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The performance data of PV modules is referred to the internationally
agreed ,,Standard Test Conditions (STC)*:

Module temperature: 25°C
Total irradiance: 1000 W/m?
Spectral irradiance: AM 1.5 reference spectral irradiance
2.0
a-Si
Zenith FE ; | CdTe :
Zenith angle E | l(fi HlIk\!_/ﬁ cSi |
48° 2 [ ] ﬁ;l P cis |
e L i) i
37° Atmosphere = 1 I| -
® | f :
s £ ]
< E 1 |
Test area
Earth surface | % dia | /
@ 1/
o |
wn |
D i

300 500 700 900 1100 1300 1500
Wavelength in nm
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Reference device PV module Current-voltage

characteristic
Natural sunlight or sunlight simulator: E,
R4 NP
/\_ Temperature

iTR: i 4 Current
s A I MPP
emperature
Irradiance
(v.)

\T'/ >
! Module Voltage
I voltage A 4
o vt Ml it i 4 :
---------- O
Electronic load, resistor _I ;
Network, capacitor Module
current
171V 3.24 A

Remote control
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Steady-state Pulsed sunlight
sunlight simulator simulator (flasher)
‘ Long pulse Short pulse
Alntensity A Intensity Intensity
Measuring i Measuring
Measuring time 2-10 ms 1 data point
time
5-10s p
> Time > Time > Time
Single lamp Multi lamp Single flash Multi flash

systems systems systems systems
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Natural sunlight Pulsed sunlight
simulator

SFeadyjstate One data point  Full |-V record
sunlight simulator per flash during one flash

Electronic load X X

Bi-polar power supply X

Resistor network X X X
Capacitor X X
[-V sampling rate Low’ High Low? High
Transient effects No Yes?® No Yes?

1 — due to equipment response time
2 — dependant on stroboscope velocity
3 —due to cell response time
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- Xenon Pulsed Solar

Simulator

04-3)

=== Reference Solar Spectral
Irradiance (IEC 609

6
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500 600 700 800 900 1000 1100
Wavelength in nm

400

300

mm) Xenon lamp spectrum shows major differences to the AM 1.5

reference in the range 800 nm - 1100 nm




(lassification of a solar simulator using the ASTM procedure [4]

Class

A B C
$patial nonuniformity <k 2% <*5% <i10%
Temporal instability <t2% <+ 5% <t 10%
Total irradiance within a >95% >85% >T0%
10° field of view
TABLE 2
fpectral classifieation of simulator
(lass Simulator spectrum in wavelength band (%)

Re}"emnce spectrum in wavelength band (%)

A 0.75-1.25
B 06 -14
L 0.2 -2.0

Reference:
K.A. Emery, Solar cells 18 (1986) 251-260
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——Trigger + 2 ms

—=—Trigger + 4 ms

25 ~—-
Trigger + 6 ms

Trigger + 8 ms

Spectral Match to
AM 1.5 Reference Spectral Irradiance

Class A Class B
0.75..1.256 06..14

300-400 nm 400-500 nm 500-600 nm 600-700 nm 700-800 nm 800-900 nm 900-1000 nm
Wavelength range

mm) Change of spectral irradiance during a Xenon pulse is of minor
importance and need not to be considered in the spectral mismatch
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L=l +lge; " (Ey /B =1)+ - (T,-T,)
Vo=V =R (L =) -K-L-(T,-T,)+p-(T,-T,)

Legend: Module correction parameters:

P P Module current o : Temperature coefficient Ig. [A/°C]
V,, V5. Module voltage p : Temperature coefficient V. [V/°C]
(P P Module temperature R : Series resistance [Q]

E,, E;: Irradiance K : Curve correction factor [(2/°C]

Index 1: Measurement conditions
Index 2: Corrected conditions

Requirements: e lrradiance > 700 W/m?

