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Abstract: Mo thin films are the preferred material for the back electrode of CIGS solar cells, which puts
forward great demands on the adhesion strength between the thin films and the substrate. To improve the
adhesion strength, the effect of three factors ( depositing temperature, vacuum degree, and sputtering
power) on adhesion strength with the help of Ly (3”) orthogonal table was studied and three levels were
selected for each factor. The indentation method was used to measure the adhesion strength between films
and substrates. The evaluation criterion of the adhesion strength was the area of indentation-induced
cracks, which could be obtained by the improved Uddeholm method. Through range analysis, the R
values of depositing temperature, vacuum degree, and sputtering power were 6. 51, 18.29, and 5. 96,
respectively. The optimal combination was A, B,C;, and the area of cracks was the smallest at that time,
which was 2. 41. Results show that the effect of vacuum degree on adhesion strength is the largest, then
depositing temperature , while the effect of sputtering power is the least. Considering the three factors, the

optimal sputtering parameter combination is: power 150 W, pressure 0. 5 Pa, and temperature 100 °C.
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Table 1 Factors and levels of orthogonal experiment
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Table 2 Results of orthogonal experiment
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Fig.1 Cracks area of nine experiments
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Table 3 Calculation results of range analysis

FSES
7K
A B o

1 17.45(K,,) 11.52(K,) 24.41(K)
2 22.27(K,,)  29.54(K,) 18.72(Ky)
3 23.96(K,,) 22.62(K,) 20.55(K.)
R 6.51(K,)  18.02(K;)  5.69(K.)
>
(a) 55 LU PR (b) $2U PR

7 ah
N

S um
(c) F3R IR AL
B2 FhIEiRkEe (565 10 2H)3 IR L

Fig.2 Three indentation-induced cracks of supplementary

experiment ( group 10)

2.2 BIZSHN Mo BELANHIZN

S22 E A BT S, IE 3SR T LAFE B . C
PR R RSO T LR A R 9 K5 1l 56
FRPRAISEI. KR B C PRI ZR K2R e A A
A H I A, BT LOR g Fe bR i A8 Ak E 22 A
HZ A KA FBIRA . ARG A7 AL
B.C =AMHE, DIIRIEE A B, ZHER 3 4
TREEH A, A, AT &G TS R B RS D)%
C 193 AR, gk 4 . 8% 4 199 MR

WA 3G, B HA A A, ASINK
5, MTE 3 HZ I HARFIER B.C & DKFES I
YR SE AR R, IR BT 3 200 v 4 TR 3R %o 2L
TR Z A BT R 58 4 AR 25, Al A0y — Fh BE AL+ L.
XM LEHERR T HAB P R 520, 3R A 1
KTl AR B AR TR A A FE Y BT AT LA
R BT Z A AS[R] K - E B i X SR i AR 2
FEIRZNE , 23 Ar R B C IR [ 2L
®4 BRRE(A)SBRHSE(B) WHHE(C)
MR RA S
Table 4 Combination of depositing temperature (A) with

vacuum degree (B) and sputtering power (C)

14 524 3
B1C3 BICZ BlCl
Al BZCZ A2 BZCI A3 B2C3
BSCI B3C3 B3C2
2.2.1 RRiRE

3y fr] — BRI iR T & il e MU R 2
A AR BIIE RS0 i BOHE 27 6 mT EetE | T DAHEBR Ik
SRF Iy 3R RIM S A )52 e, L IS g 5 3k B %o B
TR Z RN s, )R R 80 R Z 5 456 11
FHIC, BT LA L o 24 25 1 AR 2 0 Sz i 366 G 3k 3 Xt
iaJ1sem. KL 3 0 LU 3 TR BE X Mo v
HEZE5 1A B 52, 78 100 ~ 500 °C Y, B
TS A N S R S 3 K R B 25 5 ) g i AR
25, Hir 100 °C B RS AR R /)N, 500 °C B RS
BRI R, X2 Mo JiF-3135 100 C B3£I I
BFCA B R A, A Z R i e m AT IR Y
ZAAENLE B B A B D i B AR B
SRIVEEG J1. JF HER IR B BARET , 25 5 T8 UK it
/N R, I Mo iR 5 LR 1 455 0, T DL 2
SUTERURIES /N, T i R T A I R A A1
Mo JEFAERE T4 BB AR A 1 ek /D 5 T 4
BRI M 45 ) B R 2 A i
FRA K 15 B AR LR 1 2 LR IRES & ), AR
5ILEMZE G 32 213X 2 PR B 29 5 2 P A 52
M. 300 °C 1 500 °CF RS G F A  AE IR
JET, dh ST AR A R4 G J7 052 e SR T
ERAY B .
2.2.2 WRHAIE

