creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

alg

Tor
Ho

2015 8¢

o
o
(ny
E!

o

ﬁo
il

o
Ho
=

—_—

0



2015 8¢

o
o
(ny
E!

o

ﬁo
il

o
Ho
=

—_—

0



—)

21 2

o

8

gy

2015



LISt Of f1gUE S oeiniiiiii e
A D S A et

N AN N ¥ o0 o

10
12
14
14
14
.. 16
18
20
20
20
.21

o] A KOH OFO O] A 0 oo

SO

- : : : 3 : il —~ W

=S - S R S 2
g Ho i i S0 oo

w M I F o
X :

M N T

T

=
A

]

2]
&
1:10]—}\
Ar FHo|AE Az

)
7o Ag o] HlolE AFE

W L] o
T W

T H o

Mo
4]

K
g %

(4 ®

T

t}. Double printing 2 i,
t}. Dual printing B2l oo,
\|

Z
%l
%l
Z
7}. Single printing
2. KOH &4 Ax.....
1
Gl

o] =
1. Ef
]_
2. H
. A o e
1

23

.



.24
.24
.. 24
.. 28

.31
.04

X
!

K

7 el w

=]
“

2. Zn0O Y%= 399

A7k el

A kA

4.

43

... 46

3
np

!



List of figures

Figure 1. Basic structure Of SOLAr CEIL corniiimiiiiee e e (2)
Figure 2. Path of the sun light in the Solar CeIl ..o (4)
Figure 3. Path of the sun light on front electrode .....ovveeeveeoee e (5)
Figure 4. Series resistance Of SOLAr CEIL ittt (6)
Figure 5. Single printing MeEthod ..oeeoooeeeee oo et e e eeeee e e (8)
Figure 6. (a) Image of screen printed electrode, (b) Image of screen mash ............ (9)
Figure 7. Double printing method (a) first printing (b) second printing .................. (10)
Figure 8. Dual printing method (a) first printing (b) second printing .......cceeeeeuv.... (12)
Figure 9. (a) Overhead stirrer (b) Hotplate & SIITer .ooueeeeiieeeeeeeeeeeeeeeeeee e (15)
Figure 10. Pulverizers . a Mot eeeeeeeeedeeeeeeeeeeenas N e, (17
Figure 11. (a) Thinky mixer (b) 3 roll mill (c) ROll MIXEr .....ccoovemveiiieeeeeeeeeeeeeeeen. (19)
Figure 12. (a) Screen printer (D) DISPENSET ..uueeeeeeee e ee e e 21
Figure 13. (a) Rapid thermal processor (b) The exemplary thermal profile .......... (22)

Figure 14. A line width after printing and 10 minute printing according to the content
12 Y510 JRUUOTUUUROTUUURTUUUTU. W o SO oner v BN oot oot SONUNRP SN, NN AUUURNRRURNURURURTN (26)

Figure 15. Spread degree of the printed line width according to the content ratio (27)

Figure 16. The example of the spinnability dispensing printed paste ........ccco.c...... (28)
Figure 17. The viscosity of the carrier vehicle by the organic binder type and ratio
........................................................................................................................................ (29)
Figure 18. Efficiency according to the amount of zinc oxide nanopowder ............. (32)

Figure 19. SEM images of glass frit (a) before pulverization, (b) after pulverization
........................................................................................................................................ (34)

Figure 20. (a) Large size glass frit particle distribution on the fine line width, (b) Small
size glass frit particle distribution on the fine line Width ..oocvvevvveveeeeeeieeeeeeieeeen, (35)

Figure 21. Relationship between glass frit pulverization effectiveness and cell

B T T B IO ettt et e e et e e e e e e e e e e e e r——aaaaa (37)
Figure 22. Paste distribution Method ....eeeeoeeeeeeeeeee e (38)
Figure 23. Dispensing printed line width according to the type of dispersant ....... (39)



Figure 24. Finger electrode delamination due to the addition of the fluorinated
SUFTACTAINE + ettt ettt ettt e et e et e e e e et e st e e e e e et e et e st eereeeeeeeeeseeseeseneeaeas (40)

Figure 25. Line width according to the fluorinated and non-—fluorinated surfactant
0D T B S R 1 o Lo < NSRRI (41)

Figure 26. Efficiency according to the fluorinated and non-fluorinated surfactant
TN XEA PIESEIICE  neeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaaeas (42)

-1V -



Study on the fabrication of a dual printed crystalline silicon solar cell

using dispensing printing

Sung-Soo Yoo

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

There have been strong industrial demands to adopt thin crystalline silicon solar cell wafers
with high emitter sheet resistance, and reduce the consumption of silver paste per wafer, in
order to cut down material costs and increase cell efficiency. To meet these industrial demands,
double printing was attempted, where the first layer of finger electrodes was screen—printed
and then busbars with the second layer of finger electrodes were screen—printed again, but it
was found difficult to precisely superimpose two printed layers due to the distorted screen.
Dual printing with separately screen-printed busbars and finger electrodes has been more
vividly explored because it requires less alignment accuracy between two printing steps.
However, screen printing is considered less suitable for thin crystalline silicon solar cell wafers.
In this study, dual printing with screen—-printed busbars in the first printing step and then non-—
contact dispensing printed finger electrodes was adopted and the influence of silver paste
compositions was systematically studied. At the end, a plausible mechanism to explain cell

efficiency dependency on the silver paste compositions is proposed.
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Figure 11. (a) Thinky mixer (b) 3 roll mill (¢) Roll mixer
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Figure 12. (a) Screen printer (b) Dispenser
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Figure 24. Finger electrode delamination due to the addition of the fluorinated

surfactant
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