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Seeking innovative alloy elements for development of low-temperature and
high-reliability Cu-alloy interconnects and electrodes with reducing process

temperature
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Cu Cu
Mg 100

16Z0-TFT 1T0/Cu(M)/16Z0

For development of high-performance electronic devices, not only seeking
innovative semiconductors but also reduction of energy consumption at metal interconnects and
electrode/TFT interfaces is essential. In LCDs and touch panels, copper is one of candidate materials for
the purpose, but there is Cu-related issues to be overcome such as poor adhesion to glass substrates. We
have successfully prepared low-resistivity and excellent-adhesion Cu interconnects on glass substrates
using Cu(Mg) alloy films. Mg as the selected alloy element can reduce the process temperature and time to
lower than 300° C within 30 min. In addition, for development of high-performance IGZO-TFT devices with
ITO/Cu(M)/1GZ0 contact junctions, contact resistance of Cu(Ti)/IT0 and Cu(Ti)/1GZ0, and their interface
microstructure were investigated. At the interface, Ti in the alloy elements could form the amorphous
TiOx reaction layer which exhibited p-type semiconducting properties, leading low contact resistance.

Cu Cu(Mg) Cu(Ti) 1GZ0



1. WFZERRAE S WD 5

(1) BFTAARDENRACITEH 725
BRBEDOHI2HT | BRI E 2 a3 5
RO TR NF— R L > THEHREND,
Bl SR 4 8 ORI TP TR O\ 42, 4R, 8.
TNI=Y LB ERD | IHBREMECa AN E %
BRLTRESND, LSI F AL AT T AI=r

LINHHISBATL R 2 RAE D LS TODA,

W T SAARE IR S TR GRS Y TSR D 2K
DEAITITEIR T A= M SN TRY.,
RTEE =L — - @R O R HIA TR T
%o LSI F AL ZTIEZEDOBATITIIV D D
WA RE DRI ST D Wi o X2 F 73R )b
TlE Cu EHTAIEREDIREFNEL Cu B D
M b7 A I B D AR E ORI NV ETH
%, BUIE, @EAEED 1O ADMEHENEICRE
ZFE L OO A FEHEL T\ D, B ARIZE
WTh, Cu BCRRIE R D HAE Bl 2 I BRI L
FER LS T L e EBEBG ) SR =L
F—tEOFEBUIAR R R THD,

Q) F7-, EEHRERVER TP 2X2 0D
AR 2 AT 5 B R O&E H 1
Y&, TabRTROBIEMNAIREL 2D 2
ONENFE I A B & 0 BEARBL 2 Bl T X 5
CARTEBE BT N ADMERIARE L 70 D, £
D XD IR AREME DR AR D,

2. MFEDHM

(1) MEECH v F/RFILT NN ZZBNTH
Al 725 Cu ~FERE BB ORBFEZ1T 0, K
HE TRV X— « @R ER T D EEH
& BR%E T 5, Cu BRI A EL T BR % o> B 23R
L, 1) Cu FRAROEEPUE, 2)Cu il & AT
ZHEHR & OEEEME, 3) Cu BLAROMHER LM 72
EOWETH D, AR TIX, Cu & T AL
e oBEREL LT, CulM) &4+ EviLe o
F 0 IR L D EIEPUE. B4cE
DA Tt~ ORI LE S Fid T HUE kL
X2 mEAEN, Bl EE O BILmIRERE K
ICL Y T SRREA T A — BRI Bl
BREITS, B&LFEL L TMg R EEZHWD
Z & T, ERESUE & RO B T R OKIRAL
W RTREDMRAET 2o

2) EHFOMEAFEE T P2 HF 1620 12

*FLC. 1TO/CuM) /1GZ0 72 5 Ak & BVILERC
LD ARG IR AR & AR AR HEHT AR O [F R A
ZAREICT A7 uw AR L. T ORENE
OO EZA LT L EEENET S,
FD7=¥, CuM)/IT0, Cu(M) /IGZ0 Fim D2
fib HRHUAE 2 AP C = 2 feili 70 A @t R AR E
L. 0 X9 725 CRAMKHUE MK C &
D DR 2 3 5,

3. WHED L

(1) Cu(Ti)/# 7 A Bt DOHE . ARIRESLEIR
X 400CThH -7, iz, et REEE
LT 5720, RARBULINEE 2 100°CREK
WCTELOHBREETRERKT 5, ZNE
TOFHFHA T Mg 22 & 300°CHREE D E
LELTHI 2 u Qem DH 4B (Cu(Ti) TIL 2. 8 u

