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ABSTRACT

Growth and optical conductivity properties for Baln:Ses

single crystal thin film by hot wall epitaxy method

Kim Juyeon

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

Graduate School of Education,

Chosun University

A stoichiometric mixture of evaporating materials for Baln:Se; single
crystal thin films was prepared from horizontal electric furnace. To obtain
the single crystal thin films, Baln,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 620C
and 4007C, 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 Baln:Ses; single
crystal thin films measured from Hall effect by van der Pauw method are
894x10" em™ and 343 cm?v -s at 293 K, respectively. The temperature
dependence of the energy band gap of the Baln:Ses obtained from the
absorption spectra was well described by the Varshni's relation, E.(T) =
26261 eV - (49825 x 107 eV/K)TY(T + 558 K). In order to explore the
applicability as a photoconductive cell, we measured the sensitivity(y), the
ratio of photocurrent to darkcurrent(pc/dc), maximum allowable power

dissipation (MAPD) and response time. The results indicated that the
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photoconductive characteristic were the best for the samples annealed in Se
vapour compare with in Ba, In, air and vacuum vapour. Then we obtained
the sensitivity of 0.95, the value of pc/dc of 1.15X107, the MAPD of 328

mW, and the rise and decay time of 124 ms and 10.7 ms, respectively.
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Baln:Ses= II-I.-VI, = 8§t WA 24 oA olu=] w kel 212
eV Sl A3 Holq wrA|[1-3]olo)A BlFdA[4], B wEg &zH5], FA
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Fig. 1. Strain of lattice constant.

Fig. 2. Formation of electric potential.
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applied perpendicular to measure the Hall voltage.
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Fig. 3. Illustration of the sample connections used for taking van der
Pauw transport data configuration (a)-(d) are employed for collecting

resistivity data while (e) and (f) are used with a magnetic field
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A. BalnsSe, ©+2A A
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99.9999%)5 ERl= FFsto]l AHE AP 16 mm, H7d 10 mm)el o
3x10%orre] HaoA B35t ampoules WHESATh Fig. 49 £ #7299 &
ol Wil Irpme = w=A4ldto] 3 et es A A7jRe] 2%E deAin. &
L Aso®w Qe AREdAe F7IY S7FE ampouleo] FHAEE RS WA|EH]
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CT 160
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Fig. 4. Horizontal furnace for synthesis of Baln:Ses polycrystal.
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o
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Fig. 5. Block diagram of the Hot Wall Epitaxy system.
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C. BalnsSey ©Z2A dtute] A3 =4

378 BalnoSey &A% ¥teE Ba, In 3 Se 571 971l A Zh2F AA gl 38kol
t}. SampleE9] 7t B97]olM dAg Lot Ad AE 2ddte] FHAE 54
o] 7 Fx AFAol £ HAH =UE& Tt AT xHoeE FYLh Ba T
7] E9171614 dAEe7] 18] Ba 0.0015 g& Ald3t 37 AHE gl |
o] 10° torr A% FASHEA ALE & a
e+ 107° torr® FrABHAA 650 CTolld 1 AlZHsor dAelaldtt. In 7] &9
71elA dx g8tz Y8 In 0.0015 g= AlAH A A dtel] Hof ol Ag
W o 2 2F 29lete] ampoule®] In Z719S 107 torr® A 8HA 870 C
2 1AREEE @A FsGTE Se 571 w9714 @Ayl fEA Se 0.0015 g
S A\ A Ao Qo] WF 29Ikl ampoule®] Se Z7]¢te] 107 torr
2 fFAEHEA 480 CT=E 30 & & A skl ol Ao Baln,Ses d7]
Z7A& Table 13 2t}

R
>
oy
of
i/
ol
ol
&
)
B
o
O
=X
@
o
oy}
)
of
X,

o

Table 1. Annealing condition.

Sample Annealing condition

Ba 0.0015 g (650 C, 1 hr)

Ba vapour Pressure : 107° torr

In 0.0015 ¢ (870 C, 1 hr)
In vapour Pressure : 107° torr
Se 0.0015 g (480 T, 30 min)

Se vapour Pressure : 10°° torr

Baln:Se;s : Ba

Baln:Ses : In

Baln,Sey, : Se
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A. BalnsSes THE A 9]
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Fig. 6. X-ray diffraction pattern of Baln.Ses polycrystal
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Fig. 8. Extrapolation of measurement lattice parameter b, against
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B. BalnoSes 24 vrat A% 243 24 AAA

