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Abstract

To get more insight into the buffering effects of the p-zc-Si'H inserted at the p-a-SiC:H/
1-a-Si:H interface, we present a systematic numerical simulation using Gummel-Scharfetter method.
The reduced recombination loss at the p/i interface due to a constant bandgap buffer is analysed
in terms of the variation of the p/1 interface region with a short lifetime and the characterisitics of
the buffer such as mobility bandgap, acceptor concentration, and D-state density. The numerical
modeling on the constant bandgap buffer demonstrates clearly that the buffering effects of the thin
p-#c-Si'H originate from the shrinkage of highly defective region with a short lifetime in the
vicinity of the p/i interface.
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Table 1. Simulated model parameters of p-i-n solar cells used in the analysis

p-a-SiCH p- wc-SiH pll interface Fa-SiH | n-ue-SiH
Thickness (A) | 70 0~50 6000 400
Electron dffinity (eV) 3.86 4.0 4.0 396
Mobility gap(eV) 2.0 1.72 1.72 19
Hole mobility (ont/Vs) 1 1 1 1
Electron mobility (ci'/Vs) 10 10 10 10
Na, Np(cm”) 5x10° | 1x10°~7x10° - - 5x10"
D-state conc. (cm”) 1x10® 3x 10" 5x10" 5X10° 1x10™
p-a-SiC:H
Fig 1.
electron Simplified band diagrams of the cells.
o The shadowed regions indicate a
highly defective zone near the p/l
interface. (a) the cell with a pi
i-a-Si:H interface zone and without a buffer.
(b) the cell with the same thick p/l
hole interface zone as the bufferless cell
and with a constant band gap buffer.
(a) p/i interface (b) buffer + (c) buffer + (c) the cell with the reduced p/i
p/1 interface reduced p/i interface interface zone and with a constant
band gap buffer.
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Fig. 2. Simulated cell performance as a function of
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Fig. 3. The dependence of calculated speciral
responses of the buffered cells on a function
of the thickness of a highly defective region
near the p-mc-SiH/ i-a-SiH interface. The
thicknesses of the pfi interface are 5A (),
10A (A), 50A (V) for the buffered cells,
and 50A () for the bufferless cell,
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Fig. 4. Simulated potential profiles and recombination
rates in the cells with p-a-SiC:H/50 A-thick
p/i interface, p-a-SiC:H/p-mc-SiH/5 A-thick
p/i interface, and p-a-SiC:H/p-me-Si:H/B0 A-
thick pfi interface.

Oy 5 plh AREe
0AY W p-pc-SiH 4539 9dAH = &
3o @& gAY 54 H3lE e Ao
o 72 AHe 50 A FAY ph AEELS 7R
T ¥550] glv HEFAA Y EAS HAZ A
otk JAH ¥%7} p-a-SICHGX10® cm™) 9
= 55 7‘474] OEi}E

o
off
L
kr
O
AV
tifo

=
>8
16.0 _ln.l i PR i oL
N [ 0—0—0—D-O0—0——0-0
= 155
o L
< 15.0F
E L
S 145) o—0—0—¢0-0—0—00
Lo I3 R
aad A Aot Liaal i M S S A W
0.76 k M
W - P
o7} O/O/u -
0.68 |- | "
§ 12 +
B' 10 N (;\-/O,-(
c el
g8 ol
=
t L
s 6 W | 1 e i aad i PR S S WA
10" 5x10" 10" | 10”

N_in p-pc-SicH (cm’)

Fig. 5. Simulated cell performance as a function
of the acceptor concentration (Na} of the
buffer in the buffered cells with a 5A-thick
p/i interface zone (O) and a 50 A-thick p/i
interface zone (@). A solid straight line
indicates the bufferless cell with a
50 A-thick interface layer.

47} ok w3 0 A S
MR 2558 e PRAME
1

i
32 RE 7|98t AL Uil AL otk
Jusld 28 594 o

cn*Y AR B Fe AP NEe
FHZo| e AGHolM9] BFAxY EA4L ¢
252 147 Qe YFAAY E4ET A
B 2

vuy] gEolt & X514 2 A

Eff 2kof| L1 X} (Solar Energy) Vol. 20, No. 1, 2000



0 22 BFAAY p-a-SICHA-a-SiH AWl 498 PE vjd 24 delEo] #4535 Ado] st FA304 /o) 3d 9

6.0k
S
L 55}
©
=
3
o) .
o p-a-SC:H (N, = 5x10  cm™)
50y A7 - p-He-SH (N, = 3x10™ cm)/5 A nterface
'''''' PLic-SiH (N, = 5x10° em )/S A nterface
p-Uc-SiH (N, = 5x10” om )5 A interface
lllllllll L s 1 4 s a b s 3 2 3 1 3 4 4 3 1 4 4
0 1000 2000 3000 4000 5000 6000
Position (A)
10°
1 . pfi interface
X

101? S (N, = 3x10” cm']j,fsﬁ nterface
— — prpe-SeH (N, = 5x10” cm'l),f_sﬁ nterface
——— p-c-SiH (N, = 5x10° ¢m /5 A nterface

Recombination rate (cni’sec’)

100 200 300 400

fo)

Position (A)
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Fig. 11, Simulated cell performance as a function
of the D-state density of the buffer in
the buffered cells with a 5A-thick p/i
interface zone () and a 50 A-thick p/i
interface zone (@). A solid straight line
indicates the bufferless cell with a
50 A-thick interface layer.
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