58 4 2009 4

Vol.58 No.4 April 2009

1000-3290/2009/58 04 /2829-07 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
1 1 1 1 I 2
1 200062
2 200090
2008 6 6 2008 9 26
AMPS-1D Analysis of Microelectronic and Photonic Structures
@ 1m0 . @ 1TO
®IT()
p
PACC 8630] 7320A 7340C 6185
4.3—5.1eV*’ . Do

1.

10

1
/
23 a-Si
45
- 2.
67
. p-n
TCO /p
p-n
11O P
TCO ITO . ITO p n
ITO
p Py Pro
* 0817142

F . E-mail jqwang@ ee. ecnu. edu. cn



58

2830
Vi
i B
e g
i ®
® £
© E¢
/2
{(h .
> Q .Iencinella 1TO p
E,
PE FERE n/z
1 AMPS-1D
ITO/p /
11—13
p 1 AMPS-1D
p . ITO/p
n / Al
10° cm/s 300K " .
E
p p i n
/nm 18 20 5 0.55
E eV 1.76 1.3 1.76 1.12
x/eV 3.73 3.96 3.73 4.05
Ni Nplem™3 2x10% 0 9x10'"® 0 0/5 x 105
Jem ™3 2x10%° 2x 102 3x 10" 2x 10" 2% 10°/2 x 102 4.3%10"/1.6 x 10"
eV 0.05 0.027 0.01 0.01 0.05/0.027 0.001/0.001
Jem™3 10 10* 102" 10* 107 /10 1021 /10
EcpleV 0.56 1.16 0.71/1.01 0.46
EcpleV 0.76 1.36 0.93/1.26 0.66
Neplem™3 10" 10" 5% 10%/5 % 10" 10"
Nopalem™3 10'8 10! 5x10"%/5x 10" 10"
Jem™? 3x 10"
Vi Dy  4.75 eV
3. 5.1eV W, 0.88 eV 1.13 eV.
Vhi @m)
3.1. 3 Do 4.755.0 5.1eV
3
ITto p aSi n ¢S
ITO 4.75 eV 5.1eV. o
1O
2 a ITO .
p 1
gDITO Vln 2 gDITO n


Absent
Image
File: 0


2831

L15 L15F

@ V)
1.10 | L10F
1.05 1.05 -

Vi/V
=
S
T
Vbl/v
.o r
S
—

0.95 - 0.95 |
0.90 0.90 -
0 85 1 1 1 1 0. 85 1 1 1 1
4.7 4.8 4.9 5.0 5.1 4.7 4.8 4.9 5.0 5.1
Prro/eV @rrp/eV
2 a b ITO Do Vi

@ —a—Drro=4. 75V
20r '\.\ 4‘*‘151'1'0:5. OeV
o . ——@ro=5. 1eV
Voi 3 \'\.\
Voo uz 10 S,
L = .
——®110=5. 1V = ",
3.8 —e—@rp=5.0eV -EJ e, .
L ——dro=4.75¢V ol e, %

A A A A A A,
4,20 A A 4 ““"’“—“MA:V

0.01 0.1 1 . L |
] 0. 001 0.01 0.1
12F (b
r - 7'7(1711-0:4. 75eV
T T ——®o=5. 0eV
P S —a—po=5. 1eV
> S . -
2 g r T \'\.
b = .
= ——@Ppp=5. 1eV N A\‘\ e \\.
-5.0F ——Pro=5.0eV E \\ \.\. N
——Prro=4. T5eV L e,
-h.2r or L‘}‘.:.v-—
0.01 0.1 1 L
BRIE/um 0. 001 0.01 0.1
B /um
3 Oy 4.755.0 5.16V
4 a b ®yo 5.1
5.0 4.75eV ITO/p
Vl)i
. )
Dy 5.1eV p 1o
ITO
Oy 5.0eV p
0]
Oy 475 p o
Vii
Vi« p 5.0eV
5
Do 5.0eV ITO p
Jeo Ve
®ITO . 5 ®ITO

4 a Dy 5.1 5.0 4.75eV



2832 58
28.10 0.66
(a) [ (b) =
I 0.62F
. 28.00F -
's 0.58
: 0 z
~ 27901 ~ ol
[ ./_/-/'/ 0.50 |
27.80 K
PR SRR NSRS S SRS NAU N U SR Y 046 o+ v v vy
4. 70 4. 80 4. 90 5. 00 5. 10 4.70 4. 80 4. 90 5. 00 5.10
KPITO/CV (PITo/eV
16 r
©) (d) n
0.80
14r
12
; i 0.70
=10k L
ol 0.60 | ./ o
2. 70I I I4. I80I I I4. I90I I I5.I00I I I5.I10I 4. 70I I l4.l80l I I4. I90I I I5.IOOI I I5. IlOI )
Prr0/eV Prro/eV
5 Do Jo a Vo b c d
J. 27.8 28.1 mA/en’ Vi,
Do ITO/p Dy 4.9eV 5.0eV Vi
4 p Dy
ITO Vi Dy
0.48V 0.64V Do 5.0eV
ITO/p Vi
Vi Dy
Ono 4.9V 10%
0.62 Dy
6
3.2. 6
3 Dy
Dy 5.1 5.0eV
1 p By 4.75 eV
p Dy
2 b ITO ®uo
Vl)i 2 a ITO/p Vbi
Vii Dy, Vi Dy Dy
(-DITO i n
4b Do ITO/p



