%314 10 Nl M R R Vol. 31 No. 10
2016 4 10 H Journal of Inorganic Materials Oct., 2016

X E4S: 1000-324X(2016)10-1141-06 DOI: 10.15541/jim20160186

TR RN R R EEFI & Cu(ln, Ga)Se, S BT R

FHRAFL OMERY BER— AWK ERAS A KT
(1 BHEIRF HHMAFEIEFR, JHHKAELBTZTEREECAAELTEE, ik 541004, 2. /7
B IR AR A RS, @ T 530003)
5 ZE: KH Culng;GagsSey. Ing;GagsSe Fl CuSe Jylsikl, —H IR Feshvkifil& CIGS $Ekf . ik fif SE K Al v
XRD. Raman. SEM #1 EDS 57 090 7 CuSe WAH 4l Whe 4 0f LA AR B L . MIAHL e 4540 TES LA
KB e . SR W], I CuSe iyl T 7 AL MAH BE 25 (2 dE ke &, AN CuSe MR R HYbe i & T %
T 50°C. Mkeshiki iy 575 CIY, KA EEIAARXT 25 B 0 96.18%, WAH M —2liv%, WOW LS M BUE, SRR & BRI,
LABE/KEEN Cutn: Ga: Se=23.0:18.2:6.5:52.3 AUHEHS, Ml ik Wi —HAb VA% CIGS Wi, Jf5¢ e AZO/ZnO/
CdS/CIGS/Mo i it ({1 41%4(0.25 cm?), 3513 T 9.6% 1 H S e sk %
X $& i7: CIGS; #uikedy; BUM, el
RESZES: TN304  SCHKFRIRAD: A

]

Liquid-assisted Hot-pressed Sintering of Cu(In, Ga)Se, Targets
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Abstract: CIGS target was prepared by one step hot-pressing sintering using Culng;Gag 3Se,, Ing;GagsSe and CuSe
as precursor powder. Archimedes method, XRD, Raman, SEM, and EDS were carried out to investigate the effects of
liquid-assisted sintering on the relative density, phase, structure, morphology, and composition of CIGS target. The re-
sults showed that CuSe would turn into liquid phase when temperature was increased to the liquid phase points. The
liquid phase can significantly reduce sintering temperature (about 50°C dropping) and accelerate the sintering process.
When sintered at 575°C, the target can obtain the relative density of 96.18%, single phase, dense microstructure with
good grain growth. In addition, using the target with molar ratio of Cu: In: Ga: Se =23.0: 18.2: 6.5: 52.3, CIGS thin
films were also prepared by sputtering-heat treatment, followed assembled into AZO/ZnO/CdS/CIGS/Mo solar cell.
The fabricated CIGS solar cells presented a photoelectric conversion efficiency of 9.6%.
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Fig. 1 XRD patterns of targets sintered at different tempera-
tures from formula A and B powders
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Fig. 2 FWHM of main diffraction peak of targets sintered at
different temperatures from formula A and B powders
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peratures from formula A and B powders

(96.18%) (96.52%) )
(}ﬁ -
=®
£ 941
=
L+
-
=
£ 21192.23%)
1 -
90 (89.42%)
I ; 1 . i . | . |
525 550 575 600 625

Temperature / °C

K4 ARIE S L T AR R AR ) 2 T
Fig. 4 Relative density of targets sintered at different tem-
peratures

Mg ah R 550°C F i & 575°C R, A FC U7
A TR 5 FE AN 89.42004 im1 42 94.81%, U I &)
T 5.45%:; YEeLEUn R 575 CHEE S 625°C, AT
SUA AT 35 B2 AN 94.81% 45 £ 96.12%, B A
Pem T 1.31%. b I HERTEE A7 550~575C [1)if i
R ST e @ 2 B I o AL 3y N1 e DS
J5 4 525°C I, B Fc 7 $EAK IRIAH XS % 5 0k 92.23%; {Ek%
SEIELEE N 550~625°C X [A] P, SEAF AT %5 BE Hth 261 2%,
X SE AL T AER 45 550°C I, SEAF AT
S L ik 95.71%, R gk 43 b 4hii i 2 625°C,
BEAA (P B0 FEREIRAR /N . SO0 a8 BRI 2 e sh i e
575°CHf, #ENBREE AR BT 11, Fgestrtmik
i, STHIM R4 BUR FE R AN K.