HWEe] ©]g+ Baln,Ses ol #lo]o] A2 ¥4 GaAs(100) 719 &<
S AAS7] Y5Fe] 7]#S chemical etchingdt & 580 TolA 20% <t d*
stglon, Fukglel e w2 620T, 7|We 252 380~420CE WA 7] HA
FA AT Fig. 10014 ®Binkel o] BalnsSes ol¥lelo]o]e] o]F A4 X-A 34
Z(DCRC) WHEA(FWHM)E S4g A3, 7|¥e] &%7F 400 CTd# 212
arcsec® 7Hg Adth. BalnsSey olddo]ojo] A A0S FH¢de 227t
620 C, 7]1%9] %7} 400 TY wWdS & 5 AT o9} 2 HAH 7oA
5 AlZF 30+ Baln:Sey o¥|#o]oje] 7= a-step profilometer® 7%
& A 2.6 m= AFHAS Lot
A zstel A 4gE olgolojo] AT H WE dotry] 98t XRD
545 9o, Fig. 109 BalnoSes ¥ #o]oje] XRD patterne H. T}
¥ 34 peakt BalnsSes(444)HA3} GaAs(400)Holw, BFuhe BalnySeq(444)H
2 AFEASS gkl w3 Fig. 1194 BHE AA Y BalneSe (444)4A 0] 2] ¢
o2 3]d peak7l HolA ¢ol 4w wbuhe oA whbo] PR AGEHASS
& = A3, BalnoSes(444)H 2] 26 91x+= Baln.Se; 2] orthorhombic 725 %
Az A 34.659F dAE= ol dEd Zowm Hol dde]of=
orthorhombic %= %= & A AT

Em{n

o,

=)
n

—

1
i

[¢]

U 0
filo
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Fig. 10. Double crystal X-ray rocking curve of Baln:Ses single

crystal thin film.
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Fig. 11. XRD w-26 scans of the Baln:Ses single crystal thin

film grown under optimized conditions.
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C. BalnoSes ©Z2A vler9] 313 27 ZAH|

Baln,Se, thaA 3 oy g o]o]e] EDS ~FEZH AR 2 ZAH] 7+2 Table 29

1S 6 N9 === zr'= Ba, In, Se oA UyeEs EA X-A

[m
o

Witk EDS 229
€ 7IeeR sto] 4o, Badt ne L-4 54 X-41& o]83aL, Sew K-4
o 54 X-d& Abgstel SAS Y. thAA B ol #olel 9] starting element

o) Avlek AA e WSl £1 % AF WLl dAH AL Jlof BeF FEH

Table 2. EDS data of BalnsSe; polycrystal and single crystal thin film.

Polycrystal single crystal thin film
Element
Starting(wt%) Growth(t%) Starting(wt%)  Growth(wt%)
Ba 19.31 19.34 19.34 19.32
In 33.79 33.82 33.82 33.80
Se 46.90 46.84 46.84 46.88
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D. Hall &%

A37E BalnsSeq olF @l o]o]E van der Pauw WHOZ Hall &3%E 293 KollA
10 K7H4 &% Wsts FHA 543 35 5 olsx nahs Fig. 130 YeEhid
t}. Fig. 13014 Hi wle} o] o]Fmrl ALolrE 273cm?/V-secdlom,
Fujital13]2] Ao} o] 130 KollAl 293 K7kAl= A=A} Abek(lattice scattering)
of 7]Qlgk Aoz ogAAH, 10 KelA 130 K 714+ EE  AbeHimpurity
scattering)ol] &3 Aoz WXty A Abgh 0 K o] e 2=olA Az}
o] dXF AY=EA olF & Ao F714 potential & W3t carrier £
AR} Atelol] UAE AEdrh. Az NEe 2E7F Sk webd AXE A=}
2beke a2o A $-AM(domain)shAl ®th mEbA ol ke %7F F7FSel wEt
Dasie] Axpakere] 7118 ol T o] ulgsle] gadt wE
22 3l H carrier 7} BalnoSey o] @lo]o] o] A% 3} of 4 B2
¥ 2et A2 ¥ carrier + Coulomb force FEA-§o =2 HIFEH

=
=
= 5 2 I 5
BEoE Ao 58 S do R FHHE olwre &9l oldd EE T
5

|\

—

43
i
o
o s
o

Loty a8y 23 carrier o] w3 BS&E 2xo s A7to]
#ob EdH o Aybd = Q7] WiEelw BEE Abdel o ojFmE TV |

g3ttt Carrier density:™ =% 1/T © oigh &9 A

om o] wo] 2% AF(1/Dell W& InnghkS Fig. 143 2} 2433 olyA] E.&=
n=exp—E kD nZHE Fig. 149 71&7]d4 F3 23} 141.8 meVATLE =
Hall &2 SAgo= ¥ Hall Zls0] 49 @lololM Baln.Ses ol¥]zolof=

self activated(SA)ell 7]213}= pE WHEAAS <4 5 AU

o
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Fig. 12. Temperature dependence of mobility for Baln:Se; single

crystal thin film.
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Fig. 13. Temperature dependence of carrier density for Baln:Sey

single crystal thin film.
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E. BalnoSes @24 WHe] FFF SHEHI A =Y

BalnySey olFjglo]oje] 2&o] w2 FEF5 ~FERS 203 KA 10 K74
SE WHIAZIEA F43ke] Fig. 1590 Btk 355 29¥Egom BEH 2}
Fol oA (el d-gst= F5F AT (g Fsta (aw) ~{hv—E, < 3%
A®5H Fig. 16014 78 oU=] 3§ Table 3¢ R %r}.