Qem) NME5HN 5, CulMg) /H 7 AEOEHT
&SGR OYIH Mg IR, BVLEIR
B BRRRMKEEEZ B S 20 L, Mg VDA
AR 5, & B2, Cu A 4L B
BT LY —HEWVSIRSh 72 ZIiZ 2T HIAE
ROBIMED & D0 0FT L, iR G40k
M ZRET D, CulM)/H T AFEHZ DWW T,

RELFE L Wrm AR - RS R ORER
LEFEAIRREDBEIEIC L 0, EEEEEZ RS
7o OB e AR TR o0 T g (i KOG &)
&« 2O T BRI 2B 7 BVIVERIR FE L
M Z2RE L, Cu(Ti) /BT ARELORE R & bk
L CHVLEE FE A Kk © X 7= R &2 R 3 5,

(2) FEIZEFED MIZ-DUNT Cu(M) /ITO Hfidi
PUEZRE, Fmiikeiss & &b CHEbiR
PURBET VL 2E 539 %5, FrLllitd 23, M
I Ti ZBIR LGSR mICERT 57 €
VT 7 A TiOx S E D HEE M 2R L, 41
WHUE AR & 5, Z o cu(Ti) B4Er2 H
W, Cu(Ti)/IGZ0 #EAITHOWTH ., Frif~
D Ti Ot HEALECHUE, TFT Fefk7e & 25

~7z,

4. BFFERCE:

(1) Cu(Mg) &4fs & BVLER % T, 200C~
300°C DR EFIPH & 30 FRE OMEIFR T, K
P BB AR Cu AN B T 25 IR
WX HZMHF L, ZoFav 2T, 4
T AT E O FE UG (B ER L A R RE)



& Cu B&MEt oA 4orF OJERUEEE) Mo
TEHEEHEBLTEWZ &R b, Mt
il AAITTHEL LT Ng 28R L=, RIZ,
Cu &l o Mg BEZRE LT, A&LHk
ELTTi #iBRULIZGE. BIEETH-TH
BRI 2 00T D E OB PIEIX 3
Qem AT E TR L2 (¥ 1), ZHux, Tin
AaefFEE - Rmicmit Lz tick s, 64
JEHEE LT Mg 38R LI25A Mg IREE 2.0
at. % ClE. BEOBBIRIL 3y Qem LAV E
T L 72 o Tz, AT Mg i
ERENZ ENRETHLEEZLH 2D, Mg
IEE SR - SmImIT T 223, BULEEREH
DB LT HIRIT BICBEE R @B S5 h
ol MgiBEN0.5at. %758, 64
FEDHLHLHRIL 300°C, 30 4y DELEFLIZ 3 pu
Qem PLF £ TR L 7=, ZAVLERRSR & 3 BFRE
FTOHIRT L, 2.7 Qem FREE TIKET 5
T L AR LTz, Mg DA AR R ~DImHT
X SIMS & RBS & FHWTHERR L 7=,
BEEMETEES RIS L VMG L7, 2,
ALERRIZ 10-25 MPa F2 Cd o 7= HIFERF D 5]
FEIG A3, 300°C , 30 4y DEVILER 4 |2 35-55 MPa
ETHINL, Mg DR ERITIC X DA BREE
PR E AR L7z, SIMS OfE R Tl, # - R
[ CO Mg f@HTE— 27 ICE/2 D X 912 0(FER)
T bR TX (X 2(a)) | Mg BRIL IR A T
I, Wi TEM B142 & BRI L v,
CulMg) /H Z A F iz, [111]E M L7z Cu &4

6.3 ‘-—“—v—-—v—-—oﬁ—ﬁ—-f
ok, @ azmoc| || © -
NAsdoposited  [0250°C g 8l =
'ga @300°C E-] l 40%
i g E B8 g s
3 90 E Q 305
'ﬁ ° & ¥ 0.8 7]
@ 2 ° x @ % Asdeposiad 20%
fo) O 30 mn. (=
% . 8 @ 180 min.
285 B0 . 10, W D0 am
Annealing time {min) Annealing temperature (°C)
1 (a) CuMg)EDHPTR & (b)) 51,
1oL 300°C Bmin (b) 250°C 30 min €)200°C Hmin_

;i

30 60 90 1201500 30 60 S0 120 150

050 00 0 200 260
Depith (nm) Depth {nm) Depth (nm)

