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Special Projeqt Title CulnSe,-Thin Film from 1 source

evaporat.ion controlled by IBM PC
Name Miss Panlapa Srisogsai

Mr. Pornchai Jaratsunthonwong
Special Project Advisor Mr.Jiti Nukeaw

Mr.Anupong Srongprapa

Dr.Sanay Akavipat

Department Applied Physics
Academnic Year 1991
Abstract

CuInSe, compound has a semiconductor property
that can apply to be the electronic devices, such
as solar cells. In this special project , CulnSe_,-
thin film prepares from 1 source which 1is controlled
by the microcomputer system. After evaporation the film
is annealed and its crystal structure is determined by
X-Ray diffraction method. The determination of the
grain size is studied by scanning electron microscope.
The results show that the crystal structure of CulnSe_-
thin film is charlcopyrite-type with the lattice
constant of 5.833 angstroms (A ) and the grain size

is 4.91
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RLics!
a = AB + BC - AC
= 2AB - AC
Lia AB = d/sin 8 =0 mmeemmmme—o (2)
nay AC = ACcos @
AC =(2d/tan 6).cos 6 @ e (3)

UNUAIRUAIT (2) Baz (3) adlu (1) I=1a
2d sin g = ndA 00 @ cecccmmam—e- (1)

A ' 4
dun19 (4) u&%zm'n nfaasuusnn (The Bragg Law) lﬁuauﬂ"ﬁ

4 <y & H @ I 4 I [
naﬂuﬂinqLﬂiﬂsﬂﬂﬂitamqsuumaﬂiaalaﬂﬂwﬁuaauuneia

P4 ' ' o s <
2.2.1.2 @ uFuNUTISNII9TE 82119289 TEU LN UAIASTIDAY
S CERUET

ﬂﬂnﬂqwuinﬂqwﬁnanaﬁ ( Crystallography ) s

<

< Y Y] ' < ar I's
WA1TWTAIWANYTENBUAIY TEUINEAAET L3 BaudggdnvaunuTsuiuge
as L] a g 3 L
ﬂenaﬂ11ﬁﬁqagﬂuuuﬂqu @2 (h k 1) 3¢ h,k wuaz 1 (Jutandtuau

a 1] 3 ] . i ar 4 3 I3 K3
LANNAIAIMA 0,1,2,... d9L38A97 G¥UARLaaT (Miller indices)

g tar a

s 1 - ' 4 : 4
izﬂSﬂﬂ053W11ﬂisuﬁU1uqﬂlﬁﬂ?ﬂuﬂuﬂﬂﬂnﬂﬂuaalaai th,k,1) uazaia4n

. w ¢ ] » s

2DITATINAN (a,b,Cox, 8,8) AIINANUUSTENIVTITEISNRINTDITSUIVAY
J A < < .
AMadnaagTassNangasTsuunan (crystal systems) wauua9qg 9109
o o
ANRITINN 2.1

s dv L]

ﬁﬂﬁﬁuwﬁﬂnﬂma§1uisuumeizinuﬂa (Tet.ragonal systen

< [ [Y] € [ Hq

a=b#c, a=p=¥=90 ) WUIIAIINTHWUTANIARIIIUAD

2

1/d = ((h® +k57a%) + (1%/¢%) -=- (5)
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Ba19192F8A1TN (4) 142 n = 1 AuduA1IN (5) KA

=3 b2 as (4 u ] 4 g 4 I's
AastaandnliugntEn1d1aeNzasTaswan (a,c)  LUBNTILYNLUIAN (0)

a3988120auzasSeaLant (A ) uazaduNataad (h,k,1) Gvdunag

4sin® 87 2% = ((h® + K5 7a® + (1%/¢%)  ——e= (&)
2
Cubie: 1 _E+E+E
a? a?
1 R+ B
Tetragonal: _—=— -
4 - 7 a? 24 &
1 4/ +h+E\ B
Hezagonal: s=s=-|l—]+
a2 3 a’ &
Rhombohedral:
162 (R® + k% + PP) sin® « + 2(kk + ki + kD) (cos® a — cos::z.)
d? - a*(1 — 3cos® a+ 2cos® a)
I B BB
Orthorhombic: —=—=+4 =4 =
“ AR

