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1.1. c-SivxT—/\DFEEE Toward thinner wafers
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: ® |Lower cost reflection
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. . . Wafer thickness (um)
Al-BSF: Al back surface field, PERC: passivated emitter rear cell
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1.2. FEH - 5hEc-SiARFEE M highn c-Si cells

B Re-assessment of n limit |
il ; N E 10
A. Richter et al., IEEE JPV 3, 1184 (2013). .. lE? D A E NN AR ‘
/ > \ ) : 3 5 e W
Intrinsic Si - U
£ BRI 10°
e N ~29.4% at 110 um = 1.c
:é :gfz el (%) (mV) 10.,%
n-type Si (2 ~ 10 Qcm) DR o ¢
8 10 L et

e 1N~ 29% for 50 ~ 300 um
e Trade-off: Jood VT

101;‘ n
10° ! 10t 10°/10° 10 10 10°/10° 10 10°
cell thickness W (um)

=,

mA/em?)

B Experimental data (thin wafers)

Celltype t(um) Ve (V) n Institution
SHJ 98 0.750 | 24.7% | Panasonicl!

Epi-IBC | 35 | 0.687 |212% | Solexel | 3} iciciay oy asipaiic cont.
SHJ o0 0_753Iocal N.A. ASU[3] [3] (I?Ig?azs)imenka et al., APL. 103,

SHJ: silicon heterojunction, IBC: interdigitated back contact 053511 (2013).
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1.3. 588D —/\ESEEALIAED Light trapping il )

T‘///

B Theory (Lambertian limit) & experimental data \
e N ATTA

—~ a2l

white mirror
IBC-SHJ
- & e
t <100 pumZREFIC, DI—/\(RER) BRIENAKEEMFE (Voe, Ise) [
RIFTEEZRIL. BE /LD aEMZEERAMICBALMICT B,

S B JgcBEUWVoDEATHE (J5c, Vo) ZH DN EEER

e

46 T T T
L Lambertian limit (Green)

44

Qi |l = p Y 7 PERC = |

34l (;l\TSSTI): (ISFH) SH/J (Konstanz)(SunPower)_

2¢ ..., (Pemasonio) L ]
1 10 100 1000

M. A. Green, Prog. Photovolt. 10, 235 (2002).  Vvafer thickness (um)

K. Yoshikawa et al., Nature Energy 2, 17032 (2017).

Kaneka press release, http://www.kaneka.co.jp/kaneka-e/images/topics/1473811995/1473811995 101.pdf

K. Masuko et al., IEEE J. Photovolt. 4, 1433 (2014). B. Terheiden et al., Phys. Status Solidi A 212, 13 (2015).
W. Deng et al., Energy Procedia 92, 721 (2016). J. H. Petermann et al., Prog. Photovolt. 20, 1 (2012).

M. A. Green et al., Prog. Photovolt. 25, 3 (2017). H. Sai et al., Appl. Phys. Lett. 106, 213902 (2015).
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2.1.185F ) T —/ \O FERIEHE — implied Jg¢

B Dummy cell: random pyramid + ARC + rear reflector

B Thickness: 30 ~ 300 um’, controlled by grinding

Az

B Optical abs. = implied J 1J
P P sc (Nsc) Implied Jgc = q j Abs(A) Ly s (L) dA
A
Integral sphere -
10 e e - i 1
(b} .
&) Green limit
MAWAMAMMAA s (260um
a
|
moth-eye film O 06+ )
sample NALALALL SiNx 2 Thickness (um)
A\ YA VA4 @ 36.2
© 04F —9595
c-Si 1S | ——109.9
Q ——159.1
ANAAA O o2p 212.0
SiNy 2800
White reflector 0.0 e e B —
400 500 600 700 800 900 1000 1100 1200

Wavelength (nm)

>average thickness which is determined by wafer weight
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2.2. I5cDEAFFE (implied Jgc)

B Lambertian-like behavior down to t ~ 30 um, with ~ A1 mA/cm?2.

B AJ (= IJgc — Jgc) INncreases with decrease in wafer thickness.

