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The Development Status of Tandem Solar Cells
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The growing demand for renewable energy has driven rapid advances in photovoltaic technolo-
gies. However, conventional single-junction solar cells are fundamentally limited by the Shock-
ley—Queisser (S-Q) limit, which restricts the maximum power conversion efficiency of silicon-
based devices to approximately 33.7% due to unavoidable thermalization and transmission
losses. Overcoming this fundamental constraint has therefore become a central goal in photo-
voltaic research. Tandem solar cells have emerged as a promising strategy to surpass this limit
by stacking absorber materials with different bandgaps, enabling more efficient utilization of
the solar spectrum. In such architectures, high-energy photons are absorbed by wide-bandgap
top cells, while lower-energy photons are harvested by narrow-bandgap bottom cells, thereby
reducing energy losses and significantly enhancing overall efficiency. Among various candi-
date materials, metal halide perovskites have attracted significant attention due to their tun-
able bandgaps, excellent optoelectronic properties, and low-cost solution-processability. These
advantages make perovskite solar cells ideal top-cell materials for tandem configurations. In
particular, perovskite/silicon tandem solar cells have demonstrated rapid progress and are cur-
rently the most promising route toward commercialization, with reported efficiencies exceeding
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35%. This article reviews the S-Q limit, the evolution of tandem concepts, and recent advances

in perovskite-based tandem photovoltaic technologies.

BE#ES/Keywords

5N E (Perovskite) ~ F5INHE A G ) (Perovskite Solar Cells; PSC) ~ /& K55 t8(Tandem Solar Cell)

il

Al

N | 2 ol -ZE PR PR (Shockley-Queisser
J Limit; S-Q Limit) » —EERHNIEHR K
BEMEEERNERR—BYIEXTER
ZYDIBRFIFE ARG EMELIEE33.7%
RN ER » /T EBWANAKGIEE -
W EEIERS —EES R E K5
TR ERTTD 73 3 EIRE @I
FENRVEIZE - B8 K5E M (Tandem Solar
Cel )WV ZWIEL » 2RISR T —1%3F
SEBRI=M00 - EEES AR
Bl KGR D ECie NS EM »
SBUEEMN-EFBMEMABTIEE - 558
ERBZEEM (Perovskite Solar Cell; PSC)FAIR
O FRENAY AR AR SR AT S B IS AR ZR
RESE AL X BN EBRERY N EM 5 (FEM
MEAHEC FEMMRN T 2IRES -

AN EE=N-EFEWRMAR » 17
BB EMIAR RN ZE RSO HEE
HEBRAGENEDEBEAGEMD » I8
F5ENHE(Perovskite) AR E RIS ENIE/IY GRS
B XGEMHREGUR EXLHRIE
B2 o

HEEE R -EFHSEEE ?
Baf-EFZWELHAWIilliam

RHEFRE  https://www.materialsnet.com.tw

ShockleyE2Hans-Joachim QueisseriR1961TF
B > BIEmE N EE —BEfR BRI RIAY
ABEMERERBIET » o EINE
SNBEEWELIR - KBENEBS TR
NICRIFIN S STEN R ERAV IR » BLEY
HIREE S EE » EELENASTEMRILR
BIEEEE RS (ARINYE) IR KR
W - TEsREEERYYE (AN ) TR
W& BRTEMFEZNERN  EEBE—
2D BRI AYEEE ARAYZ VAR » UE—
T - EBEIBXREET(ERE—ERAIMY
BB T - HFIBEESRVIRIR Y BB I
FIEBLEF33.7% (BEFR1.34 eVAIMH]) >
BEBBE NI ABEEENIEA
ERHAA -

™I REEEYIE CRRA > B
KBEM ~ B E A5 ABEM(Hot Carrier
Solar Cell) ~ ZEIF AFFE M (Multi-exciton
Solar Cells) ~ FAEEET KBS E M (Interme-
diate Band Solar Cell)FHfiithiied » ERX
UBEBRBEMNHNEERRORE B F—
NARGEMEITNERSESO -

