$28 % HoW ¥ 5 & % & Vol.28 No.9
2007 4 9 A CHINESE JOURNAL OF SEMICONDUCTORS Sep. +2007
InGaN KBt FE N EWIBELITE"
X # REE &% #eh KEE EM B F K X AAH

(FECREYIAR, LRA O E IR B A=, Mat 210093)

FEE : AR pn 45 FH E M A B - R TR O AR LAY T AR FR AR OL T L InGaN BERH A T BN L RUEE = 45 K FH b
I A 50 3 AT 43531 i 3K 27. 3% 536 6% il 41. 3% , 389 5 T 2 5 OB R B L [ TR AR T 3 D
InGaN K FH H il 1) 5 B 0 96 B ORI 19 I 4143, SR i InGaN K FH A it S 48 1 B0 AR 408

XKW : InGaN; KFHEM,; sk #igitH
PACC: 8630J; 7340L; 7865K
FE 455 ES: TN366 X#kFRiIRAS: A

T

1 5]

b 7 4 BRI LAY A8 RS LA A 25 3R B a) J8 Y
28 AL S AT K BH 8 X Fh B2 A R Z AN 0 1Y) 4
0L i VAR A B A L U LR s AT THE AP 5 b -
om0 s R MR AR 5 AR SR R
GaN K AlGaN,InGaN mRFEH I ERALY & A
ARG A s B BN A T 28 s i .
ALK IR 2002 4F A BT £ WL InN 2847 58
JEHR 0. 7eVI AR Z R IERY 1. 89e VL ik it
HRE WA In,Ga, N ZJCHA 4 M In 45,
i AR AT T8 B 3. 4eV (GaN) | 0. 7eV (InN)
LA IS 0 WA O R U S i
(365nm) 1] LA — T4 fift 3 i £1 485 43 (1770nm) , JL
TS AL B T T RS K FHOG TS L Rt InGaN 7E K FH
LI I EIF N (BRI DS E

B T U B 5 K BH % 3 DG A R 474 . InGaN
FUH LY Si,GaAs 5555 K BH Lt A4 BHAH HE 38 A F
2 — B E T AR O R AL St
GaAs & — WA EE R X EKE InGaN K FH
FEL T LA AR B R LR A L DT YT 4 A R A R
I N N R 73 o | o R
InN il GaN i FiE B REBH & A T/NE
B T 5 A PH HE 3th 14 S 8 L9 . 4 =, InGaN 9 g
FEATRE 1 b Si. GaAs 45 K PH Lt A1 RE 3 L B E A N
FHF 50 50 S B BE . SEIGIE B, GaAs/Ge K PH H L 78
2x10"MeV/g Byl ¥ & o HE R HEEM T

XEHS: 0253-4177(2007)09-1392-04

90% . i InGaN 7 @ fE kL T % 7 5 - e a2 ek
(R AN 550, In, Ga, N FRHIE A HEZ
SEEE R PH A . TR In 4 4 W) 3% 2L AR
In,Ga, N Ba7 B 58 B, L7 A — A Kk & o L
R In Horsi vl A KR £ 45 In, Ga, - N KFHHE
254 . b AT LR RS [ 2 S Rb R 2 45
KPHE M TF2. 3 Bl T In 41503 20l 9,
B8 A B T 11 Y 30 A8 2547 58 B 21 G, T ) 4R A1
5O H U BT In 413 19 5 & InGaN
AR S % Y SR A SRS B 1 N NN
Ah i £ InGaN A BH H St 19 SC ik 1) 38 . 7 B
InGaN KPHHA Jth Z A . %} InGaN K FH B w317 &
FHRE A A TR P BT . R B H it ) B
PERE S B P i 20 3 . B HTAH G 1158 1 SOk i 38 i
JE# /> ,Hamzaoui 25 A" %} 2 452 6 45 In, Ga; N
FR DGR BH BB Lt 45 A HE AT T RS RLTTRL AS e AT
FE MR CR MM B Y In, Gay - N AORHHF B L SCRR X
KIHREf M B I & T Z 1) In, Ga, N # &}
FZE K R 2 6 oK PHAE A Tt 1 52 MR, SC B B, B R
In,Ga, N A B BIJE & In 4145 In, Ga, - N £
AR GEAS B TR G AR S i B2 F DA SRR b R AT AR
Ei/Ran=

A SCHR A pn 45 78 K BH HL b A9 H O - R O R
FHEL T HAR 45 AUEE L =45 InGaN K PH H Y B
RIGHAR , DL T AR AT Db e 36 355 32 ) 1) 4% 25 41 B
T AR5 T B AXE I 1 In 414 I 0 B 55 ¥ ik R
/5 Tl Sis GaAs JE 55 bR BH At i) J R AT
TR 22 3 #r -

