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Structures and properties of Cu-Mo thin films deposited by
magnetron sputtering
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(Key Laboratory of Advanced Materials of Yunnan Province, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: The Cu-Mo alloy thin films with Mo content of 2.19%—35.15% (mole fraction) were prepared by magnetron
sputtering. The compositions, structures and properties of thin films were investigated by EDX, XRD, TEM, SEM,
microhardness instrument and resistivity meter. The results show that Mo addition refines the grain of Cu-Mo thin films
significantly. Cu-Mo thin films possess nanocrystalline structure with the presence of FCC Cu(Mo) nonequilibrium
metastable supersaturated solid solution, the Mo solubility gradually increases and the microcrystal size of thin films
decreases comparatively with increasing Mo content, and the maximum Mo solubility is 30.6%. The comparison with
pure Cu films reveals that both the microhardness and electrical resistivity of Cu-Mo thin films continuously increase
with increasing Mo content. After heat-treated at 200, 400 and 650 “C for 1 h, the microhardness and resistivity of Cu-Mo
coating decrease. The descending range of the microhardness and resistivity are correlated positively with heat treatment
temperature. Moreover, the grain of matrix phase grows continuously, and the appearance of submicron-micron Cu-rich
second-phase in Cu-Mo films is found, the Mo(110) characteristic peak is observed in Cu-Mo films after annealed at
650 °C. The formation and evolution of structures and properties of Cu-Mo thin films are mainly contributed to the grain
refinement effect caused by Mo addition as well as the growth of matrix phase grain during annealing.
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HL T R A AT K e SR M R L i 5
iy S AR R R I g 5 B A < (n
Mo W Nb I Ta %) {54 HLH 4 b2 vk i 22
Cu/Mo/Cu JZIRM R P Ik R ECRI S PR T 1Y, S
P FHPERUINTEREDL R Cu-Mo & 4k s £
EOR I S T SRR R AY, R
RO A AR, WERSSSmE, Sl SR
RN e syt se, et s AacHe. K
B R WL AT 5B . WFSTR IR, Cu-Mo P
HO AR/ B RAR(< 10’ pQrem), HLEBHIIE(C>
10° A-om %) T ALJERSE, AT G Cu/Si 1) S W AR Bt
R4, AT HF ULST #8PH1ETC A4 2 B, PVD 7
Hl45 1 Cu-Mo K Shgh ), 1A vERe R, "I
TR E I IS S, Cu-Mo ¥R JZ T BEH, A1
b e U A T, B Cu-Mo B OF AR R (28
kJ/mol), JEMERIEIAR, HSLI R, P& P,
PSR Cu-Mol®VMT Cu-NbU 48 5 e 77 76 [ v &5
FERE . WASAHTE . SRba 2 B SR 5tk S i
JERESRIVEIN S, A S Cu-Mo!' IR EAH
L, HA R A2 IevE . A SO R s Lk
G214 Cu-Mo WifisE, #RiT Mo & i LAWK 6]
Cu-Mo JH IR 45 R R RE IR S MR P 26 JR A

1 X8

KA FIL520 2 iy E o g 5 s RS I Y
HIFE, £E d 50 mm [ 7 Cu FEEERE 99.99%) 4R
TS 2V Bk X #4385 0 A1) d 6 mm YL, 5542 Mo
[F AR (LE T 99.95%) ik T L4 i Cu-Mo A5, 14
A5 Mo i A FEECE LA 2 Mo $EAE X THIAREL, M
ARy, B DS U o SRR At JERAR I LA

*x1

I RN 25 B 1/ PR TE DEAE TR B, JORA i P
21 keV Ar' R ZEd7 10 min DAE— 250, ANARES
3.5X10°* Pa, TAEAA N M &l Ar(4E IR T
99.99%), WA IE 2.0 Pa, 455 0M FIHFAT,
FLE 135 mm, £ 5 LL 10 r/min 3 BEks DL S Y
APk KA, FEIhERE R /N6.8~9.8 W/em®) LA
/N R AR s b g AT IR T, Ao TRk
20~50 Co f1 o fhPRACE I IR PR E, R h 850~960
nm, TR JZ 30 nm Ti BEAESEMPZE, LIRS 2%
FEBRARBIE RN ) o 455 R4l Cu BRAEXEE. T
37 S WL BRI R I R B £ 150 nm, 4JECCA PVF
AP AT R B, FHEIEZE R 10~15 °C/min, fx
WIS 1h, BEIAEL,

