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ABSTRACT

Properties of photoconductivity for ZnAl:Ses single

crystal thin film grown by hot wall epitaxy

Lee Ki-Jung

Adviser : Prof. Hpong Kwang-joon Ph.D
Major in Physics Education

Graduate School of Education,

Chosun University

A stoichiometric mixture of evaporating materials for ZnAlSe; single
crystal thin films was prepared from a horizontal electric furnace. These
ZnAl:Se, polycrystals had a defect chalcopyrite structure, and its lattice
constants were apg= 55563 A, co- 10.8897 A. To obtain a single crystal
thin film, mixed ZnAl:Ses crystal was deposited on the thoroughly etched
semi-insulating GaAs(100) substrate by hot wall epitaxy (HWE) system.

The source and the substrate temperatures were 620 C and 400 T,
respectively. The crystalline structure of the single crystal thin film was
investigated by using a double crystal X-ray rocking curve and a X-ray
diffraction w—26 scans. The carrier density and the mobility of the ZnAl:Seq
single crystal thin film are 823 x10° cm™ and 287 m%v-s at 293K,
respectively. To identify a band gap energy, the optical absorption spectra
of the ZnAlSe, single crystal thin film was investigated in the temperature
region of 10-293 K.

The temperature dependence of the direct optical energy gap is well

presented by the Varshni’s relation,



aT?
T+ 5°

E (T) = E,(0)—

The constants of Varshni’s equation had the values Eg(O):3.5269 eV,
a=2.03x10%eV/K, and B=501.9K for the ZnAlLSe; single crystal thin
film. The crystal field and the spin-orbit splitting energies for the valence
band of the ZnAlSes have been estimated to be 109.5 meV and 124.6 meV,
respectively, by means of the photocurrent spectra and the Hopfield
quasicubic model.

These results indicate that the splitting of the Aso definitely exists in the
['s states of the valence band of the ZnAl:Ses/GaAs epilayer. The three
photocurrent peaks observed at 10K are ascribed to the A;—, Bi—exciton for

n = 1 and Cyi—exciton peaks for n = 21.
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~HE"] J& B 244 ¢S Table 1] B3Itk EDS 2 EHAL 6 NoJ £5&
28z Zn, Al Se oA 1o 54 X-AAE VIEeR dto] AL, Znd Al
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Table 1. EDS data of ZnAl:Se,; polycrystal and single crystal thin film.

Single crystal

Elemen thin film
t Starting Growth Starting Growth
(Wt%)  (wt%)  (wt%)  (wt%)
Zn 14.29 1443 14.43 14.58

Al 28.57 28.46 28.46 28.45
Se 57.14 57.11 57.11 56.97

Polycrystal
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(impurity scattering)dll &Jdx o2 HAZY. AX AFS 0 K o] 2Z94
A2z dXlE AdrA ols ME
carrier ¢ Az} Atole] AUYAE AL, A JEE 2=7F F7Hge] whEhbA
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¥ oleste E¢EN 28 A%E M E carrier & Coulomb force 33 282

(domain)t#| Zratth. 2eju 22 carrier 50 W] HAAM EEE <A T
T AlRbe] ol A or Aytd F (U7 wiolw EaE A o3 o]F
%= T o] "l Carrier density & €% 1/T ol tat o A5 o] w
g} Wstar dlew o] we 2% A(1/T)el W Inn w2 Fig. 129 2ty &4
3} A Eqt noc exp (— E4/kT) 2%-E Fig. 129 7]&7]eA F& Az
942 meV A} E3I Hall &3 ZHgo= FE Hall A5FEo]l 29 #hololA
ZnAlSe; A vHEFE self activated(SA)ol 71918k n @ W=AYS & 5 3l
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Fig.11. Temperature dependence of mobility for ZnAlSey

single crystal thin films.
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Fig. 12. Temperature dependence of carrier density for

Z/nAlSes single crystal thin films.
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Fig. 13. Optical absorption spectra according to temperature

variation of the ZnAlxSes single crystal thin film.
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Table 2. Energy gap according to temperature variation of

the ZnAlSes single crystal thin film.