46 + o o J/
L Lambertian limit (Green)
) A ~1 mA/cm?
441 iJo. (this study) - -7
[ u IBC-SHJ
{‘q—\ 42 ~ iJSG (flt) .‘ & Kan@ka
E a0l C\uac -SHJ
< | Panasonic)
E a8l /’ SHJ
9 : IBC PE_RC (Kaneka)
= 36 | (Solexel) (Trina -
' PERC IBC
34 uc-Si * (ISFH) PERC (SunPower)
(AIST) % sHJ (Konstanz) |
2t . ..., (Panasonic) ]
1 10 100 1000

Wafer thickness (um)
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3.1. 5ERISHIt/L: implied Vo

B n-type, 1-3 Qcm, CZ&FZ

B i/c-Si/i structure: iV, evaluation with QSSPC*

kT Ap(Np + An
Wafer Implied Vy = ln{ p( z > )}
t 50 ~ 280 um 1 ‘
I
Texture & clean ®
_ | a'S|H g/ 7'_n-type FZ-Si (100) ivoc=726 mv |
t 35 ?70 pm \/(\iM/ e .| VS macatyaton PFF=0.837
..a .
PECVD i/c-Si/l | rald ‘
Si wafer 8 4l )
anneal E T
o 3t 4
2
. . E 1 L .
()a-Si:H =
0 PP | PR | PR | P ST
1013 1014 1015 1016 1017

Minority carrier density (cm™)

QSSPC: quasi-steady state photo-conductance decay
muREREA E R RIS SRR 7




. 2474 AIST ABARRTE RREES 2017

3.2. Voo DY T—/ \ER TS

B V. >0.760 V for t <50 pm (> 0.750 V for < 100 pm)

B Wafer thickness < Vg

0.770 ———
0.765
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0'720 X | L | X | L | X | L
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Wafer thickness (um)
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3.2. Voo DY T—/ \ER TS

B Matched with a curve for 1, > 1 ms and S <30 cm/s
= IV €nhancement by using thinner wafers was confirmed.

0.770 — — ?PC}lD

r . (ms), S(cm/s))

orss| (3,,(MS), S(cmls))

0760 o (3, 30) -
(3, 100)

8 0.755 [~ (3’ 300) =
> 0750 (1, 30
e i
D 0745}

S 0740}
 0735F

0.730 |
0.725| © o
0'720 N 1 . 1 N 1 . 1 N 1 L

0 50 100 150 200 250 300

Wafer thickness (um)

*S: surface recombination velocity
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3.3. B ) z—/\ZHL\=SHIJtJL

B n-type, 1-3 Qcm, CZ&FZ
B SHJ cell (SP-ITO, small area)

Wafer
t 50 ~ 280 um
| Metal TCO
Texture & clean W(P)G-Siﬂ
t 30 ~ 270 pm WW&S“H
I
PECVD i/c-Si/i -
(n)c-Si
anneal
|
plilc-Sifiln w
I
TCO, ellectrode Metal
Cell evaluation
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3.4. SHItIL FE

B SHJ cell with t <50 um was successfully processed.

s FF %

B n(62 um) = 20.1%, ~99% of n(267 um) in the same run.

= 40}
§ / 1267 um|
E a0l / _
= 20.1%
N
S ol t62 um |
®]
= | D170228
QL 10l n-type c-Si |
5 FZ (267 um): 20.2%
© - CZ (62 um): 20.1%

I Y 06

Voltage (V)

20.2% |

0.8

t Jsc Voc FF
(um) _(mAfcm?) (V)
31 35.5 0.705 0.756 18.9
62 36.8 0.713 0.767 20.1
91 37.1 0.708 0.762 20.0
267 38.4 0.702 0.751 20.2%

*Best result: 21.0%
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FED

B ST —/\(t=30~300 pum)ZzALVFEEI)IVKEGEMDATEEE
% EERRYITHREL

B LIV (FTILNITIRFY + ARC + R 41) : REREIIZHFoN=SLIRIR
= [FLambertian limitEZELLDZFEE), AiJgc ~ 1 mA/cm?2,

W i/c-Si/itEE: RERMIZEONT=IV Xz —NnERDEEBIZEML, 2D
Z2EFERFREICEE, Vo > 0.760VEFERR,

B SHIt/L: BEDT—/\(t <50 um)DSHIEJLER, t = 62 um T
FREFE > 99%,

<&5#®>
O iJec&dsen IVoc(Max)EV D ERICRET 215t
O T4V RIARBE Y T—/\DOFEF (SEIEHEICKYER D T—NZ/ER)

MLIRILF— ERLTR SRR

<HfEE> @Eoo —
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