Sl B (D o

Monoclinic: — =

1 (h2 Ksin®28 B 2hlcos
d® sin’g

, 1 1
Triclinic: d—é = I/—'2 (Su}l2 4 S22k2 + Ssslz + 2Slzhk + Zgzakl + 2S|3hl)

In the equation for triclinie crystals
V = volume of unit cell (see below),
Sy1 = b’ sin’ g,
S = a®c®sin’ B,
Sa3 = a®¥®sin? y,
S;2 = abc?(cos a cos § — cos v),
Sa3 = a®be(cos B cos v — cos a),

Si3 = ab®c(cos ycos @ — cos B).  ---

) v € 3 »
f1918N 2.2 uﬂﬂ\Tﬂqqﬂaﬂwuﬁ"igﬁ']qQi%ﬂzﬂ']ﬁﬂﬂ\‘ﬁzu']ﬂ
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Crystal
Structure

Diffraction Does Not
Occur When:

Diftraction
Occurs When:

Body-centered
cubic (bec)

Face-centered
cubic (fec)

Hexagonal close
packed (hcp)

h + k + I = odd number

h, k, ] mixed (i.e., both even and
odd numbers)

th + 2k) = 3n,/ odd {n is an
integer)

h+k+1= evén number

h, k, I unmixed (i.e., are all even
numbers or al} odd numbers)
All other cases
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A1978Nn 2.3 uﬁaﬂnanﬁﬁazﬁauﬁ30ﬂ1slaaasuuraﬂieﬁsanﬂ
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A = 2a sin 0 /¥ h*+k*+1% - (7)

y . A as 2 ¢ <
aunqiuaﬂNW$a1§nu§aganwisaﬂqtuuﬁeﬁtaﬂﬂ TunIAN
‘ -
Tﬂiﬂﬂ%10w§ﬂ§nn1ﬁnsﬁu body-centered #wia face-centered cubic
w s N 3
Taaldfun1T (7) dMTUAITILATILWATITIAAICUE  BI4 T
Q,Jﬁ 2 o s E 74 g [
NTIVTLUILNAAN S VU TEUIULAA L VU IMTULARLLUUDBNTATIFTINNANR INTY
simple cubic lattice nﬂiazﬁauaﬁnqnszuqu (hkl) SN IO T
[ 4 as U g <y .ﬁ
88191 NAINAMTUTASIATIN  bece ATLRALURLANERWILTEUTUR 9 DU
. . . 4 3 o oW . ]
Miller indices iNaiWNuas9u (hik+l) L%ﬂaqﬂﬂunuawuaug (R15797
- = a Y] < 3~ H ﬁ
2.4) aSUUIIMITUTAIITTIINANL UL bece ZRIUATITIRA L UNWUT UL U
: d
(110}, {200}, {211} tiupu  FwWAaTUAITINN 2.5 TUNTATATIHTI
i | i % . o '
Wan fcc  FEUIUNITLASI L UNWUFINTAY Miller indices Lﬁunaniﬁg
X YaC)/ . -
Ba¥a (0 %qnsmﬂtﬁué) GeludMIUTATIAT1WANRYY  feo  TEUIL

-1 ) 3 <
LaSILVUL LU {111},{200}, {220} lﬁuﬂu ?ﬂuﬂﬂﬂ‘luﬁﬂ‘i%‘lnz.s

Bravails lattice Reflections present Reflections absent
BCC (h+ k+ 1} =even (h+ k=~1)=003
FCC {h. k. I} all ocd or ol; {n. k. I) not al oo

. even . or a even

) X
A19519N 2.4 uda9ssuy (hkl}Bavni7i a8t uulunanallia
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{hki)

h*+ k2 4+ 12 FCC BCC

1
2 < ees 110

3 111

4 200 200
5

6 . .24
7 %
8 220 - 220 -
Q
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310
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< a I -1 ar <
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2.3.1.1 @2ul9znauUWuzIUTay SEM
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Electrontgun
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A

Control panel

. . X . Vacuum control
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un alignmen
Diffusion pump Focus
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Magnification

Scan generator
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19180 4.3 UAAY Grain size number

