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Abstract A stoichiometric mixture of evaporating materials for Znln,Se, single crystal thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, ZnIn,Se, mixed crystal was deposited on thoroughly
etched semi-insulating GaAs(100) substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperatures
were 630°C and 400°C, respectively. The crystalline structure of the single crystal thin films was investigated by the
photoluminescence and double crystal X-ray diffraction (DCXD). The carrier density and mobility of ZnlIn,Se, single crystal
thin films measured from Hall effect by van der Pauw method are 9.41 x 10'° cm~ and 292 cm®/v - s at 293 K, respectively.
The temperature dependence of the energy band gap of the ZnIn,Se, obtained from the absorption spectra was well
described by the Varshni’s relation, E,(T)=1.8622¢eV —(5.23 x 107 eV/K)T*AT + 775.5 K). The crystal field and the spin-
orbit splitting energies for the valence band of the ZnIn,Se, have been estimated to be 182.7meV and 42.6 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 T'; states of the valence band of the ZnIn,Se,/GaAs epilayer. The three
photocurrent peaks observed at 10 K are ascribed to the A,-, B,-exciton for n=1 and C,,-exciton peaks for n=27.

Key words ZnlIn,Se, single crystal thin films, Energy band gap, Photocurrent spectum, Crystal field splitting energy, Spin-
orbit energy
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e o &3 #7)ZA Znln,Se, THAAS T3t HWE(Hot Wall Epitaxy)3 2 Znln,Se, ©4% whuhe vbg
GaAs(100) 71380 A7tk Znin,Se, @47 wtere] A 278 S8 2 630°C, 7182 &% 400°CAL 7%
Tt 0.5 um/hrth Znln,Se, &2 Hhuke] A A o] ZAL|A 10 KAlA 3833 (photoluminescence) 2~ E&H 0] 682.7 nm
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Fig. 1. Horizontal furnace for synthesizing of Znln,Se, poly-
crystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Fig. 3. PL spectra at 10K according to the substrate temperature
variation of ZnlIn,Se, single crystal thin film.
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Fig. 4. Double crystal X-ray rocking curve of ZnIn,Se, single
crystal thin film.
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Fig. 5. XRD ®-26 scans of the ZnIn,Se, single crystal thin
film grown under optimized conditions.
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Table 1
EDS data of Znln,Se, polycrystal and single crystal thin films

Polycrystal Single crystal thin film
Element  garting Growth Starting Growth
(Wt%) (Wt%) (Wt%) (Wt%)
Zn 14.29 14.43 14.43 14.58
In 28.57 28.46 28.46 28.45
Se 57.14 57.11 57.11 56.97
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Fig. 6. Temperature dependence of mobility for Znln,Se, single
crystal thin films.
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Fig. 7. Temperature dependence of carrier density for Znln,Se,
single crystal thin films.
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Fig. 8. Optical absorption spectra according to temperature
variation of ZnIn,Se, single crystal thin films.

Table 2
Peaks of optical absorption spectra according to temperature
variation of single crystal Znln,Se, thin films

Temp. (K) Wavelength (nm) Energy (eV)
293 681.1 1.8202
250 677.4 1.8303
200 673.5 1.8408
150 670.4 1.8495
100 667.9 1.8564
77 667.1 1.8586
50 666.4 1.8606
30 666.0 1.8616
10 665.8 1.8621
< @ vEal itk o714, E 0= 0KelAe) ouiR

A, ot pE Ao, E 0/ 1.8622eVelil ax
523 x 10*eV/K, B 775.5 Ko|t}.
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FoefEe Al XM AFE 5 s, 2 o=
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Fig. 10. Photocurrent spectra of ZnIn,Se, single crystal thin films.
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Fig. 11. Fine structure for energy level of Znln,Se,.

