s3it)
ITOE DC Sputter#2] (SORONA co., SRN—120) 0.7 AFLo|x FA ¢t
5.1mTorr, 917} A& 40W, o}=2 7t~ F%2 35scem, 348 AIZF
1900% ¢ AAHAT F/= 100nm FFo2 S 2 F
A A AFEHEeR 150% w9 ITO A u 29EA
AANFEALE.  Si0, Zl#e] ITO & FAF 1TOY #AF
3790 1 Q*cmol™ AA7 3 5140 ¢ Q*cmo|t}.

Ti ¢} TINS FL3k #uv] 42l Ao A RF Sputter W2 (SORONA
co., SRN—120 Yo & F&&tth Tie 34 AA =1L AheofA
T4 5.0mTorr, Q17F A 400W, o= 7FA % 60sccmO =
<o H, 800% &<t ¥ X3sto] 100nm F7E S2aklal, TiNG
34 1.0mTorr, <17F A8 500W, o= 7}~ 20sccm 2 A4
7}~ 3scem FEHOE YT, 523% w<F ¥ ZEASFe] 100nm
FAE T8 Tive T2 4 % ¥ A% 500 ¢ 2+cmolw AA
T+ 340p Q*cmolty.  TiN9 A FFH A T O HATE
330#Q*cmolu1, A F 410p RQ+*cmCE ITO ©n] & v AF

S Btk ITO, Ti, TiNS 523 =48 7+ Fu Y 7]Ho] 5=

‘_l o
¥4 AECIM EF 100nmel 5t %ﬂa‘ﬂ o As7HA 7ET
A= w24 34 AF £1d& Adstd % 3.69 #oh
ITO (SnO, 2.8at%) Ti TiN
Characteristics Transparent Oxygen scavanger Relatively low
electrode (High reactivity with reactivity
oxygen)
Application Display TFT Adhesion layer Capacitor electrode
Process Process Method DC Sputter RF Sputter RF sputter
condition
Temperature(°C) 25 25 25
Working pressure (mT) 51mT 5.0mT 1.0mT
Power (W) 40W 400W 500W
Gas flowrate (sccm) Ar 35 Ar 60 Ar 20/ N, 3sccm
Process time (s) 1900 [100nm] 800 [100nm] 523 [100nm]
Resistivity (uQ*em) 3790 500 330
Resistivity (u*cm)
with 350°C, air, 1hr annealing 5140 340 410

® 3.6 1TO, Ti,TiN &4 %7 9 v]#3
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3.3.4 TLM #ds 54 5

TLM €] P4 He 3.1.242 vt ERXAHE] A& £A4
9 e 2o, Layout¥t Zdolstth. Ad S AHF-O A= Y=
100pm, Zeoli= 20um, AL 2um,5um~50um7Z7-A  5Sum  z}o] 9]
Ao w £ wixHe] duk. I¥W 3.20 ()= B EWAAEH
layout, (b)&= TLM & 9] layout (¢) TLM 3z 1¥HS e,
a9 AMe A=, 25 Adsolth

(a)

Source

5]
(9
(=)

€
8

(b)

2um  S5um 10pm 15pm 20pm 25pm 30pm 35pm  40pm  45pm  50pm

(c)

_‘l;ﬂn 3.20 (a) ‘91“3} E%X]Z:E}S] layout, (b) TLM 1—41%3] layout
(c) TLM #1819 329 1%