110K
3 5 b 7 8 9 230K

3.50K
} W } W } \ 477K
5.100 K
6. 150 K
1.200 K
8.250 K
9.300 K

-
-—ro
-— o

R
E—
B

Optical density (Arb.units)

465 485 505 525 545 565 580 605
Wavelength (nm)

Fig. 14. Optical absorption spectra according to temperature variation

of the BalnsSe,s single crystal thin film.
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Fig. 15. Relation between the incident photons energy hv and the

(ehv)? in the BalnsSe, single crystal thin film.

Table 3. Energy gap according to temperature variation of

the single crystal thin film.

Temp.(K) Wavelength(nm) Energy(eV)
293 583.9 2.1235
250 553.3 2.2407
200 524.6 2.3632
150 502.4 2.4678
100 486.1 2.5504

7 480.6 2.5796

50 475.8 2.6056

30 473.5 2.6185

10 472.3 2.6252
— 25 —
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Fig. 16> Baln:Se, olddlo]o]e] &4 FAo] 93t direct band gap? =% 9

=45 Yeh a2 91t} Direct band gapd] =% &4 2 Varshni? [14]

1=

aT*

E (T = E, 01— TIE (22)

o

S & WEFsa vk 714, EJ(0)= 0 KellAe] olvAl 3, ast Be drelH,
E.(0) 2.6261 eVelal at= 4.9825 X 10 eV/K, B 558 Koltl.

2.65
=
D,
o
(4]
o
=
© aT?
s Ey(T) —Ey(@) — =
= Eg4(0) = 2.6261 eV
E a-4.9825 x10~3 eVIK
i B =558 K

2.10 1

(0] 150 300

Temperature (K)

Fig. 16. Temperature dependence of energy gap in Baln.Sey
single crystal thin film.

(The solid line represents the fit to the Varshni equation)
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FHAE Ao FE(sensitivity)w B =l ALt o] Al7|ef Ao &5 A}
ol¢] #Alolth e= WS 2Y wo] A7t A A7) o xdHE F don
Aol Aoz FAstE Ao| Tojt) HA”RAEZE Ho=z o] 2E 10 Ix
o4 1,000 Ix7HA ®stA|A Aol AgHsts SAsaL, =9 Aate] A

A A& el FHufE 4 characteristicolgl F-21

rr

00 _ g — 08R10 108K 00y (23)
10 1021000 — Iogl0

2 Yepdoh o, Rio9 Ry 2EE 10 1x9F 1,000 Ix2 ZAMA A S of A 7}

zrge] Al71E 10 IxellA 1,000 Ix7kA WstAl 71 SA4E Ao AF ges
Fig. 18] HSIt} Fig. 1894 (a) &&$17], (b) Se 7] %171, () In T7]
9171, (@ &7 49171, (e) Ba 571 E471dA EA
ol Wats yebd Aitolth ojul 4 k& Ba, In, Se &
B el dA2 s 49 22 0.73, 0.79, 0.95, 0.23, 0.85 2 Se Z7]%E$] 710l
A AR Y3 Aol st 7hg Fgker 0.8 oAtold Ag3lr) 7Hs sl

oN _E
o
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Fig. 17. The characteristic of cell resistance in the illumination

of BalnsSey cell. (a) vacuum (b) Se (c) In (d) air and (e) Ba
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2. AW 3&4HAH (MAPD)

FAE Ao dAG A7]e] Wg xolal AF QAVFASHS WA W s2%
5 (llumination current)®te] #AVF Aoz FHHT FFADS 1 VolAHF
B 7 W AF o Ao 5o AFE o|Friyt Mol HEFHI] AlAd
o} olu] Aol HFH Y] AHY e mWE HAste] A &&an|dg o)} 3
th Se SV A GAE sk Ao Q7bASkH Wl At ok AF{e] AAE
Fig. 19 E. Itk Fig. 19014 X+ wviel Fo] x%E 300, 500 % 800 Ix= il
dstar A7bAE 1 VelA Z7FA1Z wl 300 Ix¥wi= 100 V, 500 Ixduwle 78
V, 800 Ix¥d W= 55 VoluelA A&EE fAlste] Hd &4nH8S 328 mW
AL & 5 Uk o9k e WHoR F3 Ba, In TV 2 F7], AFESY
Z1elA dHEst Ao A sgau Az 27 103 mW, 191 mW, 238 mW,
27 mW= Se T71E%171dlA dx st Ao MAPDZF 718 A WebRtth. 4]

