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(2014 4E 12 H 24 HYH; 2015 4E 4 7 18 HILEME A )

FER (Cu) AR SR AR B AL (a-IGZO) Z 18136 A 30 nm JE R4 (Mo) B )2, #1145 7 245 Cu-Mo ¥R
HIR 1) a-1GZO R & R (TFT). Mo H2fil 2 AU AL 85 3] Cu 5 a-IGZO A 2 Z A 41K, 17 B2 =
Cu HIAR 5 BB i LA B MR 26 2% 2 (1 45 & BB 2. 4% 1) Cu-Mo 4584 TFT 54k Cu 454 TFT AL, R B
FEER R (~9.26 cm® Vs ™) AT M ALK (~0.2 pm) AR A4 fk B BH (~1072 Q) R Rcdefil e
P (~1 x 107* Q-cm?), BEUST 2 TFT FEHI S S HIBEHIEK.

KRR = IR, AR AR ER B, W A, A - B VR LA

PACS: 61.43.Dq, 73.40.Cg, 85.30.Tv

15 7

AR, B A BN R A R R w0
BT R T 1) KR ) S R (thin film
transistor, TFT) FIVERESE H 7 = 2ok =ik
B S AUEBL P EIR 23], JE S A0 0 85 B (amor-
phous indium-gallium-zinc oxide, a-IGZO) K3
LS E 3 S AR IR 5 I A, 7E SRR A
BENT RN B0 G A R R IR AR R P
PUaEiR e B 56 07 BT A2 TRT HilF2 o, A
2 5 VR AR AT [F R AR, TR A, DRk A5
H P R AR 4R (1.68 x 107 Q-m) SREUACAL S 1)
BB (2.7 x 1077 Q-m) 1E A HARA B A B 1T T 5T
i (8,9
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AAE WS, 4 5 ) A b i g, 2
B B B A B AR ARG K, BIME R IERS, faE
PR B, SRR S b 101l S —J5H, Cu 5 8%
ISR 46 2% 2 (40 SiO9) SEM RN 45 & i FE R 22,
RIE A HIAE AR L1607 R peax — ]
R, IR H S Ti, Mn i RAE Al )Z (interlayer),
g 5 AR A A A, DLABH IE Cu 9L, (Ha
Ti, Mn & % M a-1GZO KA FHTH S BE, 4 TiO,,
MnO,, FHTHZ, M8 Iz fil B BE B0, i 45 (Mo)
HLR 5 S8 A 2 T AT 3 R A 10 il v g (1718
ER] Sk AR S A FH Mo A Dy 42 i /25 R 42 s A A 42 4= 1
PERE, £ 7 Cu-Mo YU FELAR 1) =y = A1 & A A
TET #F, 0 H A fik 57 180 1) 14 BT 2R AT 7 WfF 7.
I X 526 LT R i (X-ray photoelectrical spec-
trum, XPS) F3Z 5 L W ABL (transmission elec-

w TR A4S 51 kG0 H BT BIA R (3 HE S 201101C0105067115) o [E Bl 2 B 41 40 4 PR E 5K R A 92 U6 = T O B (kS
M201406). E 5 H R FHEF 4 (HEHES: 61036007, 51173049, 61306099, 61401156, 61204089). H 9 e 3 ASRIAIF b 45 B L 151 %
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tron microscope, TEM) HJ 70 #1, &I Mo B 24
il Cu ME M- SR 2 B H 8L thah, ACRfd
P A5 2532 (transmission line method, TLM) [**]
WEFT 1 Cu-Mo HLHK (145 i HLBH, 45 R & W] Cu-Mo
B A 5 4l Cu LA A B B SRR A 42 i FLBEL. o
S A g i P00 % Cu A Cu-Mo HEL R 5 AN [7) 3 JEE
G 1AT T i, K Cu-Mo HL #2155 33k 354 F2L JEC A1
SiO, HA RIFHIEE ).

