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Growth and study on photocurrent of valence band splitting for
AgGaSe, single crystal thin film by hot wall epitaxy

Gyoangyu Lee and Kwangjoon Hong*"

Abstract

Single crystal AgGaSe, layers were grown on thoroughly etched semi-insulating GaAs(100) substrate at 420 °C with
hot wall epitaxy (HWE) system by evaporating AgGaSe, source at 630 °C. 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 single crystal AgGaSe, thin films measured with Hall effect by van der Pauw method are 4.05x 10'¢ /
em®, 139 em?/V s at 293 K, respectively. The temperature dependence of the energy band gap of the AgGaSe, obtained
from the absorption spectra was well described by the Varshni's relation, E(T)=1.9501 eV—(8.79x 10" eV/K)TY
(T+250 K). The crystal field and the spin-orbit splitting energies for the valence band of the AgGaSe; have been estimated
to be 0.3132 eV and 0.3725 eV at 10 K, 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's states of the valence band of the
AgGaSe,. The three photocurrent peaks observed at 10 K are ascribed to the A,-, B,-, and Cj-exciton peaks for n=1.
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Fig. 3. X-ray diffraction patterns of AgGaSe, polycrystal.
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0 i
-1500 -1000

(700)\ 4] ‘;0)

(1101

(oiof”

(100)

(1#0)

JO% 6. wid vhApEoE 239 (001)99] Laue 74
Fig. 6. Back-reflection Laue patterns for the (001) plane.

A &3k 4 FE v} 82 Greninger =X

o] &3l 95 wWulffg-g o|-&3t] IE 919 ™
< T8I o] FEE 5] vtEE A8 4
k= S 94t 9S8 AgGaSe,
ool ek UAl FFE 23T o] AR §
A e BE FIH vl M3 A Fig 62
(001) 2] Laue®] AHNS & & ATk =3, St
99 2EE 630°C, 71 EF 420°CE 8l 4%
3+ AgGaSe, 4% BHHe] F7) = a-step profilometer
2 2% 43 21 umE ARHASE & F A}

Mo ok

3.2. Hall &%}
A4E ApGaSe, A% TEHE van der Pauw
O 2 Hall 834Z 293 KoA 30 K74 &% H3lE &

AXTHA) A 157 A6, 2006

10°[C
[~ ®
L. P
= B .
[ . .
E L .
> .
=
o -
= .
*
102 fddod a2 btl Lot L L biLE
10} 10° 103

Temperature (K)

38 7. AgGaSe; 27 vHehe] £kof e ol 5=2| M3}
Fig. 7. Temperature dependence of carrier density for
AgGaSe, single crystal thin films.

101/

P E
5 [ e
g }
5 3
I
e .
z10%k- o
2 - .
s F
s [
S .
s T .
B .
1015 N .«
5 10 15 20 25 3035

Temperature (103/T)

% 8. AgGaSe, A% vlte] 2x0 mE 5l 55
<] ¥z}
Fig. 8. Temperature dependence of mobility for AgGaSe,
single thin film.

HA 243 e 5 ol F % uikS Fig. 79 e
t}. Fig. 7914 Bsupe) o] o5 vt A2 A=
139 cm®/V -secSd 2. Fujital'®12] Az} 7o) 150Kl
A 293 K7MA&= HAF A+ (lattice scattering), 30 Kol A]
150 K7HA &= B-45 At (impurity scattering)el] 7]<1
3l 2102 Azt Carrier densitys =90 ek &
o] 2|4 Fejol] whe} Mt Y oH o] wel] 2= o
ZU/T)e th3 InngkS Fig. 834 2tk 8438 oYX
Eqe necexp (-E/dT)Z5E Fig. 8] 712714 g
A7} 61meVATh 3 Hall £33 o2 2E
Hall A|5E0] 9] gtolojA] AgGaSe, F44 uheh2
self activated(SA)ll 71913t= n¥d RI=EAUS & &

ATt

— 400 -



Hot Wall Epitaxy(HWE) o] €13 AgGaSe, W24 utet 4743t /i) 2ol o 8% A7 23

2.4

2.0

T

[

-

<

-

«

«

-

«

-
000 1
8
x

Optical Density (Arb. Units}
.