55



HH T
—_ X o
) o r . —~
o g 2T U&ﬂﬂr
,Dvo KO XL <t Wr\ Mﬁ ..uero W —~
0 _ TO — ;OO o o 5 \& —
ﬂvlT o r mﬁ NT M & _EA R @® @ ~ % mj
No o o ) Njo r »x® o ™o
! o3 PN s aavﬂmﬂ
@ﬁzlyql e R ~
W = ﬁx%éogi ul =
) 0y S ..ﬁ_ J| = G o
%%ﬁaommﬂ%%xmldh mﬁ_zzﬂw
it ~ = | — o3
]T ‘;L X e_ 1_WL ;Lmo o &o B o N = OE
ﬂ:;w LVH,@M A ﬂlﬂ%k} —
D W ulN o o M N = —f
Hoe I y w2 ir 5 X
) T i ol qr 113 J— rolTie T e = © I
< L3 60 i 9| = Sy - py ™ T —»
o1 T o3 =T 0% g 9| = R — N A
= T .UI o# X OE — 2 1_,1_ K _Z,_O ‘DI
Llaan])L LBAWER ST o= NE
oHsJMHdiﬁ,%&Two_+d og @?ﬂﬂo o -
X o o s e NS ‘L@ — ,nﬂA o~ —_ 00 o ~ ~ N To°
m W F Zo £ T 7o N =3 w Ak 3 -
= " aﬁ% < )2R+mﬂ4;. e < >
== U.._ m ‘lv_ﬂ Hmli UT 7 —+ Il "IN — ,\w ;OE TIN I I _Z.__!
doM ﬂe_\}Mm ﬁh@mmRﬁ wrm_%muuﬂﬂ_zi S g pe
ﬂMrmem.m”mrgéﬂémom __W%QEE%R T . %!
. - X it ~ = v -
Htﬂooaoa.mﬂw]ﬂR]w@lo waroﬁﬂeﬂm@m_s < o
i ; ﬂaixm 5 % T ) °
W@ _1&_; _ 12 =y 1 m %x w1 Mo Ao o n o o Il I } ol
ﬁﬁaLxumAm:ﬁwamm " ﬂlﬂ ﬂ.nauﬂﬂm 5 A
ape! S.L o o ) o o7 0 I T o of o7 M- e — o
) m Eua = 00 _ o 9f T ~=' a8
o) nj 5 8 X B A e o- o~ = o S \
iﬁo%(wriﬁ T dlﬁﬁﬂ ll & \ =
oF nm lﬁ o = o MR R o] o o XA =~ I ol & 4 —
OM?L% = o = X yfo_7> _ He &
j0° ™ ! B \
C o E o T3 < 100 = o0 ‘W I ~ |v/ —
vaEmm ﬁ_?%ﬂ@.é & S
=% %@ME g = 3
i i) X _ o m
) B R A
N~ H._m._Alx_

56



HAE AT AS dAel E&etr] uwiel, H=53 doS vt
AS5 HAZ (pos Fdl =4 1 AFAZeE Hud vt o
A5 AT GOAA" HE AZS AF HHA)Y wo=E
ArEE, HE5 WA Ad=9 ydlel ols AR AAdn. olF
AYLpE dFEEe] dAR7F weAdddr 502 T F504
HE A2 ddys= AgS oust}[42]

pc=Rc* Ac = Rc* Ly x Z (3.9)

g5 ol AYL)E FEE e g AWolth. A=
sho] Mot FEE WA A HJF v A e A H=
TN x=0) FEoAM 7PF Aol =1 ATt Tl weEr
AFgrA oz FaHed 45 EFES 7IFeE 3104w
AEH, Ag w49 At 1e ARE olsA s
B.1D)Ao= Aoldr (LPF 4dol, Z+ A% uyH], I current flow)

T B\
(3.11), (3.12) 4= olgstol HAF AFS WA dAFo= s 5
T WAY AEew vy Aelskd
(3.13) 0] =™, (3.13)4X & 5 %ol A dojo wZ 7ol E
Add T AFe] gzl xd3o] olF AgFkol drt

T AT HS A

[o
2

=

RS/l Pc
Re=Y9Q _Y " (oth (i) = £C coth (i) (3.10)
I z Lt Lt
L>15Ly,coth(L/Ly) = 1

LT= ’pC/RS/Z (3.11)

R

Rc=75ﬁ*LT (3.12)

Vas da Rgy Ry, Ry,
Rt =700 = Ryz+ 2Re= —-xd+ =x2lp = (d+2Ly) (3.13)

Rsﬁ
Rior = 7 (d + 2Ly)

corstd, TLM Aoz vad Ad oldld 9% AFue
el Age e FAFE AN F AolE do] B Ao Aol
weh F AR plot W, AFg adEel slErlE wEd

o pal
AZ/ASHH Ra/2) 5 Yvlst, xd83 yEALS ols 7y H
grolth. wbeAl WA, olsAL, HHALS
S

fg— =
Ais JHEZERYH FE2F FH AF5 u A3t Aakste] 43t
3 =
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335 1_—1 E%J_oﬂ U} a—1GZ0O EQZ]AE:I-’] 7(-]7]__1 = é ‘{F‘i‘ﬁ
ITO, Ti, TIN AFES AR vl EWdXAH st A

ZHoZHE A4 EAL FZ v|weteth [TO, Ti, TN +0 7 ZE
Agkel A¢ —-0.39V, 0.26V, —1.06V o]H, HA olExi= 1945,
20.14, 21.66cm?/ Vs ©]™, Vus 0.1V 715 AR AFES 1.46% 107°A,
1.58%107°A, 1.78+*107°A ©& ITO < Ti < TiN £0o=2 74 EA