IEEIEABEEAMED
BE (Zi5) ANBE

EEAGENNHRSERAEEND
BEEMRERFEM > G EIRERAYYE D

ANNIVERSARY

115



2.3

@l
ANNIVERSARY

TEMFIHEEATTER | 2026/09
KB BRI HFRIERE

Fraction of Incident Solar Radiation

~
o
Nad

Practical Efficiency Potential (%)

Blackbody Limit

Carnot L1m1t / (Emission)

0.9 | Boltzmann L6r 4

Losses W\
14+t i
| 1 Thermalization Losses 35%

E
0.7 4 Thermalisation =
€
0.6 E Usable Energy
0.5 § Bandgap
0.4 =
E
0.3 = Below Bandgap 20%
< 1
0.2 1 Power Out § ' n /
01 (Available) & | N
0.0 Numerical Power Out I'\ I - -
05 1.0 15 20 25 30 35 ’ 500 1,000 1,500 2,000 2,500
Eg (eV) Wavelength (nm)

AE— HRH-ZFPBERRE—ERIINESRREREE

® 16

50

—_
N
T

443 ] Wide Bandgap Solar Cell -

404 [ Narrow Bandgap Solar Cell

—_
[\S)

33.7

—
(=)
T

30+

I
%

20+

=]
o)}
T

<
IS
T

10

Spectral Irradiance (W m? nm'!)

<o
[}

=
|

5

=

1 2 3 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000
Number of Junctions Wavelength (nm)

ABZ (RBAREREENAKEGE M CEERARE « (0)RARRRERIT R E KBS LRI

s20

A EREIRE » HRIEEERSEE DERREENRE - RIBEERTE - 18
(FKER) IS HEESSMEEER ZFw o ERFISIAE BRI 0 B

RERVIHR (U ﬂﬂ(ﬁ)’%) IRUR » BRIKREE B BIEMERAVER T LLEEI39.5% » E5|

(RRER) it sRIZFEETESSEM - B AE=BVRET > ERNEEE AR

RERRERZZRYM L (U ¢ BY&R) IRUX » fiETmim 40% » EZF44.3% °

116

MRHE5FHE  https://www.materialsnet.com.tw



T EMEIEESE4TTHR | 2026/09 @

t%%%?ﬁﬁq %Euiﬁ% ANNIVERSARY

2T 3T 4T

Photon Photon Photon

Electrode Electrode Electrode
Perovskite Top Cell Perovskite Top Cell
. — Electrode

ICL _ ICL =
Electrode __l

Silicon Bottom Cell

— EEEEEE —
T Electrode

AB= Tim#EheT) » =imse@ AR iRRL(AT) BE S MIER RS

Perovskite Top Cell

Silicon Bottom Cell

Silicon Bottom Cell

Electrode — Electrode Electrode

Br T MERVERN » RIBESSIN ETHER I ESENEREBENE
RN IZimEL(Termina ) EE » EEENRY EMAYEEBEEIRERIE -
EBNOUR KD BU T =48 : _in2s Pk #hEE K5 (4T Tandem Solar
(Two-terminal; 2T) ~ =lmZa(3T)EAR PLis2h CelDBIERE LT EMSIEBILENF » ¥
@nDEEEMN  WB=FT77 ° Efh _imznld BEBEEMmEER B - I BER
RIUmEERSZEN  BRETESMNERE ZHWONLETHES - HEXBHET D
B BEXCRMTLIRE » RE FERLERE  B—ESHEBITETES
IR TMRISE - RANXREGET > WERB L TFEME

“mEhEBE KB EMT Tandem TEDREFR - RBENASRIE - Kt
Solar Cell)@is = NS EMERHEEREE EREMREEINEFSWER - AMARSI
(Interconnection Layer; ICL) E##i## » T AT EIHNEREARIBNH » AREL
FA—HEWMMEER - HEAGBEHE NMEMMELNRSIEXESHIREEE X
R - RIEAHRE  HIREERDYSEE B S5t Y 18R PR 't BB 5 0 S ZR A B S Ui B
HIRSAIEEETES £EFIELAES ZERNGEMLRE - It - NinEhEEAX
BAERYRNABEES  LhA - 2TRIBAERED BEEEREERFZER L TEM DRI
REZMBES LTRES » Rifilm AN FEN BNEBBEES - 18] I R AImAVEESTEE
ECEBI@IHET] - PR - ERARIRHIER DARBSHA » BTN EREIRRR— -

