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Abstract A stoichiometric mixture of evaporating materials for MnAlS, single crystal thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, MnAlS, 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 410°C, respectively. The crystalline structure of the single crystal thin films was investigated by the
photoluminescence and double crystal X-ray diffraction (DCXD). The temperature dependence of the energy band gap of
the MnAl S, obtained from the absorption spectra was well described by the Varshni's relation, E,(T)=3.7920 eV — (5.2729 x
107 eV/K)T*AT + 786 K). In order to explore the apphcablhty as a photoconductive cell, we measured the sensitivity (y),
the ratio of photocurrent to dark current (pc/dc), maximum allowable power dissipation (MAPD) and response time. The
results indicated that the photoconductive characteristic were the best for the samples annealed in S vapour compare with
in Mn, Al, air and vacuum vapour. Then we obtained the sensitivity of 0.93, the value of pc/de of 1.10 x 107, the MAPD
of 316 mW, and the rise and decay time of 14.8 ms and 12.1 ms, respectively.

Key words MnALS, single crystal thin films, Hot wall epitaxy (HWE), Energy band gap, Sensitivity, Maximum
allowable power dissipation (MAPD), Response time
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Fig. 1. Horizontal furnace for synthesis of MnAl,S, polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Table 1
Annealing condition

Sample Annealing condition
. Mn 0.0015 g (680°C, 1 hr)
MnALS, : Mn Mn vapour pressure: 107 torr
, A10.0015 g (1090°C, 1 hr)
MnALS, : Al Al vapour pressure: 107 torr
MnALS, : S S 0.0015 g (290°C, 30 min)

S vapour pressure: 107 torr
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Fig. 3. X-ray diffraction pattern of MnALS, polycrystal.
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Table 2
EDS data of MnAlS, polycrystal and single crystal thin film
Polycrystal Single crystal thin film
Element  Gtarting  Growth  Starting Growth
(Wt%) (Wt%) (Wt%) (Wt%)
Mn 21.74 21.95 21.95 21.96
Al 22.61 22.65 22.65 22.66
S 55.65 55.40 55.40 55.38
1.10K
2.30K
w| 1 23456 78 9 3.50 K
2V Wity v 357K
5 5.100 K
< 6.150 K
I 7.200 K
= 8.250 K
2 9.300 K
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Fig. 8. Optical absorption spectra according to temperature
variation of MnAl,S, single crystal thin films.
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Table 3
Peaks of optical absorption spectra according to temperature
variation of single crystal MnAl,S, thin films

Temp. (K) Wavelength (nm) Energy (eV)
293 330.6 3.7501
250 329.7 3.7602
200 328.8 3.7706
150 328.1 3.7793
100 327.5 3.7860
77 327.3 3.7884
50 327.1 3.7904
30 327.0 3.7914
10 326.9 3.7919
3.80
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Fig. 10. Temperature dependence of energy gap in the MnALS,
single crystal thin film (The solid line represents the fit to the
Varshni equation).
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Fig. 9. Relation between the incident photons energy hv and the (chv)® in the MnALS, single crystal thin film.



234 Sangha You, Kijeong Lee, Kwangjoon Hong and Jongdae Moon

E
ot BET AT & skl o IAIRRE Fig. 99
7ol 75k oA S Table 3] Rkt
Fig. 10> MnALS, @24 wute] F¢ 4ol o
direct band gap?] &% ¢]&4S VeI T} Direct
band gape] 2% 9JF&4-S Varshnid] [13]

aT’
T+B

E(T) =E,(0) - 1)

skl Atk A714, E0y= 0KelA ] o]
7, s} pi= dEolH, EOR= 3.7920 eVOlaL oa= 52729
x 10" eV/K, B 786 Ko|T}.

BT Ao] = (sensitivityys BXE
Hle] A7ieh de] &9 Alole] Alolth e Yl
ZY wjo] HRFel Ao A o8 FdE T Je
Aol Ao w HAlsh= Zlo] Holt. HHHT
FPOoE 3l ZEE 10 IxolA] 1,000 Ix7EA] H3HA|
Ao Agsts S5, 2=t Aol AAA
3ol FHlE y characteristico]2} F-=m

logR s — logR g0
log1000 — log10

Yio = tan@ =

2

Z UeRith &, R & R, g0 ZEE 10 Ix9} 1,000 Ix

102E
M)
s
S I
= 10! e
[oh) -
b =
bt -
(U —
—
Rz B
17 b
O
< 0
T UF
© =
1071 1 ||||1|1| L1 lllllll L1 1

1 10 100 1000
lllumination (Lux)

Fig. 11. The characteristic of cell resistance in the illumination
of MnALS, cell. (a) vacuum (b) S (c) Al (d) air and (e) Mn.

