FR/ENNVIHHOERRRIAR
(RBRLR)

BERR=
LElw e o L E A
ZRMIZNF-—HEBETIHAHRE 52—
ARIXNF—BAHEHFARI=Y b
(%) KRmYEFHRIBM



ol e B T 0T TR

KER7H e m=E (Bk) Web site

Energy Gap (eV)

Si,Ge,.,, In,Ga,_As , ,,

L
1300 =
o -t
1 /
‘E 12004
CEL y
IE 1100
E 4 (Ge.5i)
i
Ge at %
LIELESY I 0 T IV 0 0 LA 5 o T i
- GaPm-
20 I GaAsP
:1 88 eV - GalnP : ‘GalnP
1.5EF GaAs;
M.3%eV- Ga(ln)g§
r 1
Lt t1.00 eV - SiGeSn
0.5F
0_0:.““1.1.

(d=xvE

GaAs, InP, GaN, SiC,
GaSh, CdTe, AN, , ,

Temperature, "C

" L
2

CdTe

50 52 54

56
Lattice Constant (A)
Pablo Cano et al, 2017 Spanish Conference on Electron Devices (CDE)

5.8

6.0

6.2

6.4

50
at %

.—Jif[i]‘,.“ IZ*L 15 iélﬁ

L8k




AR RIBIZICE T S ERFED X DIHERE

Single crystal

Si crystal Si melt

|||||||||||||||||||||||||||

4
1 4. N

1

. Furnace
—_—e L
r— T
J. Crystal Growth 262 (2004) 124. —

500 um



®.

3 N=J= I
i '-

@

TOHOKU Research

Eam+EF(Si Ge, ) DEIRFAEAREL

Si,Ge,, Efm

|
[ )

Pure Si Ge= 0.65 at% Ge= 2 at% Ge = 5.5 at% Ge = 11.6 at%

Crystal

100um 0.5mm 0.5mm



ERFEE(BISb,,) DERFEFREL




TTTTTT

i

S O B AR & O E R

- RRAREE

- ERFERR _ S
DEL D& - RE@EAzRX - B 5 EREETRANLEY—, REIRILE—,
- REGOIBEIER HIZERL L DY HEEDRE

* IR

%’:*Dli / 3
EARREERR
Bl
\\\V/// ERRE TR y
NIV EEORBRE fERIL =458
BERE (BESR. 22382 THEE) 0BT ERER - BITERERESGIC R

—




= A IR ) A B A P IR

160 =

120 =

GW 100 -

Fia—Ik

T =
60 — (20D AT
178GW g2,
0

80 =

8
I

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B Thin-film B (Mono) sc-Si B (Multi) mc-Si Hjﬂﬂ . (ﬁi) /éql %@é?XfA web site

IEA PVPS TRENDS 2021 IN PHOTOVOLTAIC APPLICATIONS

Ziem> ) AV 3ELIEmBEtERRARZTOREI KOOI TS



35

HIEKXIE

Bt OERHE

30 |-

25 |-

@ GaAs

Slé

perovskite

S /e- SIBCIGS I'”F’ \ iﬁlﬂp
& 20 CaTe
o _organic e
.9 15 i 0 p— i ye
i 0% AN TiOs
0L = @ a-SiH -
-~ SbSSe
5 [ e
0 | | l | | | I
05 07 09 11 13 15 17 19

EHIRSE (Shockley-Queisser limit)

Bandgap (eV)

B. Ehrler et al, ACS Energy Lett. 2020, 5, 9, 3029-3033

O April 2016
® July 2020



g5 P =h) Z g
t.d Pl SEKXEGE M/ N\NRILOE I

TABLE 4 Confirmed terrestrial module efficiencies measured under the global AM1.5 spectrum (1000 W/m?) at a cell temperature of 25°C (IEC
60904-3: 2008, ASTM G-173-03 global)

Classification Effic., % Area, cm? Voo, V lse, A FF, % Test Centre (Date) Description

Si (crystalline) 244 +05 13177 (da) 79.5 5.04 80.1 AIST (9/16) Kaneka (108 cells)*

Si (multicrystalline) 199 £+ 04 15143 (ap) 78.87 4.795% 795 FhG-ISE (10/16) Trina Solar (120 cells)>*
GaAs (thin film) 25.1 + 08 866.45 (ap) 11.08 2.303° 85.3 FhG-ISE (11/17) Alta Devices™”

CIGS (Cd free) 192 + 05 841 (ap) 48.0 0.456° 137r AIST (1/17) Solar Frontier (70 cells)>®
CdTe (thin film) 18.6 £ 0.5 7038.8 (da) 110.6 1.533¢ 74.2 NREL (4/15) First Solar, monolithic>’
a-Si/nc-Si (tandem) 12.3 + 0.3f 14322 (t) 280.1 0.902 69.9 ESTI (9/14) TEL Solar, Trubbach Labs>®
Perovskite 11.6 + 0.4® 802 (da) 23.79 0577" 68.0 AIST (4/18) Toshiba (22 cells)*?

M. A Green et al,, Prog. Photovolt. Res. Appl. 27, 565-575 (2019).
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FIG. 3. The top row [(a)c)] and bottom row [(d)}—(f)] correspond to CL images and EBSD maps for the as-deposited and CdCl,-treated films, respectively.
(a) and (d) are total intensity CL images; (b) and (e) are EBSD GB maps showing non-Z =3 GBs in black; and (c) and (f) are EBSD GB-type maps showing

X =3, other-CSL, and general GBs. We cataloged the CL intensity at the GBs by type.

J. Moseley et al, J. Appl. Phys. 118,025702 (2015).
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Figure 7. EBIC and EBSD maps of untreated, CdCl, treated, Cu treated and CdCl,/Cu treated CdTe solar cells. Reprinted, with permission, Ave Graln Slze (nm)

from [75].

Figure 12. (a) Average efficiency and FF versus nontwin-corrected
average grain size for CdCl,-treated samples. (b) Average efficiency
and FF versus twin-corrected grain size for CdCl,-treated samples.
Reprinted with permission from [152], Cambridge University Press.

J. D Major, Semicond. Sci. Technol. 31,093001 (2016).
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