[ E A VLS (Current Matching) | » FASERH

SEeNEAWAER  EeEwEsr oAb DmEEAGE
KRBT T B - AE S C B femmEERER(
HERAREENRE - & EEBEN SR (Perovskite Material) 2578
BELTIEOMER - ERESEHN  EAEABXSEEENTE - HEED

MR https://www.materialsnet.com.tw 17



TEMEIEE47TED | 2026/09

ANNIVERSARY

118

KB ER G 15RIHRE

EHEBEYE X Gustay Rose /T EiE2 A4
$5(CaTiO3)FFPTEEIR » WS sZiaBLUE S AR
FAsPerovskit ¢ [(HE B HECaTIOME[E4E
HREAEENTE » BRI eERISIAET
> JEPATT - BRIDCETRIGFTER 5
PNME ] » ZIEEMERESRICYESENE
UM BRI R (Formamidinium Perovskite;
FAPbLL,) ° EXBESENEM K FTEIZ RS E
BE o BRTEEENEERITN » 68305
BRI ERGFEIEEESF/REESA
BZEMRY CEMEA -

FEE U ABXHY R - DI AFE B
TR~ EBEEE -~ EFNHDWHARE >

V&R— e R LR

= F w9 55 Bk
(Two Terminal) (Four Terminal)
TaaedE | B> AARBEE 1 5 E
A2 T Eh s AR 2
&S] = A&
AR = =3
HEZE R & 5
(a) Vs vs CsPbCl; (b) Vs
4 cBm
EPb,p == EM,p
Exp
VBM -
EPb,s ‘ / EM‘S
EX,s

— SR BISINEM B EER - B R
A1 » JLUEFREIEFHRIEEZ(Conduction
Band Minimum; CBM)EZHBIp#iHE
Bt - MET R=E2(Valence Band Maximum;
VBM)EZRERRBAL s §IER XA p #1115, -

XN KRS EERIA RIS EER
RIENFE  EXZETHEGNE (F
AREVREVTH) » BURAIX-pELIE{EES
EEX-pERAYVBMFE © IE5Y - AIREEE
%Ei‘ém » B-X3REEIZSR » RS - BAI
HMTHETENEERTY - BT EIBp

ABN BIEEEREE

(©) vs MASnCl; vs FASnCl3
BM
1 cBm Esnyp I
E Lp /5 N % E
1 vem /0 JvBM s, far
;/ 4
ESLL’Q == ‘_'//////
E,
° Ecis

ABT HIEERTEEC

MRHEFRE  https://www.materialsnet.com.tw



IEEECBME LIEH » RIREEIME
BERREEA - bR T =N » BB S HEHRHE
TEINMEBERREV TS AL — » EHISTEE M fE
(Relativistic Effect) 1B E 5 %1 E (Inert
Pair Effect) » PbAY6s#IBIR BT UIE E/LMHE
BSnf6sHBEEIERRVEES » FEVBMLE
1 MEpIEESZ 28 » FEECBM E
RIRER/]) » RETEBEREN T &R
KIRVEERRHE/ )\ - MANBE S AN BEESHE
BEFBIZ AR - (BREFRI K/ )\EFEBX,
J\EBEAYIER}(Octahedral Tilting)#2E » X
% Pb-X-Pbii - EM [ EE ] 28K - 7l
RS LS N BREFR AV S B - TP EE
SUIRIE NEMMERVEER - [E5E]H @8
g -

EHRI5NEEZ2 KB E B I &
LRIFDIRE » BEI5INE/IEINEESA
B ~ I5ENIE/IY RIEE KNGS ~ §538
fiE/d0 R SRR KRG » R ISINIE/ Bt
B KBZEMNT - IKEREERPUT -

F5INNE/F5 A B (All-Perovskite Tandem)
R KIZEMER - NEMAYSERE T2
AR It EERESEmNE - 58
2 CEMBER1.75~1.85 eVERERAVESEN
& » WHEAC1.2~1.3 eVAEBERRIATH(Pb-Sn))E
BIINEER TER » JEREBARIEIE
RS S VIRIEER ST » IEFRER T 18:1840% ©
AMERI &R KA E E Z R I5E0E T
S S EL RSt TEMAVISEIE RS
it - BEWL - HEREWER TR
30%©) » IWIE/ARZITHEBSWNEAEZSE
HEMTNEZESE -

