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AMO Standard Spectrum Solar Simulator:
SS-ZXR

Introduction

With the development of space science and technology, the simulation of
sunlight in outer space has formed a crucial issue for further developments
of space exploring. The AMO standard spectrum is defined according to the
ASTM standard, which has the following characteristics:

1. Compliant with ASTM AMO standard spectrum (ASTM E927 — 10)
2. Irradiance intensity up to 1366W/m2

3. Light spatial non—uniformity is smaller than 2%

To provide the AMO solar simulation, Enlitech utilized the Xenon short arc lamp technology as a broadband
light source to simulate AMO solar light. The color temperature of xenon lamps is 6000K, which is closest
to natural sunlight (5500K). The SS-ZXR solar simulator not only uses advanced optical simulation software
to simulate the design of the optomechanical system, but also uses Fourier optics technology to generate
spatially uniform irradiance.

SS-ZXR solar simulator, its AMO filter is made with advanced plasma deposition technology, which has

higher spectral match and longer lifetime. Better spectral match makes SS-ZXR more suitable than any other
simulators for characterizing solar cells for space applications.

Application Specification

¢ Silicon solar cell testing for space application

# Organic solar cell testing for space application

SS-ZXR100 100x100mm?
# Perovskite solar cell testing for space application
— 2
+ CPV (Concentrated Photovoltaic) testing SRl IBEhE A 7
+ Solar cell aging experiments for space application SS-ZXR180 180x180mm?

Testing Results / Publications
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Total Irradiance
AMO standard SSZXR
s 300 - 400nm 8.0% 6.5%
400 - 500nm 16.4% 17.7%
500 - 600nm 16.3% 18.1%
600 - 700nm 12.9% 15.2%
700 - 800nm 11.2% 11.6%
800 - 900nm 9.0% 7.7%
900 - 1100nm 13.1% 12.3%
1100 - 1400nm 12.2% 12.0%
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——AMO Standard Spectrum  ——S5-ZXR Spectrum

IV curve of crystalline Si solar cell tested by
SS-ZXR at AMO conditions (1366 W/m2), SS-
ZXR has an excellent irradiance instability which

The spectrum and spectral rating of SS-ZXR
solar simulator. Comparing to AMO standard

solar spectrum, each band of SS-ZXR
makes the high repeatability of testing results

reaches class A level.
(better than 99%).
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02 Efficiency Test — Quantum
Efficiency Measurement System

Spatial Non-uniformity of Irradiance Spatial non-uniformity of SS-ZXR
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IWPVS Reference Cell: SRC-2020

Introduction

Enlitech provides many types of reference cells complied
with WPVS type and IEC 60904 standard. The purpose of
the reference cells is to calibrate the irradiance of the solar
simulator to accurately characterize solar cells performance.
To keep up with the rapid development of new types of solar
cells, Enlitech’s unique filter—-embedding technique helps
control the reference cell's spectral response to different
spectral wavelength ranges. It can reduce the spectral mismatch
between the solar simulator and the solar cell.
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It is necessary for reference cells to be calibrated and traceable to SI units through ISO/IEC 17025.

Enlitech's calibration laboratory is accredited to ISO/IEC 17025 standard. All SRC-2020 series reference
cells are calibrated and traceable to NREL or ISE Fraunhofer. Enlitech also offers recalibration services for
reference cells. The spectral response curves are shown below.

02 Efficiency Test — Quantum
Efficiency Measurement System

Each SRC-2020 pack has a silicon solar cell encapsulated with an optical window, two LEMO cables and a =
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1PV IV testing software: IVS-KA6000

Introduction

The Most Comprehensive IV Measuring and Analysis Software for Perovskite Solar Cells

IVS-KAB000 is a PV current-voltage (IV) testing software developed by Enlitech with over 10 years of
experience. The last generation IVS-KA5000 had more than 1000 users in many laboratories around the
world. IVS-KAG6000 is redesigned and improved on the basis and user feedback. IVS-KAG6000 can control
a variety of SMUs and collect current and voltage data according to the parameters set by the user. The
formulas and algorithms of the IVS-KAG6000 are based on the foundation developed and published by NREL.

© 1VS-KAB000 V3.1.6.373 = o X

file Link Function Tool Help
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‘ :»4'[ i iQ
Single-Channel (TestV) = ‘ﬁ =)
CH_Ref [1] 004
Multi-Channel (TestiV 1)
CH_Ref [1]
CH1 (1]
CH2 [1]
CH3 [1]

Voltage (V)

Data _Ma!n v

W TestiV.CH_Ref N
% TestV.CH2(0.2 SUN)(1)
% TestV.CH2(0.4 SUN)(1)
|| % Testiv.cH2(.6 SUN)(1)

From the analyzing functions of IVS-KAB000, users can get the details of improving the conversion
efficiency of the solar cells. Numerous laboratories adopted IVS-KAG6000 consistently break the efficiency
records and land on NREL’s Efficiency Chart, such as ISCAS’s 23.3% perovskite solar cells in 2019,
UNIST’s 24.8% perovskite solar cells in 2020, and ICCAS’s 18% organic solar cells in 2020.

