Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

A f&KECXS GalnP/In,Ga, _,As/In,Ga, ,As {3k = 45X PR 1% RESZ AT B 73 4

LR# KRigk AR XNE a—8 A KFTE

Analyses of the effect of mismatch on the performance of inverted GalnP/In, Ga; _,As/In,Ga; _,As triple-
junction solar cells

Ma Da-Yan Chen Nuo-Fu Fu Rui LiuHu BaiYi-Ming MiZhe Chen Ji-Kun

5| H15 2. Citation: Acta Physica Sinica, 66, 048801 (2017) DOI: 10.7498/aps.66.048801
7 £ %13 View online:  http://dx.doi.org/10.7498/aps.66.048801
24 1P 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/14

AT RERH B B S &
Articles you may be interested in

BET o3 A AT A S 4 22 1 (1 2 () = 5 T A B R B i FEL T s I 7
Anti-radiation of space triple-junction solar cell based on distributed Bragg reflector structure
Yy 24,2016, 65(10): 108801  http://dx.doi.org/10.7498/aps.65.108801

SP TR A B AT BH it F IR 55 A 5 8 S AR 12 e T T e 72 A5

Temperature-dependent time response characteristic of photovoltaic performance in planar heterojunction
perovskite solar cell

PP 2#4%.2016, 65(18): 188801 http://dx.doi.org/10.7498/aps.65.188801

TRARERAE JFE A AT SR B i £ B AR GURHE R B R FL T R R R

Preparation of iron diselenide/reduced graphene oxide composite and its application in dyesensitized solar
cells

PP 224%.2016, 65(11): 118802  http://dx.doi.org/10.7498/aps.65.118802

BB AR F5 R K B H i H %) S FH W 9T
Progress of new carbon material research in perovskite solar cells
PP 27 4%.2016, 65(5): 058801  http://dx.doi.org/10.7498/aps.65.058801

Je 1B G 5 S AL AR AR B BOR BT A

Investigation of post-annealing enhancement effect of passivation quality of hydrogenated amorphous
silicon

YE = 4.2015, 64(19): 198801  http://dx.doi.org/10.7498/aps.64.198801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.048801
http://dx.doi.org/10.7498/aps.66.048801
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract67260.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67260.shtml
http://dx.doi.org/10.7498/aps.65.108801
http://wulixb.iphy.ac.cn/CN/abstract/abstract68504.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68504.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68504.shtml
http://dx.doi.org/10.7498/aps.65.188801
http://wulixb.iphy.ac.cn/CN/abstract/abstract67357.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67357.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67357.shtml
http://dx.doi.org/10.7498/aps.65.118802
http://wulixb.iphy.ac.cn/CN/abstract/abstract66766.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66766.shtml
http://dx.doi.org/10.7498/aps.65.058801
http://wulixb.iphy.ac.cn/CN/abstract/abstract65354.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65354.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65354.shtml
http://dx.doi.org/10.7498/aps.64.198801

38 % 4R Acta Phys. Sin.

Vol. 66, No. 4 (2017) 048801

MBI KBLXT GalnP /In,Ga;_,As/In,Ga;_,As
B3 =5 R PR M M RE RN A S 4

goR#ED REXRDT AFRY

x| E 2

gl EHYD REZY

1) (Hedb IR FAE IR BE, dbaT 102206)
2) (ARFHRERERIER, AFKE  050041)
3) (ALFURHE R AR R 3 5 TREAERE, JbRT 100083)

(2016 4E 8 A 30 HikHl; 2016 4F 10 A 25 HILEMEHR )

%4t GalnP/(In)GaAs/Ge = £5 K [ H it R 52 A B 2E & 1 PRV, 5 40 3 8 TR TE B RIS K. (e 4544
=5 ORI Rt DR A P S B 2 B T DA B T s i AR SR T RO R B, 45 G P-N 48 LB,
B MATLAB 15 5 5 XU A% SR L GaInP(1.90 €V)/Ing Gai—x As/In, Gaq —, As {2125 45 F = 45 A BH il e
H b S T 7 R AL AT AU . RS SRR B AE AML.5D, 500 £ Ok (500 suns) , 2545 58 BE AL &N
1.90/1.38/0.94 eV W B AL, L3 G MR SAS 556 26, ST A L E A58 4 pm A1 3.2 pm i
AR B A R w38 51.22%, BUIN PSS 57 S5 45 FC) & b SR TEC B2 20 90l Ol 0.17% 1 2.36%. BT AR 4z o 2 AR K S
B FL U 57 8 (0 5 i, G 5 AR 0.17% B SRR R L SN 1.70 x 10° em ™2 (R N A A8 95 B, LL B R 2R T
GalnP/GaAs/Ing.32Gag.esAs (0.99 eV) 3135 45 0 = 45 K BH i 6 R LR AT & 1 0.3%.

