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Abstract: This paper focuses on analysis of the origins of measuring transfer errors of standard solar cells
and the uncertainty to international photovoltaic standards from the International Electrotechnical
Commission (IEC). Six kinds of commercial packaged PV devices were chosen randomly, and their

properties including temperature responsibility, spectral response and surface reflection effect were measured

k8 B #A: 2015-11-20; 1817 HHA: 2016-01-05.

EEWE: R E FRA7EE 5550 H (No. 2015DFA60570); H E R i [ bR A F E 5530 H (No. GTHZ1240);H FE RL 2 B &
SEWE E TR B H ;R TR E bR A 1E 5 S 0 H (No. 12160706700); KT E 5 EH L 8IH R TEIX & 1
KR & H KT H (No. ZJ2015-ZD-001); - g i B K 3 AR 25 &0 il & T ¥ Bh I H



492 e K TR 504 %

and evaluated based on the IEC standards, The results demonstrate that the structure of packaged PV device
affects its cooling effect and temperature measurement accuracy, so that to leads to the instability of
temperature and short-circuit current (/;.). The variation coefficients are 0.12% for the temperature and
0.04% for the /.. Moreover, the spectral responses with and without white bias lights all reflect the linearity
feature of incident light intensity for the /., in which the spectral responses were quantified by defining a
spectral mismatch factor. The influence of surface reflection on /. was analyzed by measuring [/ at different
incident angles, and the A/, caused by the surface reflection was deduced to be up to 0.21% by fitting with a
cosine function. The results provide the important guidance for the manufacture, selection and application of

the packaged PV devices in photovoltaic industry.

Key words: solar cell; measurement standard of solar cell; standard solar cell; temperature stability; spectral

response; linearity; surface reflection
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Fig. 1 Photos of packaged PV devices used in article

WEFT7R,  HL b LR 45 40 S 3 405 8 R 1T
TR HT T X G H A S A A 7 Ok B bR AR
Y LAAS BE B 5 72 75 ] RAAE S i v R BH Lt A ]
AR SC B R P ok Fon o R IECK frifE K
FH Rt 1) AR F AR R, I A 2 K PH L i
(V8 HIRCR | S I LI (L) PO R M L DY 33 g i A
PE DL K v b 3R T D' 2 A% 8 8% FL A R R

4 3R I 2 AR P b2 T P b AT I K VS
Pl A E 4 SR K B, FE AR IR KV AR HEAT VR
HY A P A R ) A ke R B R b TR
S [ v A IR BE Y I B] AR € 38 i Yamashita
DensoA: ™ i i Fe 8 PERLALL K BHOGR (Y SS-S200AA) T
5, Zi& & LLIEFIIEC 60904-9 B ff L & Y
AAATFEYHRUE, LI )RR PERE IS #1]+0.16%, K
I 1) B R P BE TR 31 £0.26% G i 1 4 5% M H
A3t A2 W E & 3 #5 CEP-2004N 75
5 2 R H HL b 3 T IS SR O X I 7 A 1 5 R Cell

®1 SMHEXRHARBHERER

Tab. 1 Details of structure information of various packaged PV devices
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Fig. 2 Temperature response curves for different photovoltaic
devices under identical heating and cooling temperature
settings
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Fig. 3 Temperature and I, instability of packaged PV devices under constant illumination of AM1.5G, 100 mW/cm?, as setting

temperature of cooling water is 23.9 C.



496 b =

Fa o T

5 24 %

0.024 °C, I A bR fE (w2538 N £]0.036 mA . B WS
T RE P IR AL TR 5 Al DN AR 1) 2% ik 2 A R 1Y
Sl LHEANRTE, C. D, EHL A &
LA S B, A AR B U BN VT RE 2 e
T A 5 R Z R AN s R . B
DAL th 1) L3 D 22 (LN, R, i T i i Tt A
22 45 WAL K B AL i T2 285, R IR L P9 46 X (L3
AN, LR 22 AR &, i5800.039%. H, H
b F A T B e 25 OARAR /N, 2 H O A O 22 AR
K, U A % R Sl Rl I R R 7 ) DG B

/INo DATEHL It A7 76 5 F Lt AR ] 1 R 3, 3 3
L E [R)— T A A, IR S R Y O B
BN, oA TR 2 B e L R 25 5, AR SR
HRCHH Y 18 S T R R K B b T, Y R
3 M0 B K I IR TN 2 Tt 1 3 S IR
FEo MU EZERATLIE B3 KB A v 4D
BUR R BT . AR e A 10 3 T 188 % T 5 0 2 %ot i
H LI P A A RS, DA S B B N B
JEIm

R 2 S EKALBIEAMLSG,100 mW/em* BB £ TREM LA FHERFEREE
Tab.2 Average and standard values of deviation (STDDEVP) of T"and /., at STC

