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W OE . ORGH AR (CIGS) A BH H b R A S5 1) S F A B R R mT 25 i R i g 2 B o (B7E
#% CIGS W B, %K 1) Fe JUHE 10 CIGS MY 8L, FECRMMMERE TR, Hitt, FFEAERNERAIT
5 Mo ¥ Z [ 45 A BHES )2 R0 6 Fe TR MY L. >R IS 7 R #2851 48 TR 6] Oy B S5 1 T 1Y
Mo(N,0) # 5, i XRD. SEM K XPS W55 T O, Jii & ¥ Mo(N,0) i (1) S RZE A . OWTE S5 ot K 443 1)
W, TR T RS (SIMS) I B R A Mo(N,0) W5, CIGS i Fe o2 BT 3 By JC L1 2 i
A 30 counts [% = 2 counts, # i L% O, i & 0.25 mL/min i £ Mo(N,0) FH4)Z, FF#l4& T CIGS K FH
HHL, LA R (- V) BRI R R B A Mo(N,0) B Z G, HibaR i 11.07% #2155 14.34%.,
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Barrier performance of Mo(N,O) thin films in CIGS solar cells based on stainless

steel substrates

ZHU Yiguo , HAN Shengnan , WANG Hao , CHANG Xuan , CHEN Iingwei*
(College of Physical Science and Technology, Hebei University, Baoding 071002, China)

Abstract: Copper indium gallium selenium (CIGS) solar cells on stainless steel substrate are widely used in the
photovoltaics community due to their excellent photoelectric conversion efficiency and flexibility. However, the Fe
element will diffuse into the CIGS thin film from the stainless-steel substrate during the process of the preparation
of the CIGS thin films, which resulting deteriorated the performance of the devices. Therefore, it is necessary to
insert a barrier layer between the stainless steel substrate and the Mo thin film to inhibit the diffusion of the Fe
element. Mo(N,O) thin films were produced using reactive magnetron sputtering with varying O, flow rates. The
influence of the O, flow rate on the crystal structure, microscopic morphology, and elemental composition of the
Mo(N,0) thin films was analyzed using an XRD, SEM, and XPS. Base on secondary ion mass spectroscopy (SIMS)
testing results, the addition of Mo(N,O) thin film to the fabrication process of CIGS solar cells results in a reduction
of Fe element's relative intensity in the CIGS thin film from 30 counts to 2 counts. Moreover, current density-voltage
(I-V) characteristic test demonstrated an increase in the photovoltaic conversion efficiency for the flexible CIGS
solar cell on a stainless steel substrate, from 11.07% to 14.34%, upon the addition of the Mo(N,O) thin film.
Keywords: solar cells; barrier layer; Fe; Mo(N,O) thin film; O,; CIGS; SIMS
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Lk b A L, CIGS K PH H il P L 7E R AT i 1
(A BE T, T AR AR A2 K i TR AR
A A3

HAT, BB (PD) Fl— 6 24 4 8 S A
B4 (SS). FHTA . AR AT A O AR A ROk il &
FNE CIGS AP AL . H R AN 85 AN AR 45 T SR 19k 0. Ji
FLA R R A A 4 8 Ao IS AT AR
TR, # Iz, AR, BRI
il % CIGS Wil ftrf, ANEEAFTIK i) Fe L& 2
] CIGS WSS9, JEIK Fecy. Fepnga TR ABZ I
B, BRIt A F B FEL R . LSRR R DO, R,
7 BEAE Mo IR 5 A5 A A IS 22 [ 478 ACBEL 1Y 2 11
il Fe JLH n] CIGS MR #L. Shi %1 5@ i F it #
TS 2 T ZnO PSR, A RCHLBH IE Fe TTE M
RSN S T B3] CIGS MR, Fi b G L 5 305
1 6.63% # £ 10.04%, {H ZnO 7£ 530°C L) I
Bk LB SR TR, X B ZnO RRBAE N 45 4%
JZ 5 Park %M 3@ i J5 ¥ )2 YU 45 100 nm AL O,
FHAYJZE, #4 Fe 702 M BTG Hh 9 B 0k 3 1
X% 1%(100-1 CPS (Counts per second)), #X1fij J5iiF
JE VLR RS AR F]F Tl A= 75 Kim 26 K H Cr
PENBLFYZE, MG S SoR i 9.15% 8 = &
9.88%, {H A H: 4 J@ 1 0 AN g B 4 b o FH R fk
45 Herz 251 58 i %5 i -8 i 1 4% 19 SO, B4 2
2w M BGURIAY 2, X 2R CIGS AR Y il 45 o