Table 3
Temperature dependence of PC peaks for single crystal ZnIn,Se, thin films
Temp. (K) Wavelength Energy difference Value obtained by Acr or Fine structure
(nm) (eV) symbol (E, orE,) Eq. (2) Aso

293 681.1 1.8202 E,(293.L) 0.1702 0.1702 Acr [(z) > Ty(s)
622.9 1.9904 E,(293,M) (E) (or A excitoon)

[5(x) > Ty(s)
(or By excitoon)

250 6774 1.8305 E,(250.L) 0.1705 0.1705 Acr I'y(z)—>T(s)
619.7 2.0010 E,(250,M) (E) (or A, excitoon)

[5(x) > T'y(s)
(or B, excitoon)

200 673.6 1.8406 E,(200.L) 0.1705 0.1705 Acr I'(z)—>T(s)
616.5 2.0111 E,(200,M) (E)) (or A, excitoon)

[5(x) > T'y(s)
(or B, excitoon)

150 670.2 1.8499 E,(150.L) 0.1703 0.1703 Acr T'y(z)—>T(s)
613.7 2.0202 E,(150,M) (E) (or A, excitoon)

[5(x) > T'y(s)
(or B, excitoon)

100 667.9 1.8563 E,(100.L) 0.1702 0.1702 Acr T'y(z)—>T(s)
611.8 2.0265 E,(100,M) (E) (or A, excitoon)

Isx) > T(s)
(or B, excitoon)

77 667.0 1.8588 E,(77.1) 0.1707 0.1707 Acr I'(z)—>T(s)
610.9 2.0295 E,(77M) (E) (or A, excitoon)

I[sx) > T(s)
(or B, excitoon)

50 666.5 1.8602 E,(50.1.) 0.1703 0.1703 Acr I'(z)—>T(s)
610.6 2.0305 E,(50,M) (E) (or A, excitoon)

I[sx) > T(s)
(or B, excitoon)

30 661.1 1.8613 E,(30.1.) 0.1702 0.1823 Acr [y(z) > T'y(s)
610.3 2.0315 E,(30,M) (E) (or A, excitoon)

601.3 2.0619 E,(10.8) -0.0304 0.0425 Aso I'y(x) > T'(s)
(Ey) (or B, excitoon)

Isy) > Ti(s)
(or C, excitoon)

10 665.9 1.8619 E,(10.1.) 0.1705 0.1827 Acr [(z) > T(s)
610.0 2.0325 E,(10,M) (E) (or A, excitoon)

601.0 2.0629 E,(10.8) -0.0304 0.0426 Aso I'y(x) > T'(s)
(Ey) (or B, excitoon)

I5(y) > T(s)

(or C,; excitoon)
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like, 7FAAFHE P-likeZ HotO™, olaf P-like HE=
P, P, Pt 7] Alle] 92 thro] @ 4 Arkx
Hokth SUEAl = 293 KellA] 50 K7HA= 2709
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[(s), CTs(y) > T (s) Holell ogk Aoz FAM=a
[14] o]¢} e RIS wAlF2E Yebd Fig. 119
BT}

Hopfield= spin-orbit splitting} non-cubic crystalline
filed®] &A] B3l oJsf 7P depAle Bds,
Hamilton matrix[15]

12
Eip= %(Aso + Acr) — (+)[%(Aso + Acr)2 - %AsoAcr}

)

Erx(A), Epx(B) = 1A EFX(C)‘:q' #715P8 E, = Ewx(B) -
EFX(A)O]l E,=Ex(B) _EFX(C)O]]:}-- EZ Ex 77
Aot Asoits Fre Atejo] Hr

2 AFXe B[ 2HEHeR Y ER E, %
S zlol Hamilton matrixol] 2J3l crystal field splitting
Act3} spin-orbit splitting Aso%t-g& ZEAT} XS Znin,Se,
HheAe] BEgF FHOEREH F3 ouA| o 7H4
E(T)R! Varshni #AI2 S5 FE 10 Kwe] Table 2¢]
oA w] 7k E (1083} 10 Kw| Table 39] F%F<]
AR xpo]lZ FH free exciton binding energy, Epy
E At olojA 293 KellAl 10 K7HA] Atele] B
2 PPele A (L), SRt M)t dabd
(8)22 MUAE 22t Em(L), Ep(M) Z2]3L Ep(S)E
#7181 exciton AT ngkE ER1EIATH