2 CulMg)/H 7 AN I51T % A BL
PR RE T ORRIE 518 D TR L o0 A1,

3 300°C-30 Sy PLEL R D CulMg)/ W
T RFEF O IEARAT

B & AL EAfR & FE O K D 12 MgO JBAMER L T
W2 (X 3), T DS ER AN AR T
FHHELIEEEZOND,

250°C EVLIR TlX. 300°CELIE & [FIFRE D
BHEMENG BT, 225°CLL T OB ¢l
RAEFE FWEDOBEBFNEE B2 o T2, 250°C,
30 Zy BVILER T, O FLEiCld, 300°C, 30 4y &
720 MgO TR, Mg DIFRHTIC L 5 Mg @
BAEAEE SN (" 20), (¢), 225C, 30
53 THREERIZHE T Mg ORAT - IRIE2 R 51
ZH. Mg D LEIE 250°CDIE 5 NIEIC S
< (K 4), MgO MERL L72WG4A . Rl Co%
AT Mg (RITEICIKAFET 5 2 & 2 60T
L7z,

AAEOBEPTRIL, Mg0 MNELT D & B
PRI OO UL 3T 2.7 Q
em A2 F TIRI L 72 (300°C), — 77, Mg0 237F
L7V E 1T HRHRRET2.9u Qen &72 0
ZDOBRBIERRF A L CHIRBII A 6N
2o 72 (200°C, 250°C),

(2)250°C 30 mim|

2.8 at%Mgo

3.1 at%Mg, b
3.8 at%Mgo
4.6 at%

| aa g

4 CulMg)/ 77 7 AFREHZ I3 1T 2 & EAL
PR E T Mg fRHT & OE L,



(2) CulW)/ITO Him o BEMAAKHIZ SV T,
Cu(Ti) /ITO (DU THRERT L 72, Cu(Ti) /ITO @
PR HSHUE O BULEE BER APE & & BULHER
JECOWE TEM 42X 5 (2789, Cu(Ti)/ITO
OFEMIRHUEIL Cu/IT0 DFI LY EVAS,
300°CLL EOBEMLERIZ 0 F 34 2 DB RAE
(4.0X 10" Qem?) BLFIZ72 0 | 400°CEVLEEC
135.4X107°Qem* & 720 | Cu/IT0 DZ & [F
LEREFCERRTELIEEHLMNIILE
(K 5(a)), Cu(Ti)/ITO SiEICIT e SE (1K
5()-5(d)DFREDOEAV=T L N TR R) B
L. 400CTiX 2000C COEEDFI 2 5L 72 -
TWz, IGEX, BB CIEFE T X
P XPS WIEIZ XL D Ti0, 2 ERY &5 7 F
N7 7 AT EBRETHDH Z LEFEL
72 (X 6), HAERJEOLEEE - EFHMA
BEBROICHE LAY RREERT 5 &
Cu(Ti) /Ti0x & TiOx/1TO iR CTHO Y 7 [E
BEIXEL . TEAT 7 2 T1 L@ biE (p 7
TR AR 2 R T D B 5L D RE A
Cu(Ti) = ITO i & [RIERIZ w2 & 2 MRl X
FLOEREZEZ D,

(3) LT 4 A7 LA OERSML - KIS E
Tk o=, In-6a-Zn-0(IGZ0) R T T/ 7 7
AL ER Z EIE R T P A HZ (TFD) 12
BWHLTWD, LA L. I6Z0 Fl 04 & B

mmﬁ%&k%ﬂﬁa%éﬁi@tw@ﬁm

£ 107
3] (@) B CuTO i
g [ M CuTyTO
5 Device's requirement 3
§10*3r N
£ :
@
wn
Q
14
<105
E 10
c
o
© 200 300 400
Annealing Temperature, 7/°C
(b) 200°C (c) 300°C (d) 400°C

[ S p T N X

¥ 5 Cu(T)/ITO # ko> Bt AR HLAE & Sk
g D BB FEARAFHE,

(a) 400°C

Cu(T)ITO Interface
466 458 450
Binding Energy, E /eV

Sy EVLERE D Cu(TD/ITO

Xl 6 400°C30 %
ok (a) Wr i TEM L () XPS 2~
k U(Ti2p ¥133),

PRIRFIZ 1GZ0 JBEIZ & 0 Eafb S 4u, HEfddiBiE 23
L R HMEN S D, UFEETIZ, Lo
£ 91T Cu(Ti) e/ CEERCHER ) #26
BV G 25 2 & CIREEMIRHUEMS Cu Y
BN 7 e O R EE AR TE D
HMREHAL WD, £Z T, IGZ0EIZZDOF
HEEFAWT, /63K Au/Ti B K 0 RS HT
IR CE D 0E L7z,

