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HE T EREAFT B (NIMD o2 [ 5 TSR 220 5 O A B R 0 e T B ROR L .
1999 FARMZEE T HErit EZ A4 (CIPMD ([ Z & (bR ) #EF E 20 B K R 5
WEUEP TN (CIPM MRA) . The National Institute of Metrology (NIM) is China’s national
metrology institute (NMI) and a state-level legal metrology institute. NIM is China’s signatory to
the Mutual Recognition of National Measurement Standards and of Calibration and Measurement
Certificates Issued by National Metrology Institutes (CIPM MRA) which is arranged by the
International Committee of Weights and Measures (CIPM).

JREE R R TG ISOMEC17025 prife, i E G HPFE E A& R & (CNAS) AR
THEMBAL (APMP) BR&VFH AHEATIIERE /) (CMCs) fEEIPRITR)R (BIPM) K
Eb X 4 2 H A A . NIM’s quality management system meets requirements of the ISO/IEC 17025.
Its Calibration and Measurement Capabilities (CMCs) that are peer reviewed both by China National
Accreditation Service for Conformity Assessment (CNAS) and the Asia Pacific Metrology
Programme (APMP) are published in the International Bureau of Weights and Measures (BIPM)
Key Comparison Database (KCDB).

2020 £F, NIM Al CNAS il n] SUB ISRV E N2 1 sk, KA NIM (it B
FEAE F AT B R o /A DU &5 SR i B JR 2L 71 . NIM and CNAS signed a Memorandum of
Understanding (MOU) for Recognition of Technical Assessment in Laboratory Accreditation Field
in 2020, in which CNAS recognizing the technical supporting role of NIM in laboratory
accreditation and the traceability of NIM’s calibration / test results.

MR R IE/ S Z W HEAR S ([R5, £4FK) Reference documents (Code,Name)
ZM JIF 1622-2017 KFHHMARAERTE: o ERe

DRI 55 25 F J2 b f5 Testing place and environment:
IR & Temperature: (22+3) °C o VLIRE N R ORI RS 1 5
¥ JZ Humidity: (43£2) %RH H ‘E Others: /

MR THER: () #ERE (SR E 2

Reference Standards (Including Reference Material) /Instruments used

— AHEFE/
b b= 2 = s E A %
% W URES | emase | #ess | TPARUE
N Measurement Unce it Certificate No Due Date
Range Yy * | (YYYY-MM-DD)
Accuracy
Pt A BH Ha it
Reference solar cell Isc:(1-200) mA Ure=0.9%(k=2) GXgf2024-07457 2025-11-29
FRAS K PHELL 25 (200-1000) W/m?2 AAA+Z; GXgf2024-07729 2025-12-20
Steady solar simulator
BTk H:  (0.1-30) A | Uwe=0.05%(k=2) | 241003000015507 2025-08-27
Electronic load HE: (0.1-500) V | Uw=0.03%(k=2)
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Test Results

1. M2k 44 Test Conditions:
HFHE7717: HAMIEF  Scan Direction: Reverse and Forward
F45 5 18] Scan Time: 84 #0 C(E5%KH™ Perovskite) ; 56 % (fnfiE Silicon)
FEMIEE: (25+£5) °C  Sample temperature:  (25+5) °C Y[ Mask (Y/N) :Y
2. 1-V RpHE 28 RIS % 1-V Characteristic curves and parameters :

DA I BH LA S A B AR DL S 48 IR AE 25 1000 W/m?2, A g il 25| NG R RLiEIE, Jeilhk
FCAEIERF5 0.998 CESERH™ . 0.988 (fmft) o HMDGARH -V RRvk th 26 A1 2 20 & 45 R n
—F:

Use the reference solar cell to calibrate the solar simulator’s irradiance to 1000 W/m?. The calibration
process takes into account spectral mismatch correction. The spectral mismatch correction factor is 0.998
for perovskite and 0.988 for silicon. I-V characteristic curves and parameters of the sample are as follows.

0.45 ; T 1 T A A 45
SRS SRS TR NG S SV SOV SO SO 7 S
0,40 -
0.35 R EE STt SRS ORC STEE, i SEOLE AR T, o SRR AR
— 0.30 | .——ReverselV. ..} .
§- | —— ForwardlV | g
£ 0.25 [iHoversep -
E r i ForwardPV | A L
O 0.20 -t 20 %
Lo ' H ! H ! H : : : : o
R e S e S e A LT
010 Lt i - 110
0.05 b | B
0-00 ) ; ; i ; i ; ‘ 1 1 1 1 |

i 0
0 10 20 30 40 50 60 70 80 90 100110120130 140
Voltage (V)

B 14580 ERET I-V BiZE®] Perovskite I-V Characteristic curves

It R A #7717 A AR y SR A LR T % HL
Type Scaning Direction (m?) lsc(A) Voce(V)
%’Eiﬂif- 2 0.2048 0.421 130.2
Perovskite Reverse
P NIIES BRI IR RARDIRBE HAERT =
= B4 T (%)
max(W) Imax(A) Vmax(V) FF (%)
43.37 0.391 111.0 79.04 21.18
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Test Results
e LBt HHE 7 W) EER ik oK HL T 2% H s
Type Scaning Direction (m?) lsc(A) Voe(V)
%@ﬁ(ﬁf. e 0.2048 0.419 129.2
Perovskite Forward
NI N R NV HL R HAEH T
M 1
Prmax(W) max(A) Vina(V) FF (%) T ()
42.48 0.387 109.8 78.46 20.74

el - Forwaralvi i 40 00 T
[ i RevérsePY

1.2 - "FUI’WETCIF’V - .......