Nominal number Grain
faag1en of grains per size
in® at 5000 x numnber
1 32 6
2 22 5.46
3 15 4.91
4 64 7
5 75 7T.23
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51885 L 28AW8N ASTM DATA CARD

Explanation of the Data Card Format

The card shown at the left has

spaces numbered from 1 to 10 in-
clusive. The explanation of the
symbols in the various spaces is
as follows:

10
4 | 1a b 1c d
7 8
'L | 2a 2b 2c 2d
Rad. A Fuleer Dia 44 ey hkt CL] Vi o)
Cut off 11
Ref. 3
Sys. S.G.
ag ba co A [
a B y z Dx
Ref.
4 9
«a awf oy Sign
2y D np Color
Ref. 5
6

rone 1.3

Spaces 1a, 1b and 1c—These contain the inter-
planar spacings corresponding to the three strong-
est lines in the diffraction pattern, chosen from
the forward reflections, where 20 <90° Note that
the minimum d-spacing used in the classification
depends - upon the wavelength of the radiation
used.

Space 1d—This gives the largest interplanar
spacing found for the specimen.

Spaces 2a, 2b, 2c and 2d—These contain the
intensities of the lines in Spaces la, 1b, lc, 1d, re-
ferred to the strongest line as 100. This intensity
cccasionally is given a number greater than 100
when it is very much stronger than the rest of the
pattern.

Space 3—Rad.—Source of the x-rays (Mo, Cu,
etc.). A—The wave length of the x-rays used in
Angstroms. Filter—The substance used to filter
out extraneous wave lengths. Use mono. for
monochromator. Dia.—The diameter of the cylin-
drical film holder. Use Guinier for Guinier camera.
Cut offi—The longest spacing possible with the
apparatus used. 1/I;—The method used to measure
relative intcnsities. This ordinarily means either
diffractometer, microphotometer, calibratsd strips
of photographic film or visual inspection. Ref.—
Source of the data listed in Spaces 3 and 9.

Space 4—Sys.—Crystallographic system to
which the specimen belongs. S.G.—The three-

dimensional space group symbol and, in paren-
theses, the number of the space group as given in
‘“International Tables for X-ray Crystallography”
pp 545-553 (1952). a, by and coq—Lattice param-
eters. A = ag/bg, C = co/by—Axial ratios, a, 8,
y—Interaxial angles. Z—The number of chemical
formula units per unit of structure. For chemical
elements, Z represents the number of atoms per
unit of structure; for compounds, Z represents the
number of formula units per unit cell. Spaces 7 and
8 show usually the simplest atomic formula for the
compound. The ‘“‘dot” formula has been multi-
plied by an appropriate factor to make it agree
with the formula in Space 7. Dx—Density calcu-
lated from x-ray measurements. Ref.—Source of
the data listed in Space 4. V—Volume of unit cell,
may be included.

Space 5—ea, nwf, and ey—Indices of refraction.
Sign and 2V have the customary optical meanings.
D—Measured density. mp—Melting point. Color
—The color of the specimen as ordinarily seen or

‘as seen when examined by microscopic methods.

Occasionally other data are listed in this space,
such as hardness (H) and luster of minerals. Ref.
—Source of the data listed in Space 5.

Space 6—This contains further pertinent in-
formation, such as chemical analysis of the speci-
men, source of the sample, sublimation point



(S.P.), decomposition temperature (D.T.), transi-
tion point (T.P.), heat treatment, temperature at
which the pattern was made. etc.

Space 7—Chemical formula and name of the
specimen. The nomenclature follows, in general,
the 1957 IUPAC Nomenclature of Inorganic
Chemistry (J. Am. Chem. Soc. 82, 5523 (1960)).
Specifically, for the names and formulas of com-
pounds, cations are arranged in order of increas-
ing valence (IUPAC Sect. 6.321) and, within a
valence group, are arranged in alphabetical order
(compare Sect. 6.322). Anions are placed in the
following order: O?, single elements, multi-
ple elements H—, OH—. The following rules of
nomenclature will apply to set 20, subsequent sets,
future revision sets and to all indexes.