KRR XUAARSRAC, R, =45 RPN, foe

PACS: 88.40.ip, 88.40.H-, 88.40.hj

1 5 =

TTI-V K B A vt B G s ) A0 B, R
R T A S M e S T FE R I S LA, CE iR
JUEE SR S w7 4 S. &ad T LE K R,
GalnP/InGaAs/Ge =45 K PH HLIb I & 77 40 5 v 5%
R N 41.6%(AM1.5D, 364 suns) [, /T 5 [
IR, Fe AR BT RIACR. T34 £
45 K BH H 9t [R] L RT DL EE 5 b 23 TC K B O 3
WD BETR SR, SR IT R, R LIS BT
e A R, H R, 180 2 45 R DK FH FL T IR
1£ %% H NREL(National Renewable Energy Lab-
oratory) 4= 7 [1] GaInP /GaAs/InGaAs/InGaAs U

* LRI EARRRA ARG (HES: 2151004) B BH AR,
T H{E1E# . E-mail: nfchen@ncepu.edu.cn
I #E/E#. BE-mail: jikunchen@ustb.edu.cn

© 2017 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.66.048801

g W th 52 ) B b A F s I8 45.7%(AML.5D,
234 suns) >l H E Fraunhofer ISE (Institute for
Solar Energy Systerm) sk 4 = F ;= ) GalnP/
GaAs/InGaAsP/InGaAs JU 45 # & K FH b
46.0%(AM1.5D, 508 suns) (%] ] 22 &5 K B B
B i AR AR 0.3%. 20134F, H A Sharp 2 ] il 1T
A InGaAs AL & W20 43, A2 7 1) HLIB S8 v THT
FUL 9 0.165 cm? B /N AR GalnP /GaAs/InGaAs
(1.0 eV) 3122 =5 K FH e, St AR N 44.4%
(AM1.5D, 302 suns) (%, X 2324 M1k =45 KB
HLH B SR A T IR R 2.

SEERUE B, GalnP/GaAs/InGaAs (1.0 eV) f3
& 45 1 K PH LB H T A SIS B ) FELR UL I,
DN AR LA = 25K BH R RIE B #4 el TR T

http: //wulizb.iphy.ac.cn

048801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.048801
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 66, No. 4 (2017) 048801

B b 2% IE GalnP /In, Gag —, As/In, Gay —, As 5]
e = 45 K BH b [ N AR B AR SRR IE B D . AN Geisz
S T84 2008 FE X I A B AR R A AN
0.89 eV #11.34 eV 355 GaAs 8 J& KRB XK Fic (51
de =25 K FH M )4, HagE T B T R R ROt
THEE 100% BEIRIL, 1X 5 SRR G BB AA AR IR KR
7. T XURE GalnP /In, Gay —, As/In, Gag_, As
{524 = 435 IR H Rt B DR G o A B b L B S 5
A K GalnP T HLIAE7E st R LA, S faAk
) JE FE T A A7 AE A S T, AR B P 2 S A6 T
HB O HL P e B S 0 R B L ARSI T AT
7 B (A T RE U A, B2 MATLAB iF 5 4
GalnP/In,Ga;_,As/In,Gay _, As {53 =45 KBHH
RS o R PR A B B DA B T LT I R R AT
BEAUAR AL, A%~ H v 1 B 0 %85 B2 S N UC I, (=] B
ST BE . ALERAE R PR S,
23 BRAR A (1) 75 i 1 17 5200 LA K B2, IR AR FRATT
soh g ST AT A A A A R IR Ol R AR AL R 2 AT
KER, KA 2B BMAR R L.

A B ~

N T REEEA KR In, Gag —, As JEE B il R ik
B3 Z2Efof1 25 L T ERL L, Y D B e AR 2
A, BRI e A K it b DG TR P32 4658 v 1 T F el T e vl
i, 5K In, Gag_, As JE FL L, SEEILE) S 4544 e
M 2%, BARSR AL s 1 Fos.

SEO4 RO AMLSD )G B 500 % R 6
(500 suns), ¥ %A 300 K. ZHESCHR [9) &2t
FRBAR RS TR N XERERN0.1 um, 2]
Bk, RN TBIRIE Ng = 2 x 1018 em 3,
BEXZEBRIKE N, =1 x 1017 ecm 3. &FHIh
P 8 [X JEFE R A AT, DS BRATTE 7 b AT L
gERRAL. R RATE B MR 1) BH
To HEL BEL A3 O AR AR () B8 27 455 2) MR R I B
9, 3) ST 300 nm Kb 4R 5.

