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Spectral mismatch and its effect on artificial solar light source un-
der standard test conditions
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(1. Key Laboratory of Microelectronics Process Control of Liaoning Province, Jinzhou, Liaoning 121000, China;
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Abstract; Under the standard test conditions, the spectral form, the irradiance intensity and the spectral
mismatch factor of artificial solar light sources are important factors that affect the accuracy of solar cell
device test results, This paper takes the standard solar spectrum AMIL. 5 as a reference, then calculates
and analyzes the changes of the spectral mismatch factor between the four commonly used artificial solar
light sources (Arc lamp, Q-Flash lamp,Q-Flash W lamp and ELH lamp) and the standard solar spec-
trum AMI. 5 from the perspective of spectral mismatch,and also calculates and analyzes the changes in
the output parameters of the crystalline silicon cell under the irradiation of these four artificial solar light
sources, Calculation results show that the spectral mismatch factor of Arc lamp artificial solar light
source is 0. 979,and the output parameters of the crystalline silicon cell are closest to the output parame-
ters under the standard solar spectrum AMI. 5 spectral irradation;due to the influence of spectral mis-
match, the output parameters of the crystalline silicon cell under the irradiation of four different artificial
solar light sources will change significantly compared with the output parameters under the irradiation of
the standard solar spectrum AMI. 5 spectrum.
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Fig. 1 Crystalline silicon cell structure model
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Fig. 2 Comparison result of spectral irradiance: (a) Comparison of AM1. 5 spectrum and Arc lamp spectrum;

(b) Comparison of AM1. 5 spectrum and Q-Flash lamp spectrum; (c¢) Comparison of AMI. 5 spectrum and

Q-Flash W lamp spectrum; (d) Comparison of AM1. 5 spectrum and 120 V ELH lamp spectrum

TR L s a A0 5350 2 2% Wb 4 6 R ¢ A d
43 531 DAy i 3 R 1t Y O i AR

FESR TN T 6 I8 B 1% 2% e [A) I L A SC LA
WERFDLRER TS ERmm S8 Z% . kik
PR B 48 BT 225 At g e i e B 1L S, =

1090, Zpes| | — JE(A)S(A)dA(E Syt G S

ST ) S I =D ARy
E, Ju
EiJa

G2V LS DR L1 DI 1 SE S (DN SE R R RTINS o N R )
R SR G R S o b v R B A TR 0 Tt B DG R

MM = ’ (2)

TR T ok N R O R R T 3 Tt 1 % R

7 S B Lt G B rp MM > 1 MM < 1 Fll
MM = 1 43403k 5 K BHYGIE AML. 5 A1 1. Aok
T 1 4 6T 35 R A /NI DG T R 4

3 HR5ITiE
3.1 SEEMNHORKS R5

EPUN N PN LRV SN RS Y
S5 55 T A 0L 1k S D e i I L O 1L
S AT A0 B o SR OIS B 26 A S W O U S



CHRE

THAE < o e P K 2 F T A A B ' YR Y % 2K TG S R T

+ 251 -

06 2 T4 . WM AR O 8 A A L N AR
HAEBR T IR . B3 AHTE 1 i
ik K BHRE H b 6 6 Wl 5 R BB . TR (D)
FH IR S e R R A R RO A O BLJEAS 5E
B B3I A K 300nm—400

1.0 : —= 1.0
0.9t v e 0.9
0.8 1 Vi 0.8
0.7 — Absorption ;' 10.7
g 06¢ == Reflection i 106 &
205t 105 38
=] ] =
2L 04+1 i/ 0.4 2
< /
0.3 vy ; 10.3
0.2t \\\~ // 0.2
01F TTTememmemme—- - 0.1
0.0 .

: . . . . 0.0
300 400 500 600 700 800 90010001 1001 200
Wavelength/nm

B3 REXMERMENRKSRHER
Fig. 3 Absorption and reflection of light

by crystalline siliconsolar cells

|—AML.5
L=+ Arc lamp

Error

300 400 500 600 700 800 900100011001 200
Wavelength/nm

(a)
10
8 | — AM1.5
7 |7 Q-Flash w
6t
o )
5 4|
5 31
2 L
L {
0 k 3
_1 _‘\._\_A_._A,_,ﬁ.ﬁ,_.._

300 400 500 600 700 800 900100011001 200
Wavelength/nm
(©)
4

Error

Error

nm {1 Bl N, R 6E A R RE R B T S R AR
XS 0 B i, T DA I B A R Y
W 22 BOAH XS /N s 7 500 nm—800 nm % K- 1 BBl P .
PRI ik b, S A Rk %) 7 ST 25 I O K 398 o g e A1, HL R
625 A6 1) B DG BE T 328 T 1 A L T DA I I B RE R TR
4 W e 22 B0nT AT 90 %6 5 48 800 nm—1 200 nm {
FEL A e A 1 T2 0 2R AR /0N 5 T AR AE 2 0% Bt I
45 A6 1Y) B D' BB T B i L b A L S 1 TR A R BAD
T AR
3.2 4 AENENED MR