1. The names for monatomic anions shall con-
sist of the name of the element with the termi-
nation -ide.

H~ hydride Se*” selenide
D~ deuteride Te* telluride
F- fluoride N nitride
CI- chloride P phosphide
Br- bromide As¥ arsenide

I- iodide C4 carbide
0% oxide Si*- silicide
S?” sulfide B*” boride

2. The names of certain polvatomic anions have
names ending in -ide. ‘

OH- hydroxide
Nz_ azide
NH? imide
NH;~ amide
N,H,~ hydrazide
CN- cyanide
C;* acetylide
CN2* cyanamide
O;~ ozonide
3. No prefixes indicating proportions shall be
used.
4. The suffix -ate will be applied to negatively
charged complexes formed from B, C, N, O,
F, Si, P, S, Cl, As, Se, Br, Te, 1, or At with
oxygen. The suffix -ite will be used in the fol-
lowing cases only.

NN(()) 2_ nitrite
22

Po{
P.O;!
SO

=
: ’8":- sulfite
24

S,0.2

As.O;~ arsenite
SeO;? selenite

phosphite

ClO. chlorite—correspondingly with other
CIO—  halogens

Prefixes indicating oxidation state (hypo,
per, etc.) or water content (meta, pyto. . . , etc.)
will not be used.

. For polyatomic anions other than those men-

tioned, the central atom shall be named first
then the atoms and groups attached to it.
That is, the apparent positive ion shall be
given its name then the attached anions; e.g.,
SiFg& Silicon Fluoride. Certain anionic com-
bination names shall be retained, SCN, thio-
cyvanate: CNO. cvanate: CN. cyanogen: and
CS;, thiocarbonate.

. Certain radicals containing oxygen have spe-

cial names ending in -yl and these shall be used
as follows:

HO hydroxyl
CO carbonyl
NO nitrosyl
NO: nitryl
PO phosphoryl
VO vanadyl
SO sulfinyl
SO; sulfonyl
S0 sulfuryl
SeQ seleninyl
SeO; selencnyl
CrO, chromyl
UO; uranyl
NpO., neptunyl
PuQ. plutonyl similarly for the actinides
ClO chlorosyl
ClO, chloryl and similarly for other halogens

The above mentioned polyatomic radicals
always are treated as forming the positive part
of the compound.

. Acids containing more than two elements, one

of which is oxygen, will be named hydrogen
-ate subject to the rule for applying the suffix
-ate mentioned above.



. Oxonium shall be used for a hydrated proton
H,0*. o
. Aqua shall be used for water co-ordinately
bound to a specific ion.

RULES OF ORDER

. Alloy names are arranged in alphabetical order
of the element, regardless of the order of the
elements in the formulae,

. Cations, except hydrogen, shall be arranged in
order of increasing valence with polyatomic
cations at the end of their appropriate valence
group, except ammine or aqua which shall
follow the cations with which it is associated.
. The cations of each valence group shall be ar-
ranged alphabetically except for the poly-
atomic cations as described above.

. Anions shall be arranged in the order:

02

Other simple anions (containing one ele-
ment only) alphabetically except H~
Polyatomic inorganic anions, alpha-
betically

. Organic, alphabetically

H- .

OH-

. Hydrate

Ommg 0 Wy

PHASE DESIGNATION

Alloys and metallic hydrides, borides, car-
bides, nitrides and oxides are given formulae
asdescribed in the ASTM Srandard Method for
Assigning Phase Designation in Metallic Sys-
tems (E 157 - 77). The phase designation con-
sists of two parts:

(a) If the phase consists of elements in fixed
stoichiometric proportions, the chemical
formula is used in the first part of the
designation and put in parentheses.

The chemical formula may also be used in
the designation of a phase existing over a com-
position range provided there is no significant
change in the structure; that is, the diffraction
pattern remains essentially unchanged through-
out the range. If the structure of the phase
varies enough to produce significant changes in
the diffraction pattern, (for example, if the
changes in the pattern are large enough to
necessitate multiple entries in the indexes to the
“diffraction pattern), the first part of the desig-
nation (in parentheses) must consist of the
chemical symbols of the elements necessary for

the formation of the phase, placed in the order

of decreasing atomic percentages and sepa-

rated by commas.