Temp.(K) Wavelength(nm) Energy(eV)

293 374.8 3.3077
250 369.2 3.3582
200 363.4 3.4112
150 358.6 3.4568
100 354.9 3.4931
77 353.6 3.5061
50 352.4 3.0177
30 351.8 3.5235
10 351.5 3.5265

Fig. 15 ZnAlLSe, @274 vluto] &4 2rMdo] 293k direct band gape <%

o]&=AS YelWar ¢tk Direct band gap® &% oFA-S Varshni?] [26]
a T 2
E . (T) = E ,(0)~— T 1 B (22)

i

o
=

Rskal dvk o714, Eg(0)= 0 KellA o] oy 314, a9t B Aol
™ Eg(0)&= 35269 eVoli a¥ 203 x 107 eV/K, BE 501.9 Ko|t},
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Fig. 15. Temperature dependence of energy gap in the ZnAl:Se; single
crystal thin film (The solid line represents the fit to the

Varshni equation).
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Fig.16 . The band bending structure of a PC generated in the
photoconductive layer with monochromatic light exposure.

Fig.179] #31% ~#E=we 247 ¥ 912 Table 39 sttt 24
F 29EYY Z4d4 oA Aol AFHE AAAYNN AEYR BE AGE] %
FAF 2953 gdgold A splitingsl 9% BAF BSelsol BEHA.
AR g e Al FedA #5F 5 e, T o)FE ZnAlSes ©AA #RE SR

A FZ2 AFE spin-orbit splitting ¥ non cubic crystalline field ¢ &4 &

o]  band splitting ©] ¥ojd Aoz EH 4 9ltf. o]AL band theoryol ¢JstH HHEA] <]
AEHE S-like, 7FAAUE P-likeZ Hpom, oju P-likedl =+ Py, Py, P,oF 2ol A7l
FAZ vrol A 5 gk BTk SUAA 72T 293 KellA 10 K- = 3709 &9
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Fig. 17. Photocurrent spectra of ZnAl:Se; single crystal

thin films.
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Table 3. Temperature dependence of PC peaks for single crystal ZnAlSe, thin films.

Wavelength

Energy Value

. . Acr or Fine
Temp.(k) difference obtained by A Struct
(nm) (eV) symbol (E, or Ey) Eq. (2) SO ructure
0.0881 Iy(2)—T1(s)
3748 33077 E293L) 01005 A (or A excitoon)
. r (x)—
293 365.1  3.3958 E,(203M) 11032 01246 AC o o)
3543 34990 E,(293.8) ' 50 Pw=Ti(s)
(E») (or Ce excitoon)
0.0883 [y(z)>T(s)
369.3 3.3574 Ep(250.L) (E ) O 1097 A (or Ay excitzon)
. r () —>
250 359.8 3457 Ey250M) oo ol e
349.3  3.5490 E,(250.9) (‘E) : 50 T
2 or 1 excltoon
0.0882 Iy(2)>T1(s)
3635 34108 B,200L) 01096 A or &, excitaon)
. r () —>
200 354.3 34990 E,(200M) 11032 01249 AC .
3442 36022 Ex2008) ' 50 TS
2 or 1 exclitoon
0.0881 Ii(z)—T(s)
358.7  3.4560 E,(150.L) ) 01004 & (or A exciteon)
. r () —>
150 8498 85441 E150M) oo SR
339.0 36471 Ef150.89) ' 50 TS
2 or 1 excltoon
0.0882 Iy(2)>T1(s)
355.0 3.4925 Ep(lOO.L) (E ) O 1096 A (or Ay excitzon)
. r (0T
100 3463 35807 E,00M) oo o0 AC o)
336.6  3.6830 E/(1008) ' 50 T
2 or 2 eXcltoon
0.0880 [y(z)>T(s)
853.6 35050 E(77.L) 01005 A (or A, excitoon)
. r (x)—>
7T 8450 85939 E(TTM) o oo o e
8354 6070 B17S) ' 50 T
2 or 1 excltoon
0.0881 I'y(2)>T1(s)
8525 85171 E(60L) o100t A (or As excitoon)
. r (x)—
50 3439 36052 E,(G0M) o oo o e
3343 3.7083  E,50.9 (‘E) ' > o o
2 or 2 excltoon
0.0884 I'y(2)>T'1(s)
8519 35233 E(0L) 0 01008 A (or As excitoon)
. r () —
80 8432 86117 BGOM Tl o0 e
333.8  3.7148  E,30.9 (‘E) ' > o e
2 or 1 exclitoon
0.0881 Ii(z)—T1(s)
B5LE 35263 E,Q0L) 01005 A (or A, excitoon)
. r () —>
108430 86144 E(10M o e U e
3335 37176 E,(0S8) ' > i1

(Ep) (or Cy1 excitoon)
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Fig. 18. Fine structure for energy level of ZnAlSe,.