2 ZARNNZE o A ZHzte] A gelth
zHol A7 101xolA 1,000 Ix7FA]  H3IA]Z]EA
o] 23} ZE2 Fig. 119] EAT}. Fig. 11914

(@) FFEA7], (b) S E71 £971, () Al 7] 29171,

~

a)

d) 371 2971, (e) Mn 37| E$171914 GAglst A
o] Zxof wE Age] MstE Jepd Aditoltt. ol y
S Mn, Al S 571 E9171 B XF, F71RE7]00A
A3 49 zH2F 0.71, 0.77, 0.93, 0.21, 0.83%F S
7171004 EAEet Ao Amrb TP %S
0.8 o’dolH A8yt 7Fssitt.

4.2. v ]-&28148 (MAPD)

A= A DS A9 B molw HF M

=

42 WA o == R/ (illumination current)2}<]
Ay Aoz fRIEL FHHALS 1 VellARE &
7 W A5 o] Ao 540 A¥E olF it ¥
o] H3Fx|7] AJZEL), ouf MFo] A=) 2] 7k
< mW= FAEt] Ho sl8au|dgoelgt gt S &
719171004 GAfeler Ao I7EAYE W A gt
AFe] #AZS Fig. 120] Bt} Fig. 120014 HE np
o} 7ho] Z&EZE 300, 500 2 800 IxZ AL <17
42 1 VoM Z7AZ w300 Ixdwl= 100V, 500 Ix

e 78V, 800 x¥wli= 55V oujollr AHS fA|

of A LA AE LS 316 mWYS & = Ut} o]

r 2

[e5

PO 3 Mn, Al S718917] 2 3], 2
719 GAfs o] A seandEe zh7t

ofl f& ob go
m
rlo

ML
do

10'E

10°

10*

Illumination Current (mA)

1 ||||||I 1
10 100

Supply Voltage (Vy)

102 1

Fig. 12. Illumination current vs voltage characteristics MnALS,
cell of annealed in S vapour.



Growth and optical conductivity properties for MnALS, single crystal thin film by hot wall epitaxy method 235

Table 4
pc/dc of the MnALS, cell annealed in Mn, Al, S air and vacuum
(light intensity: 3,000 1x)

Sample Dark current Photocurrent  Ratio
A) A) (pc/de)

MnALS, 121x10°  211x10° 174 x10°
MnALS, : Air 779%10°  799x10"  1.03x 10
MnALS, : Vacuum 583 x 107 2.03x10"  3.48x 10'
MnALS, : Mn 6.11x10°  3.08x107°  5.04x10°
MnALS, : Al 6.02x10°  149x10"  248x10"
MnALS, : S 1.15x107 127 x 10° 1.10 x 107

103 mW, 191 mW, 238 mW, 27 mW= S Z7]29]7]4]
A gxjg|s Ae] MAPD7}F 78 FA YeRgTE AR
go] Attt Ae FFAYE ¥ S7MAE WS wlo}
T2 AF7E Aoz fAIE= F7o] #AX oS

7F Ave 22 ofvgit
4.3. pc/de

Mn, Al, S 5719171 & F71, AF291716M dA]
2lgk A= Aol 7H7F 1.5 Vel Ay Q7islal
(dark current: dc)?} tungsten filament ZolA W=
sh= WAE(3,000 xS ARl HIFAS W veRd &
A (photocurrent: pc)s =73}] Table 49 Hth.
Table 404 SFAFol gk JFH 7o w7t 7P & 2
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Fig. 13. Rise time and decay time.

Table 5
Response time of MnALS, cell
10 Ix
Sample
Rise time (ms) Decay time (ms)
MnALS, : Mn 26.7 27.9
MnALS, : Al 21.7 14.8
MnALS, : S 14.8 12.1
MnALS, : Air 17.9 16.9
MnALS, : Vacuum 36.5 27.3
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A= Aol 10 1xe] ¥e &Y wf Table 594 Ri= ule}
o] Aol 7P wE AL S F7E97IeA E
Aget AR QEATRE 124 ms, WHAIZR 10.7 ms
om I tgoR IRV, Al S71E97], Mn &
719171, A7l AR AR =3 SERAIR
QBN WEAZE B57F 20 ms oW A=W AE-s)
7t 7Fsgkel oleldt -SEAIZRE Hlo] Al7]eh HahAEl,
AN 24, 7 2= T o8 249 A9

6.d E

MnALS, ©27% s HWE Wyoz dAF
XA 3 =3 A3, MnALS, ¥R (009)Ho =
AE BAA eEle & 5 ATk Y 4 =4
17e] 2571 410°C, 9] 257} 630°CY o]
, ol PL 2HE=A exciton emission = EF 0]
FE ZdsA JERL o5 A% XM 85334 (DCRC)
HEX]Z(FWHM) %ko] 132 arcsec® 73 ZRdct. %
S+ spectraZ -8 T3 oUA] o] 7] E(T)e Varshni
equation®] Eg(T)ZEg(O)—OLTZ/T+ Bl E (0x= 3.7920
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