04 F

\kktx\

[ 2 4 A
630 650 670 680 710
Wavelength (nm)

T2 9. AgGaSe, T34 ulte] 250 &3 FFT
~HEY
Fig. 9. Optical absorption spectra according to temperature
variation of AgGaSe, single crystal thin film.

e
Table 1. Peaks of optical absorption spectra according to
temperature variation of single crystal AgGaSe;

thin film
Temp. (K) Wavelength (nm) Energy (eV)
293 684.6 1.8110
250 673.7 1.8402
200 662.3 1.8720
150 652.3 1.9007
100 644.1 1.9250
77 641.0 1.9342
50 638.2 1.9428
30 636,7 1.9473
10 6359 1.9498
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Fig. 10. Temperature dependence of energy gap in
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Table 2. Temperature dependence of PC peaks for AgGaSe, single crystal thin film

T Wavelength Energy Value .
emp. . . Fine
(K) (hm) V) Svmbol difference obtained by  Acr or Aso structure
Y (E, or Ey) Eq. (2)
I3—T,
293 684.6 1.8110 E,(293.L) (E1) 0.2501 Acr (or A excitoon)
601.5 2.0611 E,(293,M) ry,—r,
(or Be, excitoon)
Iﬁ3 > r]
200 6625 18714  E,200L)  (E) 0.2504 rer (or A, excitoon)
584.3 2.1220 E,(200.M) | g B
(or B, excitoon)
| Ed
6443 19244  E(100L)  (E,) 02504 (or Ay excitoon)
0.3127 Acr I,—T,
100 570.1 2.1748 E,(100,M) 03729 Aso (or B, excitoon)
4989 24849  E(100.S)  (E,)-0.3101 : .
Is—T,
(or C; excitoon)
I3—T
(or A excitoon)
643 19334 B(TTL) b 09509 03133 Acr LT,
77 3676 2.1843 Ey(77.M) E,)-0.3100 0.3722 Aso (or B, excitoon)
497.1 2.4943 E(77.9) (E2)-0. : L
Is—=I
(or C; excitoon)
6384 19421  E(50L)  (E,) 0.2506 (or Ay excitoon)
0.3129 Acr I,—I
30 2654 2.1927 Ex(50.M) 0.3723 Aso (or B; excitoon)
4955 25024 E(50.8)  (E»)-0.3097 : !
I's—T,
(or C, excitoon)
I and
A it
6369 19467  E,(30L)  (E)) 02505 (or Ay excitoon)
0.3128 Act Iy—T,
30 564.3 2.1972 E,(30.M) 0.3724 Aso (or B, excitoon)
4945 25073 E,30,8)  (E»)-0.3101 : '
[s—T
(or C, excitoon)
=1
A it
636.1 19492 E(I0L)  (E)) 0.2508 (or Ay excitoon)
0.3132 Acr I'y—T,
10 263.6 2:2000 Eg(10,M) 0.3725 Aso (or B; excitoon)
4939 25101 Ey(108)  (E»)-0.3101 ‘ :

(or C; excitoon)

ol Al A7 Ty A=) e 0.0006 eV oFeell )
S n=1% A2 E9 A7) Ci-exciton B-9-2]o|t}.
E,(10,M)# E(10,S) Atole] o] 7132 AH 7]
0.3101 eV7}F o} 3L spin orbit splitting ASo¢! 0.3725
eVolth 30KY wf 3E 1eA Ey30)=1.9473 eVolth.
o] £x9) wf 3 20l|A] FAF Aubghe] A Epp
(30,L)=1.9467 eV ] t}. Eex(30)=E,(30)~Epp(30,L)=1.9473

-403 -

—1.9467=0.0006 ¢V=FEpy/1°=0.0006 eV} 2 2] 3k
. 282 E Epp(30,LY n=1 ] A -exciton 5%
o|th, Wi A B Epp(30.M)E (44 €] Acret 0.0062
eVe Q25 ZH3 n=14 u 2] B-exciton Z-$g]o]t},
R AL R (4)4] 9] Acr Aso9Fe] FHA] 0.0105 eV
SAE ZE3 Ep(30,8)% n=1¢ w [oA A=) 1
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