* [ S T R AR T R SR LR (R 5 - 2006CB6049) « [ 5 [ SR B2 2k & (A5 604760300 MV IR A F 4R B £ & (L 1fiE 5. BK2006126)

g RS
T il {5 fE# . Email . rljiang@ jlonline. com
2007-02-04 Y F|,2007-04-04 5E i

©2007 il il 7% £



%9 1 X 1A

InGaN K BH A b 5% 3 300% 19 B 1 55 1393

2 IEipiER

InGaN p-n £5 81K B A 3 /2 BEAE pn 45 A9 3
NG e W R R ok G VR N
B (1) K FH H L 45 4 2 FRAE Y pn 455 (2) K FH HA
FA B 1 9805 S 158 DRI ' B B A 22 A T
(3) A FH H Mt 1) 4% 25 KW WSO RE 1 55 T BOR T %45 4%
8 RE BT 5 (4) BE 55 T SR TR AR A 98 B 1Y
BT HOR — X i 3-8 70 5 (B) AN B AR
BT A& R LFE , 4B 4 0 Ah B 5 (6) TEXT 2 44
EF IR A I Pl v 2 A A UL I O PRt 0 R P O
JBE M5 45 v T L B L O R R ) /N (L R P P B Y
TT et v s g 45 45 F 0 T 66 R TS B R 5 (7D 1380 BT JH 189
K PHJGTE S bR e 1) AML. 5 3%, 550408 o U5 F 35 [ =
Al A RE R SE 30 =5 A B 7 Ml HTAY & American
Society for Testing and Materials (ASTM) F- 2004
A ORI 173 5 i) ASTM G173-035.

K BH Lt B e 00 1 5 SN
Pn _ JuVe _ FFV.J. 1)

P; P; P;
A P O KB A It 7 T RR R e R ) R
T FV o D 1IN B i RHL IR A e R 5 Py Ol
5553 P b T B 7 T AR Y OK B DG B 325 FE, Vo FlI
J e 73 590 SR DR B L YL ) TS R L T B L R HE
T RE . NI 2R A P s 0N pn 45 H 3 -
H T 7 R R SR A5 g K 8 D AR T F VA
DG R A FL - L T T R R
J=J.—Jo"" = 1) (2
g Vo= kT/q HEBR TR HAE R, HHN
0. 026\/;]() ﬁﬁﬁf@%ﬂ%{ﬁ%ﬁ 9?‘7:

I NN (0 o e (- ) @
A Ne AN, G35 0 S M A 1 25 %5 Na
M Np 23500 p KAl n KB Ak D, fil D, 43
Sl Ay R, A AT R G Ly Ly, a3 2 T
DUCWAGIOET 1§ N 2

TFEEIS A J =0, fy (2) 3 00] 5 g I R BT
FEHLE Vo IR IBAN

Ve = VeInl/Jy + D) €Y
T =0 I, H (2) 20RO R R T
H

Jo = Joexp(Vo/ V) = U, (5)
JRE I L AL S L B O D A R O L S 2 0 IR K

L 4R 9400 B T R x b
B S 30 2 -

O, x) = O, Wexp(—=aX)x) (6)
Horp Qo D TE MR ST BRI R] | B0 i AR L RE A
GETMRKT E, WETEH o MR I R 2L,
BRI A YRR R T O T BB T R Ak A 1 (R
IR LA ORI T A L D

GQ,x) =—-dOQ,x)/dx =

Q. QDaexp(— a(X)x) (7

B W2 A JEEEE Ry d S JIB 43X 1> pn 25 AR I
F-25 O BB -

d
N = JQS(A)a(/\)J exp(— a() x)dxda =
0

JQSu)D ~exp(— a0 d) ]dA (8
] pn 2577 A2 1) 6 A L TR B E N -
J. = qJ 0.1 - exp(— aOd) A (9)

R TSR S5 KT R X R Vo X (2) AR T
A dP/dV =dJV)/dV =0, 81155
exp(Vo/V) = [(V+ V)/V]exp(V/V)
(10)
A0 o #, R 2R KME Ve
Vi BARA )2, AT SR AT LB T s AT H (1) 20
SRAG AR 9.

3 HE&ERSIE

R4 bR FEe SR SE A5 TR R E T R
&% : InGaN pn 25 K FHHL L p X Al n X 948 421
FERR A 10% em? s U W IS X A JE B d Dy 4pm; TR
WEHHEREL « (A Ey) = (he/2) X A+ B HiiE,
FEAB I XRRAG AR HRICEE N 9.5
X 10°cm ™', 7 4eV 4 W Uk R N 1.3 X
10'cm 87,

In,Ga, N fH 3¢y H fh 2 % W% 1, H
In,Ga,- N f9&4~2 % GaN Al InN 92 52k
AR

RS2 In, Ga, N B XURT = 25 K FH H 3l
g g, Wk 2 Mk 3. % 2 2it5A M In,Ga; N
B RURN =45 K FHAE L M M RE S 8k, 3% 3 AN
In,Ga, N B BUR = 45 K BH AE H it X 0L A 25 71 98
JE R4

F 1SR FEIN In,Gar N B 2001

Table 1 In,Ga;- N material parameters used in the calculation

E, N./10¥%cm 3 N,/10¥cm~?

