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400°c

250, 300, 350, 400°
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| 13
25
2 (cleionized water)
2
3 . 1 1
(ultrasonic bath) 5-10
4

) (chromic acid)
10

1. 70 °c
45 - 60



transformer)

10V200 A

4
5

Variac Voltage (volt)

N

= N W A OO O
o O O o o o o

«

0.3
2x1.C6 mbar

10 V200 A
' (Variable

13

(
6 (
CulnSe2

Evaporation, CulnSe2 Thin Films
Variac Voltage vs. Time

Time (min)

12 '

66
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Evaporation CulnSe2 Thin Films
Current Output vs. Time

2 80
C3) 60 /
= /
© 40
S /
O 20
oL/ = s
0 1 2 3 4 5 6
Time (min)
1.3
CulnSe2
2 110
(Selenization) CulnSe2 '
(capsule stainless) 2 6.12
?
L CulnSe2
12 « 006

4X10'5mbar., 4
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LNCRREG 6.3 400

4
3
’ "2 11 1b
400°
250
400 °c 05 10 15 20, 25 30, 35
2
1
CuinSe2
QuinSe2

2% 3% A 2 74



1.16

N N
o O,
o o
o o

- S
o O,
o o
o o

500

Selenium rate (Angstrom/min

o

14

CulnSe2

1.24

Selenium Deposition Rate
at pressure 1x10A6 mbar

32 34 36
Current (A)

1 shot# 2 shot

CulnSe2

CulnSe2

(gran)

69



L
(Tolansky technique)
| Objective of microscope
Collimated Half-silvered mirror
Sodium
Light
Partially transparent
Wh— Sample film with channel
Substrate
N
N, Resulting interferogram
PR
75 [20,24 ]
CulnSe2
2 15 2
f
()
2.5
t = An*Y
t
An

10

16



n

(.0
16 Al Bl
Al i
L 5212
Thickness monitor, FTM5
CulnSe2
Tooling factor
CulnSe2
5212 5385
Tooling factor 1 CulnSe2 =581 glem3 ,

acoustic impedance Zvele = 883 X105 glema



2

lcm2
(20)
(wavelength, Cur Ka ) 1.5405
2 0=rA (72)
(tetragonal system, a= b~Ac, a=P =Y = 909
1 r+e @ 03
a C
rg = (r3
(a C)
4 sm2 6 h2 + k2 l2
= - g
(0)
(h k) (74

(least square method)



13

z(1.)2 (h +k)d.- Zz(h +=<)*z(q)d

(7
2.2

Z(h2+k22Z (i2)2- Z(hi23k|25 i
v/

Z (h2+1922(12) p- Z(h%*éM%(m%#@

(9
Z(h2+k y Z (i2)2-[\§£h%+‘%)2.y

1 = (4sinD |)A,2

CulnSe2
7.10 115 CulnSe2

400°c 05 10,15 30, 35 . CulnSe2

aw 57847 -57947 A ¢ » 115863 -116156 A  ca « 20C08 - 20101

CulnSe2 1
71
T=400 °c  ~ c®A da

CISP12
CISPO6 0.5 . 5.7899 11.6071 2.0047
CISP42 10 . 5.7947 11.5997  2.0017
CISP13 15 . 57784 11.6156  2.0101
CISP15 3.0 . 5.7905 11.5863  2.0008
CISP43 35 . 5.7847 11.5873 2.0031

1 CuinSe2

00°c



1.16

1.24

lse =32 A Se = 1 shotlquartz

QuinSe2

a« 57883-57938 A ¢« 115748 - 115860 A
(112)

CISAAL
CISABL
CISACL
CISADL
CISAHL
CISAGL
CISAFL
CIAIL
CISAIL

Taub (°0

12

12

250
300
350
400
300
300
300
300
300

CulnSe2

14

(112)

CulnSe2

lse (8 Se (shotiquart) a (A
2 | 57900
3 1 57883
P 1 57938
P 1 57914
% 1 5 8002
% 1 58001
P 2 57922
3 2 57045
% ) 57976

CulnSe2

QuinSe2 *

14

250, 300, 350, 400°c

cla » 1.9992 - 2.0005

c?
11.5845
11.5748
11.5835
11.5660
11,6043
11,6001
11,5848
11.5937
11.5949

(Tsub = 300°C)

da
2,0000
1.9997
1.9992
2.0005
2.0006
20000
20000
2.0007
1.9999



Light Source

C
M2 S1
7 A [l M1
U I chopper
—P G
¢ e
M3 filter
8 F M4
Spectrometer
sample Ref. frequency.
detector
==t 3 Lock-in
Spectrometer
Controller
|IEEE488
Computer |«

11

(Single i) 1
(oratirg) G

7
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=5

W) (filter) F
(Cktector) D (saple)
(pre-arplifier)
(lockein anplifier)
0LV
000 18000
@) (neer infrare)
10500
250
CuinSe2(11)
()
- nf2) g
Qink2 d=251.
(a0)
(extrapolation)
cefect)
(interbend  transition)
(a—a0)

QuinSe2
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4 (49
((a - a0)hu)2= a2(hu-eg) )

| ((a-a0hu)2  hu

U K
QuinSe2 2 S R ¢ CuinSe2
le =3 A Se= shotlouariz
20, 30, 30, 400° ' Toub= 400°
QuInSe2 (Taub = 30°C)
14

101 eV.

QuinSe? ) 73



Toubstrate I

N
a8l
oNLe|
0L
aH
0SAGL
(L
AL
dAL

13

(0

88888888

BRRCBEBERKBKISREBRBZE

QInS2 |

R

N PO DO — > > -

By @)

(otiqert)) £0.005 e

1004
1,007
1006
1012
1010
1010
1010
1010
1009

d
(Y om
540E405
BOE+05
B40E+05
480EHB
BSEEA(B
BAOEH(5
BIEAB
BHOEH5
BSOEA05



(hot probe method)

+4

p-type

19



[2]
79

Keithley 196

| 2 2

computer

system

Voltmeter

a—= Hall effect

Hi-Voltage
Constant Current

> control

19

7d *RMN.OP + NO.PM 1 RMN.OP

— >

rno,pm

CulnSe2

Yapll

v

Measurement % magnet

1|

CulnSe2

5 MQ (

Magnet
control

)

80

e =32 A Se = shotiquartz
250, 300, 350, 400°c

]

290,
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! 350, 400°C CulnSe2
(< Qcm)
Q
CulnSe2 ' ' (Tsub =
300°c) 7.4
CulnSe2 ( ) 14
Tsubstrate s Se type P P
() (A (shotlouartz) (ohm-cm)  cm2/v.s  1(cm3)
s 20 R 1 5254079 775926 14402E+14
ClSAR 300 1 8259660 @ &>
A2 30 1 P 01142 93874 4255E417
CSAD2 400 % P 00165 L1344 34636E+20
CISAH. 300 3 1 p 1334035 ™ e
CSA® 300 36 1 133
CSAR 300 3 2 TULTIE R
CISAR 300 ¥ 2 p 7178233 7% e
CSAR 300 3% 2 P lM18756 e HH

*%k%k

14 CulnSe2
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