Application

¢ Measurements: Isc, Voc, Jsc, Jmax, Pmax, Vmax, Imax, n, FF, Rs,Rsh

* Forward scan/ Reverse scan/ Automatic forward and reverse scanning measurement
+ Light soaking & MPPT measurement

¢ |-t, V-t, MPPT tracking function Single—sample multi—-sub—cell automatic test

¢ Real-time correction function according to IEC

*

NREL asymptotic measurement

17
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Software Interface

* Show the IV curve.

* Chart overlay display.
* Zoom in IV curve.

* Jsc/Semi-log display.

* Show created task
projects. G e 2 =y
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* Show the parameters of
- IV curves.

- mE - : - * |V correction function.

* Export data as text files.

* Show the test ]
conditions of the

* Show the light intensity
correction parameters.

* Light soaking status.
* Light soaking control.

- )
Fig.1 IVS-KA6000 is the most comprehensive |V mieasuring
and analysis software for perovskite solar cells

* Show the connection
status of instruments.
* Control connections.

02 Efficiency Test — Quantum
Efficiency Measurement System

IVS-KAG6000 software main functions.

* Press the button

to control start or * Current/Voltage

S~

2

data chart. o
* Export data as text ©.2
files. <=
* Press the button .5 <
to control start or ©Z
-: q)
¢ Starting time of % 8
measurement o
* Qutput source s i | sg
control. . M.ax val " SR

in value

* Set the output level e Average &

and compliance.

I-t (current—time) monitoring function, which can monitor the
device current or voltage variation with time.

Measurement

Voc (V)

1.73148

Isc (mA)

vm (V)

1.152

Im (mA)

0.431735

Pmax (mW)

0.497359

(%
(

04 Detector Application

Current (A)

Area (cm~2) ) FF (%)
i 49.3727

. A 5 Eff (%)

60 80 05 15 Y 0.497359

Time (s) Voltage (V)

instability (%) Pass Elapsed T (s)

NREL Asymptotic measurement for perovskite solar cells. IVS-KA6000 has a unique
"asymptotic method" test function. The "asymptotic method" has become one of the
standard methods for efficiency testing of new solar cells. IVS-KA6000 has a complete
"asymptotic method" supporting scheme and automatic program control.

-
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1PV IV analyzing software: KA-Viewer

Introduction

Most Powerful Perovskite IV Measurement Analysis Software

For the study of the IV results of solar cells, KA-Viewer can quickly calculate the IV results and analyze the
relevant device parameters according to different testing standards (such as IEC standards) and device
physics models. In addition to significantly reducing the user's data processing time, it can speed up the
overall manufacturing process improvement timeline.

& KAViewer :: Enli Tech :V1.1.0.28 - o x
& cnureer  CREE
% DALV-PRI\V Tracer\IVS-K ilds\IV-Tracer\KA Viewen analysis.kaprj Vcc analysis 5 lw_
S Channel Direction Number Power =TA
éom g &Q [~
IV from file ( T 50m- ‘
Name Isc (mA) Voc (V) Pmax(mW) Imax(mA) Vmax (V) Efficiency (%) » | 40m- J
[ TestiV 1.CH_Ref(0.4 S 18.7631 0.54517 805276 17.506 046 201319 o]
[ Testiv 1.CH_Ref(0.45 21.7363 0.54944 937172 203733 0.46 20.82604
[ TestiV 1.CH_Ref(0.5 S 23.7894 0.55235 1031164 224166 0.46 2062327 2 2om
[ TestiV 1.CH_Ref(0.55 26.4054 0.55604 11.504 25.0087 046 2091637 = 10m-
[ Testiv 1.CH_Ref(0.6 S 28.7199 0.55929 1259179 26.2329 048 20.98632 2 0-f
[ TestIV 1.CH_Ref(0.65 31.0733 0.56149 1368629 285131 048 21.05583 3 -10m-
[ Testiv 1.CH_Ref(0.7 S 33.6984 0.56368 14.9435 31.1323 048 2134786 Sov
[ Testiv 1.CH_Ref(0.75 36.1094 0.5655 16.0669 334727 048 21.42253
056720  17.22211 358794 048 2152764 -30m-
i 2 0.56868 18.05438 376133 048 21.24045 -40m
[ TestiV 1.CH_Ref(0.9 S 42.5947 0.57047 1923619  40.0754 048 2137355 -50m-, 1 i : i } 1 i
[ Testiv 1.CH_Ref(0.95 45.1066 0.57225 2033746 42.3697 048 21.40785 0.1 0 0.1 02 03 04 05 06
[] TestiV 1.CH_Ref(1 SU 47.6066 057415 2157039 449384 048 21.57039 Voltage (V)
[ Project info | ~
Name Testiv 1
Mode Single-Channel
v | Active channel CH_Ref 0
< > | [ Test conditdion ]
Start (V) 0.1
IV Box Stop (V) 06
Name Isc (mA) Voc (V) Pmax(mW) Imax(mA) Vmax (V) Efficiency (%) Fill Fia | Step (v) 0.02
Delay (ms) 10
Area (cm*2) 1
Scan mode Sweep
Reverse data FALSE
v | [ Configure] v
< > < >

KA-Viewer software screenshot. With data batch management design, KA-Viewer can list the IV raw data
and draw/display the IV curve chart. KA-Viewer has a variety of analysis functions, including ideality factor
n analysis, reverse saturation current JO analysis, SCLC fitting, etc., covering the most important device
physics parameters required for PV.

