Cu( LiGaxSe2 (CIGS)
process

Se EDS (Energy-Dispersive X-Ray Spectrometer),
CIGS
SLG/Mo/CIGS/CdS/i-ZnO/ZnO/Au ( NilAl)

41 ' (X-ray diffraction)

(Lattice constant : a.c.cla)

Diffractometer
2
X-ray) (Characteristic X-ray)
(Diffraction)
(Interference)
(Bragg)
1

Bi-layer

CIGS

CIGS

Cu, Ga

(k)

(Diffraction pattern)

0.5-25A°

(Continuous

(Bragg's Law)
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4.1 m
41 1 (in phase) 12 2
1 MP+PN
nA X MP
PN d esin0
nA. = 2d esin0 (4.1)
d
0
1,2,3...
Diffractometer
1.5405 A0 (eu —Ka)
(Random)
(Bragg plane)
(Diffraction angle) 2
(Intensity) Diffractometer
E4nda N 4



(Diffraction pattern)

(Peak)
(4.1) =1 X = 2d esin0
Cubic
J_ 4sin29 _ h2+k2+12 42
2 v o~ a '
CIGS (Ternary compounds)
| — Il —=VI2 (Chalcopyrite structure)
Tetragonal{a = " c,0t—
J_ 4sin6 - h2+k2
d’|2 A2 a2 c2 (4'3)
CIGS
ey (Least square
method) (4.3) D= A= "7:C —1'
a2 a c.
\
S, = | Za4Zx arZic ”
(t 0 D,
d2
( + ) 2 A .
c .
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A (h ;+k;)2E (h;+k;),;" A E(h(+d)D
2(1") C S i'd
A = 3/\10 =1 ~ND _d A (4.6)

[ (h2+k2)12l.[  (h2# k2§ - [ (h2+k2)2*[Z 127 ]

1
c2 ~ 2
<H?+k)1?" [ (12)2]*[ <hf+kf)2]"
[ (12)2]*[ (h24k2)y - [ (h?2+k2)I12]*[I 12§
a2 2

[ (122 [E (h2+k2)2)'-1 " (h2+k2)12'
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CIGS

3000_11“ Gl 11 Ly
l:

2500
, 2000 2:3
. (112 %1053
> 1500- (220)(312)
f (204)016)
c 1000’ 1400
211 :
500° Im (103(> ) !}008;
0 . 15 (323)
P LT e TTfTPTTTT*P*T.TTTITTTrT
10 20 30 40 50 60 70
20 (deg)

4.2 wanaInRIENIT@EILNIBINANLN Cu(in,Ga)Se, "

4.3 Diffractometer CIGS
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4.2 (Scanning Electron Microscopy ,SEM)
(Surface
morphology) CIGS Cu, Ga  Se CIGS
Energy-Dispersive X-Ray Spectrometer (EDS) Cul(in+Ga)
Ga/(In+Ga) CIGS
421 (SEM) (22
4.4 SEM
(Electron gun) 3 Lanthanum
Hexabonde (LaBg) Field emission Filament
1-40 KV ( 20 kV)
Condenser lens Objective lens
Scanning coils
x-y 1 (Signal) (Detector)
CIGS
2
(Elastic) (Inelastic)
(Signal)
1) (Elastic scattering)
(Primary
electron)
Backscatter electron

CRT
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~—— Electron Gun

PRITLY, IY S
(ALl T -¢Z7V Electron Lens

INS e |\ 4 > 71— (1st Condenser)
.[ 3

NN By
L R YT
T L et Spray Aperture
(______/_ v ~//,'_/4""/
NG A v pav, A _, Scan Coils
2N XA LA\
x.7_—-\-' —L—: "i‘———/ = r P . )
! 2 5 Magnification Scan

Control Generator

Final Lens Aperture l

s s Display |
i Detector /| Amp t—{ | CRT |

]
{ et anmiortd

1 Specimen
to 7
Vacuum
Pumps _

4.4 SEM (Scanning Electron Microscope) &

Primary electrons

Secondary electrons

X-rays

Backscatter electrons
Cathodoluminescence

Auger electrons

Specimen

Transmitted electrons

45 A
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2) , (Inelastic scattering)

Detector
(Secondary electrons) 1Auger electrons,Characteristics
X-ray,Continuum X-ray  Fluorescence X-ray

- / ident trons
/ ‘n((e:'l(:::?r‘o:k:roge)
HFELLLALT, /////////

Secondary electrons

Auger electrons

Backscaitered electrons

Continuum X-rays

Characteristic X-rays

Fluorescent X.rays

4.6 A

(Secondary electron)
(Shell)

(X-ray) )

(Continuous X-ray)

4.7
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Eb- Ea= AE = hV (4.9)
Eb (eV)
Ea (eV)
h 4.14x10'B(eV 1 )
V (Hz)

(Characteristic X-ray)

47

(Qualitative analysis)
(Quantitative analysis)

Incident electron beam

Ejected electron

Continuous
X-ray

Characteristic X-ray

9119 4.7 wamansiinadiand
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4.2.2 Energy-Dispersive X-Ray Spectrometer (EDS)