ZnIn,S,/SI GaAs(100)2] 10 Kuj FAF ~HEH =
FAF B9 FH7E Ut o ouUAE BY 3 E,
3 Ex= 27 o3 2t

E, = Epp(10,M) — Epp(10,L) = 2.0325

—1.8619=0.1705 eV
E,= Epp(10,M) — Epp(10.8) = 2.0325
—~2.0629 = — 0.0304 eV 3)

E,#} E, 4% Hamilton matrix®l] Q8] A W&
il

Acr=0.1827 eV, Aso = 0.0426 eV 4)
olt}, olw] Acrgk 0.1827 eV Shay S[16]°] electro-
reflectances 5743F] -3 crystal field splitting ol

A Acr 018 eVREZ & UABIAL )AL, spin-orbit
splitting o|UA] Aso2] SA%E 0.0426 eV 9A] Shay &

[16] H3Ist 0.04 eVEE A UX|8IaL Tt ol 10
KolA AR A Asod] AE A= Hol =
of F25tA Wol YAkt o dojh= MElEate & o
A|8karl Sl

Varshni®] E(T) 3-2] (DZ5H 10 KYwje] oufA] o]
ZH4 E10)2 Table 20141 1.8621 eVoliL, Table 3°]
A 10KY W Ep(10,L)=1.8619eV ©|EZ E(10)=
Epx+ Epp(10,L) = Epx+ 1.8619 eVOlAl  Epy=1.8621 —
1.8619 =0.0002 eVo|t}. Z1#EZE free excition binding
energy Epy=0.0002 eVo|T}. Table 2914, 10K o,
E,(10)=1.8621 eVO]3L Table 39141 10K @l Ep(10,L)
=1.8619 eVelth.  E (10)=Ex(10) + Ep(10,L) ©]EZ
Erx(10) = E,(10) — Epp(10,L) = 1.8621 — 1.8619 = 0.0002
eV = Ep/1°=0.0002 eVO|Tth. En(10)= En/1°¢} LX|3H
ot wbA 10KY o B3R &9 gl olyA
Epp(10,Ly> n=1¢ o 7R Tyz)elA A=) To(s)
2 Zu A7 A -exciton B-$-z]olt}. E(10,M)s v
I Zo] IFSIE E(10,M) = [E10) + {E(10,M) —
E(10,L)] - ExelolX Zh7e] BES tiydahd, 2.0325
eV =1.8621eV +(2.0325 - 1.8619) eV — E, 7ttt
ZA Epy=0.0002 eV =0.0002 eV/1° ©]eIA  E(10,M)
TrEle Iy(x) 7RAA O AR Ti(s) AErhellA
olgf 2 oZ]7} 0.0001 eV 742 n=13] AEE £
471 Bj-exciton B-9-2]o]th. E(10,M)} E(10,L)°] Il
Yz 7+40] Ax7]9] 0.1705 eV7E oIl (3)a]el uwheh
crystal field splitting Acr?l 0.1827 eVelt}t. E(10,S)
BEE v ol aEdith. E(10,8) =[E10) +
{E,(10,8) = E,(10M)] - Epy®IA1  Epy=0.0001 eV =0.1704
eV/27° o]94A EL(10,8) B-3-2lE Ty(y) 7FAtelA 2
A7 Ty(s) A=t HeE 0.1704 eV oFfol & n=
2791 A=RE EW 7 Cy-exciton B-9-2]o|t}h. E(10,M)
2 E(10,8) Afo]e] oA 7HAL H1719] 0.0304 eV
7} oF3L spin orbit splitting Aso®l 0.0426 eVelt},

S0KY w Table 2914 E,(50)=1.8606eVeltt. ©
259 o] Table 3914 Epp(50,L) = 1.8602 eVOlTh. Epy
(50) = E,(50) — Epp(50,L) = 0.0004 eVO]3L  Epy(b)/2°=
0.0002 eV = 0.0004/2° ¢} LA3ITh. Wb Ep(50,L)
n=29 1 T(z) 7FAAelA A7} T(s) AEUE S
] A7l A,-exciton B-$-2]o|t}.

