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Table 1 Content of EC and PW in different solvents (/%)

Tributyl Mixture (terpilenol:

Terpilenol Butylcarbitol . butylcarbitol: tributyl
citrate

citrate =1:1:1)

EC:PW 1:5 1:5 1:5 1:5
EC:PW 2:4 2:4 2:4 2:4
EC:PW 3:3 3:3 3:3 3:3
EC:PW 4:2 4:2 4:2 4:2
EC:PW 5:1 5:1 5:1 5:1
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Fig.2 Thixotropic properties of EC and PW with different solvents: (a, e) terpilenol; (b, f) butylcarbitol; (c, g) tributyl citrate;



53

SCNER S LILET U BN SIS T ek P VB it AR AR P K R 997 »

SRR EOAR o A 52 fid 788 1 i 0 T 3 Y ) W0 4~ A
FBEAE, B i 4 i o BY ) J5 5 vORS 52 72 A 1) S5 1K
i, C sz 24BYY] s ) A8 by % I i 0k 1A) P 52 PRl
i CBYPIE G 0.5 s IS ARG, D AEKE
FeE I VWP A . ITEL, B A1 A I ELME (B/AD
SN T BB U AR I e, LN R R s C/A
SN T O FEE TR R TB) P SV e, BUAEDBR R Ui B I
) PR P S Tk RERRAT s D/A O IR A2 W0 T 11 Je 44 Wk
SAe, POARB O 3 L e 4 I AL RE by . & 2a
FT 2e S A I B R AN [] G A R EC A0 PW o 04 i A% it
2. K 2a USRI BE S v EC LA R 3G b
PW LG gk, K2 ol T v RS B2 52 B 2 S 386 K
JE N LR, #E EC I PW K EBAE A 1:2 I 950 1 R
JEA L B e R . AWJULMFIELLE BB (B 2e), B
#H EC 3G PW [¥19ak /b, 5 95 B 1) 748 s A0 g 24 Pk
SR I AR, TR S IR RE T SR T o IX B0
EC $& 5 T 2 3 B35 v v 18 8 D) IS (RoRG B, 1 PW 42
e [ S A T BV VR A I B DR R N (R R . e TR R
D (B 2b), B EC FI3INAT PW LA 1 ok
M, SR IRIR B Bk N BT IR
CBE 20, 30 B D) A2 70 R0 8% ) ik 52 1 #04E 98 D
AR TERERE SR T o XU PW X TR LB
TAE A BY D)3 I (RoRG FE RE WK, 1 EC PR 19 ik
TG B s e/ o L 2¢ 1 2g o] B R, (EfT
B =1 lew i 5 EC LL 3 infn PW LE 41 e 2L,
YW BY D) AR A e 0BRSS RE I RN T .
XU EC X AR IR — 1 TR, B (0 4 =y A AR KI5 i
AW,  EC 1 PW XV I fih 2% 1 g (1) 521 X
AAFVE . WK 2d &S], T8 -5 B,
7t EC 5 PW LL#i 2k 1:5 g K, 78 2:1 /. [AAf
(1, FHW B DR R G B 1.5 IR, 1
2:1 I de /N (Uil 2h B ). HBA Bpgs BT ke (1)
PW 7E 3 Pl i S VR 45 Y 8 R A 81 4 i
BYUYIARRAE R, B v A BY )5 A I KGR T A
T B ) RN (RG EE (2)EC £EIX 3 P — 3 K I
TR U T 9 ) R R B R TV VA v BY 1) R
(IRGRE: (3) T EC Al PW £EAS [R5 90 P S 31 1) 2%
RR/NANI, it LSS 0K B2 1) P 2R 0 30 AR 4 L A4
(17185 1O 1717 7
2.2 EC 71 PW X B H KA

% 2 5& EC Nl PW {54 HLAAR 1 Ee i) Je HAN [F]
B T IR EA . IR 2 Pl LB 3, B AT HL
BT EC F1 PW s (kb B i A0k, FE Bl
ZURAN o KA WUEAAAEAR BY D)3 2 I 55 5y 8 17) 3 5
(IR FEAH LG w43 210G BLEBAR I — AN il A2 R 8. M fil AR