X P SR ZE A B RS 2, B RE S 9
He o (RSN . R 9ok ah > “HRER”. B
KERL” 15[ 284 1M, #5220 MoN, B4 )2 AT
DU A G5 B0 i rf Fe LR AOT B, SR HZ2
SEFG b B AL Fe JUE AP HGEE , BRI T HXT
Fe JCZ MY B EYRE F7 1%, i o0 J 08 A 4% 2 14 Ak
Hupig, PRI 2 b2 fb B A B PSR ) S 4 ARSCR
JFH LI B 8 W 558 7 % il - B i Mo(N,0) A Ry
RN CIGS K FHAE M AYBLEY)Z . BF5E T 0, i
X Mo(N,0) i 15 i A 45 # . oW TR 5 45 52 i
IR T CIGS KPFHHL I, 25 % 1] Mo(N,0) # 5
e SLBHTY Fe SCR MY L, KB F IR (SIMS)
75 B R IIGTRBHRY 2 5 CIGS W& i h Fe JTZ A X
&5 i /30 counts [ & 2 counts, CIGS K FHH,
b L L B R 11.07% $2 75 2] 14.34%.

1 TEHBRFE
1.1 FE&#
P (AT al), Kfb2ailAm); JoK O

Grtrat), IChifk TRHEAR AR, LB 1K,
g E A, Mo ¥EM, R G E M B R A R
/NFl; Cu, Se (4L 6N), Hin#iA; In, Ga (4
BEIN), PSR Gk (T a), B2 RiGR F
HIRAR; BlE (Grdral). s (ka), H
i ARAEE AL EE (-Zn0) . B8 A LB (AL
ZnO) #AF , Jbmt A a4 8 UF 58 8 BE S8 Pl s
430 N4 (FA% 10 cmx10 cmx0.1 cm), {A%H4)E -
1.2 #HKREFEXIZ

K H 430 N WAE AR, il £ Mo(N,0) i
JBE Z TR A AN IR E N R . OB A5
Tk o T Uk 20min, S B TR SR
30min, RJEHEE FRMEAHE R LR, HN,
W 2 11 K55 X AN A A T 4 B AR Z il A 3
1.3 CIGS KFHEE#FI&ETZE

CIGS Kb &5 aniE 1 prox, MR 2| LK
M $S/Mo(N,0)/Mo/CIGS/CdS/i-ZnO/Al:Zn0O/Ag.
Hl A AR AN T B SE AR N 5 KA IS Ll Ao s B S
TR ¥ W 5 25 Mo(N,0) T, i 42 JE Mo #
M, TAESEN1Pa, EHHRIIENR 150W, HEF
HEBA (R BE 8.5 cm, FE AR 100°C, 3 i 5 60T
FEURS ) {4 5 8 5 J5E 2/ 300 nm A2 A5, ) SF 9 5
0, it ® & 0mL/min. 0.15mL/min. 0.20 mL/min
A1 0.25 mL/min, #f5% O, Uit 1 X Mo(N,0) & [ (1
Fevksgm, BARG& TESH8mE LR, ZE
K B R G4 5 ) £ 800 nm . 0.4 Q Y Mo HL Y
CIGS ¥ I il 5 R =20 Iz & k™, JREA R
1.5um, JCZE 4N Cu/Ga+In(CGI)=0.85, Ga/Ga+
In(GGI)=0.315; CdS % wp 2 i 1k 2% /K i3 5 (CBD)
Hil 45, CdS JEJE 2 50nm; SR 5 FH 554 w4 45 I 5
AR K UL 2 50 nm JE (¥ i-ZnO F1 300 nm /& Y
ALZnOfE N 1 )2, /g RAHB FRZEK
500 nm J5£ 3 (1) Ag HL% o
1.4 MK 5RAE

