b A 5F R R R | Rt rEERHAR D

a r 1 . BEIJING NATIONAL LABORATORY FOR CONDENSED MATTER PHYSICS
Institute of Physics, Chinese Academy of Sciences

EH > HriElEd > BRI

b E R F Y E W R T poxaitis S5 48R 20225068288
bR B SR E A A

R I R PR i S I N PHREFE AT tH AR R

K BHBEEE B AR N FRF I R R IR T+ BB E B EIR GRS FNME. fETFaimin(CZTSSe) APHRERE b2 —FhE
ERUFTELTH S RIRRERE M, BEAMRENTERFES. NERIF. AR, FUIEAFRESSFESNE, BEERARTER
F=EE, BiEERERARIURRIERS . BECZTSSe APHREE R EMM Rz A RIZ L, 2ENINEEEIER
Bix. FERZEGAIEARA/ AR SYIEERAR P OB SRERSE = &R KRB B 2016 SELIKIF R CZTSSeiE R ABHAER
AR, BEXICZTSSetRFNREER NI FINR, ZENEIEHF LS THEEZHE. S/aikia T CZTSSer it
FEfRAMRIAER DT, RERIFKBERIRERE-2FIMEE. BIRSBEERNEREINUERE. (MEREDEREERY!
F% 2R (Adv. Mater. 2022, 10.1002/adma.202202858; Adv. Energy Mater. 2021, 11, 2102298; Nano Energy, 2020, 76, 105042;
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B Test Times | Lic(mA) | Foc (V) | Ivre(mA) | Vage(V) |Pape(mW) | FF (%) | n (%)
1 9.629 | 05359 | 8609 | 04192 | 3609 | 6994 | 13.56
2 9.627 | 0.5365 | B6IR [ 04188 | 3.609 69.88 13.56
3 9.629 | 0.5377 | 8.626 | 0.4185 | 3610 | 69.72 | 13.57
FHI01 Average Value | 9.628 | 0.5367 | R618 | 04188 | 3.609 69.85 13.56

[$3 Reverse Scan

BRI Teost Times | A (mA) | Vae(V) [ Aerr(mA) | Ve (V) |Praee(mW) | FF (%) | 5 (%)
1 9.626 | 0.5378 | B8.563 | 04227 | 3.620 69.93 13.60
2 9.627 | 0.5396 | 8571 | 04218 | 3615 69.59 13.59
3 9.626 | 0.5372 | 8563 | 04215 | 3.609 69.79 13.56
FA4 Average Value | 9.626 | 0.5382 | 8.566 | 04220 | 3615 69.77 13.58

BB -f- Mismatch factor: 1.011
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There are three new results in Table 2 (one-sun ‘notable excep-
tions’). An efficiency of 25.3% is reported for a large-area (268-cm?)
n-type silicon cell with polysilicon on thin-oxide rear contact (aka
TOPCon) fabricated by JinkoSolar®* and measured by the Institute fiir
Solarenergieforschung (ISFH). Using the amorphous-silicon/silicon
heterojunction (HJT) approach, an efficiency of 25.5% is reported for
another large-area (274-cm?) gallium-doped p-type silicon cell fabri-
cated by LONGI and again measured by ISFH. LONGI is reported as
being convinced that this p-HIJT cell route still has great potential for
further development. An efficiency of 13.6% was measured for a
0.27-cm?Cu,ZnSnS,Seq., (CZTSSe) cell?” by the Institute of Physics
(IOP), Chinese Academy of Science (CAS) and measured by NPVM.
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TABLE 2 ‘Notable exceptions’ for single-junction cells and submodules: ‘Top dozen™ confirmed results, not class records, measured under the
global AM1.5 spectrum (1000 Wm~2) at 25°C (IEC 60904-3: 2008 or ASTM G-173-03 global)
Classification Efficiency (%)  Area (cm?) Voc (V) Jo (mA/ecm®)  Fill factor (%)  Test centre (date)  Description
Cells (silicon)
Si (crystalline) 250+ 05 4.00 (da) 0.706 42.7* 828 Sandia (3/99) UNSW, p-type PERC™*
Si (crystalline) 258 £+ 0.5° 4,008 (da) 07241 4287 83.1 FhG-ISE (7/17) FhG-ISE, n-type
TOPCon®*
Si (crystalline) 260 + 05" 4015 (da) 07323 42.05° 843 FhG-I5E (11/19) FhG-ISE, p-type
TOPCon
Si (crystalline) 261 £ 0.3% 3.9857 (da) 07266 42.62° 843 ISFH (2/18) ISFH, p-type rear IBC*?
Si (large crystalline) 240 +03' 244.59 (t) 06940 41.58° 83.3 ISFH (7/19) LONGi, p-type PERC*
Si (large crystalline) 253 + 04" 268.0(t) 07214 4207 83.4 ISFH (11/21) Jinko, n-type TOPCon™
Si (large crystalline) 255+ 04/ 274.3 t) 0.7476  40.66' 83.8 ISFH (11/21) LONGiI, p-type HJT
Si (large crystalline) 266 £ 05 179.74 (da) 07403 42.5" B84.7 FhG-ISE (11/16) Kaneka, n-type rear IBC*
Cells {ll1-V)
GalnP 220+03" 0.2502 (ap) 14695 16.63' 90.2 NREL (1/19) NREL, rear HJ, strained
AlinP**
Cells [chalcogenide)
CdTe (thin-film) 22105 04798 (da) 08872 31.69™ 78.5 Newport (11/15) First Solar on glass®®
I CZTSSe (thin-film) 136 + 0.3 0.2661 [ﬂ 0.5375 _ 36.18' 69.8 NPVM (5/22) 10P, CASY I
CZTS (thin-film) 110+ 02 0.2339(da) 07306 21.74" 69.3 NREL (3/17) UNSW on glass™®
Cells [other)
Perovskite (thin- 257 +08™ 009597 (ap) 11790 25.80' 84.6 Newport (11/21)  UNIST Ulsan™®
film)
Organic (thin-film) 18.2 £ 0.2° 0.0322 (da) 0.8965 25728 78.9 NREL (10/20) SJTU Shanghai/
Beihang U.
Dye sensitised 1225+ 04°  0.0963 (ap) 10203 15.17° 79.1 Newport (8/19) EPFL™
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