2 EHBF

AL LA Cufll Cu-Mo A LA 1 & 7 B A
JEM S5 a-IGZO TFT 2844, Wk 1 s, B9t
TE 3% 75 3 i b B IR0 0 S 0 IR Y 20 ik 300 nm
(1 55 & 4 W AE S AR 48 5 SR A BH AR R AL
T B — 2 200 nm JF 1) 10 BR A Al 24 4 2 Y 18
w3 I G AL A% K 5 50 nm B 1) a-IGZO T
FRAE S 1 8 2 IR VR %) s B Ak 72 300 °C &=
AR K 30 min J5, H 5 (lift-off) 1. Zi i
7% Cu Fll Cu-Mo ¥ I A%, Hh Cu, Mo # JIK 1) )&
B4y 95 9200, 30 nm; B, RSB T4k 1
3 1k 2% S M U AR (plasma-enhanced chemical va-
por deposition, PECVD) 300 nm SiOy X} #% {4 it
17 7R AL, FRTE350 °C Ny SR T Xt
BAHATI hIMB K. EERBEREEMET, A
2 SRS B0 BT X (Agilent B1500A) I35 2% 15
pEPE . SR XPS AT TEM %t Cu-Mo/a-IGZO LM%
Cu/a-IGZO FHTHEAT 73 #r, R R A%V T Cu
1 Cu-Mo 5 B HE R S0, 45 A 505 .

Al

BeH

E1 MH TFT 4 =K

Fig. 1. Schematic of the test TFT structure.

3 HREAA

43 0 & T SR 48 Cu A Cu-Mo Y5 i HEL R 95
T 28 05 (0 56 B 5 1Rl 28, &5 R 2R,
WIE SE K LW /L = 100/10, 3R 4 V5 IR R
Vbs = 5.1 V, MR HEE Vas A—10 V E|+10 V.

PR anEk 1 g, AT LA 215 Cu-Mo Hitk
AL, 4 Cu ARSI B UV, IR, 1A
TR H 160 BUAK. 26 Cu B 56 JZ B, 72
WSS I 01 B N IR Z, 1T CufE a-IGZO
Yy p M52 3, Wsenl H IR B i LT, 51 E AT A
J2 R AR 2 5 A T L s R R A
TERR, [F I FE R A XA i 1 — 8 %5 22, S0
TS, FFRAGE %, Cu-Mo AR 14 T Mo
e Z PR ASAVE H, A RRS 1A R E X 3R
TWE. i AR kA S, i PECVD T
DU Si02 YIS FE R 51N T8 2 I Ra IR A o, A
9% E YR B S| AL PR b A (0 S AR 408 S5 53
K, FEAFERE TR 225 Cu-Mo WKk HFAH
EE, 26 Cu Y5 F AR T 3 HL R Vo 1E )V A% B &2
[F) I IR 20 2 25 T B, X R TR O T Cu )
a-IGZO WYY B A, Jodlib 2 2844 1) {5 45
& SS AR (~0.11 V/decade), Ut B 5K 5 A 1L
Vi AR S | 2 SR 5 4 S 2 5 B A FEAR
IS, AT ot S AR 4
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Fig. 2. Transfer characteristics of pure Cu and Cu-Mo
S/D electrode (Vpg = 5.1 V): (a) without passivation
layer; (b) with SiO2 passivation layer.
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#1 AREPERAENK - IGZO TFT MY MRS
Table 1. Electrical performance of different S/D elec-
trode a-IGZO TFT.

¥ I AR % FEEE ERERRE
B BK psat/cm2V—ls™1 Vo, /V  SS/V-decade™!
Cu 8.43 0.8 0.12
Cu-Mo & 9.26 —0.6 0.11
Cu & 1.84 3.4 0.58
Cu-Mo & 6.38 —0.2 0.57

FATE— 2B 23 Hr 7 4l Cu HL AR AT Cu-Mo HLER
TET &4 B3Efb L RE, 48 AN [ VA T8 58 4 L AR i
(V3B % 9 100 pm, K H5—50 pm), KH TLM i
BT AN AU AR B ek R B, BT A 50N

Rt = Vps/Ips = renl + Rps

= ren(Lett — 2L7) + Rps, (1)
Rps
Lt = 2
T 2Tch’ ( )
Rc—eff = (RDSLTW)/Qv (3)

Horr, Ry N&#F B HBE; Rps ¥ B R ful v B2
A ren N a-IGZO ALK EIATE R Ly N HRAE

(a) — Cu

—— Cu-Mo

Rps/103 Q

(c)

Lr/am

3 4 5 6 'I7 8 9

Vas/V
B4 ARV AR v pe
(d) BRI Re_ofr

10 11

Re.efr/2-cm?