Cu(Ti)/1GZ0 k& EHR KPS F T 275C
~350°C DIREFEPHIZ CEMLEE S 5 & E il
ISV TY Ti JRF28 Cu(Ti) 54 kHE
il & Cu(Ti) /1GZ0 S ZAmaT L, fgiod Ti 2
bW Z R LT-, & OFEMIEHUEIT Au/Ti
AR L DAL 72 0 . BMLELEFE OB HE
B L, ZOFEE AW TIERD Au/Ti
%@;@ﬁ%%%ﬁ@%@%ﬁﬁﬂA&’&
EFERIELEZH T, LrL, ZOEmEAT
émmﬁ%ﬁ@mwh$W@%é&w&Lf
KT L7z, ZAuE, Au/Ti BRI DS B 22K
EFETH-T-0IZx L, Cu(Ti) AR DS A
Ry BEBETH -2, 77 A=k D
1GZ0 EDOMEENLIL LTIz EEZBbND,
. A FNEERER VUTTOY —2E
RS Au/Ti BBOREL VEEIMLTEBY, Zh

=y
[==]
[}

Au/Ti

cu(T) ]

Contact resistance (Qcm?)
5] 5]
& A

27|'5 360 3é5 350
Annealing temperature (°C)
7 Cu(TD/IGZO £ L O Au/Ti/IGZO 5t
1] O FEE A BT A1 D BALERIR FEE (R 174,



X IGZO-TFT F D Si02 iz & Cu (Ti) A3
L7 Z SR AEEREZ LD,

5. BRI
CesEam ) B3
@D Kazuhiro Ito, Keiji Hamasaka, Kazuyuki

Kohama, Yasuharu Shirai, Masanori Murakami,

Low—Temperature Synthesis of
High-Adhesion Cu(Mg) Alloy Films on Glass

Substrates, Journal of Electrnic Materials,

THEA, 43, 2014, 2540-2547.
DOI: 10.1007/s1 1664-014-3224-0

®@ Kazuhiro Tto,
Synthesis using Cu(Ti) alloy films for

Kazuyuki Kohama,

self-forming functionality in electronic
devices, Transactions of JWRI, ZF:flE, 43,
2014, 37-43.

@ (FEEFE, 1T A A C u BRI

% Cu B s A T A 544&31;55& i
TwdH., oA, 52, 2013, 108-115.

DOI: 10.1007/s1 1664-014-3224-0

PR E) G2 o)
@ Kazuhiro Tto

Contact-resistance

(Kazuhiro Tto),
reduction for
Cu(Ti) /conductive—oxide film junction
(Invited talk), The 6% Int. Symp. on Adv.
Materials Development and Integration of
Novel Structured Metallic and Inorganic
Materials (AMDI-6), June. 9, 2015, Waseda
Univ. Tokyo.

@ Kazuhiro Tto (Kazuhiro Ito),
of contact resistance for Cu(Ti)/IGZO
on Adv.
Materials Development and Integration of

Reduction
junction, The 5% Int. Symp.
Novel Structured Metallic and Inorganic
Materials (AMDI-5), Nov. 19, 2014, Tokyo

Medical and Dental Univ. Tokyo.

® Kazuhiro Ito (Kazuhiro Ito)
using Cu(Ti) alloy films for self-forming

Synthesis

functionality in electronic devices,

AUN/SEED-NET  Regional Conference on

Materials Engineering 2014, Nov. 12, 2014,
Kuala Lumpur, Malaysia.

@ /NEFZ (PR | BE R mE To RIS
ZRA L p BT i Kb EEREOER,
TR E LA se R R & 7 3 TP E i se
o2 —5 15 IR VR T A R 26
10 A 24 B, TR, HERIT

® JHEEFNEE (FERFNTE) | FNA A C
ulidBRICBIF 5 Cuf ﬁﬂ%’i’ﬁﬁ VT RO R

— KT R (FRFFRET) . A ARSJR SRR
KE, VL 264E9 H 26 B, 4R, Bk

® /NEFZ (FHEEFTE) . Cu(Ti) &<k 2 H
VN2 TGZ0 A~ DR AR P EM O (ERL, A AR
SR PRI RS A 26 4R 9 A 24 H
AR, B

@ /NEFZ (FEEFE) | 85 8 m TORIS
ZRIA L p BT i R bE s o /ERL
P S KERE RS PR 264E9 H 12 A,
BT TERAEESEE LR, BILE

Kazuhiro Tto (Kazuhiro Ito),
of low

Synthesis
Cu(Ti) /1TO
Meeting

contact—resistance

junctions, T™S2014 Annual
&Exhibition, Feb. 19, 2014, San Diego
Convention Center, California, USA.