$31e,

10°
10%}
mjr
107}
10%}
— 107}
= 10%}
= 107
107°}
‘HT”r
107}

10"
2015 1{1 5 0 5 10 15 20

a9 3.22 Ax/=dQ A= EAo whE a—-1GZ0 EWMR|AE ] A}
A

Vg BEAol £ TINS AFE AFES &%
5, 15, 10, 20, 40pm)ell we} SAS vlaskd, xHL—g A ol7t 40um°ﬂ/\1
3umz A5 AR ARFE Frlsta, A

okxl (3.1) A¥ F7re] t#ol ABAe] oskd AR A9
e L7 AS55 AXe S Holy Alddo] 40um 7Fo=

gt A GE e ARl HlEs vlusEd A

Ad Aol i 4
deUt HoPdRS A9 Bk Mg AL e wEel o Rows
O Aol% AR wa Aol wek A olBE FAE Mwstw A
Aol7k ases @/ o) Fri WobAn 53] TiN o] Ti A=A
A delol wek GBI G A ek o) o ane

GIDAAY W= A Aoz Ado] Fopdsrs W= Aol
A B AQe de e Aow obuasiu, Ael whe
A% A SwelA mwelna TLM oz ¥

1D = "By Vo) Vs — IpRsp), Vos —Ven > 1/2Vps  (3.14)
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LW WL=2003um o 23
10T o WiL=20/5um
1071 & WiL=20"10um _
10°f * WAL=2W15um 1 "a L
af 1 WAL=2020um LI ST e 'ﬁ
10 = WIL=240um 242
—_ |24
L qpt E 2 L) E
B e 2210
- . =1
107" 3 a2l ﬂ
10 : F20
10 .
10 y — -4 . . . —Li8
=20 -15 10 -5 0 5 10 15 20 1] 10 20 ] 40
V.. V) Channel length{zm)
(c) (d)
18 T T T ———— 30 —
» Channel length ratio (1oL 40um)) . —o—Ti
& |on ratio (Lo_lon/L40um_len) g [—we— TiM
T 2T
= E
12t b z__::d__——ﬂ:—ﬁﬂ
. = 24
2 g9 E 2
= . 3
E = 21} //j
al .
'S =]
@
3 L = 18t
| [ 1]
o =
™ =
0 . . . & 4g . . . .
3 5 10 15 20 40 L [} 10 20 30 il
Channel length(zm) Channel length{um)

a9 3.23 (@) A dolol wE TiN d=52 dat dd =4, (b)
(@9 st g FHomF Y F23 714 54, (o AL o] 9}

AR A7 vE (D) A dolel mE Ti, TiIN =9 o]k v

TLM ®Ae=z AHE Hol(d=s 2o wWE ARE =<
Agor Uy F ATS 73 F Ad dolst T Adws AlolE A
14V, 16V, 18V, 20V S & plot 3t 1, TZPZ2HE AY HAE,
A A%, olF Ags FE A AF vATS Aslt. FE29
AE WA Ry ITO, Ti, TiNs=OZ 3.4x10%, 3.6%10%, 3.4%10"
/molH, AF AFTRe=2R)> 698.3, 513.7, 393.92, A=
A 354107 1.9%107% 1.2x107'Qcm?olth. A=E WL
ARG F Aozt glom AolE Agtel] wEl AA @yt AXHA
AE AAGo] Fawe ol verdd. ey A=t A=
A ITO, Ti, TiNsEO R Ygta, ol o 7|F EAAAEHY
A717 Aol TIN A= xdelA 7Hd FstAl vepd 2& W@
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2 Bx10° T . . . . 2 5x10° . T . . T
a 14y 14v /

18v J
18V /-/

2001000 T IRy 2.0x10°

0 10 20 30 40 50 0 10 20 30 40 50
Channel length{em) Channel lengthem)
(c)

2.5x10°

14V

18v
18v /:/’

-4 R

2.0510% ¢

1.5x10°

(

51.0010%}

R

5.0x10%}

0.0

0 10 20 30 40 50
Channel length{zm)
a9 3.24 Ag dolo] mE F AF 2HE (a) ITO A=, (b) Ti
A=, (¢) TIN A=

Rst (2/00) |Rsd (2) | Ly(um) |pc (2cm?)
ITO 3.4%10" 698.3 1.02 3.5%107*
Ti 3.6%10" 513.7 0.73 1.9%107*
TiN 3.4%10" 393.9 0.59 1.2x107*
¥ 3.71TO, Ti, TIN A=l mg vbeAl WA, 15 A7, o714,
A& v A% vl