HI1K B (current transfer length), B HLI M 2 F4K
Hh ] B AR R AR A S, Lege A 0B TEK BE, 4
K 3 FIT7R; Re-ct N REWS RALHEANA R i X 4 ML A
FRAT 25 Ak L PEL

B3 Y5 RS A R R A X ISR B R AR A K Lp
Zy4Ed
Fig. 3. Schematic of contact area of S/D electrode and

active layer, and current transfer length L.

B4 4 W 453 1) Cu Al Cu-Mo J5 ¥ HiL 1% 45 4
TET &3 H 3% i B BH . A K RV TE L BE . A 2K
2 ik e BH AT L AR SIS BE XS LE. IR AT LR
H, 7E Vas = 10 V Ak, Cu-Mo 454 54 Cu Z5 ¥ #
tt, Rps M 4892 Q FFEF|1072 Q, Lt A 0.87 pm
TFEF0.20 um, Reeg M 2.14 x 1073 Q-cm? &
F1.09 x 107* Q-cm?, MM ren M 2794 Q/pm T FE 2
2632 Q/pm. X AFTIE Cu-Mo HL K % 1 FL A7 5 5
ISR ZSTIVA

12

—Cu

10+ —— Cu-Mo

Ten/10% Q-pm—1
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(a) Pl BRI AL Rpg; (b) ALK EWIE W rop; (c) BIRMESKE Lr;

Fig. 4. Contact performance of different S/D electrode: (a) contact resistance of S/D electrode Rpg; (b) channel

resistance per unit channel length rcp; (c) current transfer length Lr; (d) effective contact resistivity Re_ef-
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Lo B A AR AR S a-1GZO B 5 Z
(B fuh AT, BAME A XPS A1 TEM %} Cu/a-IGZO
M Cu/Mo/a-IGZO W ST AT T RAE. KI5 (a) A
B 5 (b) 4514 Cu Fl Cu-Mo HiM} 5 a-IGZO Fitifi kb
(1 TEM [ -, AT I Cu F1 Mo 3 9 £ 5 46 4, 5% i
JEEEEE 5 a IGZO S 4 & RUF, WA
BIEA) TR E . XA BTk SR R,
RmfaEtt, 5281 SS BN S R — B
34k, WTLAE 2 Cu-Mo 145 d el Cu i s i,
AR T it SRR, 42 S Lk Re.

Mo a-IGZO

gt
—— 10 nm

K5  (a) 4l Cufl (b) Cu-Mo i H#%/a-1GZO FtH
TEM I8

Fig. 5. Cross-sectional, HR-TEM images of interfa-

—— 10 nm

cial micro-structures between a-IGZO and the metal
electrode: (a) pure Cu; (b) Cu-Mo.

B 6 /& XPS 73 1 A [A) B s sk BE 1 J5 0 3=
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H AT DATE il N AR VE T, X0 75 B AR A R R v
4@ S SRS U N E L B 7 R
a-1GZO SRR BRI ALK O 1s XPS |, Xt H i
W& oty O B s Lk 2. Hodh M-O
RE L8 A DI A MR, VoK A 2= A1)
G, WE 7R 20 LUK, Cu-Mo £ fhiB K
T J5 B 28 S LI BE 23 il M 32.7%, 32.0%, Eb4li Cu
B i ST B SR S L ' (28.9%, 26.3% ) i, IX R
Cu [ a-1GZO H ¥ Bl b T8 Sk . S hr
J& a-IGZO BRI T 10 36 Bk UE P2 A 257 1>
2R T HID, ST T S 1) Vas A RETT
&, SIS ThFE. R, 4l Cu Ak EIIF ) HLE
BK.

