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Optical Properties and Thermodynamic Function Properties of Undoped and
Co-Doped ZnpsCdosAkSes Single Crystals
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Abstract — ZnysCdosAl:Ses and ZnosCdosAlSesCo” single crystals were grown by CTR method. The grown single crystals have
defect chalcopyrite structure with lattice constant a=55%6A, c=108042A for the pure, a=5.6543A, c=10.8205A for the Co-doped
single crystal, respectively. The optical energy band gap was given as indirect band gap. The optical energy band gap was
decreased according to add of Co-impurity. Temperature dependence of optical energy band gap was fitted well to the Varshni
equation. From this relation, we can deduced the entropy, enthalpy and heat capacity. Also, we can observed the Co-impurity
optical absorption peaks assigned to the Co® ion sited at the Tg symmetry lattice and we consider that they were attributed to

the electron transitions between energy levels of ions.

Key Words : Entropy, Enthalpy, Heat capacity, Optical energy gap, Varshni equation, Single crystal

1A 2

A4 FEgE vxA sted O-Me-VI,E([=Zn, Cd, Hg,
M=Al, Ga, In, VI=S, Se, Te) ¥t= A= defect chalcopyrite,
spinel 5¢ 2A F2E 749, 21 FA 9429 gy
osl W 7+Z 9 Az Fol ol FFES vlEe 9%
3taL, ol SFEAA YEd & fle AZE EAo 7l
gt =3 o 717e) FHAs g Jdo) X)) WE
o] optoelectronic device & A &ste B¢ £xo wa A
g2z AT + do FEF AR ARER AdHT )
th(1] ZnAlSes ¥ CdALSe; ©HZAAS Wg VFEME
Hecht5[2], Range¥[3], Krauss5([4], ParkZS[5ll <3 A
Aol Bt 54 9 23 54 d77 2ag 8 gla,
EF o] FHHENA 3dH-e] F£49 Cr, Co 4B &
t BEF EA dsi Brag b ok o9 o] AlS
¥ 3stE ZnAlLSs, CdALSs ZnAlSes 2 CdALSes AR E
2 AN 2¥9EY YA 1 E 1z YFEAS
ZER 3 glel AN df dolex= 9 FHolAY $& N
o] F& FYE WMEAZA T4o] wmolAn Yt FH I
T 0-AL-VI4 ¥ 33E U=Adr F4948 435 28
8ta] o]Foj R LA (solid solution)oll gk TWAlo] o}

YOF ® B OERKAS REEH B
YOE @ B OKBRNBAE GBERN SIH%S
™ OE @ 8 RTATAR BEXER Mk
S OF @ B SERERHNETEWEET LN WER
T & B eI AS B B8
VST e B wimETAE R BEE
BZaE : 20024 7H 21H
B#5ET 1 2003% 58 7H

ZnosCdosAbSes ¥ ZnosCdosAbSesCo’” THZE Aol Mex &

0z
-]

2

2
o
o
+
4»

A Yot o)E nE&AE TH i FHY =¥ E
gagezy AxSSs B duA o 13 F
ol Y $&5AHS ZECD o nEA SFEE
iE A7 I% 949 zinc® cadmiume A% 23l
o]F A ZmCdiGaSed6], Znm-Hg«GaxSel7l, Cdi-HgiGasS4
[8l, ZnixCdGazSed9] 5ol st 2oy MF Y4 AlE ¥
gatn I2 949 zinc® cadmiume 43 2@ o] F
o ngA e W dFE o AAR we ATt
BREA B3 A Aol

P ATE O DeM-Vid 28A 3FEd g 4
T2 RN OFCEZAM Zn, Cd MELEA AL VIFLE
Al SeE AHI ZngsCdosAlSes LAY F= 2 Fab3y
Z1REAE wYstg. 2L dAgegPez AFAZ
o9, 479 dEAY XA 3d FHoRRY AAFZE
TE1, AT 2A9EA € AWAA A 9A
(tetragonal distortion factor)®& FH3l¥ch. =3, 13K~
289K} 2x=99oly BESF EAHE FH39 dqux o
A 2ZEARS FHENeH V12H 9498E g8
F3sath. 283 289Kl A cobalt €& #HEF 29
EYPL FHIA ol 2HEHS AT oEL =YY

s,
2.4 ¥

T4 AZA iodined ol &% dlFgF$HoE dAHAAS
ARAANZAY}.  F3A5$UL Bridgman WE®  THM
(Travelling Heating Method)$¥ S &) 38 @43
azle AXT, ¢Z2A 4FA ampouleZH-E ) o4
& AF £ e 2o ol ARE AAVE A& =