-]

A AT 59 dore wteA s WHst dA4E Ha
HEE A7 A § (metal-semiconductor (M-S) contact) 2]
T8 AMgols Fiel wet o559 Aol WA A st =g
ztolz2 @9 HZF(Ohmic contact)elyy £E7] = (schottky
contact) & o|F=dl HF AHlel Wt A7/ Aso] depxith
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[eb)
)
N
@)
1o
o,
o
)
2
il
J{N'

Aslol AEZE=O0F AFESH= n—type
Aol F£90] A&+ (0, 7F a—IGZ0Y AR X3} E(y) By &

=
B olldA MER Qs &E ] & ((DB B = @m - x)°l FAH=
£ E

=, A= Aot a—IGZOQ} v/\}s}ﬂ\% %%#% A o] Fol
frejsteh. A5 dhrE 0110(4.62-4.81) [43], 01i(4.33eV) [44],
Orin(4.3~4.65eV) [45]¢]31  a-IGZOS  HAA FsEE  ~
4.15eV[43] 2= TiN(0

0.15eV), Ti(0.18eV) < ITO (0.47eV) =AM =
LE7] o]l APor dFg FSHA A ITORT Tifk TN 9]
FEe & 5 QT
Vacuum * 4 4 4 4 4
level i i i i ! i
| xFAI5EV L xE4ISeV | x=415eV

Drp= 462~4.81 &V ﬂ}r—.433 eV
imE*T v | "]3‘39,.l +

Orn= {4.3~4.65 eV

! v
LA

(Mg = Oy- X)
19 3.251TO, Ti, TIN A= &E7] AW o] W3}

IGZ0
Eg=3.2eV

Ti

A5 AZE £ o AAs] BAskd ITOS Tiel 4% A=
Agtel S7bgel wmet AF Aol FaFed, ols AX/Ed
A= wimAlgel &£E7] AFe G4F] wEh A= Aol
d 9 AR euAzE vebd aEY] A¥ e met
FebEnh sHRE TiNG A4 AlolE dgte] wet 45
Axdtd FEshz, ol &EY] HAFe] ofd F ey

% (quasi—ohmic contact) = AR S o= o FHT}.
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ele

o

Drain

51-0]
o - = = -

el mE HF AT W (b) A4,
(c) a—IGZO EWUAAEHL W=
Band diagram)

u]j]b oﬂ%o]:% OLO]-EJIZ]-
b kAo wE(10~50um) AA &
Z7e4 QY dol7F 50umelA 10um=
¥} o] F %7} FrAadhe @ﬂra Bl om ITO, Ti, TiN
=gl AF
At sk AES Wk 0}0% Xﬂﬁl gﬁr o) %=
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whebs] g Aole] wE dAl &
gdéte] ifr olsket A AY AE, £Y A
Ti, TIN A= I/0)F% po 1
A &3 ol oiH] F1 fFARE #E Holw, HEF AT R
495.7, 397.2, 369.7Q2°% TiNo] 7} W& 3
A AEF ATRY FAR =, F AFeA HJEF Ao AH|Eke
H & (Ra/Riod ©] e A Aolelx TiN - Ti
bl weEt AN/EEQ HEFAAN o 2 A AekE Ak
AA Aol dEle Aol EAEA HAA wep A &y ols =Tt
At Aow P

A

|
-
@
M
o
e

(a) (b)
22 : T : : : 22 . r . .
» Experiment results] ITO) » Experiment results{Ti)
— Fitting curve — Fitting curve
:..:"" 201 é‘" 201
E E .
2 2 u
E\ 18- n - a 18- //_/—/_J 4
S 16} 1 S 16}
E pg = 19.5 cm?/Vs E Uy = 19.6 em?/Vs
T R,;,=49570 i R.,=397.20
Yo 20 3 a0 =0 Y0 20 3 a0 %0
Channel length( ) Channel length( 2}
(c)
22 . r . .
» Experiment results{TiN}
- Fitting curve
“E 201
5
= 18} T
E /'/_r—‘._
3 e
g 1§ fg = 189 cm2/Vs |
E R,;=369.70
14 - :

0 10 20 30 40 50
Channel length{ z)

a9 3.27 14 olsx % AF AT (@) ITO A=, (b) Ti A=, (o)
TiN A=

d= =48 45 AF el = TEM, EELS, EDS 4=

gl Aol wE a-1GZ09 W3k 9 A=3 a-IGZOSHe] AW
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<l % 273 4% EELS @ EDS® 949 2y 9
B AEE AT 5 ok AFEE AN £ Ads g 2o

