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Concentrator Compound Solar Cells
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The cost of the cells in concentrator photovoltaic systems, which convert sunlight
into energy after concentrating it using inexpensive lenses or mirrors, can be reduced
by increasing the concentration ratio. And the costs of the tracker and BOS can
be effectively reduced by an increase in photovoltaic power through improving the
conversion efficiency.

Therefore, concentrator systems using InGaP/InGaAs/Ge ftriple-junction cells are
getting attention, whereas they have already been put to commercial use in space and
have proven their high efficiency and reliability. The concentrator cells require a special
device structure for high current density and adaptability to non-uniform irradiation

intensity and spectral changes.
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Conversion efficiency of Si, GaAs and InGaP/
InGaAs/Ge triple-junction cells with various series
resistance as a function of concentration ration.
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Fig.2  Schematic of InGaP/InGaAs/Ge triple-junction cell.



X CEMAEE

3. EEEDRE

KEFAFEE T D ETRBG R Tl B
IR S EE 2 TdH o InGaP/InGaAs/Ge3H; Ak
P FEM BT 2 F R EFERILR S, (Dem 7Y v
FEMOIKIT EEIiE &), 2) ZHm 7)) v K
BB O S OMPT, (3) b ¥ A NEEREE O
FHAOIIT, BL O @) EREBEHOIEITLTH 5, DN
7 v FEBOFEMIKGUL, FRTEER 7Y v NEM
DIFTITEHTE LTINS b, T2, EHEM
ISR S, 1A OSBRI HEN L7200,
HEEMRICEE T 2P R TE L, b A VEE
HEOEIE N VANV E— 7 EREE L ECEBRL T
bo PYANEBITHENLZEDOTELER (K-
BIEE) ZEEEREELD L THICKRELT A
DIZ, PANVEGEEETApEBL U nEOF Y
) T RE R RRBRIZEIMESE T 5, R20/EICB
W, by SRV B LI FLbL 28T 5 AlGaAs/
InGaP b > A VSOV — 7 B BEIZ110A/m®, 3 F
VB LR b Av L Hfi T 5 GaAs/GaAs k> %
WA DY — 7 EHRBEIZS00A/cm’ L ETH Y, EH
EHUEA 2 D IERNMEIC 2 5TV B,

K3, 7 v FEBERY 2SS4 01
IR BLOBEBMICE DY ¥ F—HEDOZALE R
To 7V FEMOMBEEHEDLZET, 7))y N&E
WEAROBIRTLE 7)) v FERE ORI KT 2
ZEWTELD, TO—T, ASEELEMDEE
RO LY ¥ v F—4BEAHMT %, ~ R
BAEBIOZoMmoEIE 7 ) v FHBICKREE T
—ETH b, R3I121E, K LEBIO+FERHD) v
R/X% — A2 X B HEFEIOE NSRS, ( LEITIE
7))y FIZ & o TR SN2 BR G2 A S HLY) B
SNDHH, TFRITIZAH ALY HENL720, 7
)y FEMAKOEIZ L UTICTHIENTE
bo TFEREID )y K87 — 2T ) v NEMREIR
%120y m|ZEFHT A 2 T, EHEEBUIZHMIOM QT
g, v F—HEEHI5%FEEICHNZ 52 &8
T&72

4. ANT MVEEICKDRE

WEZ35HE L T AV F — 2§ 5 InGaP/
(In)GaAs/Ge3# AR KFFEM TIE, A7 bLOZAL
2 & o TR & LT 50 RIRR B
(BW) 2Ly Rk o TR LR BT 528, —
7L v XTI, FERLIIEECEET, REER

InGaP b v 7, GaAs I NIV B L UFGe R AV ZF

+F8 LB

=
S

—|_| | T ryFRE
0.08 . — 6
+m cLm TUR R

— 007 O 4 uERER =
o ~ * ororrge | N °
~ 006 |- N -
o R a®
] Ny {4~
S 005 W o
3 N | 8
2 004 N |, 8
2 z
T po3 2
0 2w
2 =
= 0.0z 7]
[%¢]

. °
% I

s
2
/‘?6‘
/;.g [
‘g5
a5

Grid Pitch (g m)
3 gy NEEEREZEES L LBEDEIIRRK S H
SUBRICED Y v RF—BROELS LV LES L
UH+ERD T )y KNz — Il &L 2EFERDEN
Series resistance of each element in a cell with

various grid pitches and shadow loss due to grid
area, for different grid patterns.