4 ¥ FAAE WS Wol B2 AR/ HYow

10°

Illumination Current (mA)

102 1 1 IIIIIII 1 IIIIIIII
10 100

Supply Voltage (V4

Fig. 18. Illumination current vs voltage characteristics Baln.Ses cell of

annealed in Se vapour.
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3. pc/dc

Ba, In, Se 719171 # 271, A&7l dA2d Fd= Ao 242k 1.5
Ve ALS <rtetar oA F(dark current : de)®b tungsten filament & ol A
WEsks MAE(3,000 1S Al HIFAS ol yebd B F(photocurrent :
pc)E =73te] Table 4¢ HIth Table 4014 FdFol Wik Fd/Fe] vzt 7¢
o Se F7|EY7IAA A E)d 42 pe/dert 1.15x1070] 1tk pe/de
7} 10° ool H&3rt JhEdlrg £ FHREARA ol& sheAo] anHE

ol
i
N

Table 4. pc/dc of the Baln,Se, cell annealed in Ba, In, Se air and

vacuum (light intensity : 3,000 1x)

sample darkcurrent photocurrent ratio

A) (A) (pc/de)
BalnsSe 1.24x107° 2.15x107° 1.73%x10°
BalnsSe, : Air 7.83%x107° 8.09x107" 1.03x10°
BalnsSes: Vacuum 5.91x107° 2.13x107" 3.60x10"
Baln:Ses : Ba 6.38x107° 3.13x1072 4.91%10°
Baln:Sey : In 6.11x107° 1.52x107* 2.49x10*
Baln:Ses : Se 1.17x107" 1.35%10° 1.15%x10°
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4. SEANZ

SHAIZHE Fig. 209 Zo] Fdk Ao dlo] xAME & /<] peakate] 63 %
7} & w7kx o] @ EA 7 rise time)¥} Blo] AAE F pe o] 37 %= AE
=9 dgE YHAHdecay time)o.® FE3ICE olu) Y HA M decay time)S
WA carrier) ] FHolgt 3tk FHE Ao 10 Ixo] W& &Y o] Table 5914

B vkl o] SEAIzke] 7 w2 AL Se TIETIAA EAEE AR o
FAE2 124 ms, WHAIRE2 10.7 ms 3lom 2 o= 78971, In 571
9171, Ba S71897], A7 ex2 FA =3 SHEARR @513}
WHAIZE B57F 20 mselv] = Ag37t shedd ojy e SEAIe dlo
A71ek FatA e, AR 21, F9 25 5 oy 2y dA

Table 5. Response time of Baln.Ses cell.

10 1x
sample
rise time (ms) decay time (ms)
BalnsSeys : Ba 23.5 25.6
BalnsSeys : In 17.5 12.8
BalnsSey, : Se 12.4 10.7
BalnsSey @ Air 13.8 12.9
BalnsSey @ Vacuum 32.4 23.8
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Fig. 19. Rise time and decay time.
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Baln:Se, @24 b wteks HWE W= Azt X-4 3d 34 43
Baln,Se; 8HohE (444)Wo 448 @24 uEgls o4 4 gtk A4 44 2de
71e] 227} 400 C, TP 2271 620 T 2 wolda, o]F AA X-4 8%
=X (DCRC)] WFAZ(FWHM) Zke] 212 arcsec® 7H Zgkt), Ao A Hall &3
2 243 A3 ¢ Fxe ojxwE 2tz 851 X 107 /em®, 273 cm?/v-s?l nd <
A whgtoly}, kAl FEO 2% oEAL 2% Ao fiE) 39 A+ F
of we} Matgion, In n ¥ &% 1/TA 3 243 olux+= 94.2 meV S
th 35 spectraZFE FE olUA w] Y El(T) = 2.6261 eV - (4.9825 X
07 eV/KIT*/AT + 558 K) < <183t} BalnpSey ©A4 wluke] 5844
¢l photocell® AFEE 4= 91+ pe/de kol 7FE 2 FARAL Se ZF7]E97]9
A A AE 1.15x10° olloen, FALAe] 7 (sensitivity) = Se F7]&
AANeA dHeE e o] 0.952 7H¢ 2t ek Ho &8 2H A= (MAPD) S
Se F71E90710l EA2 3 Aol 328 mW= 7Hg E£kom, Se F7]E97]0lA
dAg e Aol FHAIRS LFAIF 124 ms, WHARF 10.7 msZ 7P w27
UelY, BalnoSes @24 #leS Se EY7]olA 480 CT=E 308 I3
photocello] -&3}7} 7Fsd Ao & o AZIt},
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