2833

E./eV

E,/eV

Dy
Lel @ ]\ 4a b Do ITO/p
A ‘\
—.or ITO/p D
sl V| |70 - 1.7 x 10° 20 x
[ —a—®ro=5. 16V 5
el —noss.o0ev 10° V/em 5.2%x10°
T T Pmos4.T5eV 11.7x 10° V/em. ITO/p
-4.2 . s -
0.01 0.1 1
-4,0r (b) Dy
i ttsa s sanin,
4.2 F 7
4.4 ']sc Voc
46T Dy 7
-4.8F —I—KPITOZS. leV @
5.0 —e—Dp=5.0eV 1o
o ur —a—Pro=4.
1mo=4. 75eV 5 ®ITO
-b5. 2T | ) ,
0.01 0.1 1
W/ um Dy 4.75 5.1eV
Jeo 26.858 26.863 mA/cm’
6 Py 4.755.0 5.1eV
Ve 0.643 0.645 V. Do
4.85¢eV
4 a
Dy ITO/p 7 2 Do
- @ 0.6450 | ©® —
26.862 | i
|g | >
é 3 0.6440 i
J 26.860 ' 1
.—"n -
26. 858 - 0.6430F m
4.70 4. 80 4.90 5. 00 5.10 4.70 4. 80 4. 90 5.00 5.10
‘DITo/eV (DITo/eV
14.5
© == —u - @ ————n
- [ ./
0.830 -
14.3 _
= L
P - =
[ = 0.820
)
14.1F L
r 0.810 |
[ ] L =
13.9 | IR NPUR IR I U R R R PR NV NN NN NS I SR ST BT
4. 70 4. 80 4. 90 5. 00 5.10 4.70 4. 80 4. 90 5. 00 5.10
‘PITO/CV @ITo/eV
7 Do Jio a Ve b EFF ¢ FF d



2834

58

Dy
5 7
Do
Do
14—16 Do
I
4.
AMPS-1D

@ ITO

@ 1TO

@ ITO

Rath J K 2003 Solar Energy Mater . Solar Cells 76 431

Shah A 'V Platz R Keppner H 1995 Solar Energy Mater . Solar Cells
38 501

Lievens P P 1994 Proceedings of the 12th European Photovoltaic Solar
Energy Conference Amsterdam The Netherlands April 1994 p1420
Tanaka M Taguch M 1992 Jpn. J. Appl. Phys. 31 518

ZhuM Cao Y Guo X LiuJ HeM Sun K 2000 Solar Energy
Mater . Solar Cells 62 109

Ando E Miyazaki M 2001 Thin Solid Films 289 392

Smith A 2000 Thin Solid Films 47 376

Roca P Cabarrocas 1 Ramprashad S 1990 Proceedings of the 21st
IEEE Photovoltaic Specialists Conference Orlando America May 1990
pl610

Cabarrocas P R 1990 Proceedings of the 21st IEEE  Photovoltaic

Specialists Conference Orlando America May 1990 p1750
Sanchez F' William R 1987 J. Appl. Phys. 54 1685
For AMPS-1D please see http //www. cneu. edu/amp/default. htm
HuZH LiaoXB ZengX B XuY Y Zhang S B Diao HW

Kong G L 2003 Acta Phys. Sin. 52217 in Chinese
2003
52217
lencinella D 2004 Ph. D dissertation  Bologna  University of

Bologna p37

Nasuno Y Kondo M Matsudaet A 2001 Jpn. J. Appl. Phys. 40
303

Nasuno Y Kondo M Matsudaet A 2001 Appl. Phys. Lett. 78 2330
Graf U Meier ] Kroll U Bailat J 2003 Thin Solid Films 427 37



4 2835

Influence of barrier height of the front contact on the amorphous
silicon and microcrystalline silicon heterojunction solar cells *

Zhang Yong'  Liu Yan'  Lii Bin'  Zhang Hong-Ying'  Wang Ji-Qing' ¥ Tang Nai-Yun®
1 Department of Electronic Science and Engineering East China Normal University ~ Shanghai 200062 China
2 College of Computer and Information Engineering Shanghai University of Electric Power ~ Shanghai 200090 China
Received 6 June 2008 revised manuscript received 26 September 2008

Abstract
Indium tin oxide ITO compound is widely used as the front contact of silicon solar cells. Its work function @y is one of
the most important factors related to the performance of solar cells. In this paper we use the AMPS-1D  Analysis of
Microelectronic and Photonic Structures program developed by Pennsylvania State University to analyze the dependence of
physical parameters of solar cells on the @y . Our results show that @ry has greater effect on amorphous silicon solar cells than
on the microcrystalline ones. Physical performance of amorphous silicon the efficiency filling factor etc. improves with
increasing @y, which is more obvious than that for microcrystalline silicon. These results provide a useful guide in selecting

appropriate p-type silicon materials based on the performance of front contacts.
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