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A Ak CulnTe, @2A 9 cHol) 2 2 H3P3t A 59 FA T PUFEAE 293 KellA
20K9] 2EFHA SA). A FAF S 2NE 7% cFoll 73 E HPg Alm
o] o] w 7HA-& AFol A 247} 0.948 eV} 0.952 eVt FAHF -2l g B9
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meVe} 21.4 meVeth, wdl BAF ~ded]o 2 Ve A8 spin-orbit AAFAHE-I AXAF A
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Abstract

CulnTe, synthesised in a horizontal electric furnace was found to be polycrystalline. Sin-
gle crystals of CulnTe; were grown with the vertical Bridgman technique. The pho-
toconductivity and photoluminescence of the crystals were measured in the temperature
range 20 to 293 K. From the photocurrent peaks measured for the samples both per-
pendicular and parallel to c-axis, the energy band gaps of the samples were found to be
0.948 eV and 0.952 eV at room temperature respectively. The energy difference of the pho-
tocurrent and photoluminescence peaks of the samples both perpendicular and parallel to
the c-axis measured at room temperature was a phonon energy, and its values were 22.12
meV and 21.4 meV respectively. The splitting of the valence band due to spin-orbit and cry-
stal field interaction was calculated from the photocurrent spectra of the samples, The Acr
and Aso are 0.046, 0.014 eV respectively.
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Fig. 1. Horizontal electric furnace and its temper-
ature profile for synthesizing of CulnTe, ploycrystals.
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Fig. 3. Vertical three-zone electric furnace and its tem-
perature profile for growing of CulnTe, single cry-
stals.
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Fig. 5. X-ray diffraction patterns for the powders of
CulnTe, single crystal.

Fig. 6. Back-Reflection Laue patterns for the (001)
planes.
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Fig. 7. Back-Reflection Léue patterns for the (110)
planes.
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Fig. 8. EDX spectra of CulnTe, single crystal.

Table 1. All elements analyzed for CulnTe, single cry-
stal

Elmt.% Atom.%
Elmt. Starting Growth Starting Growth
Cu 14.656  13.965 25 23.803
In 26483  25.308 25 23.872
Te 58.861 60.458 50 51.306
Si 0 0.269 0 1.019
Total 100% 100% 100% 100%
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Fig. 9. Photocurrent spectra of CulnTe, single crystal
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Table 2. Temperature dependence of photocurrent peaks for CulnTe, single crystal (c.)

Wavelength of PC (B) peaks

Wavelength of PC (A) peaks

Fine struc- Fine struc-
Temp.(K) nm eV ture nm eV ture
293 1252.96 0.990 | 1313.96 0.944 | P
250 1238.25 1.001 S o 1289.97 0.961 T,
200 1223.10 1.014 Tl 1274.97 0.972 T
150 1207.74 1.027 I 1261.97 0.982 T
100 1200.82 1.032 T 1251.08 0.991 T
50 1194.50 1.038 Tee—T 1245.97 0.995 | Yl Y
20 119245 1.040 | 1243.96 0.997 =T
Table 3, Temperature dependence of photocurrent peaks for CulnTe, single crystal (c;)
Temp.(K)  Wavelength of PC (C) peaks Fine struc- Wavelength of PC (A) peaks Fine struc-
nm eV ture nm eV ture
293 1240.30 1.000 el 1301.92 0.952 =Ty
250 1224.67 1.012 | N 1283.99 0.966 [
200 1209.97 1.025 eI 1266.67 0.979 | Pl &
150 1295.97 1.037 LT 1259.98 0.984 T—T,
100 1186.10 1.045 | R 1244.92 0.996 L—Th
50 1181.97 1.049 | el Y 1238.83 1.001 LT
20 1171.97 1.051 Tl 1237.71 1.002 I
¢l 4219

=49 A$E spin-orbit AtE2HE-7} non-cubic
crystal field®] EA|E7}e] o3k 7He] FAF 8-
2] A(T7a — 1), BTgg — Iy, CTe — T7F
ehdct, o)A 18 119 3EgrRel gt oy
Z] 2909 vlAFzAA B ule} 2l doldH
FzolA A BdEFTEZ AP crystal
fieldell 9Jate] 7PN Tse 0% SEHE 59} &
H=3] e IE Wi, old cFol g
A9 Agle Teld NeE Aozt dofvx

Zinc Blende Chalcopyrite

No Spin-Orbit Spin-Orbit

LN}

Iy Ta

Tis

-

Fig. 11. Fine structures
copyrite.

