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The 3-stage evaporation of CIGS
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600

500

400

Temperature (°C)

300

200

Stoichiometric point

Pyrometer | |,

£BFiH) | ~ N
f‘;‘s,&: ) 15 |
AL Cu£Se Cu poor CIGS
'ﬁg} \z”rﬁﬂﬁ \\as‘ﬁ ; %!:
InGaSe CIGS CIGS
Mo/SLG Mo/SLG Mo/SLG [*=
1st Stage 2nd Stage ’ 3rd Stage |

Growth Time

1st stage: (In,Ga),Se,
2nd stage: Cu(In,Ga)Se, + Cu,Se
3rd stage: Cu(In,Ga)Se, + Cu(In,Ga);Se;
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SEM, STEM images and EDX

4
Grain bollndary MoSe,/MoO,  © Alkali metals

Alkali metals passivate recombination centers.
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Lattice constant and Band-gap

Chalcopyrite structure 3
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Epitaxial CIGS X[z & /th D B

Moth eye film

I

ZnO: Al (Sputter)
350 nm

CdS 40 nm

InGaSe 50 nm

CIGS (MBE) 2.2 um

GaAs (001) p-type Sub.

CIGS solar cells

O Molecular beam epitaxy, T,,,=520°C
(Same deposition: Cu, In, Ga, Se)

O E,=1.2 eV (GGL0.3), Cuix[E: 0.85-1.5

O 7 LA & E#HN(Na doping, KF-PDT)

O CdS/AZO/Cr-Ag grid (Area: 0.2 cm?)

Measurements

O SEM, STEM
O |-V curves and C-V measurements
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T, =960 °C

T, =520 °C
CIGS .

@5 108 Torr

* et (100 Pa)

106 Torr
= 2100 °C (104 Pa)
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P;: Beam equivalent pressure
M;: Relative molecular mass

T;: Absolute cell temperature

n;: ionization efficiency

Z;: number of electrons

Beam equivalent pressure (107 Torr)
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Beam Equivalent Pressure (BEP)

Ga shutter open Cu shutter open

/ In shutter open
Close / Close
+— (10-8Torr) Close (108Torr)
![\ (10%Torr)

BEP = BEP

Time (sec)

BEP

BEP

open close ~ extra

Tg, = 945°C, Py, =3.22 x 10”7 Torr

T, =745°C, P, =2.82x 107 Torr]' GGl = 0.7

Te, = 1180°C, P, = 1.33 x 107 Torr (CGI was measured by EPMA)

} CGI=0.80
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Epitaxial Orientation of CIGS

20/m scan

a) GGI: 0.82 0046245

b) GGI: 0.65
400/040¢,6s

Intensities (log)

©) GGI: 04900 040,

GaAs (zinc blende)
a=b=c=565A

+GGI>0.75 [002]gas // [001]gane
GGl=0.8:a=b=565A,c/2=5.57A

v GGl <0.65 [100]c6s // [001]gaas

[010]cigs /7 [001]gans
GGI=05a=b=569A,c/2=565A
GGl > 0.75 GGl < 0.65
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Cu poor CIGS or Cu rlch CIGS

CGl: 0.85

15.0kV 7.3mm x5.00k SE(M)

ADF-STEM AD F-STEM

Indicated magnification: 30kx —_— Indicated magnification: 20kx
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J-V curves and N, profiles

40 1018
—Poly-CIGS
CGl: 0.95
"g 30 W CGl: 0.85
L 107 &0V bias
< 20 —
£ = f
S 10 E o
= = jou
S o 4~ Poly-crystal CIGS
Single-crystal CIGS
10 |
-1 -0.5 0 0.5 1 10
Voltage (V) 0 0.1 0.2 0.3 0.4
x (um)
Eﬁ Voc ‘Jsc Rsh, dark ser, dark ch,OV ‘]O,dark ndark
(%) (V) (mA/cm?) (Qcm2)  (Qcm?)  (cm3)  (mA/cm?)
CGl:0.85 20.9 0.767 34.5 0.789 1x10°% 0.08 2x10® 4x10°9 1.3
CGl:0.95 16.7 0.737 33.2 0.683 26000 0.5 6 x 1016 1x10%6 1.7
Poly-CIGS 221 0.786 35.1 0.800 5700 0.34 7x10% 3x10° 1.3
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ZnO: Al (Sputter)
350 nm

CIGS (MBE) 1.5 um

GaAs (001) Si-doped
InP (001) S-doped
Sub.
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CIGS / n-type II-V ikt & F EIK

CIGS solar cells

O Molecular beam epitaxy
(Same deposition: Cu, In, Ga, Se)
OEz=1.1,1.5¢eV, CuizE: 0.85
O Tg,,=480 - 520°C
O NaF doping
O AZO/Cr-Ag grid (Area: 0.25 cm?)

Measurements

O I-V curves and EQE
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CIGS(E,=1.5 V) / GaAs n-type —\/ AE = -0.2 eV
1.5eV

40 A\
— i 14 eV
£ 20 :
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— 0
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= Photo 1.0 eV _\(
3 -20 ' e L -
—Dark E 14 eV
; 4e
_40 !

T et PreulnSe, /n-Gahs

Eff. V., Jo, FF
(%) (V) (mA/cm?)

GGl: 0.7 4.2 0.655 11.3 0.57
GGl: 0.4/0.1 0.0 0.0 0.0 -
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IKGaj=ECIGS / InP n-type

CIGS(GGI:0.7)/GaAs n-type
—CIGS(GGI:0.4/0.1)/InP n-type
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