5§ B/ #1 $H $5 0 (Perovskite/CIGS) e

RHEFRE  https://www.materialsnet.com.tw

TMEEEE47THR | 2026/09 \‘ﬁ th

KB ER G 15 5IHRE

EXGE NS WEEEE M SN —EF
BREE  ERINERBDEIERM3I0% 7 o
CIGSE— @M ERKZEME » A8
SIRNAE ~ JEMRESIEERST - B
EBEFRISIAIREEAY1.0~1.2 eVAERRAYCIGSHS
B OIFRESNEHEZTEATEK &
BRERGAKGEMBIPV) » BEAEZE
MR AZEER - AMCIGSE S RIS
FEB T EDRABEER -

5EL M8/ B (Perovskite/Organic) 2
KBEMIES TR ANBEMEEH K
I%&5 1 (Organic Solar Cell; OSC) BRIV
B2  BHAGENEEMERTERE
S UiEEREERE - B oEEEUR
O ERRAERENRIRIZEFIT - 1FRIE S
RIRBGE AN SR T EM - BRI ST R
MERERISINE CEMENREAIED
i BRI EREERWEDLERR28%® o
LriEtESASE TR E - FERMEOEIE
A CEIREHEDR - BeERAREEE,
O] 22 &) 52 (5 B Y Bt A BRI 28 SE T I 15 1 -
R BRI ARERRICERDNSE
AR ~ SIS B SO EAVHEE o

ERBERMNANEIHINE/ S
(Perovskite/Silicon)#EE KZEM - YR K
BEMSERMEZEIM » EEMANRIEE
fii » REAFEEMHE BiEEE - MERER
F5IN0E (#91.6~1.7 eV) BIESFRRLEH -
IRUCERNCET R » SRR EME
R TNEBRBGTAINE - LHEERAESW
FHEEZXILET)  BRIEREWEXEBSE
35%°) » EAEEISEEEDY REMIERIHR
3B L > MERAEEE T UBE 7P -

ANNIVERSARY

119



120

T M4 7THA | 2026/09

ANNIVERSARY

KB ERIM 45hI12RE
38 TaaTPVSKIT O 4T PVSK/HIT 36
36 ®2T PVSK/TOPCon @ 4T PVSK/TOPCon ) ?'« .
A 2T PVSK/Perc 7 4T PVSK/IBC Lopei 35 Longi
34 ] #27PVSK/PVSK B o o 3485
1 =" z 34.60
S T 34
< 324 anjing Uniy 0
2 i o Ii'
Q
S 30+ L 334
g s F 0 ;i a "0. Fan
ﬁ 28 - L] ,_.D - sl e o % 32 -
m ” LI D’KAIST. -5. CX |‘.h -0 - EPFL/CSEM
. . ‘- 1 o 31 .
244 o * * Nanjing Univ
0 3304 HZB
22 £ 30 Oxford PV 30.10
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2 2 HZB ;
5 29 29.15 2
Year 2 2910
Q
38 ® 2T PVSK/HIT o 4T PVSK/HIT = 28 Oxford PV #28.20
® 2TPVSK/TOPCon © 4T PVSK/TOPCon| M3
36 Longi A 2T PVSK/Perc 4T PVSK/IBC
# 2T PVSK/PVSK 27 -
344 Longi
SEoe & Jinko Sol = 264
> - Trina
S 28 t’ﬁ'd - = ool B Trina 9
5| Pav . GCL L
26 N ¢ m I- .'- n o .OxfordPV
24 * a" * 4 231 —m— PVK/Si
+1vw1 VK
22 T T v T T T 22
10 107 10° 10! 10 10° 10* 10° 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Area (cm?) Year

ABR BIREEAXGELHERIIR

T AR FEE TSN IR/ S B K5 EES
MNERZENEBERUEENE uaﬂﬁ%ax
BBEM - mEl ~ BA ~ 26 ~ BRER ~ =M
EMR NS EE NEIREEINERE
B ISIE/NREEANGE N ETREE
FEABESIRREERE

TERERNBRERSH » R-R
BRI S BRI AR MR EER o 1~ 2 -
H -~ BPUBRA BRI EEREE » HhX
IERABTEM » AR RBERKET
ISINE E NBMEENMEARNE - MEA
72025 FAS 5B R E MR BEIZR R
BEREUINT » BXT0HR2040TFZERN20 GWHIEA
EiZ - ST EEERENR2025F2030FH ' B
f%@%T@XQX%O%IMTEE?%EWSE12E.

