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ABSTRACT As the absorber layer in CISe-based solar cell CIGSe thin film was prepared by precursor-
selenization method. The influences of selenization temperature on compositions, morphologies, phase
structures and electronic properties of CIGSe thin films were investigated. The compositions, morphologies
and phase structures of CIGSe by means of XRF, SEM, XRD and Raman, respectively were analyzed. Based
on Hall Effect the resistivities and minority carrier mobilities of CIGSe were tested. The results show that
there are no differences in morphologies and compositions of CIGSe films prepared at 520–560 ". Ordered
defect compound (ODC) phase and Cu–Se phase increase with the increasing of selenization temperatures,
which increases the concentrations of defect in CIGSes and causes the deterioration of electronic properties
of thin film.

KEY WORDS inorganic non-metallic materials, solar cell, CuInGaSe2, precursor-selenization, seleniza-
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1.1 CuInGa 4567897:

4BCJ85/ CuIn$CuGa K�0&'�3

CuInGa (�$, 'CK�5/0D9:&�EL(

�$0 Cu/(In+Ga) $ Ga/(In+Ga)2.>4K�Æ

M� CuIn67K (Cu/In?@N� 0.92)$ CuGa6

7K (Cu/Ga?@N� 1.00)2%AK�27 H2 1;

OF2;<�P,G=DE23,Q&296 99.99%2

K�0&FRS� 120 mm×250 mm25/>2H>

BK,I?C 50 mm, T�7@G43HDE�O

F5/2325/1/I4#QG1 (Ar)2J85/

H5AJ 1 KÆ2

.>4 CuInGa (�$0LB?@� Glass/

CuGa/CuIn2 �3M, 07>2HUC5/#?

CuGa Æ$, CuGa K�5/D9:&� 0.5 w·cm−2,

5/MJ 10 min; 5/1I 1.0 Pa; J5/#? CuIn

Æ$, CuIn K�5/D9:&� 0.7 w·cm−2, 5/M

J 90 min, 5/ Ar 1I" 1.0 Pa2J85/N3)

UKD 3.0×10−3Pa2

(�$0()N3 (J 2) L(�G$()G$

EFGGKD#@GM(2()K4(N�LOV

O Se N, �OF Se (NM�WÆ, N&VX0M�

H5, �OF(N01&7 500-800 "HJ2

()NP0I:;.: 1) (�29QJOK(

�G, (�#-MJ�OFQJ1&232L6(�

G!Y91, R@(�GZKD, KD&[ 1.0 Pa 8

WKB()G1ILP0S1; 2) ()2(�?P
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Fig.1 Schematic of the sputtering chamber

; 2 ;AU\STT

Fig.2 Schematic of the Selenization furnace
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1.2 CuInGa 456789<=
4 X /[V�Æ\W (XRF–1800) Æ\ CIGSe

Æ$0(Æ,4QR+@]^T (LEO1500)UaÆ$

A,85, 4 X /[X/W (DMAX 2500V) Æ\Æ

$09?@, 4VWF8XbW (G1) b_ CIGSe

Æ$0+Y9$S"SI@TZ92

2 >?@AB
2.1 CIGSe C89DEF<GHI

7c`()1&2�30 CIGSe Æ$, � XRF

Æ\?YP6A 32��U<, CuInGa 67(�$

(A0) 0 Cu/(In+Ga) 7Ba>7 0.69–0.98[14] [4,

J 1 ;A�\db

Table 1 Parameters for selenization

Selenization Warm-Up

temperatures
Selenization

temperature/
Carry

/e
time/min

e
gas

600 10 200 N2

J 2 ;A<DZ]VW

Table 2 Range of selenization temperatures

Selenization

No. temperatures

/e

A0(precursor) —

A1 520

A2 530

A3 540

A4 550

A5 560

J 3 CIGSe fXI XRF Zc[d\]

Table 3 XRF analysis results of CIGSe films

Thickness/
No.

µm
CIG∗/atm GIG∗/atom

A0 0.62 0.97 0.08

A1 1.50 0.97 0.08

A2 1.49 0.98 0.08

A3 1.55 0.97 0.08

A4 1.50 0.97 0.08

A5 1.55 0.97 0.08

* Note:CIG express Cu/(In+Ga); GIG express

Ga/(In+Ga)
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g& Ga/(In+Ga) ^� 0.08, &�3(�$M CuGa