D,/(cm?/s)

D,/(cm?/s) L,/10"*cm L,/10"*cm

3.4-2.7x 2.3-1.4x 1.8+3.5x

39 +41x

0.75+0.25x 0.866+0.134x 6.24+2.7x
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Table 2 Calculation results for one-junction, two-junc-
tion and three-junction solar cell

Voe/V J/(mA/cm?) FF 7/ %
PGk 0.95 32.8 0.877 27.3
W& 1.94 21.4 0.881 36.6
=4t 2.78 16.9 0.878 41.3
%3 AN InyGay - (N - OBURT = 25 K FH RE H Jtb X3 1 119 2%

i 8 A 5)
Table 3 Band-gaps and In alloy contents for the cal-
culated one-junction, two-junction and three-junction

solar cell
E.,/eV X
L7 1.39 0.74
Py 1.73,1.12 0.62,0.84
=4 1.89.1.35,0.92 0.56,0.76.,0.92
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Fig. 1 Variation of the conversion efficiency versus

the band-gap of In,Ga;- N one-junction solar cell
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Fig. 2 Variation of the conversion efficiency versus

the band-gaps of In, Ga;-,N two-junction solar cell

2 F RS S AT N K B R B B A g,
SR G0 R T A B R 2R A SR E, . 1T In, Ga, - N
B 4 AR 98 BE 78 K BH O35 1 A 32 80 [l P e i 22
AR AR 2 15 30 5 B K g AR R E, B9 AR, T
H FT T 0% K BA Ha, b Rk A 5 B Bl A [ 1Y
A AR HEAEEE AR AR S SRR g
AEF R . AR5 T 2 7 22 235 ER B R L v R R R ) RN
F S P B2 R H R R L A P 3 AR MR T IR PR
T B R A5 435 ) S B FEL AL B AH DS L X A% 45 B R ) 2
7 v B SR TN 2 AN 5 R B LSS AT TR | S As R
P 0 PSR E 45 0 7 T AR G 3E ) A BL. T In, Gay - N
() A7 T8 B R 2 v R 1Y, B A i B I AR ) AR A
T BEZH A T LY HE 25 H50 0 B 2 L X A
SHT B R 40 Marti #1 Arafijot®™ F] 40 35 #5 31
W T AT B A NS F it B AR TR B AL A M 1. 64
[eGEea

et A N
p-In,Ga, ,N

nn,Ga, ,N
n*-In,Ga, ;N
p*In,Ga, N
p-In, Ga, N

WAk
sz

n-In,,Ga, ,|N

Buffer

Sapphire

NPV
’\/\/\/\/\/\/\/\/\/—T

A< A
[ 3 In,Gar- N BUE5 K FH At i) 25 44 78 2 K]
Fig.3 Schematic structure of In,Ga;-, N two-junc-
tion solar cell
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Theoretical Calculation of Conversion Efficiency of InGaN Solar Cells”

Wen Bo. Zhou Jianjun. Jiang Ruolian’, Xie Zili, Chen Dunjun. Ji Xiaoli,
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(Key Laboratory of Advanced Photonic and Electronic Materials of Jiangsu , Department of Physics .
Nanjing University . Nanjing 210093, China)

Abstract: Based on the current-voltage equation for pn junction solar cells, the conversion efficiency under ideal conditions
for an InGaN solar cell was calculated. The conversion efficiencies of one-junction,two-junction,and three-junction In,Ga, -,
N solar cells were calculated to 27. 3% .36. 6% ,and 41. 3% .respectively,all of which are higher than those of common mate-
rials. The optimal band gaps and the indium contents of these In,Ga;-, N solar cells were also obtained, giving a theoretical
basis for the design of In,Ga;- N solar cells.

Key words: InGaN; solar cell; conversion efficiency; theoretical calculation
PACC.: 8630J; 7340L; 7865K
Article ID: 0253-4177(2007)09-1392-04

* Project supported by the State Key Development Program for Basic Research of China (No.2006CB6049) , the National Natural Science
Foundation of China (No.60476030) ,and the Natural Science Foundation of Jiangsu Province (No. BK2006126)
+ Corresponding author. Email : rljiang@jlonline. com
Received 4 February 2007, revised manuscript received 4 April 2007 (©2007 Chinese Institute of Electronics