/kWh ° 82ER 73 E 1182025 T #5355 EK 1%/ &
Z2ENGEMIREXRBEEIES - BfEfk
2030 RN - ZEEIBEIRABE2023 54
W7 T —RINEREREKXEEMIIR&D
518 BB RS ERMIERIT -
TELHRNXET » ZEEZ
RIEFEMRICHE ~ BFLEEHEERR
g FHEHEENR  FHRERR=-H
M » Oxford PVEEINBEREIEB FILI5IX
fE/m REREIEEAIESE - 20245 - HUR
=B Brandenburgh) T RIIETNE & » H&HEY
EEIBEWMEL29.5% » WHIBRHE » &1
KA TRMEBEUER=EE - ETVE
ATIZERAEEEO o #ZElHanwha Qcells/E
B AMOREHRRE AEBEEENTE -

MRHEFRE  https://www.materialsnet.com.tw



T EMEIEESE4TTHR | 2026/09

e

kﬁ

KA EFM 45hIHRE
VR REIBEREIE
B% B H BR AR A B A ETRAR
2004/03/15 otk By AR, | BRB R ESR S | AHEAHE LA FEE TN EREEA - i
IHHFR {E WA | BT TR ES -
. o IHEHZBXGEE S BRFERER T HUEZNHE
9] HE R e . . ‘ . . N
20230927 ;iggz%%* B R o5 AR B AT - AT R ¥
= ; F45 o
F B — - -
2023/01/17 BHRRETEE | TERZART | EHAANZKETL s FHEBRTEL - BEBALET
BEOKEEA 73R P WA R o AR BEALAE B o
., , 3 By & 35 BT A E Se i & 0 i ZTOPCon ~ HIT ~ IBC
THEME IS | T M~ | S b T RS B > B 3 E ; 2%
202208129 | 4ot B g g3t & | 45 o 4 P ;;;i@& R RIS R BB AARE T
e s BAZ RS £ B K £ KA ~ AR T
2023/09/12 %@’f*ﬂj“ﬁ e £ BlAE TR0 EHEE AR 0 RESKR DG ECATeHAN » Eim
HeigstE A
18 & KRR EA o
45 6k Bk B A %t Ak ALK 7.($0.04/Wp) 2RI
2022/08/16 | B E kM EE | FEABEE %,(80.07/Wp) ~ & H5#% FIK %.30% » 1%+ F EPERCAL
HARF o
B sk B AR 3 F|FY2040 7T & 4 48 7R & 1040~50% °» B P T B4 4
A& 20250224 | - F ) R 150% ¢« EBHRHHKBRE L BB KR
= B E A
i ) #% B 48 7} 34 B3R (Ministry of Economy and Finance)
4E % Sa . N .
202511726 | 215 Z?f FEEFHII | EXMH o HE8R-oRBIABRTEAEAE -
R&D @ 5’\ 6‘}' = 5 o b
- H 4220307 %1t -
i
e " L o e e | 20335 AT R BUATARAR T £ AL 0 AFR BB LS
}h £Y ;h i KA ’51 ,Il 1. ~ ’a
2024/12/18 g;s é}”“}? SELTLS %ﬁf fg“**i‘“ SRR SE FAL (K E>25% 0 BAKE) -
R RATHARBEE LWL -
VR= ZBECERNRERERERCS270
| BR FAG -3 AR R &R/ E
AR R —55 "éaé; H )
LONGi (&) + B 2T PVK/Si 35.2% (&) SRR i;é A B
JinkoSolar ( &4 #}) B 2T PVK/TOPCon #934.7% (ER) R L &
Trina Solar ( X&) ¥ B 2T PVK/Si 32.6% (G12 Half Cut)|  &1b& 2 & A A 5
GCL (£ ) ¥ B | 2T PVK/Si 2T PVK/PVK AN PEGWE E HIER
. 34.94% (~@Ax) / L
4 N & 4% 3 g 1
i B8 R + B 2T PVK/HJT 31% (K @A) MW# 3K & 2 & & 4 i
P A ¥ B 2T PVK/TOPCon 31.0% (323 ) CARLERTELALE
B E B S54k A% (AEMh B2 ) F NI O A4Sk AL 4
Oxford PV * B /% 2T PVK/Si 24.5~26.9% (#£41) 20244 P45 A B
Hanwha Qcells # B/ 2T PVK/TOPCon 28.6% (K@i Eik) | REZARTHEAETHE
Caelux £H Hybrid Tandem #28% (B A230%+) | S A & T B 5 E fE oA
Solliance B 4T PVK/Si #428.7~29.2% MEBRAEY
Panasonic B A 4T PVK/Si (&-1F) #29% P A $2 LA BTG

