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Abstract This paper investigates the dependence of a-Si:H/c-Si passivation and heterojunction solar cell performances on
various cleaning processes of silicon wafers. It is observed that the passivation quality of a-Si:H thin-films on c-Si wafers
depends highly on the initial H-termination properties of the wafer surface. The effective minority carrier lifetime (MCLT) of
highly H-terminated wafer is beneficial for obtaining high quality passivation of a-Si:H/c-Si. The wafers passivated by p(n)-
doped a-Si:H layers have low MCLT regardless of the initial H-termination quality. On the other hand, the MCLT of wafers
incorporating intrinsic (i) a-Si:H as a passivation layer shows sensitive variation with initial cleaning and H-termination schemes.
By applying the improved cleaning processes, we can obtain an MCLT of 100usec after H-termination and above 600usec after
i a-Si:H thin film deposition. By adapting improved cleaning processes and by improving passivation and doped layers, we
can fabricate a-Si:H/c-Si heterojunction solar cells with an active area conversion efficiency of 18.42%, which cells have an
open circuit voltage of 0.670V, short circuit current of 37.31 mA/ecm? and fill factor of 0.7374. These cells show more than 20%
pseudo efficiency measured by Suns-V,, with an elimination of series resistance.
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Fig. 1. Schematic structure of a-Si:H/c-Si heterojunction solar cells.
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Fig. 2. Schematic of QSSPC measurements.
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Fig. 3. The MCLT variation of silicon wafers depending on; (a) air-exposure time after DHF dipping, (b) post-annealing conditions and
(c) i a-Si:H layer passivation and initial H-termination properties of wafer.

o] & A ole AdAs go] EAjsle T I e FaUAe] g3t 93 Zlow EA U, DHF
Susecoll HJ8] =& 1o g DHF ¥4ol 28] Ha& ¥ 245 & A2 3w A<4A3%H(dangling bonds) 7+
ol FAE FApuold F7] wlFo|th, FAFTE 7] Ao o8 712ke] MCLT $7H8 7Hagked], vid 3
el 371% =2zl SUHEE MCLTE °F 108 2 9o S 719 9] si-H A%s e
A w48 7HAEtth 10psec ©)stollA] EstE= 54 Aske Zlo] FQ238t) Fig. 3(b)= DHF F4FHE
& Rolgdl, ol /1%l 0.9 A dolH] i HE NS AFEIE Ee W10 Torr ©]5}) 2
7 AZ Wt Sioy ARSI AY deEs Adst & WHSA(-107Torr)oll M ZHzt xR dxe o

ONE i do



71 APgE/gel e 3 siAplold B

rot

¥ MCLT WH3slE vt Aol 3L Zgedlx dxg]
ws) A

7)) 79 exrt Z7FEE MCLTE X719 H)8)
Aoz AT 80% TS FAISHE whd, A
Zo] 749 %7] MCLT tH] 40%= 353 7443
Holx gtk AxlE Exe] 34 olF 7]ue
Yelo 2 Fig. 3(a)llr] AFaA=0]
b5 Akae] 9%k ApAsbsler A = ea

o

¢

Z
e
o

(i)
N

i 1o f
J

>4
o,
R
X2
k[0
(B2
& o
= 1]
=
o X
2 i
J@ L
o rlo
o 1
oy
A
2
oy
e
[40
o W
¥
Qe 4y 2 oo dzoa gl X

20usecE ThA A5sh vHA, 7 HA| 7|3
Holx] =t} 23 i
200°C X& dAe & A9 F
o] 7] WiH] °F 2] A3
#=2HY e o S

70

60
50

MCLT (us)
- [ (7% =
—] [—] [—] —]

ITO/p/n-wafer/n’

p/n-wafer/n”

0
after DHF dipping

640

560 (C)

480

400

320}

240}

160}
i

0
after DHF dipping pfi.fn-waferﬁfn"' IT()Jp.fifn-waferﬁa’n+

MCLT (us)

a-Si:H/c-Si oS4 B 5Adws} 24

sjAufol ol FestA] Kt ke Ajude] <
Ao HAR U 27 F2A¥ 0
£ dAg] Fo= MCLTE 2 715 HolA] ¢ed wt
3, FAAF o] =2 73] A9 A T s
=2 MCLT A<sa3E 2ol Q)

32 ME3Ho e J|HEH djAE{o|M S
w Aellde M= g A
I g n(p)d E= i¥ aSi =z
MCLT W3s #4starat @ty o Ao dwd 29
23 TS A 718 ARTATE Qs

e
=
£
)
X
Q
o
&
rr
Q
"©
)
o
"©
[\
=2
i)
)
i
fn)
=
’x
)

MATAAE AZl AlFolt). Fig. 42 (b)=
gl 7ol A A, pn) a-SiH 2 S2 -, ITO
7

JMA 3} %7] DHF 8 A< CP-13 CP-2¢] MCLT
7F F 10psecZ W& whd 7jAE AgE4LS AX CP-

1400

(b) —=CP-1

i —o—-CP-2
—A—CP-3 |

SRV(S/em)
s 8 € 8 8

g

ITO/p/n-wafer/n”

ITO/p/im-wafer/i/n’

after DHF dipping  p/n-wafer/n’

500

SRV S/em,
(] (] =
E 2 =

-
=
=

0
after DHF dipping p/i/n-wafer/i/n’
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