Ten

Is

dso

Cl I'c

of energy levels for chal-

528l A g8 TellA] TeZ Holrt dejd
t}. o37]ol| spin-orbit A& AHgo] 7k A 7pR A}
o Tse T} T2 WroiRla T Tt "t
o] A& 24% CulnTe, H24 S FHF ¥ =y
3} v|wald cFell A& A Bl FAHF 57
2] A(Ty — T B(Tee — M7 AFF L, &
o] Hajg AR e FAF 58] Al — T)
2} C(Ipe — )7} FZFE K

Agol] air] T3 &5 Hlo} g oA

744 2] 72 Hamiltonian matrix®

Ro4

1
Eqp= 3 (Aso +Acr)—(+)

[l(Aso +Acr 2 - 2 sso -Acr} N (D
4 3
o] 43} spin-orbit AT A4 AR Az At
2| o3t 7pAAe Z22bA Asoe} Acrd 3R
o}, olu) cZol FAg A8} HY7 AR B
=E(T) .5 E(T) 1a, B=ET) 15-ET) oA Acr=
0.0461+0.003 eV, As0=0.015+0.00167 eVY-& o
T et

oz o] 7kAe] 9]

ESI NS

O

Varshini £3%¢]



54 S FBE - ol

Ak A gAY A
aT?
T+p

E(T)=E(0)- (2
2 7% 5 gle o37]4 CulnTe, ©AA 2] 7%
o 201x107% eV/ K2 u 7H49] XA, B
£ 3100Ke)5l 3, 0KellM ] «lviA] o 724 E0)
= e $4% A8 4, E0)5=1.041eV, E
(0)4=0.997 eVol L, cFoll 333 A8 3%, E
(0)c=1.051 eV, F(0)4=1.002 eVolglt}. =3}
off )& A o] 742 A¥gks} Varshinit] ol
Js)A] T3 o] At ¢Sl A A8 B
0.001 eV, cZoll B33 A8 B 0.001 eVEH
228 FAE 5 9lS E A dxEch AR
3} Varshini4] ol 2% o] of 2442 S22 EA
2 19 12, 135 e}

Ao A 2] olR] o] ZHAE cEell $AT AlR
o] 7% B, A %2l o4& 27} 0.990 eV, 0.948
eVolx, coll B33 A8y A5 C, A 552l
93 77+ 1.000 eV, 0.952 eVEith. ellviz] o] 714
9] &xoEAe v £57} 273Kellx] Ao
e ztell wet oluA] o] Zkde] ALl AgAHez
Z7talch ¢ 100K oltellA = 2kl $748 2
ol: git}. o)z Y y-iof ¥ wix Aol A4
5]= A A}- F¥=(electron-phonon)2] A& 2H8-¢l] 7]
Qg Ao AMAP-Fi= AFFAL-E Al ot
2} =9 7} Frlsle] Axp-Em AaAgo] 7

1.08 —T T ™ =T T
—~ 106 1 CulnTe, single crystal(cy) |
=
2
A, 1.0¢
<t
T
~ 1.02
Z
<
m 100
>
&
e, 0.98
=
Z
= o096 .
094 L L 1 1 1.
0 50 100 150 200 250 300

TEMPERATURE(K)
Fig. 12. Temperature dependence of energy band
gaps for CulnTe, single crystal (c,).

=283 A

1.08 : : — '
S ,'OBL CulnTe, single crystal(cs) |
L))
5 C peak
% 104 P
&)
g 102
<
o
5, 1.00
&)
~
& 098
Z,
=
0.96
i R 1 1 1
0 50 100 150 200 250 300
TEMPERATURE(K)

Fig. 13. Temperature dependence of energy band
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Table 4. Temperature dependence of photoluminescence peaks of CulnTe, single crystal (c,)

Wavelength of PL (A) peaks

Wavelength of PL (B) peaks pie struc- Fine struc-
Temp.(K)
nm eV ture nm eV ture

293 1281.56 0.967 Ii—T - -
250 1263.86 0.981 I~ - -
200 1247.97 0.993 =T - -
150 1235.97 1.003 '—T - -
100 1224.97 1.012 =T, - -

70 1221.96 1.015 | e O - -

40 1215.97 1.020 Ii—T 1230.97 1.008 T

5 1214.97 1.020 | el O 1233.97 1.005 I'—Tn

Table 5. Temperature dependence of photoluminescence peaks of CulnTe, single crystal (c;)
Wavelength of PL (C) peaks gy struc- Wavelength of PL (A) peaks gine struc-
Temp.(K)
nm eV ture nm eV ture

293 1267.41 0.978 Ty - -
250 1251.97 0.990 =T - -
200 1234.52 1.004 I'—T - -
150 1224.97 1.012 I'—Ty - -
100 1213.97 1.021 Ty - -

70 - - - -

40 1205.97 1.028 I'—Ty 1227.97 1.010 =T

5 1206.25 1.028 I''—Toc 1223.97 1.013 | K EN
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Fig. 17. Temperature dependence of energy band
gaps by photoluminescence peaks for CulnTe, single
crystal (c,).
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