RECEA, > PW LR L] 58> PW AR
BLEE A T 1) 2 0 0 e A A L 284 1 Ak A R A1

Bl 3 & A LR IR fid A il 2 S FURFAEA . KT
APULEER] 3 A1 AL R i A2 i £ T AR FBARARAL, 1
BE AT ML AR EC AT PW & R/, HokG B R
BEZ 8 o [N, 38 R I AE A LR B2 AR A R k52
RS I AN A, B S FRR S BRI E — M e
B, o 3#gcMA I h £ e WA S o 3l I X U FE L B/A I
PeA, RIVEATHE I A3, B DLe 16 85 D1 AR
REJJAHIT o (AN C/A I LUAR 1, 288K 1 LA 5 K
DRI, 24380 IR B U)W 52 e ) I i
2.3 EC 1 PW Xf 22 #8482

T 22 W) Bl et 2 s E SR 2R OB} R RG B AN BEOKOK
3 SRR TG v 30 3k 22 ) 3k et i AR ) T AR O 2
W, AR HEL Tt 1 22 O EJ R G B R 8% . [RLG, ARHIE T
A T8 SR 0 e i o d o 8 T A WL AR 1 LA SR R IE
ORLRE EEAE 200 Pass (10 r/min) 247, Al. A2 Fil
A3 SR IR 14 2480 3 LA, %
WK 3 rh & 453 10 LA ol 4 OB o TSP 455 2R OBEAS
[Fi) BY 113 2 RRG BEARL DA S e AT T AR R 8 (sl 3
), AAHLEAAT EC M PW S Rz, HRRHER,
JER R o AR F A R S, A2 5 2RORHE Al AR R AL
ok, HUOE AL SRk Wik LA (K 4
Fro), A2 F A3 5B il 22 th Ze R IRAHIT, A1 5

F2 BUEHKEHERBEER
Table 2 Viscosity and thixotropic index of organic vehicle
EC, PW.

> Viscosity/Pa's Viscosity/Pa's Thixotropic
No. content, content,

/% /% (10 r/min) (100 r/min) index
1# 2 6 425 6.5 6.5
2# 1 5 36.6 5.2 7.0
3# 0.8 4 21.7 3.2 6.8
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Fig.3 Thixotropic property of organic vehicle
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Table 3 Ratio viscosity and thixotropic index of Ag pastes

Organic vehicle Glass frit content, Ag powder

content, /% /% content, w/%

Viscosity/Pa-s Viscosity/Pa-s

. . Thixotropic index
(10 r/min) (100 r/min)

Al 12 2 86
A2 10 2 88
A3 10 2 88

176.4 28.2 6.2
154.5 22.0 7.0
82.2 16.0 5.1

10°F

10°F

10*F Al
—0—A2
—A— A3

Viscosity, 7//mPa-s

0 50 100 150 200 250 300
Time/s

B4 SORL Al Ag ih 2k
Fig.4 Thixotropic property of Ag pastes
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Fig.5 3D images of the front-side silver electrodes: (a) Al, (b) A2, and (c) A3
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Table 4 Parameters of the front-side silver electrodes

No. Height/pm Width/um Height/Width Resistivity/uQ-cm
Al 9.73+£1.85 89.22+7.93 0.109 3.48+1.00
A2 12.50+1.95 83.93+6.81 0.149 2.13+0.68
A3 12.18+1.65 83.12+8.35 0.147 2.62+0.81
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Application of Ethyl Cellulose and Polyamide Wax in Silicon Solar Cell Electrodes

Mo Libin', Zhao Lei "%, Zhou Chunlan '*, Zhang Yuyang ', Wang Wenjing '
(1. Key Laboratory of Solar Thermal Energy and Photovoltaic System, Institute of Electrical Engineering,
Chinese Academy of Sciences, Beijing 100190, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The additives ethyl cellulose and polyamide wax of positive Ag paste with different viscosities and rheological behaviors were
studied to optimize the screen printing performance of the Ag paste, the morphology, densification and resistivity of Ag electrodes. The
roles of ethyl cellulose and polyamide wax in the viscosity as well in rheological behavior were different. Ethyl cellulose was mainly used
to improve the viscosity of the Ag paste while polyamide wax was used to improve capability of shear-thinning of the Ag paste. Because
screen-printing performance is mainly determined by rheological behavior, the ratio of ethyl cellulose over polyamide wax becomes thus
critical. By comparing morphology, densification and resistivity of Ag electrodes, we find that the optimum ratio of ethyl cellulose over
polyamide wax is 1:5 in our case. Besides, the screen-printing performance of the paste with this ratio is also optimized. The development
of new Ag paste and the way of optimizing performance of the Ag paste reported in this paper are very beneficial to further improve the
efficiency of current commercial silicon based solar cells.

Key words: ethyl cellulose; polyamide wax; Ag paste; thixotropy; screen-printing
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