FI PHOENIX g4 (EDX)M 2 I A7y, 4k
TR D8—Advance B! X BFZATHMY, Cu K, 2k,
7K 0.154 06 nm, &R 30kV, i 20mA, {18
@R, FIHIPK 0.02°, KA TECNAI G* &4 i
AT R, g 200 kV; KA Philips
XL30ESEM #4fi tHBE ML SR TR, Inidi i s 20 kV.
K HX-1 B S Gl vt g 2 e, 136°DY 254k
EANIAES, % 98 mN, JEAREE 250~350 nm,
PRIEEFIA] 10~15's, SRAFFAT 5~10 A, A Li(Er, &5
REYME. KA A D41-11D/ZM R DU %
(FPP){CAR FEPERE, THIE 100 mA HBIIER, #REF 7
# 1.96 No WA/~ AT

2 FHR51R

2.1 Cu-Mo EERS. STEES Mo $EEIESERY
% 1 FA A ANE Mo #ETRIAR LI Cu-Mo 5 7T

ANIA] Mo HEIRIFA 73 1) Cu-Mo #iEFH S B YIRS HU IR T

Table 1 Mo content, deposition parameters and thickness of Cu-Mo thin films with different area fractions of Mo target

Area fraction of Mole fraction of Deposition rate/ Deposition time/ Thin film thickness/
Mo target/% Mo in film/% (nm'min ') min nm
4.0 2.19 11.4 80 910
8.0 2.32 11.1 80 890
12.0 7.84 9.6 100 960
16.0 9.89 9.4 100 940
20.0 15.12 8.5 100 850
24.0 20.26 7.8 120 935
36.0 32.78 5.8 160 930
40.0 35.15 5.5 160 880
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FAZH . Mo S BT, ik 1 nfHH, B Mo ¥
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TS 20k DX 2% S 2 HTALLAMIHR N, BTSLI I 2 o
2V S5 LA, A B B AME RN AT B .

2.2 Cu-Mo 5 &EBIELEW
2.2.1 Cu-Mo 54 #i i XRD 73 #7

1 FT7R 2 8 Bl 73 Cu-Mo R ITAR 2 R0 Hu A
JE ) XRD 1%, fHIE 1 APEH, PR Cu-Mo IANA
Cu F¥iFVE, 23k Co(ID)BEARIR, 32 T 554k
FCC Cu(111)[fI21H F i Rem A%, A% JCPDS At
BiE(E S 04-0836), Cu(111)Z A [MAK A L 7 1) i %
(Cu(11 D) FRUEIERT Ky 43.317°). BE Mo & E BN,
Cu(11 )AL HE TG, Ty e Ah i o 2, SR Wi
sk 401k . Bl MDI Jade 5.0 XRD 73 #r#cft:, 1
DOENE 1 Cu(111)F 0804, 25 R WLER 2. Jfi
XRD 1% U i A% (14 3 DS A i SO AR R 555 T
FUTL ARG 2 02 ARG T B 5 ek i ] A1 A i
I R HCE S RN Ty [, SRR G, Fr
S TR RN RN Aoy O S WA A I BV Sy AP
BRI T, DRI, U RS V25 i ik i 0 DR %
tH Bragg Ji ¢, Cu UM% o albEi4a8 i, Mo
Al Cu J 72420504 0.136 3 nm A1 0.127 8 nm, HE
Mo 7 Cu 1% FCC Cu(Mo) VA2 vl Al e [ v
A, AT A B K, Cu-Mo T I A7 AR [ e
BeAr 380k 12 15F, Mo JR1~2F4%78 0.139 nm, H] Vegard
SEABYE A FCC Cu(Mo)id Mo s, 45
Ry, BHS &M, CuMo)ld ¥ S # 1,
Cu-35.15%Mo i Mo B[ REIE 30.6%(EE /K5 45)
X Ca(UID) AT R L AT KB, B Mo & & Bt
Cu BEAARAH SR ZWINLE 2). B, W1 Mo
fRUEE T Cu(Mo) [l ¥ 2 e I g Ak i kL, Cu-Mo
Ak i gE R, 5 ZHAO 2R IE AL, Mo T
¥ B REARAR, ORI Js oy G e =, SRt 2
TEARZALE, BERZIR Cu SERERIAEK, P40k
N OB T4 B B s A 2541, Cu iR
TR, R ERAREY BULEG, RS RELEK,
DAEOE oLk, DR, Cu-Mo i S48k 45 4. [
B, AR Dy 2R AR TR R, AT s AR <