TESLBRAE P2 (1 TET BEF T U5 H AR A
Lk 2 5 242 )2 B RS K TR AR B A, DR G 75 2 ORAIE
VRN LA 5 245 25 2 RN B B B IR R R I 4
A R RIIE 5 SR B 2 TR s . DRI ERAT 1A IR
7 ¥ 5%F 4l Cu Al Cu-Mo HL AR 5 AN [R] £ i 1) 45 4 5k
FEBEAT T X b Wil 8 B, 4l Cu FAR I I V& R 458
T G A BREAR, 5]\ Mo B 2 5, HBL TSR K
Wi PR, X 55 B Mo #2219 51 N BB A 23 &1 Cu
LY REF Si00 4 R 45 A iR L.

1007 (b)
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Fig. 6. XPS depth profiles of O, In, Cu, Mo elements in different samples: (a) Cu/Mo/a-IGZO; (b) pure
Cu/a-IGZO; (c) Cu/Mo/a-IGZO annealed; (d) pure Cu/a-IGZO annealed.
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Fig. 7. The XPS of O 1s in the interface of a-IGZO and metal electrode.

F2 AFREG S A AR

Table 2. Oxygen vacancies concentration.

il B3 K . k= A
Bk
G JEBE /nm WEE/ %
1 Cu(50)/Mo(30)/a-IGZO(50) 5 32.7
2 Cu(50)/a-IGZO(50) o 28.9
3 Cu(50)/Mo(20)/a-IGZO(50) & 32
4 Cu(50)/a-IGZO(50) = 26.3

B8 CuflCu-Mo MR BH  (a) TEH/Cu; (b) 3
¥4 /Mo/Cu; (c) BE¥4/SiO2 /Cu; (d) ¥ /SiO2/Mo/Cu
Fig. 8. Photos of Cu and Cu-Mo after tape test:
(a) glass/Cu; (b) glass/Mo/Cu; (c) glass/SiO2/Cu;
(d) glass/SiO2/Mo/Cu.

A 4% T Cu Al Cu-Mo 5 IR HE AR 45 ¥4 1) 5
AT BB e TR R SR, XS AN R F AR 4
PR SAF 1E REREAT T SE. 45 SRR W], SR Cu-Mo
PR 225 A4 FR) 48 A 0 IR i 1R B s A A R
(~9.26 cm? V—1.s™1) AR HETE (~1072 Q)
A gy da e . 8 TEM 1 XPS it — 4
BRI, X2 K Mo #: i = BE 6 L 1E Cu/a-IGZO
F S A, AT IE T/ Cud B B a-IGZO
FYE I FEAR ST B R S AL, RAIE T YR 2 B
WTFIREE. BEAh, Mo Al 2 1) 51 NIE Re %A 24
I Cu 5 B Si0, W45 & 5RIZ, NI m =T
RS MR A B P SEVE, 78 R R U A o R G
F RS
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Abstract
Copper is an alternative material for aluminum electrode to meet the stringent requirement for high mobility and
low resistance-capacitance (RC) delay of amorphous indium-gallium-zinc oxide (a-IGZO) thin film transistor (TFT) for
next generation of display technology due to its intrinsic high conductivity. However, low bonding strength between
copper layer and insulator/glass and easy diffusion into active layer restrict its application in the field of TFT. In this
work, a 30 nm thin film of molybdenum is introduced into copper electrode to form a copper-molybdenum source/drain
electrode of a-IGZO TFT, which not only inhibits the diffusion of copper, but also enhances the interfacial adhesion

! and a low

between electrode and substrate. The obtained Cu-Mo TFT possesses a high mobility of ~9.26 cm?. V1.5
subthreshold swing of 0.11 V/Decade. Moreover, it has shorter current transfer length(~0.2 pm), lower contact resistance
(~1072 Q), and effective contact resistance (~1 x 10™* Q-cm?) than the pure copper electrode. Cu-Mo electrode with
low contact resistance and high adhesion to substrates paves the way to the application of copper in high conductivity

interconnection of a-IGZO TFT.

Keywords: high conductivity interconnection, amorphous indium-gallium-zinc oxide, thin film transis-

tor, Cu-Mo source/drain electrode
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