di F 33 4% W, 7 2. 7% 4% (SEM, Nova Nano SEM
450, 3% [E FEI) X 9 JI5 () 2 1 18 i 2 30 0 47 %
fif . 3@ X S5 511X (XRD, D8 Advance, f#[F
Bruker) %§ Mo(N,O) i i 1 i 1 25 #4 # 17 3= 4iF (Cu
K, %0, %K A 1.54056 nm)., fii JH X-5F£6G T fig
JE{Y (XPS, ESCALAB 250Xi, 3&[E Thermo Fisher)
Xt Mo(N,0) B i) Je R 4140 17 R AFE . Fe ILHEAH
50 B kB T X (TOF-SIMS 5, 74 [+
IONTOF ) £AiE, HUL-HE (-V) FEPELE AML.5 ii
W . 25°C RS T (SAN-EIXES-100S1).
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SS

SS—Stainless steel; CIGS—Copper indium gallium selenium
1 ARG (CIGS) K PHHL S H7R 2E

Fig.1 Schematic diagram of structure of CIGS solar cell
2 ZBER5WR
2.1 Mo(N,0) &R #1451
AN A Oy it 1t 451 T il %5 19 Mo(N,0) 8 I 3K T
AR IADE AN 2 FoR, R38O, B, R 3% 1 5
BB AR R 4 FIE A5 B S kL, &R R ST 8 70 nm
A, A 0.15mL/min 0, J5, AL RIEH &
AU, JEOR Y G IR A 0 A RLIH O, R R
(a) : > [(b)] ' ; '

100 nm

200 nm

%1 Mo(N,0) HEH&ETIESH
Table 1 Process parameters of Mo(N,O) thin film

Ar:N,:0,/ Sputtering Sputtering Substrate Thickness/
. temperature/

(mL-min™") pressure/Papower/W © nm

30:20:0 1 150 100 300

30:20:0.15 1 150 100 300

30:20:0.20 1 150 100 300

30:20:0.25 1 150 100 300

© | ()

- 100nm .

200 nm

AT RE B S A6 R 0 R, 4k 223 o, i i &
0.2mL/min. 0.25mL/min, &8 S8R SFAE /N,
AT5 A 38 B S AR IR Sk, X T O, 3B AU 3
T 5 Mo & F sl )L, W/ T Mo Ji -+ 1 °F
¥rE R, X R A 5K 1 Mo 5T RE &
/N, Mo JR FHESRE HfM R R AR s, B,
W R AN 2, B R SE A, Bk,
Mo(N,0) it 1] BE£7 75 2 Fp R[] EL ] 11 0 Fn 485 1
A, A5 v R A T i R e AR Y . O
ST LAE H, R A O, By MR & AL A B H 54
JEEREAHTE L, AR m AR AR K HHES R %
WA O, 5, WYL, W& O,
DL 2k ) 3 o R 1 SRR R B B, UEH O, 2
51 Mo(N,0) iy A= K 7 =,

RWFSE O, Uit 2 XF Mo(N,O) T 1) s 14 25 44 1)
M, XF Mo(N,0) [ #E47 XRD ik, /&l 3 fir
N, AN, Wi A 30:20, K@ O, I, 7E 39°H
B AT 0, DR S 7 T 40.5°79 Mo(110) U,
BT A FBE T Mo W SRS, TE
Mo(N,0) 5 il £ i B v, F B A 1 R B T A

100 nm + 100 nm

200 nm

B2 K 0, Fis &1 T Mo(N,0) WA SEM Elf% . F£HifE4i: (a) 0 mL/min; (b)0.15mL/min; (c)0.20 mL/min; (d)0.25 mL/min;
S : (e) 0 mL/min; (f)0.15mL/min; (g)0.20 mL/min; (h) 0.25 mL/min