o 275



USRI 52C% 748 2003 78

of BeH EAHL dysted folsith gE=2 A8E 4
48e A7 10mm, 54 2mm, Zo°] 400mm¢ 9 H9dH
o2 HF 2473 3¢ 919 & F, $/55= A3sx
AxAZFHT. dxd 49T A8 PAE AEHE
aluminum 3} g3t AL FA7] $3te] HFF Wie
I+E benzene S o] &3ld ©dAIHS 4 B9 Hyg@
< wEQY. gaude] I Ng@ LH-r—J Ay Ee
Eg AAsY) st 9B WEE 2X10°torr o IEFo
2 "7l A718A Agd e oF 1000C Axe €& 7}
3t WRe EE#EE AAINAYY. ZnesCdosAlSes 2
ZnesCdosAlSesCo” BZRE ARAAI7] A3 nEx
(99.9999 %)) ZnCl, Cd, Al, Se & 3 u|o] w3o] A
ZFald Fuld BY AHgHd ¥, F4EA= ALEH
iodine(£ % 99.99%)3% &7 A Wit AFL 5x10°
torr2 FXSHA FYstd FFE FFTE ¢EUT. o9
F4EFAZ AL HE iodine?] 42 AFY dZAHY A3
S9ZdA AdAExe A 9FS v 2=2[10] ofdl HIFH
6mg/cm’e} iodineS AMEEETH EF, BAAY 4F A gE
TA 94t @& 283 E ZE seleniumo] F7IHR
WPE WP EA3A Hol AT dAdARe] FEgIFEH =
AL ZEE 37 A%tY 10mol% seleniumZ FHJo =
HA7retg ey, BEEZE cobaltE 2mol% H7tsle AE4
FES DEADG 48 EEE 438 two-zone -’F—%"W]
29 FYRE ¥, 100C/h 2 £E2 600C 7HA 24
A 24 AHEG FA F, oA 100C/h e £EE 950T 77}11
F2AIAAM 4B AT Fo AU, AR AF &9
FETES AASY) Y3l AR $¥F9 2EE 800T,
AR A= 2EEF 950CE sl thA]l 24 AFEL /A
A 2A A4AE5Y AFECES AR AAT F, &
23S AZAN7 Y8t AEELEZE 90T, 8PS
80CE 3t 74T AFAAY. dFd A A4FdE F @4
A9 iodine & AAZZ Y8 SS9 ALe AT

AZEe 25 250T oA 10 A5 fR8td Ay

T AX7A AqPEtATh ol¢ 2ol 4FE dEAL

F71%5d =&8AHAE W A0z WHIHGoH,

Bt 2223k gelx, 2J8 A5 o2 7t
TE= IF F 1*1 FAFAY, neEd 3}3} £

Xrlr ot

Ax Azt TwEJYTE H4FE dFAAL oo B
&4 EPga, aﬂv‘:- 5mm X 6mm X 1.5mm 0213'., BETE
H7ME e A% FNEAT 428 By

A8 Zm-xCdeAl(S,Se)s L Zni-xCdAL(S.Se)sCo® &
AR ZAEAML ICPS (Inductively Coupled Plasma
Spectroscopy, JY 38 PLUS, France)$} EDAX (Energy-
Dispersive X-ray Microanalyzer)2 &<elstgon|, 333
£ BEse AEY 54 FH olgIn AAFRE
Adg @dAL %2 89 X-ray diffractometer (XRD,
Rigaku, DMAX 2000, Japan)& A}&-3te] XA 3dMegh
B T3t A48 XAE 33 1.5405A 9 CuK. 403
th ZAHoZRE AL XA FHHFHE JCPDSHAE=AA F
oz AAde A w3 Arje vmsyd 23¢ PR
Hel AFAHES ZA}3la, Nelson-Rilleyd] ZA4[111& o]
23l A4S g T BEF 54 4L ANE
S A3E 924 AAEY wdEe FshH YoM ALO; ¥

—

o
-

276

H0.2m) & ©l &3t FA 250~500m 7t A Avisle FEF
I Fo] & 4Y FeEldel B Azsge U
g A9 2= gEHE T3] Hso V2 FFY S
Mg FESF ~¥HEHE A2FX(Air Products, SH-4)7}
23y UV-VIS-NIR spectrophotometer(Hitachi, U-3501)
& AE3te 310~420nme) 33 4QA S} ol
%3 LZE 13K~289K7HA @3 AIF Y. Cobalt B¢ £
g FEFSF 5L 208K 9 =9 200~2500nme] =7
P FET 29ERS FA3t FEH

3. g ¥ o

Y ZnosCdosAlSes 2 ZnosCdosAl:Ses:Co” TA A 9]
A% FE2E WYY A8tq ol vdA U9 XA 3
A4S FAHHUYG ¥ 12 ZnesCdosAlSes ¥
ZnosCdosAlSesCo® @A Eoo] g XA 3NFRHE
UyetWllz, ¥ 19lAM  defect chalopyrite &2 (112),
(103), (202), (114), (213), (204), (116) A 31d == 7} 3
o] #&H U

ZnMCdo_ﬁlee4

DEFECT CHALCOPYRITE STRUCTURE

—_—

:.2 a=559%6A
c c=10.8042A
-]

o

[

<<

e

n

z | |
m ,

. * 0,
> Zno.SCdo.ﬁIZSe‘.Co (2mole%)
= & DEFECT CHALCOPYRITE STRUCTURE
8 =g a=56543A
> = c=10.8205A

<
©
=

10 20 30 40 50 60 70 80
20 (deg.)

33 1 ZnosCdosAlzSes2t ZnosCdosAbSesCo” THEE 2ol
XM 3 HRY.

Fig. 1 X-ray diffraction patterns of ZnosCdosAlSes and
ZnosCdosAkSes:Co” single crystal powders
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Fig. 2 Optical absorption spectra of ZnosCdosAlSes and
ZnosCdosAbSesCo®™  single crystals  near  the
fundamental absorption edge at 289K.
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Fig. 3 Optical energy band gaps of ZnesCdosAlSes and
ZnosCdosAlSes :Co? single crystals at 289K.
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Fig. 4 Temperature dependence of the optical energy gaps
for ZnosCdosAl:Ses single crystal.
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Fig. 5 Optical absorption spectra in ZnosCdasAlzSesCo®
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289K.
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Table 1 Temperature dependence of the thermodynamic
function in ZnosCdosAl:SesCo®" single crystal.
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Fig. 7 Optical absorption spectrum of *A,(* F)—*T,(*F)
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crystals at 289K,
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Fig. 8 Energy-level spiitting and electron transitions of Co*
ions in ZngsCdasAlSesCo® single crystals at 289K.
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Table 2 Peak positions of the absorption band observed
in ZnosCdosAl:Ses:Co®  single crystal at 289K.
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