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Temperature Dependence of Energy Gap and Thermodynamic Function
Properties of Cobalt-doped CdsGeSe Single Crystals
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Abstract

In this work CdiGeSe:Co® (0.5mole%) single crystals were grown by the chemical transporting
reaction(CTR) method using high purity(6N) elements. The grown single crystals crystallized in a
monoclinic structure(space group Cc). The direct optical energy gap of this single crystals was found
to be 2.445eV at 300K and the temperature dependence of optical energy gap was fitted well to
Varshni equation. But at temperatures lower than 70K an anomalous temperature dependence of the
optical energy gap was obtained. This anomalous temperature dependence accored well with the
anomalous temperature dependence of the unit cell volume. Also, the entropy, enthalpy and heat
capacity were deduced from the temperature dependence of optical energy gaps.
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Fig. 1. X-ray diffraction patterns of CdisGeSs
and CdiGeSs:Co®' crystalline powders.
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Fig. 2. X-ray diffraction patterns of CdsGeSs
CdsGeSe:Co?" crystalline powders.
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Table 1. Lattice constants and unit cell volume
of CdiGeSeCo”
Temp.| alA] |bIAl| c[A] | g+ | Uit el
volume
300K | 12.334 | 7.087( 12.396 | 110.25| 1016.575
250K | 12.305(7.110 12.304 { 109.58 | 1014.212
200K | 12.292 17.115|12.324 | 109.94 | 1013.212
150K | 12.28517.112(12.320 | 109.91 | 1012.071
100K | 12.281 | 7.098 | 12.308 | 109.54 | 1011.105
70K [ 12.279 | 7.093 | 12.336 | 109.83 | 1010.695
50K | 12.280 {7.091 | 12.348 | 109.91 | 1010.965
30K | 12.283 [7.099( 12.307 { 109.57 | 1011.142
10K | 12.285 [ 7.096( 12.348 | 110.01 | 1011.448
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Fig. 3. Optical absorption spectra of CdsGeSs and
CdaGeSs:Co® single crystals.
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Fig. 4. Energy band gap of CdsGeSs and
CdiGeSs:Co™ single crystals at 300 K.
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Fig. 5. Temperature dependence of the optical
energy gap.

20

cd GeS,:Co**

-
L
T

TIE(Q)-EM) (KeV) X 16

—/

o 1;0 3“)0 3;’0
TEMPERATURE ( K )

38 6. CdiGeSs R CdiGeSe:Co™ TH Aol A
T*/(E(0) - E(T)) W} TS &2l
Fig. 6. The function of T*/(E(0)—E(T)) vs. T

for CdsGeSs and CdiGeSe:Co” single
crystals.



wEAo A9 X o A UF 2T
e A¥AHY BAXNL Varshnig 'l o3
a T
T+8
oz AHoEch 7|4 E0)& FdLZ 0KoAY
F3A A u AY, o B AFolth
CdiGeSs®) ¢ Eg(0)=2658V, a =568x10"
eV/K, B =250KE Fojx| 1, HojF% cobalt® 3
b8t CdiGeSsCo®™ ©ZAY A$E El)-=
2491eV, @ =2.12X107%eV/K, B =127TKE FZ
. 29 6 T°/(E0)—E(T)Y T 42 plot
& AREA oA gtFe 2zeEAo] X
gl Ay 5o A JOeBE Varshni
MR Ao & AdXH Y& AT 5 Uh

8 29 500M CdsGeSeiCo” ©AA S B33
iz o A LxoFEAL 113K A 2.640eV,
30Kol A 2645eV 233 TOKNA 2650eVE L%
7t F7181d oA HE= F7tEtsr 10KE 7
Az 27 d& Z7ist" 100KoA  2.646eV,
200Kol A 2612eV, 300KolA 2445eVE ZA BT}
ol g o]FHQ 2xFE AL CdiGeSe B2EA
AN E FAEHA vhEbxteh?