Fig.2 SEM images of Mo(N,0O) thin films at different O, flow rates: Surface: (a) 0 mL/min; (b) 0.15 mL/min; (c) 0.20 mL/min; (d) 0.25 mL/min;
Section: (e) 0 mL/min; (f) 0.15 mL/min; (g) 0.20 mL/min; (h) 0.25 mL/min
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HL IR T T 22 i Mo BB 3R T, Wkt Mo Ji -+,
H A= W Mo Ji 7 5 N, filf 48 76 4+ i 1B Ak
MoN. 5%, EAFRAILKEMET, BE
N, Uit & B 34 Jm, T 40.5°1) Mo # i (110) & I
% 1 5w R P, 243 A 0.15 mL/min i O, B,
THE IS 1Y) £ B 0 4 2 EL AT 22 B0 LA A7 S e 17 11 B
VLR AR R THE A, HEW Ko, iESR
0.20 mL/minFl 0.25 mL/min, 157 % ¥ 0 & £i7 5
W, ULEH O, Bl A AR T MoN 511 S AR 2544
fifi Z i MoN [1] 3§ Mo(N,0) #%74% .

0.25 mL/mi
Wo(l 10) Mo(200)  Mo(211)
0.20 mL/min I | |
= M’m” J g 1 t
& | 0.15 mL/min I
E b Ao ' !
1
| |
0 mL/min L h+
Mo#42-1120 I | |
| | | 1 = 1 1
10 20 30 40 50 60 70 80

20/(°)
3 AlF O, Wik 4514 F Mo(N,0) Wi XRD ik
Fig.3 XRD patterns of Mo(N,O) films at different O, flow rates

i 3T XPS 43 B AN [\ O, It & T il 45 19 Mo(N,0)
W R L R MMM S A, W 4fiR. T
% 4(b) i Mo3d % 1, i 1 X Mo3ds,, Fl Mo3ds),
B X AT e LG, & 3 Mo(N,0) #i A7 3 Fh
WA 92 Mo®(228.3eV., 231.5eV), Mo*
(229.9eV., 233.1eV) Fl Mo*(231.9eV. 235.1eV),
ST MoN., MoO,. MoO,!, 45 A 0.15 mL/min
O, B, Mo XJ I 14 W4 31 2K, 15 B 7 J v MoN i)
MoO,. MoO; #% 74, K% O, Jit i M 4kLslin, £
T B Mo BT X I I RRAE I, e Ah, AIA 4(b)
AT LIE 1, HE O, ME I, Mo*/Mo®™
B HC A /N, TR MoO, 19 (5 He 3 A . 7E Nis i
(B a(c)) Hh, LA ML A fE N 39736V, 394.1eV
f) N1s Fll Mo3p FEAE g, 45 W /R, NlsFE1EIE
M) 7 LGBl Oy Tt f 1 185 I i 388 fin , - 156 B 3R 3% 1T A7
HERAEMY, i Mo(N,0).
2.2 0, REX Mo(N,0) i & BB 14 45 4 i 22 1l

A [F] O, Pt i 2514 i 5 19 Mo(N,0) v fE 1
FBHPSE, w7 5 E 1 Ui Y CIGS K FHHL

o I A P RE AR LA K o A A PR RE Qo
Kl 53R 20T/~ , O, it A 0.15mL/min A}, H
WA T B L TR (V,) S 510 mV A2 47, 8990 O, i &
% 0.20mL/min. 0.25mL/min, H A9 V, 3 &=
530mV. 550 mV 75475 [A) A B L 2 T (J,)
M 27.7mA/ecm? T+ & F 30mA/em?® &£ 45 HE A
T (FF) )\ 68.6% $& T+ 5| 72.8%; & Hi % 4 &% %
(PCE) M 9.7% 42 3 % 12.1%., X2 H TR E 0, i
N, Mo(N,0) Bk M R g g, A
W, AR T RPN SN Feou Y E
CIGS M, [FE&MK T CIGS & & dt, M
X L PR REE T — e T
2.3 Mo(N,0) =Xt Mo, CIGS 55 B 43 14 22 i