Hopfield= spin-orbit splitting®} non-cubic crystalline filed®] %A = 3o 23]
VAR 7 2k A= 29S| Hamilton matrix[28]

1
Ein= %(ASO‘FACT)—(‘F)[%(Aso—f—Acr)z— % Asoncr] P (23)

2 xdstgo. & 974 Ei 3 Ege e 2ok A &) 22 A-, B-1E
i C-exciton9] AqUAE  Epx(A), EmxB)283 Ex(CO)E %754
Ei1 = Erx(B)-Erx(A)0]l 3 E; = Epx(B)-Epx(C)o]th. E13F Eo= Zh2F Acrd Asodks
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= Ahupeo] "

2 AFdAME FAF ~2F9E]oR BE EF E #S Zbol Hamilton matrix
of 9]&] crystal field splitting Acr¥} spin-orbit splitting Aso#ts 2zt T3
nALSe P A 0l FES FAHORRYH ey W 34 E(T)S) Varshni ¥
Aoz FE 10 Keje] Table 29 oA o] 2+A Ey(10)%k 3 10 Kwl Table 39
FAFY AqUA AolZ FEH free exciton binding energy, ErxS 2t} o] of
A 293 KollA 10 K74A] Abel o] Fd7 &-5-2(PP)ell= ki), $3Fakd
M) d3-Zal(S)E9] UuAE 242 Epp(L), Epp(M) 1831 Epp(S)E % 7|3}
exciton FA ngts A8

ZnAlSes /SI GaAs(100) °] 10 K Fd7F = Eq

ol JduUAZE F¥ F3 E Ee 747 oo 2k

e
o
=
4
&
w
3
N
N

E; = Epp(10M) - Epp(10,L) = 3.6144 - 3.5263 = 0.0881 eV
Ez = Epp(10M) - Epp(10,S) = 3.6144 - 3.7176 = 0.1032 eV (24)

E 3 E;%tS Hamilton matrixol] tids] 48 A4S =4

Acr = 0.1095 eV, Aso = 0.1246 eV (25)

olt}t. olu] Acrat 0.1095 eV Shay 5[29]¢] electro-reflectanceE =7 3te] -3t
crystal field splitting ol A Acr 0.10 eViE3 2z AX3star ¢lal, spin-orbit
splitting YA Aso®] 43k 0.1246 eV A Shay-s[29] 2 0.12eV 3t A
of dAleta dut. ol 10 KellA S48 A% Acr¥t Asoo] 2 A¥z Hol c-
Soll =2 kA Hlo] it w doju= AEEd= & dAska 3l

Varshni®] E (T) &4 (DZ%F 10 KA ue] olyx o 77 E,(10)%2 Table 2
o /] 35265 eV ©]il, Table 3914 10 K¥ o Epp(10,L) = 3.5263 eV o|E=
E,(10) = Erx + Epp(10,1) = Erx + 35263 eVelA  Epx = 3.5265
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- 35263 = 0.0002 eVoelt}. 1# P = free excition binding energy Epx = 0.0002
eVoltt, Table 26141, 10 KY ), Ey(10) = 35265 eVolil Table 3914 10 K¥
o Epp(10,L) = 35263 eV o]t} E4(10) = Epx(10) + Epp(10,L) ©]E2  Epx(10)
= E,(10) - Epp(10L) = 3.5265 - 35263 = 0.0002 eV = Erx / 1> = 0.0002 eV ©]

th Erx(10)E  Erx / 179 98tk websd 10 KY o) 3dF 292 gagdde
NIA Epp(10,L)S n =19 wf 7FAAY Tw)olA AEd )= Zuw A7l
Aj-exciton &g o]ttt E, (10, M)= a3 o] azksit) E(10, M) = [Eg(10)

+ {Ey(10, M) - E,(10, L)] - Egx°lolA Z7te] #eS tHdstd, 36144 eV =
35265 eV + (3.6144 - 35263 ) eV - Epx7Feth. LA Epx = 0.0002 eV= 0.0002
eV/1? ool A E,(10, M) B$-2lE Ts(x) 7HAd el AR7F Tis) A=A o}
P2 ol Jx7}F 0.0002 eV 7FASl n=121 A== 5w A7 B;-exciton &-$-7]o]t}.
E,(10, M)@ Ey(10, L)o] o= kAl Zr 7] 0.0.0881 eV7} ofHir (3)2] o]
2} crystal field splitting Acr?l 0.1095 eVeltt E (10, S)5 %2l & v o] 1
Zett). Ey(10, S) = [Eq(10) + {E,(10, S) - E,(10, M)] - EpxolAl Erx = 0.0002
eV= 00879 eV/21* o] Ey(10, S) &5 Iily) 7Faxtdel Al "7k Ti(s) &
T "oz 00879 eV ool A& n=219 A=2 £ A Cy-exciton B-F
olty. E,(10, M)# E,(10, S) Atele] oA AL #r7]9] 01032 eV7F ofar
spin orbit splitting Aso$! 0.1246 eVo]t},

