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Study on the Stainless Steel Counter Electrode Substrates of Dye-Sensitized

Solar Cells
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Abstract

The solar cell performance of dye-sensitized solar cells (DSCs) using the cost-effective stainless steel (SUS-N) foil counter electrode
was investigated in comparison with FTO-glass and Ti-foil counter electrodes. The electric resistance of Pt-sputtered SUS-N counter
electrode was 4000 ~ 4 times lower than other two counter electrodes. In order to obtain more than 10% efficiency of DSC, one-minute
Pt-sputtering time was enough in the case of SUS-N foil counter electrode, however, 60-minutes Pt-sputtering time was requested in the case
of FTO-glass counter electrode. Furthermore, the electrochemically surface-modified SUS-N foil counter electrode, which has a higher
surface area compared with non-modified SUS-N foil, showed the higher efficiency compared with that of Ti-foil counter electrode. The
heat-cycle test between -40°C and 90°C of DSC using SUS-N counter electrode showed the same stability as that of DSC using Ti-foil
counter electrode. These results suggest the cost-effective SUS-N counter electrode is quite appropriate for the commercial production of
highly efficient DSCs.
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Fig. 2 Nyquist plot of the DSC measured by EIS
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Table 1 Resistivity and corrosion stability of three

kinds of counter electrode substrates

Counter electrode Resistivity of Resistivity of Stability against

substrate substrate (/) Pt/substrate (/) electrolyte soln.
FTO-glass 10 0.4

Ti fo1l 1.25x 102 1.25x 102

SUS-N foil 3.17x 103 3.17x 103

Pt/substrate: Pt was sputtered for 60 mmutes over substrate .

WA, 26 WA BT Pt &2 60 2 A28y Z LT
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Fig. 3 Correlation between Pt sputtering time and

sputtered amount of Pt or Pt film thickness

Table 2 12, & FExHBEARIC K LT Pt ANy ¥ &
AL S CHER L 72 xHi &2 AT DSC D kfE %
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72 DSC OPEREIL Pt @ A%y X BN INT 5 (Z
DI THREZ M B L, 60 43 A% X Clig i O 2 #2%)h
#10.23% & 72 o 72, DSC OMEREIL Pt A% » X BT
KAF L. 10%LL O &EEREZ2 5 D 72D ICIX FTO 7 7
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Table 2

different kinds of Pt-sputtered counter electrodes

Solar cell performances of DSCs using

Counter electrode Pt sputtering Jsc Voc FF Eff.
substrate time (min.) (mA/em?) (V) (--) (%)
FTO-glass 1 18.75 0.687 0.710 9.15
FTO-glass 10 1931 0.688 0.715 9.50
FTO-glass 60 21.34 0.689 0.705 10.23
SUS-N foil 1 2130  0.679 0.699 10.11
SUS-N foil 5 2092  0.679 0.715 10.16
SUS-N foil 10 2140 0.680 0.699 10.16
Modified SUS-N foil 1 21.08 0.679 0.716 10.25
Modified SUS-N foil 5 21.50 0.675 0.705 10.24
Ti foil 1 21.11 0.683 0.705 10.17
Ti foil 5 2135 0.685 0.695 10.17
Ti foil 10 22.11 0.664 0.701 10.30

Modified SUS-N foil: Electrochemically surface-modified SUS-
N foil for surface enlargement.

Fig. 4 C

Pt A%y ZWFHI A 72 5 FTO 7 7 A %f 4

Z M7= DSC @ EIS #4712 £ % Nyquist 7= v b %

R, Pt ANy XEEMNREL DI oN T, Ro R
KepEM D > — FK

Rz HEPUIC K& 2 BRI A2 vy,

Journal of JSES

_50_

PLERT Ra 2 7Q 95 3.5Q ~HA LT 2 &N
b, £z Pt xR & EBMREEK E O R HEIKIL Ry
b, FEWAO LT Z RS, Pt mOES
Pt ET LA L~OBEBLESNDIBEOEIAZRL T
W5,

5 28 — 10 seconds
-4 < s 1 minute
Q3 10 minutes
b , 120 minutes

0 Rh R1
1 % Ry
0
0 2 4 6 8 10 12 14 16 18 20
412

Fig. 4 Nyquist plots of DSCs using FTO-glass
counter electrodes with different Pt sputtering

times
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Fig. 5 Influence Pt-sputtering time on Nyquist
plots of DSCs using SUS-N counter electrodes
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ST DL aRAT,

Fig. 6 SEM photographs of the surfaces of counter
electrode substrates

A: FTO-glass (Magnification: 30,000 times)

B: SUS-N foil (Magnification: 53,000times)

C: Ti-foil (Magnification: 5,300 times)

D: SUS-N foil (Magnification: 5,300 times)
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Fig. 7 SEM photographs of the surfaces of two
different SUS-N foils

E:SUS-N foil before electrochemical surface-
modification

F:SUS-N foil after electrochemical surface-
modification
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Fig.8 Correlation between conversion efficiencies
of DSCs using four different counter electrode
substrates and Pt-sputtering time of counter
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Fig. 9 The heat cycle test (JIS C-8938 A-1 test) for
DSCs using Ti-foil and SUS-N counter electrode

substrates.
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