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What is the ultimate efficiency of photovoltaic cells?
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Figure 1 The S-Q limit for conversion efficiency of the solar cells'"!
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Table 1 The parameters of standard solar cells with maximum conversion effiency under the standard air-mass AM1.5 terrestrial spectrum

K PH il H 3l TFE&HL (V) S % L O (mA/em®) AR T (%) AR (%) Sk
LERLY 0.696 42.0 83.6 24.4 [4]
EA L 0.662 39.0 80.2 20.8 [51
HIT 0.740 41.8 82.7 25.6 [6]
GaAs 1.122 29.6 86.5 28.8 (71
BT 1.130 227 75.0 19.3 [8]
CIGS 0.746 36.6 79.3 21.7 [9]

a) HIT, W AEJZ 545 CIGS, 4 40 A5
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newable Energy Laboratory)Illif &2 iAiiE, HHEICIGS K
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DGR E AR, AR AT LA — 25 K B 4t v
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il S ERET R A T A0 S Al R R i O
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RCRMBR, AT LA 5 i it TG A I L 4
BR A RE RGO 15 W I L 2 300~800 nm, 45 A A
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T M LSS A0 1 R P Fl v, HOG R G #5300 LR
}740.6%"21.

3 R KINRE LI

Tk REARR, SR R, 4k
BB DR PR | PRI AR R BUREAR AT 2 A
Sy . BT, I AR R 2T P T A
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B2 SRR R 2 R R BH BB L, R R R
FHAEE L . GaAs K FHBEHL I AE, HAENOSOEIE H g —
WA CRE I A o HL R, R AR A7 B R — A
B b B 2 0 30 3R B BRI, TG 8 78 S - QIR AR B
I, R H £ 45 (multi-junction) 5574 (22), LA £ Fhay B
ANTR] B2 T AR Ak A4 o8 2 J2 f S DA T S Ak R O
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T, s A VUSSR PHRE H i B R A 48R o)
AT LIk 3] 44.3%(59.7%), 50.1%(67%) F154%(71%),
JF H 00 Y 45 %50 JC B 18 KR, e kR ] ik
65.4%>. WL AT UL, FEJGSF Y K BHAE R T, RPff
AT A4 i 0 K B, 158K 4 34.6% 1) e B T 1k &%
LR RE. IEWZ AT TTIE, X LERE T FEAEAS Al kit
B ) R S AT -2 R BT A I R R
TERE BB 2 25 KBARE R th b, JEF -V %
B 22 45 K PH Rl L Tt 40 A 55 R 1 S Wl R B i
SEROEIE I R, 51 T K BH AR HL AT oY 4Tz
MR ARAS TR & . BN, =45GaAs K PHAE
HH, B TT S5 48 Sk 3 R[] A7 B 9 - FEL Yt (Galn P/
GalnAs/Ge) 42, HAGaInPHF N 1.9 eV, GalnAs KX
Ge4r il 1.4510.7 eV. XGRS 2 E M FAF, M 1
F R3S F b IR BE B R T 1.9 eVIOLT | fEE
E1.4~1.9 eVIEFINBET . DILREETFE0.7~1.4 eV
WG T, IR maE, R T AT r ot s
[ 26271 20004F, Cotal%s NP kil i, T =45 GaAs K
PHEEFL ML, 75 RICHFM T s ik #)32.3%, A1]
R ERB 245 K HBE R E R 1. BE, 3R
AW, 20144110 s 9% Dimroth 45 A P21 i 5]
44.7%. [RIIFIOGE | T4k H 3 0w 45 0 K B RE HE sl I
TEWFGE R, AT LT 22 45 K BH AE HL 0 55 40850800
ooke BT AERECKMET, JE55 2 K IHEE R b

%2 MEZSREHEIEAMLS £4T, REARLE KR
R 2
Table 2 The parameters of multi-junction solar cells with maximum

conversion efficiency under the standard air-mass AML.5 terrestrial
spectrum

JelRmEA ROt Rk .
(cm?) fEEL (%) ik

InGaP/GaAs/InGaAs 0.167 240 43.5 [14]
GalnP/GalnAs/Ge 287 365 40.4 [22]
GalnP/GaAs//

GalnAsP/GalnAs 0.052 297 447 (23]
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WeEE, DN B2 % 15 J2 HL - AU 21 b ()47 9 BRAE A
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Solar energy is considered as one of the most promising green energy due to clean, safe, long life, and renewable
advantages. Solar cell is an electrical device that converts solar energy directly into electric power on the basis of
photovoltaic effect. Fritts built the first solar cell in 1883. Although the initial efficiency was only 1%, it has been
exciting to know that the power conversion efficiency of solar cells is endlessly improved since it was reported. Up to
now, the efficiency of commercial silicon solar cell is between 10%-18%. The latest research shows that the best
efficiency of perovskite solar cell has been improved to be over 20% within several years. As it is well known, the
maximum power conversion efficiency of single-junction solar cells are only around 33% according to the Shockley-
Queisser limit. With the development of new materials and high technologies, one issue is emerging: What is the ultimate
efficiency of solar cells? The highest efficiency of solar cell is possible to break the Schockley-Queisser limit? How to
further enhance the efficiency of solar cell? All the questions are hard to answer at present. Surrounding these concerns,
this article presents a brief review about the efficiency limits of different solar cells. It might help to understand the
ultimate efficiency of solar cells. The details address the basic principle, advantages and disadvantages of single-junction,
multi-junction and other new concept solar cells regarding the power conversion efficiency. The review also includes the
solar cell materials involving silicon, compound, perovskite, quantum dot, hybrid materials, etc. Finally, we look ahead
into the prospect of new concept solar cells and the maximum power conversion efficiency.
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