© Kazuyuki  Kohama

Low—temperature

(Kazuhiro Tto),
synthesis of Cu
interconnects on glass using Cu(Mg) alloy
films, TMS2014 Annual Meeting &Exhibition,
Feb. 19, 2014, San Diego Convention Center,
California, USA.

Kazuyuki (Kazuhiro  Ito),
Cu—interconnect synthesis on glass using

Kohama

Cu(Mg) alloy, Inter. Symp. on Interfacial
Joining and Surface Technology (IJST2013),
Nov. 19, 2013, Icho Kaikan, Osaka.

@ Kazuhiro Ito (Kazuhiro Ito)
using Cu(Ti) alloy films for self-forming

Synthesis

functionality in electronic devices, Joint



Workshop on Materials Research Joining and
Welding Research Institute, Osaka Univ
and Dept. of Physics and Materials Science,
City Univ. of Hong Kong, Oct. 25, 2013, City
Univ. of Hong Kong, Hong Kong.

@FEEFE (GHEEFE) . 7 S AHCu
BRI 1T 5 C u A&z v - Esae —
RIERR (FRRFET) . AR TR JE RS
BTHTPRHENR Y 2 —5 14 BB
VARY T A, R 25 410 A 18 B, FAT.
AR

® /NEFz (G . p BT 1 B2t
WEMBOMER L YR, B AR TS
KRS, WAL 254E 9 H 19 B, &R K.
)1 IR

@ /NEFnZ (FEFIED . BT 2R E~DF
BECulREOKEES., BEFSKELERK
2. R 2549 A 4 B, ELERRLREE, L
JI=N

© FrEEFnE (GHgEfED) . 1 T O AEERIC
%95 C u A&l OBEMEKHURE, BT
DKFEEEKRS, ER25F 4 A 17 B, Al
A H— FHIEHD

© FrEEFnid (Gragfn ) | R - @& & Cu
BB D72 DCu Mg) B4z Hn
fi{&fﬁl7oﬂ‘t7<§ﬁ§\é\ B AL RS F
£, PR 25 4R 3 A 27 A, BURERIRE,
BURHD

@ Kazuhiro Ito (Kazuhiro Ito), Reduction
Cu(Ti)/ITO
Symp. on

of contact resistance for

junction, The Inter.
Visualization in Joining & Welding Science
through Advanced Measurements and
Simulation (Visual-JW2012), Nov. 7, 2012

Hotel Hankyu Expo Park, Osaka

Keiji Hamasaka (Kazuhiro TIto),
Reduction of process temperature and time
for producing low-resistivity and

excellent—adhesion Cu interconnects on

glass substrates using Cu(Mg) alloy films,
The Inter.
Joining & Welding Science through Advanced

Symp. on Visualization 1in

Simulation
2012, Hotel

Measurements and
(Visual-JW2012), Nov. 7,
Hankyu Expo Park, Osaka.

Kazuhiro Tto (Kazuhiro Tto), Reduction

of process temperature and time for

producing low-resistivity and
excellent—adhesion Cu interconnects on

glass substrates using Cu(Mg) alloy films,

The 3' 1Int. Symp. on Adv. Materials
Development and Integration of Novel
Structured Metallic and Inorganic

Materials (AMDI-3), Nov. 6, 2012, Hotel
Nikko Toyohashi, Aichi.

@ SR E] (FEEFE)  Cu (M) ST A
HE OIS UL DO DM g B4R IC L D
BVILVER B - BRI OMRIE - AR L. BAS
B IEEHRS . ERK 24 £ 9 H 18 H,
TIRART, BRI

6. WFFCRHA

(1) #FFeRERHE

g Fof (ITO Kazuhiro)
KRR - #eE R80T - B2
MeE%&ES 60303856

(2) BrgEsrE

/NB Fnz (KOHAMA Kazuyuki)
KIRKT: - BB AIIERT - Bh#
MEEHESF: 00710287

CERK 2 B L 3 & L THH)