RHEFRE  https://www.materialsnet.com.tw

ANNIVERSARY

121



LK

\ﬁ

TEMEIEE47TED | 2026/09

ANNIVERSARY

122

KB ER G 15RIHRE

ERIERE BB EREE28~29% »
STEIE2026 EFBEEE » B2 TE
B & T(Q.ANTUM Technology)& A
EENERE » LI EERACD » WEER
2025F 103188 11321740 MWESSAIEER T
SR - EEBEERH E/I5INE
SEAGEMZ BRIV ERETE (K
35.2%) 1 MFBHEAEBHESER
fii - EEWSEL  RESHERMNERZ
HEOETHERESES  BlmEEE
iR - ERBEMERSVNERELRCGWIRE
BERVIEZE L — ° CacluxB EHAISINEEE
IIBAY [ Active Glass | £ » O BERSIR
EWEHEEER  BERIIHSEEHEDPR
AIIRIE - B _mEAGERREERA
AURASERNAS!Y o ML BRI S EERT S
B E IR EARE S » WEEA
G EERFEN)BBREETEZER
TR E ARG S EER T T E
RUEHEEREB(IEC 61215 & IEC 61730)19) ©

L

BE+FE - BINEEEEIEEAVEE
[Rolf Y BRI (EBEKBEMEM
TSR E fa b e KRR & B e Al
TR BEE S FRAVEST) » ISINE/ Y e

=FE

ABEHENR EREEWERGRE | ETVBA
rE%TEEﬁi%iﬁﬁc.@EﬂJ PEER - ERIEBEX
EERA > BERISRE - (DFEHRUT
BIBTEY -
FHINIEM BIERR ~ BERNIEH

B REABEMTEEESMENEAEE
SWREABEMILR - (DFEETEEM

BT RERENERICEEERRE - 35 -
iR XBEENERLRENEIE
KEE > HRERHREESERK - UR
RKEBIIDEMRSRBRESEINDER
BILREER  EERFREREEFEBRIR
IR ABGE MM A EERREREE - @

]

AR LIFRRIEESR
= (EZHRER -
BekREERTS<FS -

)

1. C. A. Nelson, N. R. Monahan, and X.-Y. Zhu,
“Exceeding the Shockley—Queisser limit in solar

BEREIAITET
115-S0102) & T £ tThA5T
g E D

energy conversion,” Energy Environ. Sci., vol. 6,
no. 12, pp. 3508-3519, Nov. 2013, doi: 10.1039/
C3EE42098A.

2. M. Peters et al., “Spectrally-Selective Photonic
Structures for PV Applications,” Energies, vol.
3, no. 2, pp. 171-193, Jan. 2010, doi: 10.3390/
en3020171.

3. M. Anaya, G. Lozano, M. E. Calvo, and H.
Miguez, “ABX3 Perovskites for Tandem Solar
Cells,” Joule, vol. 1, no. 4, pp. 769-793, Dec.
2017, doi: 10.1016/j.joule.2017.09.017.