B4 T B 2 o 4 Bl A58 Y66 3% A X F K
FHOGIE AML. 5 FA7E MR 2 Hoh iR 253150k
E.(0) —E.(Q)

E. (O °

HEATT LA S AR K () () () L (@
P9 Are lamp B A i O I8 A9 6 3% 5 K B i
AML. 5 ¥ 1 BUER W I g 22 - fHAE 400 nm—800 nm
T FE PN 5 K B R AMIL 5 DU RE R R AF s 7 K (2 |
() () B (@ u N, Q Flash B BRI S

Error()) = (3)

Z — AMI1.5
5 == Q-Flash
4

(
3 i
2 || @

1

i A

i ] \
N BIREY (6,
0 d iy LY
1 \‘\ / /~.n.._____.,_“__‘l..uwj \/ ""'IUA

300 400 500 600 700 800 900100011001 200
Wavelength/nm

(b)

2:5
— AML1.5

2.0 t+-120 VELH

15§

202010 E s s seanes

10 |
05|

J, TR

0.0 f

1.0 . i : . : . .
300 400 500 600 700 800 900100011001 200
Wavelength/nm

(d)

RIEFEREIRZEZ : (a) AML 5 HiE5 Arc lamp B R IEBEREIRE;

(b) AML.5 3if 5 Q-Flash kT3RiEHIRIL B EIRZE ; (¢) AML. S Hi5 Q-Flash W kTN B iL iR B E IR E
(d) AML1.5 3% 5 120 V ELH AT3RiER L iEEBEIRE

Fig. 4 Spectral irradiance error: (a) Spectral irradiance error between AMI. 5 spectrum and Arc lamp spectrum; (b) The spectral

irradiance error between AMI. 5 spectrum and Q-Flash lamp spectrum; (c) Spectral irradiance error between AMI1. 5 spectrum

and Q-Flash W lamp spectrum; (d) Spectral irradiance error between AMI1. 5 spectrum and 120 V ELH lamp spectrum
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Fig. 5 Crystallinesilicon cell photocurrentdensity spectrum:

(a) Comparison of battery photocurrent density spectrum under AM1. 5 and Arc Lamp;

(b) Comparison of battery photocurrent density spectrum under AM1. 5 and Q-Flash lamp;

(¢) Comparison of battery photocurrent density spectrum under AM1. 5 and Q-Flash W lamp;

(d) Comparison of battery photocurrent density spectrum under AM1. 5 and 120 V ELH lamp
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Tab.1 Photocurrent density of crystalline silicon

solar cells under various spectra

Total photocurrent density

Light source (mA *+ em 2)

AMI1. 5 30. 9475
Arc lamp 30.5537
Q-Flash 27.9654
Q-Flash W 23.704 2
120 V ELH 31.5286
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Fig. 6 Spectral distribution of mismatch factor MM for four artificial light sources
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Tab.2 Mismatch factors of four artificial light sources

Light source Total MM
Arc lamp 0.979
Q-Flash 1.002

Q-Flash W 1. 005

120 V ELH 1. 061
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Tab.3 Output parameters of crystalline silicon cell under each spectrum

Light source (mA{ngﬂ ) Voe/V FF/% 7/ %
AMI1. 5 —20.9596 0.6609 83.916 2 20.0699
Arc lamp —20. 684 4 0.6627 84.084 6 19. 7688
Q-Flash —18.9006 0.6611 84.006 0 20.054 8

Q-Flash W —15.9087 0.6559 83.9240 19. 8112

120 V ELH —21.5507 0.6635 84.1259 21.6228
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Tab. 4 Taking the output parameters of the crystalline silicon cell under AMI1. 5 irradiation as a reference,

the relative and absoluteerrorsof the output parameters of the crystalline siliconcell

under theirradiation of four artificial light sources Light source

Light
source Error Jsc Ve FF 7
Relative error 0.2752 0.0018 0.1684 —0.3011
Arc lamp _
Absolute error/ % —1.31 0. 27 0. 20 —1.50
Relative error 2.0590 0.0002 0.0898 —0.0151
Q-Flash
Absolute error/ % —9.82 0.03 0.10 —0.08
Relative error 5.0509 —0.0050 0.0078 —0.2587
Q-Flash W
Absolute error/ % —24.10 —0.76 0. 00 —1.29
Relative error —0.5911 0.0026 0.2097 1.5529
120 V ELH
Absolute error/ % 2.82 0. 39 0.25 7.74
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