T 43 A Mo(N,0) # X Mo, CIGS i & 47
PR, % A 0.25 mL/min O, % 4 F #l & 11
Mo(N,0) i & - BH $4 )2 , il % T SS/Mo(N,0)/
Mo/CIGS W) & 245 M FE ), B3t XRD. SEM i
W Z2 BH 14 2 X Mo v 1K LA K2 CIGS 78 JIE 45 14 52 il
Kl 6 & XRD [l 3% , 255 FM, A I Z X Mo
HEREF CIGS v S 4 B 00 B 1) 52 i A K . Mo T8 i
#B B (110) FEAR B A= K, CIGS Wi 2 B (112)
A K o (HE AT LUWEE s ds i BEL P 2 TS
CIGS(220)/(112) LLH I & T R, A W55 K8, Fe
2x 2 9F CIGS(220) 1) 4= K 1, i B Mo(N,0) BH 4
ZEr L Fe du R Pk & 7k SEM E &,
Al LLELF], Mo & B 41/ = £ TR Y ok 45
¥, 4% A Mo(N,0) & Mo % Iff & % £ ] B 28k,
CIGS & Ifif 5 # i JE 55 v] DLW H 47 6 Mo(N,0) FiL
PHZEE, CIGS i ki 2 1 34 A= 4 % 4, #im B
FX CIGS /B K i ek HEUH W K Mok, 45K %M
Mo(N,O) FH 4 J2 X} Mo v B 52 ma A~ K, (HA F] T
CIGS R B o

& 8 Jy SIMS MK 45 %, /R T A J& Mo(N,0)
RH#4 )2 19 CIGS #ifR i i T R IR B 404l o Wi 1#] 8(a)
s, MTFERAMRYZE, K Fe i ZY ## CIGS
R, Fe o0 2 1Y AH X F 5 58 £ 35 30 counts /7
o 1A Mo(N,0) B4 )2 )5, Fe Jt % 1] CIGS
RS HOH e o, anl&l 8(b) Fr s, CIGS i i
T i Fe JC R AN X {5 5 5% % 2 counts, Fe JLZE )
PwlE SO SR Ry, R
Mo(N,0) FH#4)Z JCHH & 1 i 5, Rk X) Fe s R 1)
HCA B 1 A .

WLk T4, JFHi#5 NaF 7 4 ik 4 8 I,
fiill % T A JC Mo(N,0) FH 4 JZ iy CIGS i 3th #5% 7 ,
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(a) (b)
0.25 mL/min 0.25 mL/min
L -
0.20 mL/min
= A = ~
g g
£ g
0.15 mL./min 0.15 mL/min
Y . d
» 2
. w S
0 mL/min 5 =
3} 0 mL/min
Y
. . . A A I I
1250 1000 750 500 250 0 240 235 230 225
Binding energy/eV Binding energy/eV
© (d)
0.25 mL/min 0.25 mL/min
0.20 mL/min 0.20 mL/min
z z
Z Z
Q Q
= =
0.15 mL/min 0.15 mL/min
e
0 mL/min 0 mL/min
410 405 400 395 390 545 540 535 530 525
Binding energy/eV Binding energy/eV

K4 Al 0, AT Mo(N,0) MY XPS i (a) 43i%; (b)Mo3d; (c) Nls; (d) Ols
Fig.4 XPS spectra of Mo(N,O) films at different O, flow rates: (a) Full spectrum; (b) Mo3d; (c) N1s; (d) Ols

Wt v, K 9a) Fran, 4l A Mo(N,0) FH 2P T 548mvV, Jo M 295mA-cm™ 2 5
PR e A It 7t . Voo M 508 mV 33.1mA-cm™, FF M 74% & & 3] 78%, 4ot
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RSCHELAE: FET ARG A CIGS K FH ALt 7 Mo(N,0) B A B4 ¢ 1
a b
560 ® ® ®)
= d
PO
540
CJ J
* & < 30
@ § i %%
z 520 ¢ ° y g °
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Fig.6 XRD patterns of CIGS thin films with and without barrier layer
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Table 3 Characteristic parameters of CIGS solar cells
with or without barrier layer

R/(Q-cm?) G/(mS-cm™®) A Jo/(mA-cm™)
wW/0 1.70 3.07 1.74  2.16x10™
w 1.27 1.29 1.51 7.59%x107°

Notes: R—Series resistance; G—Reciprocal of the shunt
resistance; A—Diode ideality factor; J,—Reverse saturation
current.
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