4. “Towards efficient, scalable and stable perovskite/
silicon tandem solar cells | Nature Photonics.”
Available: https://www.nature.com/articles/
s41566-025-01732-y

5. “Absolute energy level positions in tin- and lead-
based halide perovskites | Nature Communica-
tions.” Available: https://www.nature.com/articles/
$41467-019-10468-77utm_source=researchgate.
net&utm_medium=article

6. “SolaEon reaches 31.38% efficiency of all-
perovskite tandem cell | Perovskite-Info.” Avail-
able: https://www.perovskite-info.com/solaeon-
reaches-3138-efficiency-all-perovskite-tandem-
cell?utm_source=chatgpt.com

7. W. Li et al., “Efficient perovskite/Cu(In,Ga)Se2

MRHEFRE  https://www.materialsnet.com.tw



10.

I1.

12.

13.

14.

tandem solar cells with a composite intermediate
recombination layer,” Nat Commun, vol. 17, no.
1, p. 711, Dec. 2025, doi: 10.1038/s41467-025-
67350-y.

H. He et al., “Narrow-bandgap acceptors with
suppressed exciton thermalization loss for highly
efficient perovskite—organic tandem solar cells,”
Nat. Photon., pp. 1-8, Apr. 2026, doi: 10.1038/
s41566-026-01906-2.

“LONGi is a BloombergNEF Tier 1 Manufacturer
Q2 2026,” Longi. Available: https://www.longi.
com/us/news/longi-tier-1-manufacturer-q2-2026//
“How Solar Changed In 2025 (And What’s
Next).” Available: https://buildreview.org/how-
solar-changed-in-2025/

“Qcells says technology breakthrough could
reduce space needed for solar panels,” Reuters,
Dec. 18, 2024. Available: https://www.reuters.
com/business/energy/qcells-says-technology-
breakthrough-could-reduce-space-needed-solar-
panels-2024-12-18/

J. Min-hee, “Hanwha Q CELLS Shifts Focus to
Rapid Commercialization of Tandem Solar Cells,”
Businesskorea. Available: https://www.business-
korea.co.kr/news/articleView.html?idxno=223227
“34.85%! LONGi Breaks World Record for Crys-
talline Silicon-Perovskite Tandem Solar Cell Ef-
ficiency Again,” Longi. Available: https://www.
longi.com/en/news/silicon-perovskite-tandem-
solar-cells-new-world-efficiency//

“Products,” Caelux. Available: https://caclux.com/
products/

. “Microquanta ships perovskite modules for

demo plant | Perovskite-Info.” Available: https://

RHEFRE  https://www.materialsnet.com.tw

16.

17.

18.

19.

20.

T EMEIEESE4TTHR | 2026/09
KA EFM 45hIHRE

www.perovskite-info.com/microquanta-ships-
perovskite-modules-demo-plant

MicroQuanta, a C. perovskite solar specialist, and
has commissioned a 8 2 M. P. facility based on
its 90 W. perovskite panels in eastern C. V. Shaw,
“Chinese developer switches on world’s largest
perovskite-based PV plant,” pv magazine Inter-
national. Available: https://www.pv-magazine.
com/2024/12/09/chinese-developer-switches-on-
worlds-largest-perovskite-based-pv-plant/
“Oxford PV announces the first commercial
deployment of a perovskite tandem solar panel
| Perovskite-Info.” Available: https://www.
perovskite-info.com/oxford-pv-announces-first-
commercial-deployment-perovskite-tandem-solar-
panel

“Perovskite Solar Cells: 2026 Commercialization
Update.” Available: https://www.thesmartere.in/
news/perovskite-tandem-solar-cells

T. S. says new certified results in perovskite-
crystalline silicon tandem cells and modules
demonstrate progress toward industrial-scale next-
generation P. V. Shaw, “Trina Solar posts new
milestones for tandem efficiency, module power,”
pv magazine International. Available: https://
www.pv-magazine.com/2025/12/24/trina-solar-
posts-milestones-for-tandem-efficiency-module-
power/

“GCL Optoelectronics wins commercial
perovskite-silicon tandem PV module order
| Perovskite-Info.” Available: https://www.
perovskite-info.com/gcl-optoelectronics-wins-
commercial-perovskite-silicon-tandem-pv-mod-
ule-order

ANNIVERSARY

123