(b) The second part of the designation, which
is based on the crystal structure, consists

of an Arabic numeral and 2 capital letter.
The numeral shows the number of atoms
per unit cell; the capital letter indicates the
type of Bravais lattice. In the printed mat-
ter, the letter should be in italics; on our
typewritten card, we underscore the capits!
letter. The following letters are used for
the various lattices: '
C—primitive cubic’

B—body centered cubic

F—face centered cubic

T—primitive tetragonal

U—centered tetragonal

R—rhombohedral

H—hexagonal

O—primitive orthorhombic

P—body centered orthorhombic

Q—base centered orthorhombic

S—face centered orthorhombic
M—oprimitive monoclinic

N—centered monoclinic

Z—triclinic

Examples: (Bi.Te;)5R,. (CaPt.)24F, (ZrO.)-

127, (NaZny)112F, (Re, W)588.

(c) If two phases consist of the same elemer.t<
and have the same number of atoms per
unit cell but different crystal structures, a
lower case letter is added immediatcly
after the numeral to distinguish between
the two phases.

Example: (Se)32aM designates alpha selenium

and (Se)32bM beta selenium.

(d) An ordered phase is identified by a prime
mark following the capital letter.

(e) If the type of lattice and the number of
atoms per unit cell are unknown, a tem-
porary designation is used. The first part
is the same as that for the permanent
designation, but the second part is given a
Greek or Latin letter. As soon as the type
of lattice and number of atoms per unit
cell have been determined, the temporary
letter will be replaced by the permanent
structure symbol. It is urged that every ef-
fort be made to avoid the creation of more
than one temporary designation for the
same phase. That is, subsequent authois
should accept the Greek letter (or other
letter) assigned by the first author to de-
scribe the phase. This can be achieved by
checking the file of diffraction patterns
supervised by the JCPDS International
Centre for Diffraction Data.

(N

The JCPDS has adopted the following prac-
tice regarding the temporary phase designa-
tion of compounds which it has submitted



also for consideration to ASTM E 157-77

1. If the type of lattice is known but the num-
ber of atoms per unit cell is unknown. a
lower casc x is placed before the lattice
_symbol.

2. If the type of lattice is not known but the
crystal system is known, a symbol for the
crystal system followed by a lower case x is

used in place for the symbol for the space .

lattice. e.g. Ox = orthorhombic system, Mx
= monoclinic system.

3. To avoid complications which the intro--

duction of the phase designation svmbols
may cause in computer application. the
whole phase designation is enclosed in
square brackets. In the printout, these
square brackets can be entirely suppressed.
Space 8—*Dot” or structural formula for the
specimen, when available, above the mineralogical
or common name, if any, of the specimen. Paren-
theses around thc name indicates a synthetic ma-
terial. A ¥ in the upper right corner of this space
indicates that the card contains data of high reli-
ability; an i indicates data which has been in-
dexed and has estimated intensities but not as
reliable as a starred card: a ¢ indicates a calculated
-pattern; an O indicates low reliability, depending
upon the type of pattern. The pattern of # simple
structure prepared without indexing of the lines
might be considered to be of low reliability, while
for a complex structure accompanied by some in-
dication of a single phase sample, lack of indexing
would not warrant an O. This symbol is assigned
by the associate editors. :
Space 9— This provides columns of interplanar
spacing, relative intensities and Miller indices. The
relative intensities may need some explanation be-
cause the intensities published on the following
data cards frequently are different from the in-
tensities which the author used. In order to com-
pare data from one source with another, we have
written all intensities as simple numerical values

between 0 and 100. The strongest line in the pat-
tern is 100 (unless it is so much stronger than the
other lines that it is given a greater value), If the
author used multiples of § or 10 to expresss his
intensities, we did not change them. But if he
used more precise numbers, such as 96.5.27.1, 17.0,
104, i.1, we wrote them as follows: between 106
and 20, we rounded off to the nearest multiple of
5; between 20 and 0, we rounded oft to the nearest
even number. If an author used letters or words to
show intensities, such as VS,'S, M, W, VW, YVW,
we assigned numerical values, usually multiples of
10 between O and 100 to the letters, The values be-
came VS = 100,S = 80, M = 60, W = 30, VW =
20, VVW = 10. Since there are more than a dozen
variations of scales of letter intensities in use, the
numerical scale will vary as necessary. The follow-
ing abbreviations may be used in Space 9:

b = Broad, fuzzy or diffuse line

d = Doublet '

n = Linc not given by all sources

nc = Line not accounted for by the proposed

unit cell

ni = Linc cannot be indexed with given unit
cell

np = Index not permitied by given space
group .

g = Intensity uncertain owing 1o presence of,
or overlapping of 8 lines
tr = Trace .
+ = Additional indices arc possible.