EDS
(Count per second) ( (Peak))
Cu(In,Ga)Se2 (CIGS)
Cu, Ga  Se CIGS , EDS

Cu(In0&a) e2
CIGS

Cu:ln:Ga:Se 25:20:5:50 — = Jl.O 1= 02 4
to J H _ 4 t 0 n+Ga LN IntGa 1

Cu-K ling, In-L line, Ga-K line Se-K line

Cu, ,Ga Se
25 :20:5:50) Cu, ,Ga Se CIGS
CIGS
4.3 ’ (Hot probe measurement)
CIGS (p-type) (n-type)
CIGS (Soda Lime Glass/Mo/CIGS)
DC. voltmeter CIGS DC. voltmeter
DC. voltmeter
CIGS CIGS DC.
voltmeter
DC. voltmeter
CIGS DC. voltmeter

DC. voltmeter
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DC. voltmeter

AN FhALAY
au¥. - Tuan
- +
1
CIGS [
Mo
48 CIGS
4.4 Cu(Inl Ga )Se:
CIGS
CIGS (I
Characteristics)
(Open circuit voltage) (Short circuit current)
(Fill factor)
Cu(In,Ga)Se2 (CIGS) NREL
Mo/CIGS/CdS/ZnO = 18.8%,v0c — 0.678 V, Jsc = 35.22~
FF=T87%  Egrl.12eV ( =0.4387cm2 A
CIGS
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NifAl (50 A/1 J4m)

CIGS 2-3

Mo 1

2 mm

4.9
41

(CIGS)

/ (NifA)

CIGS

Zn0 500 A
CdS 500 A
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(

Glow discharge)
, 4.10
m‘[um; = |,
______; Ll
e- —
B g Sl T )
\Sputter Atom{]
AR ﬁ_" 1
ﬁj
ME T S
4.10 [24]
(Ne) (AI’) (( 2)
(
(Target)
Zn0(AID 3 )
( Sputtering)
(Primary electron)
(Secondary

electron)



(Breakdown)

47

(Breakdown voltage)

Glow discharge

Glow discharge

90

Substrate

44.2 ' '

(CdS04
(CdS)

fCA(NH3) 4] 2+ + NH2CSNH2+ 20H-

(Chemical bath deposition)Z&

(NHZCSNH2
60-75

> CdS + 4NH3+ CH2N2+ 2H20

(NH3

(4.10)
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[CA(NH3) 4] Tetra-amminecadmium ion
Cd2+ CdS04 NH3 '
OH Hydroxide ion NH3

NH3+ H20 => NH* + OH~

443 (Evaporation)

Molybdenum
boat,Boron-Nitride boat

4.1

WHEAAN TR (o——

(-’ .
S aaninANRUN

laszine
AU
AeyeynA

Molybdenum Boat

l l Power Supply

szuuﬁuqmzy'\mﬁ

!

411
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4.4.4 (Ideal conversion efficiency) 1625
(p-n junction)
(Single energy gap,Eg
Eg Egy
()
412 (a)
412 ()
IL (Excess carriers)
3 (Diode saturation current) f\
(Load resistance)
| = Is(e | - (4.11)
hy
E \77/\ ?’
O T —— T T ety I
T $q.\é c Eg i
c A
Vv
h N |
l\)\q’ B \L‘ QV/KT x
.'/‘Z/g y |s(e 5 )
RL§ = Y v R
. |
(b)
412 (a)
A
() i
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(4.11)
4.13 (a) IL.=100mA, 1=1nA,
A=4cm2  T=300K 4
(Power) 80 %
Ve Iz Ve
413
413 () Im
v p_(= V)
(4.11) 0=0)
Voc _% Ln('li—i- 1) zE'Ln<l—L)
Is . Is
IL 5
P=1IV = Isv(equkl - 1) - ILV (4.13)
) T
n, = Is -p -vmiepy- 1 ) (4.14)
( —t] \
VM= p -l bum Voc - P eLn(l + (3vm) (4.15)
P=- pm

JAmvm _VOC- p-Ln(l+ Pvm) - é]zlL(ETm) (4.16)

Em5q°[Voc~ P'Ln(l+ Pvm - p_ (4.17)

Em

(P



4.13 (a)

I(mAa)

[V.zn'ls-(l) .e(qulkT)]

kT

=
I
I
I
I

Pin Pin Pin
I
A
120 ‘
Si solar cell
15100 mA
B0 — T=300 K
40
o /
MAXIMUM
Al POWER
= RECTANGLE
-120 1 { \ l
-0.8 -0.4 P o8 o J
V (VOLTS)
(@)
o |
: ?7//
POWER
RECTANGLE
/ (P
< //‘L ,
0 o
(b)
(Inverse) (a) P

(4.18)

ol



I {mA)

(Series resistance)

(Contact resistance)

(4.11)

(Shunt resistance)

414

-08 -06 -04 -02 02 04 06 ; 70
Vv (VOLTS)
4,14
S| 1 A
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ﬁV|1: |' kT fI+.IL1 o
eV If+ v +IRs

(Junction depth)
(Impurity concentrations)
(Fill factor,FF)

()

Im-Vm
EF =)
1'vae
FF'I/l\’ch
Fin Fin
4.14
FF n n

0-1 0-2 6
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(4.20)

(4.21)

(4.22)

(4.23)
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