HASE R AL, KL% 550°C I, A 77 4t
M TR ) 25 BE AV K 89.42%, B L 7 3R A5 SE A4 (1) AH
S5 FE W =k 95.71%. B LU {E 575°Chesl sk e
AT T A BLTAE 625 CHEgh AT RN .
X i T CuSe YA fifE 523°CH B i ik &t i T
TELE CuSe, {EBARIEEE FEIA P00, 774 %k
A7 TS RE EORHEAE T, $Embediii®; — i,



1144 T WL M K 2 R

31 %

TEMARMI B ERN, Bk A EHE, A fLbEE
W IRBTAS IR HE RS, 7R3 8 v AT
[, AbF Culng,GagaSe, fbhiz* BRALIK) CuSe WAHLE
L B 5 Ing7Gag aSe J W A il Culng 7Gag 3Se, - 7% FidH
S, DR TR O

T PA A3 AT AHENT, 80 CuSe HliBh I 2k b%
KT CIGS ¥UM MR Es I, $em T 4EM IIAHXS 2 5
2.4 RIBHBEIEEX CIGS ML HBY
=AU

A FCJTTE 600°CHAREL:, AT LM P
IAZ, WA IERRE, EARE R ZN
in It (B 5(a)). BRI AL = A 625°C I, HEUA N
AR L ERR AN =, SN R, (HO AR
AL BT (K 5(b)) - B L5 4E 550°C I RISZER T
Fedh, BOUME RIS ALRARAR, SR EE T 4h (&
5(c)). 4FRLER IR RS 575°C, T T R R
ke BRI TR T CuSe 4 15U, CuSe Rk R
TR B, AR IO AT 2 W AT R, VRO ) H
T2 b J5 LK) Culng7Gag sSe, i i it A 1 i,
T A T FRAR R 70 48, Ak & R e 3 (B 5(d))

SR B, B EL 5 550°CHe4h 345 b b ik 4
F 5 ABCJTTE 600°C R4 SRAT MM A #3017 B
BC /575 575°Cledi i 4imf (B 5(d)) 3 A4S it 5
WG I T AL 77 625°C Be4E 3R 13 48K (15 5(D)), X
YA CuSe {ifA R I bedil 5 2 /b R % T 50°C.

WA B e 4547 I BR W E 6 iR,
CuSe il N T HGIBUAH I e 46 7 A 35 i e kA
M, EHESE N — 5 WA et 7 Rk ££
T, B VRIS AE WA B ST R TIR A, 2 R

5 ARETEANFRRESEL TG CIGS UM MW E 5
FESEM fi )+

Fig. 5 Cross-sectional FESEM images of CIGS targets sin-
tered at different temperatures from different formula powders
(a) Formula A, 7=600°C; (b) Formula A, 7=625C; (c) Formula B,
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Table 1 Composition proportion and loss on ignition table of targets by different formula

Sample Additive CuSe  Temperature /C  Cu/ at% In/ at% Ga /at% Se / at% Loss on ignition / %

Raw material No -- 24.98 17.52 7.49 50.01 --
a No 550 25.18 17.44 7.49 49.89 3.11
b No 575 24.96 17.41 7.56 50.07 3.44
c No 600 25.22 17.43 7.39 49.96 3.75
d No 625 25.19 17.49 7.59 49.73 3.88

Raw material Yes -- 25.02 17.49 7.47 50.02 --
e Yes 525 24.98 17.46 7.48 50.08 0.49
f Yes 550 24.89 17.42 7.45 50.24 0.59
g Yes 575 25.04 17.52 7.55 49.89 0.67
h Yes 600 25.12 17.48 7.52 49.88 0.74
i Yes 625 24.78 17.38 7.45 50.39 0.83
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