Space 10-—The location of the idemification

_number of the card. The second card of any pat-

tern requiring two cards is indicated with a small
letter ~a” following the card number.

Since the cards for Sets 28 and higher are
printed back to back, the small number in the
upper right hand corner of each card indicates the
pattern which appears on the reverse: side.

Data added by the editor are enclosed in square
brackets.



d 2.09 1.81 1.28 2.09 Cu *
M 100 | 48 20 100 | Copper (Copper)
7
Rad. Cuka; A 1.5405  Filter Ni  Dia. . da | 1] bki da | I';| eW
Cut off I/1; piffractometer LI 2.088 1 100 | 111
Ref. Swanson and Tatge, JC Fel. Reports, NES (1949) 1o | o] M
.27 2 2
- 1.0900 17 311
Sys. Cubic . S.G. o;;r.h 1.0436 [ 222
29 3.6150 by co 4 R
a ¥y Z 4 Dx 8.936 o_:g:: ; ;gg
Ref. Ibid. 5083 | 8| 420
a awp ay Sign !
v D op Cotlor
Ref.
Johnson and Matthey-spec. sample, annealed at 700°C in
yacuum.
At 26°C, -
To replace 1-1241, 1-1282, 2-1223, 3-1005, 3-1015, and
3-1018.
5-064 2 MINOR CORRECTION
d 2,72 2.30 1.68 2,735 In t
1, | 100 36 24 100 InD1m {inp1u)
Rad Cuke,  a 1.5408 Filter Bi dAfum | wd FeA |1 b0
Dia Cut off Coll 2,715 | 100 101
1/1; 6o Co DIFFRACTOMETER d corr. abe ? 2.471| 21 002
Ref Swanson awp Fuvat, NBS CirouLan 532 2,298 3¢ 110
4 - A S8 | 2 | i
Sys. TEYRAGONAL BG. Doy = Ta/reme 1.625 ) 12 200
fe 8.2517 by € 4.9459 A C 1.521 | 1.470 16 103
e B y z2 1,395 | 23 211
Ret IBiD. 1.388 1 202
: 1.2368 3 004
o | 9 Ty Sign 1.1493] S 220
v Dy7.288 mp Color 1.0004] 12 213
Ref 1.0587, 4 801
2.0428) S 222
SaurLE Frow FisHer Sci. CO. SPECT. ANAL.S 1.0282] 8 310
0,018 Fg,N1,51,58; €0,0018 AL,Cu,Cap 0.9845] 3 204
€0.0001¢ As. . « 9495 3 313
X~RAY PATYERN AT 26°C. .005¢] ‘2 903
+B874 4 322
=8180) 3 215 .
{Repraces 1-1042
6-0362 MAJOR CORRECTION
4 3.01 3.78. | 2.07 | .78 | (Sel3y $
7 100 55 3s 85 SeLentum {SeLEniw}
Rad Cuka 1 1.54C5 Fiter Mt dA Jun o bd f oA} UL | oSH
Dia. Cut of Coll. 3,78 85 100 2.038 2 =%
1/1, DIFFRACIOMETER d carz, aba? 2.0 100 01 1.02¢ 2 3
Ref, SwansoN ET aL., MSS CincuiLar 539 VoL 1(195?2.:84 28 210 0.659 2 . 1
2.072 s hH
Sys. HExAGONAL sG * 1.896 ot 1L
a 4,3662 be e 4.9836 A C 11334 1.8%0 | 4 200
° 8 Y Z3 Dx 4.809 f1.766 2 0
Ret. lgin. 1.450 et oc3
1.637 12 lcl;
1.512 8 bi
ta nmﬁS-OlW74.04(NA) Sign o 0 202
2v D 4.6C mp 2209C Calor Gaav, agp - {1 et u 20
Ref. Dana’s Svatew MingRaLoGY, TTe £p. Yoi. i :",72 ‘f 21
SawPLE FROM THE MaLLInCKRODY CiEwe WS. 1.217 < 11
Speet, aNaL.t «0.01%, AL, S1340.001%0 B, |1.244 2 =3
3a, Ca, Cu, FE} <€0.0071%0 Ag, B1, Co, Lie 1,238 5 212
X~RAY PATTERN AT 260C. 1,222 4 0
® F3,21 (152) ow P332 (154} 2,176, [ Pl I 8
1.123 3 a0z |-
1.0 -t & 232