50 K¢ o Table 2914 E4(50) = 35177 eVolt}. o] %< uf Table 34
Epp(50,L) = 35171 eVeolrh Epx(50) = Ey(50) - Epp(50,L) = 0.0006 eV o]aL
Erx(b)/2° =0.0002 eV = 0.0006 /2° ¢} A ge} webA] Epp(50L)< n = 29wl
A(z)  TEAAGe A HAZE Tis) A== 5w A3 As-exciton &5 o|tt.
Epp(50M)= n =29 W I's(x) 7FaAH A A2 Tils) A=tz 51 A1
By-exciton -2 ] T}

Epp(50,9)= n = 2¢ wf I's(x) 7FAAFlA A7 Tis) A=z 51 A1
Cy-exciton &-9-2] o]t}

100 K¢ d Table 20141 Ey(100) = 3.4931 eVeltt. o] &% w Table 3¢ 4
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Epp(100,L) = 34925 eVeoltl. Epx(100) = E4(100) - Epp(100,L) = 0.0006 eV
= Erx(b)/2° 200002 eVeolelq A& & 4= vk whebA Epp(100L)2 n = 2%
o Ty(z) 7FAROIAl A AX7F Ti(s) A=dl2 5w A7 As-excitons 58 o]t} »}
ZIZFA R Epp(100M)=  n = 2¢ ® Ts(x) 7FAtdel A da7E Tis) A==
S A7 By-exciton %920t}

Epp(100,5)= n = 2¢ W Is(x) 7FAAAA AA7E Ti(s) d=dz 51 A
71 Cy-exciton 592l o]t}

olel Wylowr AdPste] Table 39 Fine structure[17-191% T3ttt 53]
293K dw Table 22 E4(293) Table 3¢ Epp(293.L)3 i1, 33077 eVeo]ofA
ZnAbSess 1 -TL-VIF StgE WHEA2A] A o 7h4o] 33077 eVel AH
Holg WwrAds ettt Eg(293)3 Epp(293L)2 Epx (293) = E; (293) -
Epp (293L) = 0 = Epx /n*01o1 4], Eg(293)3 Epp(293L) n = 09l As-exciton &
g ol¥ Varshni® E J(T)¢l &4 (1)& 2=W3le] th3-3to] 7FAA [y(z) oA
Aed] IM(s)2 W A7 Ac-excitons$-2 F A-exciton B--2o|t} upzhA
Epp(293M)%= n = 02 Be—exciton % %8 B-exciton % %2 o]t} T3 Epp(293,S)

= n = 09 Co—exciton %2 C-exciton &$-2]o]t}.
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ZnAl;Sey ©AA wbeb Bleks HWE dhgo=m Azt X-4 34 54 43,
ZnAlpSey 2 (112)W o= e G4 whels 4 & gtk d4 4% =d&
71e] 2%7F 400 T, Yy 2%7F 630 T 9 wWoldla, olF AA X-d 8%
=4 (DCRC)E| WA & (FWHM)
2 49 43 gutad Frs} o)F ke 77t 8.23 %10 em™, 287 m*/v-s¢l n @<
944 BrtelGity, WAl e Lk o|FEAdL 2k oo dE 59 A5 FH

25 1/Toll A 3k A3} ouyA= 94.2 meV A
o}, FE&4 spectraZF-EH e oy x] ] 3] ET)E Varshni equation?]
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oo
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N
N
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N
o
ro
=
Y
jan
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fof
K"

oA E(0)& 3.5269 eVeoli aE 2.03x107°

E(T) = E0)—

13

eV/K, B= 501.9 K & &RIsk3ith Ef(D)= 7P Zebgel o3k 72y
o] Tulz) =919 A=dl Ii(s)Akele] oA HAYdS Adskth. 10 Ko FHF
spectrum@ts Hamilton matrixell ©]3] g crystal field splitting Acrgb>
109.5 meVolH, o] gt 7hAx e Zepgol og 7hAAtt ] Is(x) =919 A=
t T(s)Atelol EAsF3 T E3F spin-orbit splitting Aso #-2 124.6 meVo|H,
ojgk2 ZhaA Zekiel ok JhAA 7HAA ] Ts(y) =919k A=) Ti(s)A
olel EAstalth. 10K w FH7F T2 n= 14w A~ Bi=¢F Cu-exciton
e A
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