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Abstract

Precise characterization of the spectral response (SR) or the quantum efficiency of the series
connected PV modules has been investigated. As the cells in PV modules are series connected,
measurements of the spectral responses of the modules and their component cells are not
straightforward. In this study, various factors to affect the measurement of the module spectral response
are discussed, based on theoretical analysis of the measurement principle. Measurement conditions to
yield accurate spectral response results are described. Measurement results of the SR are demonstrated
for various kinds of modules including crystalline Si, and multi-junction structures. The procedure is
based on the measurement of each constituent cell in the module, in which chopped monochromatic light
and white or color bias light are irradiated on the target cell, and supplemental bias light is applied on
other cells. Measurement of the SR's of modules has demonstrated the practical usefulness of the
procedure and apparatus.
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Fig. 1  Block diagram of the module spectral response
(SR) measurement apparatus.

X1 KIBEME Y 2 — Vi EREAEERO 7T v
7 4.

Fig.2 Photograph of the module SR measurement
apparatus.

X2 R E 7 o — VR RE ] 2 B

Journal of JSES

3. N T ZABEOEM

3.1 FioNA T ABEOEHTIE

RS PRERE & VAR E m%/;~w@xtmﬁ%ﬂ

ETAYE, WEs RV OBEREE I T 570127

47z@t%mm¢%ﬁﬁﬁéé.ﬁ%@mﬂ%hwwﬁ

W AL IAIREE, T0b b 0 [VIICT 2B S 5. Bnery
2, AT ABEORETIUTORTIT ) EHEL T

%(3).

V. =V x(n-1)/n (1)

Loy FBBD N A T A x 42T
WCHR L7 XE0EY 2 - VOBRERE, o, TV a—
HADEVETH 5.
Ca&UiMﬁﬁ%%&ﬁb’/VfTZJ%%WﬁT&f: RN
CORBEILT B728, 54 7 AN%EBH L5 EEt
LAVIZHNEN LB 0 VI &i2% 57, wﬁ&n%
YX%Eﬁ%%?%#w INAT ABEDHREILL - TiE
Bt G2 A BB S, BV RS 58N
HAhH., Tz, a-Si iiﬁ B &%, BN T AE
EREEETHFOZ EDHMONTND, (o THRBELSA T
ABEDELMAD I & IXHIENSR Jc}W)“iéWE%IEE@ iz
BEs 2 LTEETH L. I CRETILE G BEEC
BINA T REEDBREEDOFEF O\/\Tffﬁah“b
KEEMEY 2 - VITBEEETORVPEIIZERS T
Twb, ZOLE, gty LillEd gt rvrs i
BRBEMEY 2L VIR ToORTES RS,

::f,nm;ﬂ4?x%E v

Vs )=V, (D)4, (1) )

targer

ZIZT, Vel 3 BV 2= VIR (ERE IO
EDOBITAE), mAﬂ,ﬂmﬂ%k»@IV%@
Voshers (L) 5 WISEXT 5 ‘]Hi’)‘/@ I-V 5%, 7 BfEERT

5. B, IVEEDL @#FEERsEF0E S LT%@L
BEDVENH, KL CEBE A EROBRE LTELT
w5,

WA T ABEFRZEY 2 — VORHMIZEIL, #Eh A
T AN MBS RIS BE L8 & RO IET &4
5.

as Vnmdme (] ) = V:a/’gel (] ) + thm (] ) <3)

KBEINATAEEOEIZ L » TEESZHIE T 5 2
EERLTWES, BIESEX V2 EHREEDBEE,
Ve 1)=0 £ 2 27280, REUTF &% 5.

Vi =Vl 1) =V, (1) “

bias

— 74 — 20094




MRS

DX B EEKBEMNE Y 2 — L O4 R lE T ik

LY, g 2ERIREO & OB ESIE
Vi D) & Vo (LY DETH B Z &b 5. il ?
WX, 254 T AV, WA T AREBRE L/IREET, BV
= VRO ERE LNt VOB TTELEAE L
S B XA BNATABEREY 2= VIZHINT 52 &2
L0, WEXNRYENONA T ABERFEINEIRET S
ZENTEL. Fig3 KWEO—HlERT. KBEBREILAT
UABEH B SN EY a— I BWT, #0350 1D
DENVDGNEETMET 2562 BEL Cwb, llEs
Sl (1 RSN, 7 ARAIRE S, HIE SRS
V(23 B MNIEEI S T ANHBRE ST w B, Bl
GENVOENERTEY 2 — VEEOMNBR L ER S

572002 T A KD GRS <HHBY N 1 7 20D RS B
BT L LTwh, INSORENRE) TRENL.
Vlarm’[ o ) = Vaz/wrs U )
Vo{/)el‘s <[)

<

E

5

E VII]U(/U/E' (]>

&)

V”"ﬁ”m\‘“\\tw oD~V D)
er zr<[):0 /vgl
0
Voltage [V]

F}‘g 3 Example Of Vm1g¢[< >7 Vm‘/)&us([) » modu/e(])
B 3 WER RV, MENRIEN, TV a—E

ﬁ;@ I VEH' ItE( [7zgef<[> oz‘hem(]) Vrn¢>{ﬂ1/e([)>0) WJ

Vil 1) & Vs ) DZSECEIET 5 £ 912354 7 A
B R L7, V(D=0 V1X%h, WiEitst
ITEHEIREE L B A 2 LA h B, b L, AT AEEE
SEEOKREEM YOS RENER & B, YT
THHEY 21— NEfEDN4 T ABE% 0 [V & LIS,
WEF Mz (2) £ Y

4 = —thm (1) <5)

rarget

LY, EMREEC R VER D 2, ETORENRIL Y
DEENVWEHREVICEIMEND Z &1k, EVa-
VoV OREE LT & o TIREN S VATIE S BB

NHb.