Ep(SOM)= n=2 o I'y(x) 7PdAelA 4247}
I(s) A== 51 7] B,-exciton B-F-2]o|t}.

100 K ® Table 29141 E,(100) = 1.8564 eVelt}. ©]
25w Table 394 En(100,L) = 1.8562 eVo|tt.
Epx(100) = E,(100) — Epp(100,L) = 0.0004 eV = Epy(b)/2° =
0.0002 eVolodX UXgHS & 4= UTh WEbA Ep(50,L)
e n=29 9 I,z 7FEAI AA7E T(s) AE
=z =1 A7l As-exciton F-$Flolth. mRRIA| R
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Epp(SOMYE n=2Y w I'y(x) 7FAARIHelA A= T(s)
A=tz 51 A7 B,-exciton B-$-2]°]t}

olgl Wo g Agsle] Table 32| Fine structure[17-19]
5 Tolth. 53] 293 KU Table 2°] E,(293) Table 3
9] Epp(293.L)} 737, 1.8202 eVOlodA] Znin,Seqs= I-1l,-
VIS 3l WEEA|2A] Aok o] 7Hzo] 1.8202 eVSI
A Aol WhEA|)S ERIBIATE E293)7 Enf(293,L)
& Epx(293) = E(293) — Epp(293,L) = 0 = Epy/n0] o34,
E,(293)% Em(293.L)e n=ofl A, -exciton 8-%2]o|H
Varshni®] E(T)S 34 (1) 2=wsle] thgaie] 7kd
A TRlA A=t T2 9 A7 A, -exciton 5-3-2]
= A-exciton B-9-2]o|t}. WEPA Enp(293.M)= n = oSl
B, -exciton 2-$2] B-exciton &-3-2|o]t}.

4.4 E

Znln,Se, 2% ¥t 9leks HWE WO A7gA|
Ao, XA 3" =4 A3}, Znln,Se, ¥R (112)HS
2 A%E 944 9els o g e HH AR =
712 719 2=7F 400°C, S 2571 630°CH
o)L, o|uf PL 2HEHA exciton emission 2=
Edo] 7P ZsiAl vl ol A XA 8534
(DCRC)2] HFHAZ(FWHM) %to] 128 arcsec® 7F4 %+
Ut d2ollX Hall 835 34T A3 29 5=
olEEE 7} 941 x 10 electron/cm”, 292 cm’/v-s¢]
nge] &AA wloldnt. SRR} TR 2% oA
25 ool el o] A5 el wet wsilon,
In 3} 2% UTA 73k &3} oUA|= 86.7 meV
Aok FET spectraR i g oUA] o] 7] E(T)=
Varshni  equation®]°lA]  E(0)= 1.8622eVe]|3L o=
523 x10'eV/K, PE 7755 KU FRISAT. E(T)E
7EAAI el ot 7RIS Ty(z) &9 A=
o Ty(s) Abeld] ol|A] 7HAYE Aottt 10Ke] 34
7 spectrum?tS Hamilton matrix®l] ]3] 3 crystal
field splitting Acr@gt2 182.7 meVolH, o] 2 7}
o bl &gk 7P ] Ty(x) 5912k AXth Iy(s)
Atolof] EA|EITE. B3F spin-orbit splitting Aso fk->
42.6 meVol™, olgtd 7Rt Zeplol ok 7y
THAAINS] T(y) =19 Axo] T(s) Aleloll EA13HA
o 10KE o FHF B9Ee n=1¥¢9 A B9
C,-exciton 52T},

A AASHANAER] sk AT o) A4-3-&

A7le7id ArAlEe] 1mm] Aol ofsf ATE M
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