23-207

d | 207 | 13| S| s (CulnSe,)sE

{High pressure form III)

h 100 80 70 50 Copper Indium Selenide
Rad. fuka A 15418 Filrer Dia. dA Junh] okt [ da T T wa
Cus ofl I/1) Visual :-:;‘ 1:.5 2;
‘Ref. Range et al., Z. Naturforsch,, 238 1262 (1968 o
. ke . c = (1se) 1764 | so| m
1461 ss| 400,
Sys. Cubic S.G. 1.346 | | s:
a9 5.8 bo co A C 1096 | 70 &2
a : Z [2) Dx 5.58
&l Ibid. y 1.126 | 80 { 511,333
ta nwf cy -, Sign
v D mp. Color
Ref.
Zincblende structure, forzed from high prossure
wodification CulnSe; 1I at 1K bar, 25°C.
23-208
d 1,98 1.07 1.14 3.22 | (CulnSe,)BF (High pressure fors II) i
[ 52 5 100 75 60 S0 Copper Indium Seclenide
Red. Cufa A 1.5418  Filter Dia. dA JLbif mkt | dA U1} bk
Cut off /1) Visual 3.22 { S0 111
Ref. Range et al., Z. Naturforsch,, 238 1262 (1968} 1.976 | 100 § 220
= 1.682| 45| s
1.394 | 48| 400
Sys. Cubic S.G. 1279 25| s
ag §5.58 b co é @ g rwt! 140 | 60| 4:
a y x 6.
Ref. Ibid, 1.074 | 75 { 511,333
<, awf ¢y Sign
2v D mp Color
Ref.
Zincblende structure, formed At spprox. 40K bar, 400°C.
23-209
d 2.04 1.78 3.34 $.20 (CalnSe,;) 160 *
i
{100 s 6 Copper Indium Selenide
Rad. Cia A 15418 Filer N  Dia. 1l4.6m da bitil skt | da }it ) bid
Cut off 141, Microdensitometer 5.20 6 101 0.9777) 30 ' 516,832
Ref. Parkes et al., Dept. of Electrical Engineering, 3.3 H 12 -94821 2 | 437,507«
University of Salford, England 3.2 6 108 9180 15 | o212
< - 2,82 18 2 .5140| 30 | 620,064
Sys. Tetragonal S.G. 1424 (122) _ 2.18 s | 105,13 | .es21] 20 11
ag  5.782:0,001 co  11.62120.00) C 2.010 2.04 | 100 | 204,220 |} .ss09] 6 | s09,439
Ref. oid 4 Z {4) Dxf5.75) ) ylgg | "6 | sm -sa1s| 10 | 545,633
. . 1.743 | 85 | 116,312 .8357] 15 | 448
- 1.480 | 6 | 305,323} 8285 8 529
ca nwpB ey Sign 1.446 | 25 400 2134) 8} mpe
v D op Color 1.393 ] 4 i27,e1] nsf 20 ) sig
Rel. 1.327 | 35 | 316,332 § .s097] 30 | 712,552
1.256 2 19,3077 -
1.200 2| a3
Seni-conductin, cw?o\nd 2
Prepared from lg stoichicmetric mixture of the elements 1.181 60 324
(98.9998 \ Cu, 99.9999 § In and 59.9998 3 Se); mixture | 1-151 z; 501,351
sealed under vacuum 1n a qua:tz capsule, melted, i“;;; s ﬁ;‘zg
dered and ed . . .
powdere: annealed at 790°C. 1035 p 505:435
1.08 | 20} o8
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2.025 220 5.728

204 5.648

1.732 116 5.473

312 5.738
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