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Improvement of High-Performance HIT Solar Cells with Thin Si Wafers
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Abstract
Solar cells have been regarded as a safe and clean energy source. We have achieved the world’s top-level energy conversion

efficiency of 23.7 % for a practical-size HIT (Heterojunction with Intrinsic Thin-layer) solar cell with 98-um-thick Si wafer at the
R&D level. Under the condition that the thickness of Si wafers, for which approximately half of their cost is occupied by production
costs, is less than 100 pm for future cost reductions, we made clear the guiding principles for improving the conversion efficiency
and developed high-efficiency technologies for HIT solar cells based on loss analysis of conventional HIT solar cells. As a result,
we’ve improved all of the I-V parameters, short-circuit current, open-circuit voltage, and fill factor, at the same time due to

development of various novel elemental technologies.
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Grid electrode
p-type a-Si: ~ 0.01 ym ‘I/

i-type a-Si:
~ 0.01 pm

n-type a-Si: ~ 0.01 pm ¢-Si (CZ, n-type)
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Fig. 1 Structure of HIT solar cell
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Fig. 2 Relative values of Vi and /s with wafer thickness dependence in
conventional Si-based solar cell with back surface recombination
velocity of 1x10° cm/s and bulk lifetime of 2000 ps by PC1D
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Fig. 3 Photograph of HIT solar cell with 58-pm-thick c-Si wafer

HITKGELORE2S, L) #ve-Siv =2 flifT 2
DIHLTWAEZ L ERT.

275 H OB R IZHIT KB Bt O ifla-Sifg o BT 228y &
N— g Y TH A, BRI, TE X165 pmDHITK
Fritht v CHBILE N2, Ve ZIHTROLIVE
ARAENETH 5. V DEDFE2R & T > T 5.
Rife 8y ¥ _R—v 3 YHREIC K 5T, a-Si/e-SiFAEIC
B A RMBEKEEEI NS WEE, Siy o NE 5
FTHIL72D>T, "NVZ R THEATL2PHF YT
DOHEEWWPT D720, HERLLT, V. WINT 5.
NV DML EWET ST, HOSi7 = O
W2 X B EWRNEOET 2 HHITE 5.

1.04

102 [Grase et + L

1.00 f--======nn- Fesemssmessspsssssmas =_'r:.".:=s-.----
—

0.98 frememeeeeack T

Relative values of V., /4. and
efficiency to 165 um-thick cell

0.96

75 100 125 150 175

Si wafer thickness of HIT cells [um]

FAR JE 165 pmOHITKRG BV TBIEIL S N7 Ve, I
RN D & VI BN
Fig. 4 Relative values of I, Vo and efficiency of HIT solar cells
normalized by those of 165-um-thick cell as function of
cell thickness
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Fig. 5 Losses of 22.8 %-HIT solar cell
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Fig. 7 Internal quantum efficiencies of HIT solar cells
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Fig. 8 Characteristics of HIT solar cell with 98 um-Si wafer at R&D
level in 2011 confirmed by AIST
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Table 1 Comparison of HIT solar cells with 98 pm-Si wafer in 2009 and

2011
20094 20115 BENNES

Is [A] 3.896 3.966 +1.8%
Voo [V] 0.743 0.745 +0.3 %
Prax [W] 2.290 2.389 +4.3 %
F. F. 79.1 80.9 +2.3%
Eff. (Total) 22.8 % 23.7% +4.0 %
Size [cm?] 100.4 100.7 +0.3 %

#HHHIE, HWOSiY 2 EHWHIT KB EB LT,
XA HEMIEEITY & T, BEIX PO E S
AL E ML L 7zc-SR KB BB R THE I A b oS
7+ —< v ANo.l% HiIg7.

|5. FEH

YOI, WAMLIC X KT % S 512 1 5 2
W YEANRT L 72K R, 98 umDSiy = N E vz
HITKFGEL VT b v 7L XV OZEHRH23.7 %
FEB L. ZOEBOZDIZ, 20094 022.8 %01
HITKGEMOEEZERL, ThitWUET 5720104

44

BHPA & TN ADOFEET R HUNATWY, I, Ve EFE
FTRTCONRT A= T2 YWHETHI LRI L7
SR, 237 %DM DG S N/ HRIHITKIGE
WOIRE % RO T T L, SHEHILOEIEO 4
FEHRL729 2T, &5 7% A - T L,
HITKBGBMOFREIA M T =V ADE 5250
EHEHIET.

SEXH

[1] M. Taguchi et al., “High efficiency HIT solar cell on thin
(<100 pum) silicon wafer,” 24th EUPVSC Proc., pp.1690-1693,
2009.

M. Tanaka et al., “Development of new a-Si/c-Si heterojunction
solar cells: ACJ-HIT (Artificially Constructed Junction-Hetero-
junction with Intrinsic Thin-layer),” Jpn. J. Appl. Phys. 31,
pp.3518-3522, 1992.

S. Taira et al., “Temperature properties of High-Voc HIT Cells,”

2

—

3

—

Renewable energy, pp.115-118, 2006.

[4] D. Muiloz et al., “Towards high efficiency on full wafer a-Si:H/
¢-Si heterojunction solar cells: 19.6% on 148cm”” 35th IEEE
PVSC, pp.39-43, 2010.

[5] B. Strahm et al., “Progress in silicon on hetero-junction solar cell

—

development and scaling for large scale mass production use,”
25th EUPVSC Proc., pp.1286-1289, 2010.

[6] H. Inoue et al., “Improving the conversion efficiency and
decreasing the thickness of the HIT cell,” Mater. Res. Soc. Symp.
Proc. 1210, Q07-01, 2010.



TRIF - (B - & - HEI XX —Hifi s SORIEN) 55  FUSHEHTABEOMERESNE 277

BEERN

BEIE KA Daisuke Fujishima
NRFVZw 7 T NV—T F T —%

Energy Company of Panasonic Group

XF % Ayumu Yano
NFI =y s I V=T 5V —%k

Energy Company of Panasonic Group

ATHE Toshihiro Kinoshita
NFV =y s V=T 5V —%k

Energy Company of Panasonic Group

HOaes Mikio Taguchi
NPV =y 7 7= 2F V-
Energy Company of Panasonic Group
it (T2)

eSS Eiji Maruyama
NIV =y s TV —T TF T =1k
Energy Company of Panasonic Group

il (I25)

He Makoto Tanaka

KWK S ¥ —F 31 ARFEE Y 5 —
Next-Generation Energy Device Development
Center

il ()

45