Current (A)

_____________

S0 TS T U O S
N | |
5 6
Voltage (V)
K 2 shrE =R -V BIZR 18] Silicon I-V Characteristic curves
eI gt HHE T M A R4 FEBE LR TF 2% HL s
Type Scaning Direction (m?) Isc(A) Voe(V)
=] Ej:
= = 0.2048 2.287 8.668
Silicon Reverse
SNBSS e N DA HL ANINHEHE HARHT =
- E4508% 7 (%)
Pmax(W) Imax(A) Vimax(V) FF (%)
17.07 2.266 7.534 86.12 8.33
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Test Results
e LB it HHE 7 W) A R4 oL FL T 2% H s
Type Scaning Direction (m?) lsc(A) Voo(V)
E,lEéfﬁ = 0.2048 2.304 8.611
Silicon Forward
NI NI R NV HL R HAK T
M 1
Prmax(W) max(A) Vina(V) FF (%) T ()
16.87 2.229 7.570 85.06 8.24

3. BMARIESHREF Maximum Power Point Tracking:

KM BmARDR GERERE (MPPT) , XHAE A KT BEATFF L3948 5 min, T 0.5 min £ K2
FPEMEN 42.42 W, 5 0.5 min S KIIHRTIIEDN 42.14 Wo AHERE" 2 FE b RT3 R BRI Hh
AR

Using the MPPT measurement method, continuously scan the maximum power of the sample for 5
min. The average maximum power of the sample is 42.42 W for the first 0.5 min and 42.14 W for the last
0.5 min. The Perovskite MPPT curve is as follows.

60

55

Time(min)

Kl 3 E5ERET ERE s R I i ERERE] Perovskite Maximum Power Point Tracking curve
£ Note:
1. OGRAFRESHERCY 0.2048 m? GUEHi445: 802293035) .
The area of the sample is 0.2048 m? (Certificate No. 802293035).
2. BCEEE DO BEAE S 2 R S A R
The data apply only at the time of the test for the sample.
3. FEIIEBME MM .

Summary of certificate in English is attached in the appendix.

2019-cs-R0520
FESH 6N



boE O RO W EE Gl

W55 GXgf2025-00297

Report No.
S - +
/F'JJ ﬁt gn %
Test Results
PLF=H
Blank below

75 B Statement:

LB SO0 I << [ TSR A A 7T R i s R R S A T

NIM is ONLY responsible for the complete report with the test stamp of NIM.
2.4 IR 45 RSO Bl sl A A R

The report is ONLY valid for the tested sample or instrument.

AR TP SIS 5 RIS, RS AT SO

The report is expressed in both English and Chinese, with the Chinese version as standard.

IR 7 B R AR

Tested by Checked by
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Appendix: Summary of the Répbrt

Report No.: GXgf2025-00297

Client: Kunshan GCL Optoelectronic Material Co.,Ltd.

Sample: Perovskite-Silicon tandem PV module

Type/Model: Perovskite-Silicon tandem  DUT S/N: Q40#

Manufacturer:Kunshan GCL Optoelectronic Material Co.,Ltd.

Sample temperature: (2545)°C Date of Test: 01/21/2025

Environmental conditions: (2243) °C, RH (43%2) %

Scan Time: 84 s (Perovskite) ; 56s (Silicon)

Mask (Y/N) :Y Sample area: 0.2048 m? (Certificate No. 802293035)

The test has been conducted by the PV Metrology Lab of NIM (National Institute of
Metrology, China). Measurement of irradiance intensity and all other measurements are
traceable to the International System of Units (SI). Data in this report apply only at the time
of the test for the sample. For more details, please refer to the text of the report.

)
0.0,

Type Scanning direction Area (m?) Isc(A) Voe(V)

Perovskite Reverse 0.2048 0.421 130.2

Prmax(W) limax(A) Vinax(V) FF (%) T (%)

\)

43.37 0.391 111.0 79.04 21.18

"’.

W

N

)

Type Scanning direction Area (m?) Isc(A) Voe(V)

Silicon Reverse 0.2048 2.287 8.668

Prmax(W) limax(A) Vinax(V) FF (%) 1 (%)

17.07 2.266 7.534 86.12 8.33

)

o i

il

Type Scanning direction Area (m?) Isc(A) Voe(V)

Perovskite Forward 0.2048 0.419 129.2

Prmax(W) limax(A) Vinax(V) FF (%) 1 (%)

42.48 0.387 109.8 78.46 20.74
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I-V Characterization Methods:
JJIF 1622-2017: Calibration Specification of Solar Cells: Photoelectric Properties
Reference Solar Cell:
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Type: Mono-Si (with spectral mismatch correction)

\)
0..
ate
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A)

Solar Simulator:
Classification: AAA+;
Total irradiance: 1000 W/m? based on /. of the above Reference Solar Cell.
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Perovskite I-V Characteristic curves (Reverse& Forward)
Silicon I-V Characteristic curves (Reverse& Forward)
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DUT S/N: Q40#
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Perovskite Maximum Power Point Tracking curve

Report No.: GXgf2025-00297
DUT S/N: Q40#
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