» Procedure applicable over an irradiance range of +30% of
target irradiance level A
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14
12"‘" 3 ¥ i i
< 10T : :
= ;
IR S— -
£
= ]
u 6 R R ———— A [— i
% 1000 W/im?2, 25°C
- - :
£ 4 1080 W/mz, 20°C
2 [ SR | 840 W.’fmz, 3[}0[3
0
_2::::::::i::::i::::é""i""
-5 0 5 10 15 20 25

Module voltage in V

Disadvantages: e |l . and V. of the corrected |-V curve must be extrapolated
» V. is dependant on module series resistance

e Procedure for calculating module parameters from cell
parameters is not clear. A

www.tuv.com -n
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Based on the measured module correction parameters the cell
correction parameters (Index “C”) can be extrapolated according
the following equations:

R.xN .
ﬁcz%s in mlV /cell Rge=""° %rs in mQ/ cell

aC:%N}, ><AC) in ;Mf(K-cm"‘) KC:KXN%;S n me(K-ceZZ)

- These cell correction parameters can be used to calculate the
module correction parameters of a new module circuitry which

is characterised by (Ng, N;y).

Care must be taken regarding the use of Rq . which may change
for cell types of different power category.
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L=l [1 +a-(T,-T))]"E,/E,
VosVi# Voo " [B-(To=T )+ In(E,/E)]-Rs- (1, =1;)

Legend: Module parameters:

ly, 15: Module current o : Temperature coefficient Ig. [1/°C]
V,,V,: Module voltage B: Temperature coefficient V. [1/°C]
Iy, Iy: Module temperature R, : Series resistance [Q]

E,, E;: Irradiance y. . Irradiance correction factor

Index 1: Measurement conditions
Index 2: Corrected conditions
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Advantage:

Procedure delivers already good results for crystalline silicon
modules when default values for correction parameters are used:

o =0  [1/°C]

B = 0.004 [1/°C]

Re  =Nx10mQ/N,
Y = 0.06

Note: The correction procedure is presently discussed for
inclusion in a revised test standard IEC 60891
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Flasn 1race

rradabion Levsl [ | )

Measuring interval = 2.2 ms

'-_1_5_0_0__.\_‘;. __________ IO o e P S
o i'_;‘ Trigger: 1000 W/m? (IV start) |
g » 700 W/m? (IV stop)
T i)
L] g
1 4
Elezh LCicee l

Measurement error caused by incorrect module series resistance:

AVye =ARgX(leorr = Iveas) = A Rg X leorr X (1 = lygas / lcorr)
~ A Rg X lyp X (1 = Eyygas / 1000 W/im?)
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W or Xe

source

Chopper

Shutier Filter wheel(s)

Lens
_______________ _ % Mirror

Shutter & stepper motor or
solenoid control lines

Vacuum stage (5-100°C)

Sync. from
chopper

Computer

detector

Reference

Lock-in | IV
amp. converter

GPIB interface
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Current or power
[A] or [W]

4
: Datk ~ -
-
jl—-—m---n---l—" —= ol
-E”Tmp
It
; J-.T.[r..}
R P
Isc

P _FRV Il

R at

\ Huminated

WHk: AntonioLuque, Steven Hegedus, Handbook of Photovoltaic Science
and Engineering, Wiley Inc
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B\ R R AR

afl — 4.0 —
e Rg, very large
53 35
R =001 7
Gl i -"x 3.0 - VIRgp, Rg, =202
B — 200 ikl

25 ~ 251
3 g
SE 20 5Z 20[
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5] = s

i e C Rgy =020

L5 1.5+
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LI R B | LI | [ [ LI | [ [ :
U‘%_.:, i it na ol 03 e I oo L L b L s b
0.0 0.1 02 0.3 0.4 0.5 0.6 0.7
Cell voltage
v - Cell voltage