Bl 4 Sy [a]— 5 S T 45 ik g 2 S R 2
F1,7E 0.5 ~2.0 Pa N,0.5 Pa Bt R4 H AR A /N T



55114 e

W, 2 BT IR Mo M T 228 83

24 =

A

100 300 500
RHEIC
K3 REHERZ SRR C R
Fig.3 Relationship between cracks area and depositing

temperature

1 Pa F12 Pa B RESTRIFRZ FN. 0. 5 Pa B 2SR
Z g, BIEEA 07 B g 1 s R AT R S5 80 R T 1Y
T A MEEA S BHIRS Mo JR T3 A R A
SRR R A
B K,T
- ﬁ’n’( Ty +r, ) 2p
K, IR E S WHGT IR, =
Wit sr, o, 28R AR SR A A2 AR S I 1Y
AR p MR, AT RS UE R 0.5 Pa B,
Mo JEF- 13 A HARZLEL 1 Pa 12 Pa B R, S5
TR Ar BT RERE RS, B SR AT A B
M RERLHEATIERS , i 4% B AS e DURRA B mT DA 5
TR AR B0 B ) 7 A DT i iy Y 1 34 S VAR B 45
FIEF Y Mo AR ; T 0 <O 3G K 21 1 Pa B, Mo
JEF 0 V-25 At AR, B SL R I BE R R AIG, A
ARSI RE AT IR L, A b B AR £
SRR LS A R AR, ISR R
2 Pa A LSRRI EE 1 Pa B AT BTN, 3X 7T g
SRR AZ B AL T 22500 52 (H SOk Uid 2
301

(10)

N
W

ZYE AR pm®
[\
=]

W
T

10 il |
0.5 1.0 2.0

W /P
4 BRI ST R LR

Fig.4 Relationship between cracks area and vacuum degree

ARG S0 s R ST AR R /)N
2.2.3 AR
BS S [a]— W 5 2 T 4 4l 3 4 80 im AR 2
F1,7E 100 ~200 W 4,150 W IS 2480 i FR 22 Fildge /)y
FA IR 45 (0 Mo W10 (1 45 4 el i 24
STk 100 W H1 200 WA 2420 1 FL 22 Ak,
FWIX 2 PR il A RS & 1A 0 150 W
il L. RS TN 150 Wi F] 200 W,
Art AGFRE RO FEA Bk S R 1) Mo T
BN, RS R A Mo U550 4 i ) 4> S 5L
TURR Mo VIS AR SR A AR, S35 TRISF Mo J -5 T
TE AR IE 35, 8 227 e 10 B KB, 45 7™ E R )
AR AT TR 85 & 1 7= A A KL, e
21200 W B 254 FIAN N 100 W I 1945 & 715 24 3
AR 100 W BT, BI85 ok 1 Mo Jii -1~ 34 3l
RER/N, AFITF Mo i+ 53K ZE A, 9F H R+ %)
IRELIR AP A R Y RE AT R R, R B HL
RFESr 4 GBI 5 BE R &5 4 T BB 19 77 AR S
BT A RLRE | S SRR S5 S . R PR &
Mo 6 A P 5 2L 5 PR PRI S D) R, A e 21
FIRES A R I EUCE Mo K.
261

1
241

SEE0H A pn®
N
]

[\
=)
T

18 1 ]
100 150 200

TS ThARIW
5 REMPZ N SGWS PR K R

Fig.5 Relationship between cracks area and sputtering power

3 i

1) 540 Mo MR 5 3L R E5 & TR E i 3251
AT A IS S BRI IR RS S 2y 6.

2) REAE I ST A A% Mo RSS9 B Ak T2 Sk I 555
150 W, IEHSE 0.5 Pa, B IR FE 100 C.

3) MG DA Kl /NS R T3R5 45 &
TFHY Mo JI5E | B4 TR 428 4 38 (O I S o .

S
[1] ZHANG Z, QIAN Q, LI B. Interface engineering of



84

b =

T i ok

E 1 2022 4F

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(1]

(12]

monolayer MoS,/GaN hybrid heterostructure; modified
band alignment for photocatalytic water splitting application
by nitridation treatment [ J ]. ACS Applied Materials &
Interfaces, 2018, 10(20) : 17419-17422.

JUANG M H, LINTY, JANG S L. Formation of Mo gate
electrode with adjustable work function on thin Ta, O; high-
k dielectric films[ J]. Solid-State Electronics, 2006, 50
(2): 114-118.