No. A B C D E F Ref-AIST Ref-AIST
Type c-Si c-Si c-Si FERL c-Si P-Si c-Si FERL
Average T/°C 25.285 25.126 24.720 25.486 26.470 24.236 25.330 25.099
STDEVPAT/’C 0.011 0.024 0.030 0.014 0.019 0.011 0.011 0.012
AT/T(%) 0.044 0.096 0.121 0.055 0.072 0.045 0.043 0.048
Average I;./mA 129.224 127.248 123.211 32.954 119.577 127.972 123.209 40.359
STDEVPA [, /mA 0.034 0.036 0.032 0.013 0.030 0.038 0.034 0.015
AL/ (%) 0.026 0.028 0.026 0.039 0.025 0.030 0.028 0.037

3.3 FIEMmRIFFE
TEC60904-447 M X] ) FH A HE D £ 25 7 30 & A i
N BB (I B = < B Y R
S BR T R BH ALt 5 R — G b v R B H b B
WA 22 180 1) ' 3 g o7 AN F80 65 T A I b7 A 2 S I A
W dEAT 7 BB AL E o R TG e )
OGRS AR R 55, —MRAEpW/em /9, 75K
FH B b T ™= A DA 0O P EE R R IR, SRR
R Kiis . EAPIEE5AMLSG, 100 mW/em? Fp i
JERAM T AR KA ZESR, PrLL, IEC60904-8%]
AR PF 0 6 5 me AT TR R e
IEC60904-10XF K FH H % 22 M B2 i 36 47 7
FEWL, R, X N A5 Rl R R It e . G
P10 G BRI S P TR O e i R Y 25 R, AT
358 25 R BH H L A L2 75 E A A B R MR, R EL
1Ay B 6T 35 2 O BH P S 3 e R R T 5 ] R
BIIRZE AT E AT o P40 45 b df 255 A P e 3t 7
TG U B IR A5 0 T e e i i 2k . |
Bk, FE S AMLSGRRMERDEIEMIS B . 1
A1t R MR A FITECKT K BH A il B A AR
TERLE AR E . IWIEITR AT LUE 1, AR SR#E O

1) L L A(AK-200) LA S C . DI 5 e b i e 7 A
TC F B OGS T ) — S Rc Ay, fh e aT DL e
IX S F it X AN [ B O R T R R A R R R PR R
PE o FHL L AE AT LSS RN 2T SR 43 ) 63 i g FiS A 2
5, BRIEW R B ARR 25, X L6 xf
LR IE W REHF R K IR 22, ANl G 1E I bn i K
FHH b R A7 S (A% 3 o 7% 1 3 o K B H, b 7F
(L A2 358 B — 8 SR FHY 2 10 TS 40 FH Y VR 19 it
B AT T R S 1 T R I e DU 0 R A
T SRl T a3 ol s 2he 0K BH FR b A AT S ME R ME AR
M, WA PN B 0 A% AT I e
S35, HUMEBTETC FUR EOGAAIET . 450 nm ALY
T e 7 2 A I R S, AN 4(e) TR . 7R SLA
% i 7 R A IR, 4 R R IR e B %
e, I HAEA . TC R E OGS G e g h 2k
M) — SRR o IR B A VT RE SRR T E 3
A B v B AR A B A LB Y 2 e, BT
DIFEAR R4 AR B 45 AR

&1 50 Pl 4 il A 326 DR BH F T 78 A 1 O DT 5%
PE R S i 1 2R Y L AR A R . AR RE R B
A IH Rt ) Y i e 2R AR AR A [R] (1B 5 (),



%3

TIHE, A BEREAR K B A b A S S T PR v — B R PR

497

0T (@ A o
08

0.6

0.4
| — With bias

02 - - W/O bias

0.0 —

—With bias
- = W/O bias

— With bias
- - W/O bias

1.0 DI

0.8

Relative spectral response

0.6

04
— Withbias | [

0.2 - -W/Obias | [

— With bias
- - W/O blas

— With bias
- - W/O blas

0.0

"~ 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
Wavelength/nm

4 B Fh B HORPH AL AETE . A AR B 2% A T K Dl Rt £
Fig. 4 Relative spectral responses of packaged PV cells with and without (W/O) white bias light illumination.
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Tab.3 SM values of various packaged PV devices

M A B C D E F  Ref-AIST

SM 09995 1.057 1.0085 0.9996 09254 1.0111 0.9975
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Tab. 4 The change of Isc value due to multiple reflection effect

Cell No. A B C D E F

Measured //mA 134.232 135.769 126.789 39.456 130.775 140.956
Fitted /,/mA  134.265 135.529 126.674 39.375 130.693 140.866

Deviation/% 0.025 0.177 0.091 0.205 0.063 0.064

of packaged PV devices on incident angle (Inserts highlight conformity between measured and
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