FERE IR R LA B Bkshae, IREghh S
YHOTH, (CSEEEY gk R . n
1(b) &3 2 fior, 4650 ‘CiBk 1h 5, I Cu(111)
W i) ¥ 7 B 7 TR 57, A Mo S I Cu(111)i L
FRUEWER, —30, A I Cu(200). Cu(220).
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Fig.1 XRD patterns of Cu-Mo thin films: (a) As-deposited;
(b) Post-annealed
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BKJR Cu WALk, SoRFEMARRRZER, & R, WREVAIKY, Cu-7.84%Mo ISR

Mo 75 JIES 158 i T W 4 M RO 2(a)). BE Mo #5518 0, 75 Stober 2 I8 3T ik
222 VIS Cu-Mo &4 TEM 4341 NI 2(b)F(c)), 1 XRD 20 Hr4s A . B2 Fhi

Kl 2 Bz~ A TTRRZS Cu-Mo #JE TEM 8315 M B G FEJS TAAAE— L8 0 HUR Mo AH, DL f
TRTHH(SAD)IBGEX JEH d 100~200 nm). FTUL, B W0 BRI b A7 A AL S5 fe ] 2 127, Cu-Mo

&2 Cu-Mo i XRD W /0 Hr 4 R
Table 2 XRD patterns analysis of Cu-Mo thin films

Mole fraction of =~ Measured Cu(111) peak position of Calculated interplanar FCC Cu(Mo) solid Grain size of

Mo in film/% as-deposited Cu-Mo film/(°) distance/nm solubility/% matrix/nm
2.19 43.25 0.209 1 2.0 22.7
2.32 43.21 0.209 1 2.1 25.6
7.84 43.05 0.2102 7.0 10.6
9.89 42.93 0.2105 9.6 8.3
15.12 42.84 0.2109 11.9 7.4
20.26 42.67 0.2117 16.1 5.5
32.78 42.33 0.2133 249 4.7
35.15 42.13 0.2143 30.6 35

Mole fraction of =~ Measured Cu(111) peak position of Calculated interplanar FCC Cu(Mo) solid Grain size of

Mo in film/% post-annealed Cu-Mo film/(°) distance/nm solubility/% matrix/nm
2.19 43.32 0.208 7 <0.1 29.5
2.32 43.32 0.208 7 <0.1 30.2
7.84 43.31 0.208 7 <0.1 27.8
9.89 43.10 0.209 7 5.4 26.0
15.12 43.00 0.2102 8.2 26.5
20.26 42.95 0.2104 9.1 18.7
32.78 42.65 0.2118 16.7 12.8
35.15 42.60 0.2121 18.3 20.7

MoR22) [ Mo(222)
Mo(200)| "~ AW Mo(200)
Cudlil) : — Cu(111)

Cu(200) |

B2 PIE Cu-Mo #iE[1 TEM 4
Fig.2 TEM images of as-deposited Cu-Mo thin films: (a) Cugy ;sM07 4; (b) Cuze74M030.26; (€) CugsgsM03s.15
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RIS A7AE Cu FIl Mo AT 1%, Mo JG R ATH ik tHIL 4%
ETREU I, X R AUIFAS Cu-Mo i XRD %4 Mo
B PR e 2R AN B 7 B A A A2 DRI 5 A T8 v 2 R 1
FE A4, TN REAR DL SR S AR . AT e
T ZEFERNZR K 3 FTH1 9 B SAD REAF 1 T 8] 25
d M EEZ8 a, CuygoMoy(x=7.84, 20.26, 35.15)
Cu MiFEZHEYME 55 K 0.364 nm. 0.366 nm Al 0.371
nm, Vegard 5 #4455 FCC Cu(Mo)[H ¥ 735 4 6.5%,
15%F1 29%, 5 XRD Zr#iAHiE, SAD ior#rirz 3
BT WAL O AT AR I 22
223 Cu-Mo &4 SEM 4347

Pl 3 F1 4 BT 4351 9 Cu-Mo JURRAS BB K 2 fi
FRE UM HL 7~ (BSE) & . 8] 3(a) W UTAA2E Cu fi BSE
%o SILANEL, B 3(b)~(e)Z 7R Cuygo--Mo(x=2.32, 7.84,
20.26, 35.15)/E (%) BSE W] WA 5, TG RRAEN
W Mo AH, SRR/, BB N Mo 7 135 4