CAOGEN Y, HONGJUN L, ZHIPING H, et al. A study
on carburized La-Mo cathode material [ J]. International
Journal of Refractory Metals and Hard Materials, 2000,
18(6) : 261-265.

ASSMANN L, BERNEDE J C, DRICI A, et al. Study of
the Mo thin films and Mo/CIGS interface properties[ ] ].
Applied Surface Science, 2005, 246(1) : 159-166.
EWEA . REREIR ST IE 4 CIGS WAEHGIR Bt Mo 3 Ha
WRIBTFELD]. K. KiE Tk Ko, 2013.

SHEN X Y. Performance of the Mo thin film back
electrode by magnetron sputtering for CIGS solar cells[ D ].
Dalian; Dalian Polytechnic 2013. (in
Chinese)

YANG C, SONG K, XU X, et al. Strain dependent effect
on power degradation of CIGS thin film solar cell[ J]. Solar
Energy, 2020, 195. 121-128.

PETHE S A, TAKAHASHI E, KAUL A, et al. Effect of

University,

sputtering process parameters on film properties of
molybdenum back contact[ J]. Solar Energy Materials and
Solar Cells, 2012, 100 1-5.
BADGUJAR A C, DHAGE S R, JOSHI S V. Process
parameter impact on properties of sputtered large-area Mo
bilayers for CIGS thin film solar cell applications[ J]. Thin
Solid Films, 2015, 589 79-84.
LI Z-H, CHO E-S, KWON S J. Molybdenum thin film
deposited by in-line DC magnetron sputtering as a back
contact for Cu(In, Ga)Se, solar cells[ J]. Applied Surface
Science, 2011, 257(22) : 9682-9688.
GESHEVA K A, KRISOV T A, SIMKOV U I, et al.
Deposition and study of CVD—tungsten and molybdenum
thin films and their impact on microelectronics technology
[J]. Applied Surface Science, 1993, 73 86-89.
GESHEVA K, CZIRAKI A, IVANOVA T, et al
Structure and composition of thermally annealed Mo- and
W-based CVD metal oxide thin films [ J]. Thin Solid
Films, 2005, 492(1) : 322-326.
ZAOUALLI M, LEBRUN J L, GERGAUD P. X-ray

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

diffraction determination of texture and internal stresses in
magnetron PVD molybdenum thin films[ J]. Surface and
Coatings Technology, 1991, 50(1) : 5-10.

MOBTAKERI S, AKALTUN Y, OZER A, et al. Gallium
oxide films deposition by RF magnetron sputtering: a
detailed analysis on the effects of deposition pressure and
[0
International , 2021, 47(2) . 1721-1727.
LIUY J, OUCY, LU C H. Effects of Mo films prepared

sputtering power and annealing Ceramics

via different sputtering conditions on the formation of
MoSe, during selenization [ J ]. Journal of Alloys and
Compounds, 2018, 747 . 621-628.

DERBY B, CUI Y, BALDWIN J K, et al. Effects of
substrate temperature and deposition rate on the phase
separated morphology of co-sputtered, Cu-Mo thin films
[J]. Thin Solid Films, 2018, 647 50-56.

EE, fRiEt, Bl BRI 5 Mo W
MILAL T2 MBS RO )], Wi &R
TAE, 2014, 4(9) : 2221-2226.

MA GZ, XU B S, WANG H D, et al. Optimal process,
microstructure and properties of Mo films deposited by
magnetron sputtering [ J ]. Rare Metal Materials and
Engineering, 2014, 4(9) ; 2221-2226. (in Chinese)
BUIJNSTERS J G, SHANKAR P, VAN ENCKEVORT W
J P, et al. Adhesion analysis of polycrystalline diamond
films on molybdenum by means of scratch, indentation
and sand abrasion testing[ J]. Thin Solid Films, 2005,
474(1) . 186-196.

OLLENDORF H, SCHNEIDER D. A comparative study
of adhesion test methods for hard coatings [ J]. Surface
and Coatings Technology, 1999, 113(1) . 86-102.

QI Y, WANG B, LI S, et al. Improved quantitative
analysis method for evaluating fatigue cracks in thermal
fatigue testing[ J]. Materials Letters, 2019, 242, 115-
118.

MR, WKt Irk [M]. dbat. Bhas i i,
2006 70-71.

W, CER. LRI R TENAH[M]. L5,
TR H R, 2005: 120-121.

VULLERS F T N, SPOLENAK R. Alpha- vs. beta-W
nanocrystalline thin films: a comprehensive study of
sputter parameters and resulting materials ’

[J]. Thin Solid Films, 2015, 577 26-34.

(TTHERB AITE)

properties