IGZO with metal 1GZO Only

S/D Metal

IGZO

a3 3.28 A=+3 a—1GZ0O TEM image

TEM &4 Az, ITO% & a—-IGZOte AdelA
A& 7] (roughness) 2 =49 (adhesion) 2] A3}yl #REgomn, oF
3.1nm A Fo] AAHALE ITOY A$ s a-IGZOE
SRAcr AAst AFHG oW, AAs AEe ElstuA A

4 (diffraction pattern) 2 A A4 (lattice parameter) =
A= & JHe] Axt dFHo] J&S phases #dH =7bsh

A2 Ag7t Inel 2HsF%th. EELS #A o= J;E R
S a—1GZO U AA43sd FEo In, Sn, A4 Ad&o] Flxof
ITO 2 711 a—I1GZO U &24o] A= glom EDS #4082 F40]

T a—IGZOSt &% shyel e a-1GZ0ZF A HIE v
In:Ga:Zn® ZAH]7F 0.91:1:0.66°14 0.96:1:0.67% F& 34
a—IGZO U Ing FAlo] Z715o] ITO =2 A] In U Sn9
Al AR FYE A4 5 vk =8 ITO Wl Ind AR 2
40%, 55%°]3L a—IGZO W In¥} AAE 12%, 45% U072 5 Tl
o3&l ITONA a—IGZOE In¥} kA4S A% d8E 4 ith

o
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o & orlf &
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ITO a-IGZ0O SiO,
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—s— 018

60 ’.-ﬂ_ — C_15
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Abstract

A Study on the Properties of a—
IGZ0O according to the Substrate
and the Electrode for 3D DRAM

SUN JIN LEE
Department of Materials Science and Engineering
College of Engineering

Seoul National University

DRAM is a memory capable of rapid speed and high density and
has improved performance through scaling technology. However,
physical limitations are expected within 5 years, and the 3D DRAM
structure is a way to overcome them. Amorphous oxide
semiconductors with excellent mass production, moderate mobility,
very low leakage current, and high uniformity are attracting attention
as channel materials in 3D DRAM. Among them, research on a—1GZ0O
as a transistor channel for DRAM is needed. Therefore, in this work,
we studied a—IGZO characteristics according to the substrates and
electrodes to apply a—IGZO thin film deposited using Radio—
Frequency magnetron sputtering as a channel layer within 3D DRAM.

In the first part, we compared the process of a—IGZ0O deposition
and transistor characteristics according to the substrate of thermal
oxide SiO2 and atomic layer deposition SiOz and investigated the
cause of the difference. In the substrate of the atomic layer SiOs
compared to the thermal oxide SiOg, the reduction of In of a—IGZO

and the electrical characteristics were degraded, caused by re—
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sputtering occurring in the sputtering equipment. As a result, the re—
puttering effect, a physical impact, occurs more in the low—density
atomic layer SiOgz; the composition ratio is changed by removing In.
And re-—sputtering increased defects in the a—IGZO thin film,
resulting in the deterioration of electrical properties. During the a—
1GZO deposition process, re-—sputtering continues to occur,
increasing the defects of the upper film of the a—IGZO according to
the degree of defects of the substrate. On the other hand, the lower
film became dense, and as the a—IGZO thickness increased, the
electron density and thin film density increased, resulting in excellent
electrical properties.

In the second part, we evaluated the electrical properties of a—
IGZO thin film transistors according to ITO, Ti, and TiN electrode
materials. And we analyzed the influence between the channel layer
and the electrode. The a—IGZO thin film transistor showed excellent
electrical characteristics in the order of TiN, Ti, and I'TO. The contact
resistivity extracted by the TLM method was 3.5x107%, 1.9%107*, and
1.2%107*Qcm? in the order of ITO, Ti, and TiN electrodes, and low
contact specific resistivity of TiN was confirmed. We analyzed the
work function of the electrode, interface characteristics to confirm
factors affecting contact resistivity. As a result, TiN electrodes can
be used as source/drain electrode materials for short channel
transistors (scaled TFTs) and 3D DRAM due to their low specific
resistivity, stable interface layers, and low reactivity with a—IGZO.

This work verified the interaction between the a—IGZO channel
layer, the substrate, and electrode material through various
experiments and analysis, and the result of this work is meaningful

as a base technology to apply a—IGZO in 3D DRAM as a channel.
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