TEAN T 18 R 5 T DR 0 R B R R (9 52 i
VE N ERARRRA f it AR R T R T R

V= ’“zT [m ( Jsc;;o; 1)

+1n(JS°i;J +1)

+1n(JSCZ;J+1)], (1)

Hrb, g HHTHE; kg NBURZZHEG T N4ant
/ﬂ%'lgv Jsc,ia Jo,i (7/ == ]—, 2, 3) ﬁ%‘]%ﬂ?%?@ﬂf%)ﬁ
55 0 4 P ) L P M AL T

N[X100 nm
PR AT GalnPTiHLil
N, = 1x107 cm—3
F% 2
NIX100 nm
" N I G A‘EP%CHJA
PR B
N, =1x10Y7 cm—3
%
Tz
NIX100 nm
) InGaAs/iEHLh
PIXEEET T
N, =1x10"7 cm~3

K1 GalnP/In,Gai—zAs/InyGai_yAs BI5 251 =45
PNUEERIES R 5 g kit

Fig. 1. Device parameters for model of the GalnP/
GalnAs/Ge triple junction (3J) solar cell in an in-

verted structure.
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Tabel 1. Material parameters used for simulating GalnP, In;Ga;_,As and In,Gaj_,As subcells, respectively.

F-H fn Jem?.V—lg7l pp/cm?.V—1l.g71 Biag/cm3s71 Bpug/s Sn,p/cm-s™1
GalnP 40 1139 1x 10710 3 x 10730 104
Ing Gaj_zAs 95.2 6646.8 7.2 x 10710 1 x 10730 104
In,Gai_yAs 147.3 4566.5 0.96 x 10710 7 x 10729 10*
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Fig. 2. Contour plot of theoretical 77 as a function of the

lower two subcells of Eg.
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Fig. 3. Contour plot of theoretical nas a function of the upper two subcells of ¢: (a) Combination A; (b) combination B.
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Table 2. Electrical performance parameters of 3J solar cell in an inverted structure for the metamorphic

(MM) combination A and B.

N - Jsc/ mA-cm ™2
A TERE S Voe/V n/%
Jsc,l Jsc,2 Jsc,S
GalnP /Ing.02Gag.98 As/Ing.36 Gag.ea As 7012.30 7311.60 7624.80 3.97 51.22
GalnP/GaAs/Ing.32Gag.68As 6853.00 6874.60 7014.60 4.05 50.39
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Fig. 4. The Jsc and Vo versus dislocation density
(DD) in the bottom junction for the MM combination
A and B.
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Abstract

The traditional lattice matched GaInP/(In) GaAs/Ge triple-junction (3J) solar cell has no much room to enhance
its practical achievable conversion efficiency because of its inappropriate ensemble of bandgap energies. According to
the P-N junction formation mechanism and the close equilibrium condition, we explore a series of computational codes
in the framework of MATLAB to simulate and optimize the inverted structure of series-connected 3J solar cells with a
fixed top bandgap of 1.90 eV on GaAs substrate. In this paper, structural optimization is conducted in the real device
design, because the realistic (QF) is closely related to a set of material parameters in the subcell, i.e., the absorbtion
coefficient of material, subcell thickness, minority carrier diffusion length, surface recombination velocity, etc.

The results indicate improved inverted 3J solar cells with nearly optimized bandgaps of 1.90, 1.38, and 0.94 eV,
by utilizing two independently lattice-mismatches (0.17% and 2.36% misfit respectively) to the GaAs substrate. A
theoretical efficiency of 51.25% at 500 suns is demonstrated with this inverted design with the optimal thickness (4 pm
GalnP top and 3.1 pm InGaAs middle). By contrast, the efficiency with the infinite thickness of subcells is reduced by 1%,
which is mainly attributed to the effect of minority carrier recombination on Js.. Exactly speaking, if photo-generated
carriers make a contribution to Js., they must be collected effectively by the P-N junction before recombining. A new
model is proposed based on the effect of dislocation on the metamorphic structure properties by regarding dislocation
as minority-carrier recombination center. Our calculation indicates that threading dislocations density in the middle
junction is approximate to 1.70 x 10° cm~2 when dislocations in the gradient buffer layer are neglected. The theoretical
efficiency is increased by 0.3% compared with the inverted design containing a single metamorphic junction.

As a result, based on the two metamorphic combinations, a solar cell with an area of 30.25 mm? is prepared. The
efficiency of the designed cell with two lattice-mismatched junctions reaches 40.01% at 500 suns (AM1.5D, 38.4 W/cm?,
25 °C), which is 0.4% higher than that of the single metamorphic junction 3J solar cell.

Keywords: triple-junction solar cell, inverted structure, dislocation, two lattice-mismatched junctions
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