[v]
13 A [R] A3 3 L HAS H A IV IR 45 2R 14 AN[R] I3 L HAS H A IV IR 45 2R

WHk: AntonioLuque, Steven Hegedus, Handbook of Photovoltaic Science
and Engineering, Wiley Inc
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Module current in A
= = s ha o
o n o wn o

5=
n

=
o

Increasing non-uniformity:

. Maximum power

0%, 2%, 5%, 10%, 15%

1 | 1 1 . II J
5 10 15 20 25

Module voltage inV

Non-uniformity:

Euax = B 100%

EMAX * EMIN

Calibration:

Effective irradiance in the
module area = Average of
irradiances measured at the
positions of all cells in the
module
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Cell reflected in | axis
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Module Current Cell with
Im > Isc (Cell 2) reduced uradiance

. _\__\_-:'."::. . .}?J
- ] el
V(Cell 1) V(Cell 2) V(Cell 3)

Contributions of the Cells to the Module Voltage

AR At AT N (Cell 2) et R N T
A LR T AREBE G FE b PR LB P UAE PR A7

Module Carrent [A]

¢ I
51
BT s e

4 — X - :-_-\-"'—\.::.T_‘_ c

! kS i
3 = Increasing shunt sesistance -

of the shadad cell

R S ?
1T i
o+ — -

] 16 15 20 25

Module Voltage [V]
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Current

A

Reduced
irradiance

A A

Max. power

\Y current

|
|
l

Voltage
: | >
Forward Reverse Forward
voltage voltage

voltage
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i Bypass diodes
1L — 1L — 1L ' | '
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I [ntermediate
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Current

[A]

FEL T 2L 48 RN 3 ST R R e

1.0

0.0

[ [ [ [ | [ [ [ [ |
17 unshaded cells
in series

Series string

String shortcircuit

]

50% shaded cell

—20 —15

-5

Voltage
[V]

10
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1 T T T I T T T T | T T T T | T T T T | T T | T T T T ]
:K\ Module current, 7 ]
25 no bypass diodes ]
- Module current, [ —
q - with bypass diodes ]
E _ —  Current through al]u,li.,d auhalrmﬂ ]
= E 1.5 i I— jrl:ln:n:le. ]
1 Bypasg diode current, £, 4. ) ]
C i N
0.5 -
C o1 N T N N N N L1 ]
] 3 10 15 20 25
Voltage
[V]
-1 d1 ode Shaded
cell
Idlode
+ - —
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mm) Spectral response of encapsulated c-Si cells can differ considerably

m) If necessary, spectral mismatch must be evaluated for different
material combinations




G R AL R —1

FEUTHEL T HRESEIEERERNT, UMEBIESR

- ASFE R SRR A A [F] 6 I B ) R
- BT HEREIR 5 AML.5 815 R R B ) A

ASFANSEAFRTARKIGEILECH, AU HHER
WA REEN.

KR IR AN 5 KRR AL W] B SRR R 6



1
&
=
2
&
X
e
o

L.

|

|

|

I

|

|

; |
P

|

|

|

|

|

|

I

|

e

AM 1.5 Reference
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1100
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Wavelength in nm

mm) Max. spectral mismatch for Xenon light: 2%
= No improvement for filtered Xenon light
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Test laboratory E—-- ST

Reference manufacturer
module Power control =
PV module )
] ) ) relative measurement
primary calibration
. ) to reference module
with solar simulator $1 . ;
with solar simulator S2
Q
Q
c _
QD
E &
Q
"4
Sl Measuring procedures:
World procedure: ap .
PV Scale & = Use of reference modules
Low measuring = Low measuring uncertainty

uncertainty = Low production tolerance

.
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PTB, Germany
NREL, USA
AIST, Japan
TIPS, China
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Table 16.5 Typical Si solar cell temperature coefficients [57]

TypE _VDC / SC —FF -P max
[ppm”C]  [ppm/°C]  [ppm/C]  [ppm/C]

St cells & modules  2400-4500  400-980  940-1700  2600-5500
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