FRTHINENLFORIZL VX E VOB X -
TRELZELT Y, SHATKEEMIE, Lo A%
DOWFHEER L o~ XL LIV OB T X - Ty
A R G o o N

TR B R it |2 BR ST S L 2 S 0 SR BE TN 545 2
FHART PVAL, LV OZHERSL L ADHF
FHC X 5 TEILT 4%, ZEMAXEDONERHEN Y 7 b

~=—Light from solar simula rQ):‘“ -

i FresieHeises o

b wavelength

Pasition in the cell {mm)

4 2ONELEBLX—twILEIERE ABLUB) £
133 InGaP b 7, GaAs I RILH LU Ge R bLat
IVDEFRIEINE

Increase in generated current for InGaP top, GaAs

middle and Ge bottom cells at different distances
between cell and lenses, A and B.

Fig.4

51



52

2w —THER

$£93%5-2005%12H

Grid Electrode
s
Fiss, { Window
SEFY Vi Sy vl USSPV y ) [y TSy S Emitter
J: % §'-‘I; x J> % Top
f— o
Rty = Resg . :f . Tunnel
: % %S" Hx Q@ = * &  Middle
T J&. : !
Rt = Res, = “ _ ‘JF ; Tunnel
BXSETRET
( T T | Bottom

1.0
0.3 ‘B}
= A %
< 06
I
2
E,' 0.4 « Measured at (A) [FF:0.85]
« Measured at (B) [FF:0.89]
0.2t Calculated at (A)
—— Calculated at (B)
0.0 : :
0 1 2 3

Voltage (V)

X5 ENX VSN ERITT 5200 2 RehHE OZME
% (a) LU Z0EMEIEEHWTSPICE EICL -
THELAEABLUBOL X —wILEEE#ICH T
3 IV H—TOEBEMEEDEE)

Two dimensional equivalent circuit for analysis
of concentrator operation (a) and IV curves at
different distances between cell and lenses, A and B,
calculated by SPICE method and comparison with
experimental result.

Fig.5

WCEDEEL PSS ENTRETH L, —F, L
B ZALIZR 51278 T & 9 720Kk 055 i 1 o0 S [a]
B (Z770) v NI 3B RIRRE B ith O S 01 5 A3 58 &
T RIICER SN TWA) 1L TEHELFHT S
ENTEL, RSHFDTT 7%, R4 ITRTELN
NGBS EOIVIFEOFHEME L, 20RITs A Bl
SEAM[A] % % FI VT SPICE (2 X ) BT L 72 IV EE o
WA Rd . FlfE L FTEARIZLIZITIZ LB
D, (ABXUB) DL v X— b VEEEEICBNT, 5
KEEMAEIZIZIZRE U CH DD MFR N T-FF 25872 5 1
T3 FLEMRE SN TS, (B) OLETIE, Ge&R b
AT S N5 RIEECOEEDK Ge VT
BETLHREBERAIVNELL 2>TBY, D, GetkLlD
pnEEAIZIEWNA T A LT =7 03B 572012,
RKENBERAETGe VDIV — 7 DIEABIN
TWb,

5. S

#5062 % 25L& & InGaP/InGaAs/Ge3#: & 11 K by
BHOIVEEZFFML 720 V—F—Y3Ialb—%—
MHDAMLEGHEMENE 7L ANV L v A2 X D EBL
ZHETmm A DOENL VS L7z, SEIRFHC X 5
YV DORE R 2 I 572012, LIV OEREIL
25CIZIRFA L 72800 N> FI2 L o TRV AT 720 Bl
WFEE, RN TB & OEHRh =3 O £ K
R 61T, ENMERIIIEE LI O ERONY
MFETER Lz FREER (1) oo SR
DR ILBI LTI L 7228, 100f5% W 2 5 %56kt
T, WREEOEMA 7L hotzs ThUL, H0
FEIREHEE O )VIRE EFIC X DBEENERT (-
60mV/C)DEHTH 2 L E 2 b, G414, LIIVERD
O OWENEAE, BIE RO CRRSFTREH O S HEDSTRE & 72
%o F7z, MK TIZ100R 22 28 L VIRT L
Too SHUZL, BEHHEIUIC X BET, 4%, Ei b EY)
EHLOBATRE L 7 5o FIFEFFI30% DA M%)
A100 ~ S00fEEFHHIZIZ37% L EICm L35 2 &
DOz,

3.2 09
31 -
-— [s}
3 Yoo g 0.89
e
N 29 [}
=~ C e g P w
3 2.8| ° . ~ s 088
> 27 5 .
26 L4 0.87
-
25 FF
2.4 - 0.86
1 10 100 1000
Concentration Ratio
38
«** 3
36 +
g o*
P ¢
2 ¥
o »
2 32
-
w [ 3
30
28
1 10 100 1000

Concentration Ratio

6  InGaP/InGaAs/Ge3 & LIV DRMERE, #iRETF
B LU T EOENERKTFMHE

Change in open-circuit voltage, fill factor and
conversion efficiency of an InGaP/InGaAs/Ge triple-
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