K�5/MJ3h^(02#=Y� Ga/(In+Ga)7

0.21∼0.38[14] 0 CIGSe N_46� !?, _i��

`M CuGa K�5/MJ4`S CuIn K�5/M

J�e# Ga/(In+Ga)2

^A 3�a,()8(�$0 Cu/(In+Ga)$Ga/

(In+Ga) Z&L)T[cf()1&0ELjEL2

��gbk\%OF Cu/(In+Ga)$Ga/(In+Ga) Na

cL, b& Cu$In$Ga :]cL4 Cu$In$Ga `M

l9`N^0`E2]0, mbA_`ca�h, d

�gb7()3:*cn7 Cu$In$Ga .ci0j

e, B V.Alberts[15] .0?b9`2

J 3 Ac,7Æ$A,2n7#-]0d&G=

(A A5–b *0 A /), @ A /<3 EDS Æ\��

fd&G=$%:& Cu$Se %Aci, gbfG=

� Cu–Se 92@NQJ A1–A5 0 SEM ?Y���,

CIGSe Æ$0A,85TZ&_�()1&0EL

j�h]dEL, kc7 520–560 ">74()1&

c:: CIGSe Æ$0A,852

2.2 CIGSe C89>K
J 4 Ac,(�$ A0$%L Cu11In9 9M(,7

A0 X/e*��Uao Cu2In 0 (212) X/g (@

8 P3), In 0 (002)$(110)X/g (ÆM@8 P1$P2),

kc(�$*h& Cu2In $ In 92

L6 CuInSe2 90peX/g0Gfg (@86

J* A1$A2$A3 l5) B Cu2Se 90Gfgiq!

=, dcajkGfg A1$A2 $ A3 grÆ$*&

l& CuInSe2 m6h92g&jk CuInSe2 9@6

Cu2Se9m&0 C1$C2$C3fGnX/g��gr,

7�3<0Æ$*0i.& CuInSe2 m6h927

; 3 gj A1–A5 I SEM hk

Fig.3 SEM images of sample A1∼A5



4 � 6BÆC:;A<DE=;/;><7FG?@HA7I=B 3614 � 6BÆC:;A<DE=;/;><7FG?@HA7I=B 3614 � 6BÆC:;A<DE=;/;><7FG?@HA7I=B 361

; 4 iso<D;AI CIGSe jMTl

Fig.4 XRD patterns of CIGSe films prepared at

different selenization temperatures

; 5 gj A1 n A5 I Raman jMl

Fig.5 Raman spectrums of sample A1 and A5

X/e*Tp��VX0 CuGaSe2 9,kc Gaci

$%�Lm08qn76 CuInSe2 9*2@N A1–

A5 0 XRD X/e, ��gr CIGSe Æ$2$%L

CuInSe2 m6h9M(2

7QJ A1$A5 0 Raman eJ*, 172 cm−1 0

n (P1) @8 CuInSe2 0mkn, 211 cm−1 0n (P3)

@8 InSe 9 [17,18], InSe B CuInSe2 l8(&mo

r9 CuIn3Se5(ODC), J*pn� ODC2258 cm−1

0n (P2) @8 Cu2−xSe mkn [16], 228 cm−1 0n

�#@8 CuSe, Cu–Se 9 (Cu2−xSe$CuSe) 0n7

os6p SEM 0Ua?Y2Raman e0?Ykc,

CIGSeÆ$*tp:& CuInSe2 9t,h:&S]0

ODC 9$ Cu–Se 92

QJ A1$A5 0 P2 nB P1 n0f&N Ip1/Ip2

ÆM� 13% $ 19.4%, kc A5 Æ$*:&_u0

Cu2−xSe2̀ M, QJ A1$A5 0 P3 nB P1 n0f

&N Ip3/Ip1 ÆM� 16.9%$ 21.7%,kc A5Æ$*

:&_u0o In9 (&mor9 ODC)2fopup

�vqQJ A1 B A5 0 Cu/In+Ga NaOv#p2

q6 XRD $ Raman 0?Y, 7 520–560 "()1

&2�30 CIGSe Æ$$%L CuInSe2 9M(, T

:&S]0 ODC 9$ Cu–Se 92e#()1&, l

J 4 CIGSe fXIFrrnssttr

Table 4 Resistivities and minority carrier mobili-

ties of CIGSe films

Resistivity/
No.

Ω·cm
Mobility/cm2·V−1·S−1

A1 1.30 21.64

A2 1.85 26.22

A3 2.52 23.99

A4 2.20 1.98

A5 17.48 5.77

Æ$* ODC 9$ Cu–Se 9:]`M2

2.3 CIGSe C89ÆLMN
c`()1&0 CIGSe, �+Y9$S"S

I@TZ9P6A 42S.Niki[6] .u<, TZ9�

23 cm2·V−1·S−1$+Y9� 3.6Ω·cm 0 CIGSe Æ$

46�3 CIGSe# #+,2̂ A 4�a, )5�3

0 CIGSe Æ$H)46�3# #+,2g&fv

()1&0w# CIGSe Æ$0+Y9`9, S"S

I@TZ9q*2?6 XRD $ Raman 0Æ\?Y

�Y�, Æ$* ODC9$ Cu–Se 90`MwpÆ$

*oru&`M, ^(pÆ$0S"SI@TZ9q

*, +Y9`92_ivwo@Æ$+�%#0%x,

4(�$()'�3 CIGSe Æ$�()1&cw3

#2

3 > B
1. 4(�$()'�3 CIGSe Æ$, Æ$0

Cu/In+Ga$Ga/In+Ga 0N^cL, CIGSe Æ$$

9� CuInSe2 9, h:&S]0 ODC 9$ Cu-Se

9, Ga ci$%�Lm08qn76Æ$*2

2. 7 520–560"1&HJ, CIGSeÆ$0(Æ$

A,85cx()1&0::2e#()1& CIGSe

Æ$* ODC9$ Cu–Se 9:]`M, wpÆ$4o

ru&0`M, q*Æ$0+�%#2
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