E% cobalt®: E+EZ H/MY CdGeSeCo” @
AR A o P diFg 2ZEHoR B
H LxA$E Fad 2599 113~T0KdAM&e
dE()/dT=1.7x10"*(eV/K)9 9& 3zov
70~300K el X & dE(g)/dT = —1.370 X 10~ 4eV/K)
o Agg e

HEAAM oA w HHo] Lxe) W] o
£Hx g2 AR dyFoz A AquA
W 7vAo] WalE A EI(volume effect)s) UlF
2 3%E weAd 2 &5+E elecrton-phonond 4
3agd ztZ AUsEe Aoz g8 o 2%
gEAe]l AHAF 7IAHE A$E AdA o
239  LEAF(E/AT)E ¥ ®BEPom,
elecrton-phonon®] A& zHge] 71¢E WE 254
F(dE/dT)7F &9 2392 uvgun 10~10°
EV/KAZS H9g Heg” o ge AFj:
AgGayxInSe: ¥4 A4 S.R. HahnEe® &£
o  25~75K, 100~300KoA @& 2EAF
(23-36)x107%eV/K, —(24-5.1)x10%V/Ks}t 2tz
Bl@s B CdGeSeCo” A9 AS4E X9
o 70~300Ko| A& Varshni eguation'Ve] & =

E,= E,0) -

697

A7 AR A28 =ER Vol11 No9,1998.

55 elecrton-phonong] F&3 & 7|08 %9
Z43s & X9 28y 2299 70Kl st
A A w HZe] ZASE o]¥HU LEE
A4 AAe @Yol A3 AHEAE dPdct
o)sbgto] CdiGeSeiCo™ BAAAA oluixl o 274
o olgH LXEFHAL 1Y 20 Yegd 259
A 10~70KN A @9 A= A A (unit cell volume)oll
e 2EEALT o] vn BN & o, 3
X EE QY 4 dov. war, x99 10~
70K A CdiGeSe:Co™ @249 F3d oA o
o] o|YH LEoEHAAE HAFE UL F
A 2=gdgeN dH AR AHY o]FAHA L&
oJEHA 7edsle Aog HA9EE & Uk

33. 2xoEMozRE WYy ¥+ FH
Lt V)] e-p#Helectron-phonon  pairs)$)
chemical potential (zp+un)d] 2% EHH oy
A o A= FHAH A o 3F 9 entropy S
= 5EAHE 7HAY tgn o] gEg?
po+ u,=Ec—Ey= 4dEc/ Thermal)

- (246, = (20,
= 4E/(Opticad - - ------------ @)

SEHFRA ep %9 YA 97 AqUUA o
Zr8 (BEc - Bv = Ep)& Wtx=Ae §434 ol3lolA
AAe) 9 standard gibbs energy(4GHE REY
F eng 2x ¥ uwe P ZAE
Az o ZHH(EHoZHE AANH g4 £
FE FAY + Uk o)HT W g L2 o]
sloll Al Ge, Si, GaAs, GaP59 Z ¥93 ¥
3 B84 < (uncertainty)¥ 4EcvE 03% ©]3l,
enthalpyt 05% ©l3}, entropye 2% °l3Aq2on
heat capacity® T4 & 20%°)3te] EH8AHE ¢
AG?, 28y FEHoz T A YL
A ol3ldA # Heslmz BFeH quUA o
Ao 2% dEAS YT VarshniWAH 4 2)2
B2E entropy (Scv), heat capacity (Ccv), enthalpy
(Hev)3Hg z+2 #8td g3z

E;= Hey— TSey

Sev=——4 (B,)

HCV == E‘ s T'"(%;(Ex)



Cov= T_—‘!;-T(Eg) ——————————— (4)

0.78

Cd, GeS,

ENTROPY :S,,, ( eVK)

0.25 T—

\

Cd,GeS,:Co

o 160 260 3(;0
TEMPERATURE (K )

33 7. CdGeSs R CdiGeSsCo™ B A ANA
entropy 9] EEA.

Fig. 7. Temperature dependence of the entropy in
CdsGeSs and CdsGeSs:Co® single crystals.
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