FK4) LWV BELNATABES -V sk s 2
EWFRETH LAY, WHEIE, TROKGEREY 22—

ORI D HERHP AN T ARBETO V. () FE
BRIET A2 LIIATRECTH L, 2T, Wil 1 7 A%
RETORIVIBELLE &0 I-VEE V(D) H»s, g

Vol.35, No.1

AL O TV B2 F(6) & AV TEBIIC

BT 5.

V1))=Y, (1)=V (I)x(n-b)/n 6)

(n-h)

77EL, bIFEEHEO R VEL, nlEEY 2N E L
THhH. ZORFE B THEREI 2L D T-V ERE % HE
TAHHE, ETOLLVHFREOHETH L L DREEH
WTWATD, FEINA T AEDREE L T @4 DRV D
EEETE METORELRI & » TN E 2L OffES
PHET HBNA D D 1 OFENLETH S,

3.2 EBREHEE

3.1 TRLINSA 7 ABEOELFEDORERILO /20
WK ELE Y 2 - VOGS EENE 1T- 7. gz
Mk St KIBEMED 2 — L (24 B & Hv7z. £72, 8
ERTR LV OSEREE R CEIER OBMEEE A llE T b 72
DIz, BER RN OIS ICER A LT
Va—=VEEHLTWS

W NA T AN T AR E T 5 S

FHEHL. EWRGITEERRELVCHEL, g
T AN E IS4 T ANANZ 32 [% SUN] T 5. EXRHETIRE
3, TFTRICE > Tk B,

G =1, /1, o x100 [% SIN] (7)

ZIT, Gy, FHESTETOEMBRE(ZOBAIZEY 2
= WERE), L e SIRITHE TORERBGEM LV OGE

T, L sl TRERTFEM £V OIERIE TOIEER TH
A, EE, KETHEY, SASERCIEL, oA
W W/en?] % B 205, #B A 7 Z0deEE LTHw
TonNa sy 5y TIEKEEE BB EARE (B
720, FIZER UBEHBETICBIT 2 N07r VBT TOKR

MBEMOEIEER & KB T CORBEMOGIEE IR
&%.%;T,%%meﬂﬁr@@kﬂi@\ﬁﬁﬁ%
BT HEEKGELE VY, FOEREROLTET
ZET, REPKRERERLLLOD, KEETEREL
7o & EOEWPLHBGTIEE & L, BEESETCllE L%
EERPIFTAHDICHEAE [% SIN] & L7z,

B b 7 Ao BT 40m X 40m & L,
ERREMNIBCTHAN TS L 2 WEEI~ R 7 3%
&L, ABELHBINA 7 A0, 8N T 2D RS 2 v/,
TAY RERE L ET, BTNV O TERENE
Y@ L ORI IS b, YA

SEOHAERIEIES S E > THRES AL = b i
hh. BB, BEEOIHBEEERECENT 50 [,

Woem'l & L7z
HIEZOMEATR LI D)
b EEEZE KGRV os

R &SRR Y L7
PR RE L FE 0k

KiF L 4 v F—




A - 2B - aa - BN

BB RUF(6) & 0 E L 72wl S 7 ABETH!
LU EREHEI L D BESE Y 2 — Ve kIZ A 7 AR
FE O [VIREMN LERaBENEIC & villsE, @ 3 sz
T o7z,

B, EROTORENATABE, 3.1 HiTRLE
L, WENATANELETOLVICEEHLLEED
IV V(DD V(D) EFHEL, IhE V,.(])

DZZEEDBEIT 11.69 [VIZFIANA 7 ABEE L7 (Fig. 4),

WEkER % Fig. 5 1R

600
500 =
Optimum
- 400 + operation point ¥ ohers () 7D
E 100
5 300 o Vllmdu/e<1)
£ T
© E 70
200 E
o
50 .
100 4 ot
s 12 125
Voltage [V]
0 .
0 5 10 15
Voltage [V]

Fig.4 Vodired D)y Voers(L) and ¥,(7) under 32 [% SUN]
supplemental bias light and bias light intensities.
X 4 SERTHATHEE 32 [% SUN]OHBh/ S A 7 A, /3

A TX?%%ﬁﬁ%:j‘Lf:& %0) Vn)odu/e<[)’ I/01/161‘5<])’ V/;<[>

0.6
CellSR
—o— V=1 LEOV
S V=0V
£ 04
H
z
o,
g
=
a
502
o
%23
a
300 500 700 900 1100

Wavelength [nm]
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voltage=0 [V] and the SR at the same cell with individual
contact.
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f1lm modules.
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Fig.14  Enlargement view of the I-V curves of Fig. 13

around the operation point.
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Fig.15 The SR measured by partial irradiation method
under optimum bias voltage, the SR measured under bias
voltage=0[V] and the SR at the same cell with individual
contact.
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Table 2 Slope and « of the measured conditions.
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Fig.16
method and the relative SR at the same cell with

Relative SR measured by partial irradiation

individual contact.
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Fig.17 Corrected SR and the SR at the same cell with

individual contact.
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