Application

+ Analyzing ideality factor n

+ Reverse saturation current JO

*

Spectral Mismatch Factor MMF correction on IV
SCLC fitting

One Diode Model Fitting

Two Diode Model Fitting

*

L 4

*

*

Temperature correction on |V

*

4T tandem solar cell IV calculator
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Software Interface

KA-Viewer can load all test data of IVS-KAB000. After the IVS-KAB00O is loaded with the Sun-Voc curve of
the SS—X solar simulator with automatic variable light intensity and loaded into the KA-Viewer, the ideality
factor n and the reverse saturation current density JO can be automatically fitted according to the theoretical

physical formula of the diode.

& Analyze Vi X . .
e Ideality factor n and JO analyzing Ee
- [}
900m- Fit Voc-Intensity AN = U>)"
O -
al =
6000 KA-Viewer can load all IV raw data tested by IVS— 1 GE)
F00m KAB000. Ideality factor n and reverse saturation “.f’: o
=J
600m -~ current density JO can be fitted from Sun-Voc : 4
[}
%swm— /—n—*‘“"w IV curves from device physics model. When 2s
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= =
e
200m-| solar simulator, Sun-Voc IV curves under different T .g
y = 0.0297In(x) + 0.573515 . . . =
irradian Vi n tomati r d N
S00m = O0PSTINAAT10886.7 255 adiance levels can be automatically proceeded ST
100m- n = 1.146548 and tested. After Sun-Voc curves are loaded into
- JO = 1.950E-7 mA/cm~”2 KA-Viewer, it can automatically do the fitting and
0.01 01 1 ) ) ) -
ntansity (SN calculation of ideality factor n and JO based on "
the theoretical formula of the device diode model. Q
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& MMF Fix X . =
MMF correction on IV curve =N
NE
Lamp Hours T = 8
212 0.06- 171 3 8
0.05- For more accurate characterizing solar cell PCE 8 o
E t g
2 g:‘; values, it is necessary to correct the spectral ow
E 0.02- mismatch based on IEC 60904-1 when using the o 2
pabtE 3 oot~ ™ £
1.10369 0- solar simulator to test IV performance. KA-Viewer oo
gg; ! ! ! ! ' . . can automatically correct the spectral mismatch
-0.1 0 0.1 02 03 04 05 06 .
Voltage (V) of the IV curve according to the formula of IEC
60904-1. Load the IV raw data tested by IVS-
IscA)  VocV) Pmax(W) Imax(A) Vmax(V) Efficiency(%) Fill Factor(%) Rs(Q . . . c
Origin  14667m 0538  6158m  1338m 046 Inf 7802 7210 KA6000 into KA-Viewer, activate the spectral o
MMF Fix  13.289m  0.538 5.579m 12.128m 046 Inf 78.02 7958 . . . k=
Erort e mismatch factor correction function, and complete o
: 2 the related correction work with one click. T%
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£ Tandem Calculator X q 0 z
4T tandem solar cell conversion efficiency 2
o calculation from independent IV curves. 3
-0001- Total Efficiency o
-0.002-| 1
g [ 2461 %
%'o‘m' The IV curves of top and bottom cells are
= -0.004-
::3 BOX {) Perovskitq forward (1.6eV) [\ independent in 4T tandem solar cell device
<0005 BOX 2) CIGS-(inder perovskite [\ he)
-0.006- Recomstrictedt Tarddrm V-7 structure. Therefore, the total and final power =
-0.007- , . ' \ . , ) ) . conversion efficiency of the 4T tandem solar cell 0
0 0.2 04 0.6 08 1 1.2 14 1.6 1.8 9
Voltage (V) needs to be calculated from the independent IV +
)
raw data of sub-cells. It can be done by KA- Q
Isc(mA) Voc(V) Pmax(mW) Imax(mA) Vmax(V) Effici » 8
(IV BOX 1) Perovskite forward (1.6eV) 353341  1.14876 297631 3.16755 093963  18.60 Viewer automatically by a single click as shown a3
(IV BOX 2) CIGS-under perovskite 679295 06208  3.00476 6.11224 04916 6.009 . . . o
in the figure. The total efficiency and the other g’ 3
. S parameters are delivered at the same time. E o
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