#3  Cu-Mo ML) SAD 5 73#r
Table 3 SAD pattern analysis of Cu-Mo thin films

a2, H Cu Al Mo LU/ LR A1, 5 XRD
M TEM 73 #1—30. B 4 Pros b 48 650 ‘CHURK 1 h )5,
Cu-Mo REAARAH SRR, B s R 55
AH, RLEE R AIOKR—TK 2, RLBE ) Mo 5 T 2 o8
Z AHEE AP S HIATBE Mo 75 38 i 2 )k
EDX 7R, FHAMIAEE Mo, MAEE Cu B4, X
AR BT Cu lf UMK, FRES SR EBAIG, 7 650 °C
MU RE T R AE T A E K TR, T Re R DR K
FCC Cu(Nb) WA [Hl 544 & AL Wi, 5% 8 & Cu AH o

2.3 Cu-Mo &5 &ERMRER AAIEAIE T

Kl 5(a) 7 A Cu-Mo JRITTRA S BAN )il 52 FA kb B
JE I A FEAE, 1 S(o) s b iR AR, SR
Cu EMME A T3 . HIE S(@)F1(b)yaT AE Y, s i
Mo A8 E M AE R . X E T Mo N4 i
N5 o YRR Cu-Mo JEAT (L Rl Mo 3% 5 184 Jin iy

Cug,, 1sM0754 Cuy974M020 26 Cugs 8sM03s 15
d/nm (hkl) a/nm  Intensity d/nm (hkl) a/nm  Intensity d/nm (hkl) a/nm  Intensity
2.10 Cu(11l)  3.64 vsY 211 Cu(l1l)  3.66 Vs 2.14  Cu(11l) 3.71 A
1.82 Cu(200)  3.63 s 1.83  Cu(200) 3.66 S 1.86  Cu(200) 3.71 S
111 Mo(220) 3.15 Y 1.11  Cu(311) 3.67 M 130  Cu(311) 3.66 M
1.29  Mo(211)  3.15 vw! 091 Mo(222) 3.15 Vw 091 Mo(222) 3.15 W

1) VS: Very strong; S: Strong; M: Middle; W: Weak; VW: Very weak.

=3
Fig.3

VIR BSE 4
BSE

images

of as-

deposited thin films: (a) Pure Cu;
(b) Cugy6sM0y.32; () Cugy16MO7.84;
(d) Cuz9.74Mo020.26; (€) CuygsMo0ss.15
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@ — Annealed at 200 'C
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Resistivity/(1Q-cm)
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Fig.5 Properties of Cu-Mo alloy thin films: (a) Microhardness; (b) Electrical resistivity

FRal s, 1BKJE Cu-Mo JAEEE A BT R 1%, (HEA
AEREAT ) Mo i R AEAH DG, AR Rl IR il T
e — PG LB SS, WAL [ 32
TR K AR Sk AR K, R Mo 7 H Cu-Mo il
SEY VI T N Y SRS EY G AT AN TN
HRE 5@)F%K 2), YIRS Cu-Mo Y HIBAZ 4
B Mo Zr 1IN FFEER S, X2 Mo W8I 4H b
A FH A 65 ot % FE 3G 0, it S L O 28R
51O, LK Mo 10 4% U R0 25, ol v BEL %<8 (K
Kl 5(b)). ALEESE, WEERRHAR TR, JfREAAb
PR e — P, SR LA, X
FAAL BT Cu-Mo R4 dphsr KR BRAIG T it ST
FrIRE, W9 T A O R . K5 eR M,

£ 2.19%~20.26%Mo [f] Cu-Mo 545 200 CHULFE 1 h
Ja, MR BH FARAL RN, 400 CHLLEE 1 h 5, fil
FEAT Sy, WS, U A
Cu-Mo B AT — e IR AR e P

3 4 it

1) Mo s B 4 b EH, & 2.19%~35.15%Mo
(BEIR A B0 R Cu-Mo FHI5 52 9K T S b, B oo i
B Mo & &I INMFF2E9#/N . Cu-Mo B H L Mo
7E Cu A EY R, £74E FCC Cu(Mo) WV F2dE 15
TR A4, Mo 7 Cu H [l B Rl A Mo Wk 52
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B BT, A 30.6%Mo. HUCHEE Cu-Mo
LA R AR, I FCC Cu(Mo) #7544 it 1%
%, {FEWE R, 4650 CiEK 1 hJ5, Cu-Mo
YRR AACRH 1) SR BERE AT Ab T Aok G, RS
R ML AHOK—TCK 2 s Cu 28 —AH.

2) ¥hN Mo 35 Cu-Mo T 511 W Al At A
HBH %, YIRS Cu-Mo R S ol fi 55 7 i B %6 5 Mo
B R EM O . HAE B A Cu-Mo JHE O K% F B
#, HBGRJGRE TG, BRiEER, B ik
AR R ARSI IR IS () 2 S A
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