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Abstract A stoichiometric mixture of evaporating materials for MgGa,Se, single crysta thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, MgGa,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 610°C and 400°C, respectively. The crystalline structure of the single crystal thin films was investigated by double
crystal X-ray diffraction (DCXD). The temperature dependence of the energy band gap of the MgGa,Se, obtained from the
absorption spectra was well described by the Varshni's relation, E(T)=2.34€V —(8.81 x 10 eV/K)T?(T + 251 K). The
crystal field and the spin-orbit splitting energies for the valence band of the MgGaSe, have been estimated to be
190.6 meV and 118.8 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's states of the valence band of the MgGa,Se,/GaAs
epilayer. The three photocurrent pesks observed at 10K are ascribed to the A;-, B;-exciton for n=1 and C,-exciton peaks
for n=27.

Key words MgGaSe, Hot wall epitaxy, Crystal growth, Energy band gap, Photocurrent spectum, Crystal field splitting
energy, Spin-orbit splitting energy
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Fig. 1. Horizontal furnace for synthesis of MgGa,Se, polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Fig. 3. X-ray diffraction patterns of MgGa,Se, polycrystal.
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Fig. 4. Lattice parameter g of MgGa,Se, polycrystd.
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Fig. 5. Lattice parameter ¢, of MgGa,Se, polycrystd.
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Fig. 7. XRD ®-20 scans of the MgGa,Se, single crysta thin
film grown under optimized conditions.
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Fig. 8. Optical absorption spectra according to temperature
variation of MgGa,Se, single crystd thin films.
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Fig. 9. Relatlon between the incident photons energy hv and
(chv)? in the MgGa,Se, single crystal thin films.

Table 1
Peaks of optica absorption spectra according to temperature
variation of single crystd MgGa,Se, thin films

Temp. (K) Wavelength (nm) Energy (eV)
293 563.3 22011
250 555.9 2.2302
200 548.1 2.2620
150 540.9 22921
100 535.6 2.3150
77 5334 2.3242
50 5315 2.3328
30 5304 2.3373
10 529.9 2.3398
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Fig. 10. Temperature dependence of energy gap in MgGa,Se,
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Table 2
Temperature dependence of PC pesks for MgGa,Se, single crystal thin film
Temp. Wavelength Energy difference Vaue obtained Acr or Fine
(K) (nm) (eV) Symbol (E,or ) by Eq. (2) A% structure
g
or A, excitoon
563.3 22011 Ep(293.L) (E) 0.1639 0.1906 Acr Ty(X) = TS
293 524.2 2.3650 Ep(293,M) 0.1188 (or B.. excitoon)
504.6 24571 Ep(293.9) (E») —0.00921 Ao Iy) = Ty(9)
(or C,, excitoon)
(n(zz\ —Ty(9) |
or A, excitoon
556.0 2.2300 Ep(250.L) (E) 0.1640 0.1905 Acr FS(X); Ty
498.7 2.4863 Ep(250.9) (E») -0.0923 Ao Iy) = Ty(9)
(or C; excitoon)
{4(2 - F_l(s) )
or A, excitoon
548.2 2.2618 Ep(200.L) (E) 0.1643 0.1909 Acr FS(X); Iy
200 510.0 24261 Ep(200.M) 0.1187 (or B, excitoon)
492.3 25183 Ep(200.9) (E,) —-0.0922 Aso I(y) = Ty(9)
(or C, excitoon)
{4(2 - F_l(s) )
or A, excitoon
541.0 2.2920 Ep(150.L) (E) 0.1642 0.1908 Acr Ty(X) = T
150 %g g gg Epgggﬂ)) () 0.0023 0.1189 A (or B, excitoon)
- pLLsv. ) Is(y) = I'y(s)
(or C, excitoon)
{4(2 - r_l(s) )
or A, excitoon
535.6 23148 Ep(100.L) (Ey 0.1640 0.1907 Acr Ty(X) = T
100 500.2 24788 Ep(100,M) 0.1190 (or B, excitoon)
482.2 25711 Ep(100.9) (E,) —-0.0923 Aso T(y) = I'y(9

(or C, excitoon)
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Table 2
Continued
Temp.  Wavelength Energy difference Value obtained Acr or Fine
(K) (nm) (eVv) Symbol (E,or Ey) by Eq. (2) A0 structure
['(2) > T'y(9)
533.5 2.3240 Ep(77.L) (E,)) 0.1638 0.1905 Acr ?r()gfxg't(‘g”)
e 498.4 24878 Ep(77,M) 0.1189 ( 05r B. ex Cilt oon)
4805 25800  Ep(77.9 (E,) ~0.0922 : A% BT
5 1
(or C, excitoon)
[)(2) > Ty(9)
5315 2.3326 Ep(50.L) (E,) 0.1640 0.1907 Acr (F‘”(Sf"?g’”)
50 496.6 24966  Ep(50M) 01180 (& B, eciom)
4789 25888  Ep(50.9) (E,) ~0.0922 : A NS
5 1
(or C, excitoon)
[(2) > Ty(9
530.5 23371 Ep(30.L) (E,) 0.1638 0.1905 Acr (F‘”(Sf"?g’”)
30 4957 25009  Ep(30M) 016 (& B, excionn)
4782 02929  Ep(30.9 (E,) —0.0920 : A NS
5 1
(or C, excitoon)
{4(2 - F_lt(s) )
or A, excitoon
5299 2.3397 Ep(10.L) (E,) 0.1639 Acr 1
10 452 25036 Ep(10M) o (Fgr(’g =9 N
4776 25957 Ep(10.) (E,) ~0.0921 : A B S
5 1
(or C,, excitoon)
\/ r,(s) Hamilton matrix
Eip = %(Aso + Acr)
L
E (T 1 2_2 i
oM - (+)L—1(Aso + Acr)?— éAsoAch ©
___A 2 gt & o714 Eff Epe v Aok A
1 Ber B L ol o3} 2 A, B- 223 Cexciton] oluAE
Aso*g e (%) Exx(A), Ex(B) Z12]3L Ex(C)2F 3713 E = Ex(B) —
%\ r.(y) Ex(A)PIL E,=Ex(B) - Ex(C)lth. Ef Ex= 27
5

Fig. 13. Fine structure for energy level of MgGa,Se,.
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Es Ex= 717 tew) 2,
E, = Exs(10,M) — Ex(10,L) = 2.5036
—2.3397=0.1639 eV
E,= Exs(10,M) — Ex(10,S) = 2.5036
— 25057 = 0.0921 eV ©)

Ex} E4LS Hamilton matrixoll thYsh A3 wd2S
il

Acr =0.1906 eV, Aso=0.1188 eV (4

olt}, ojuf Acrit 0.1906 V= Shay S[14]°] eectro-
reflectances S743st] ¢ crysta field splitting ol
A Acr 0.19eVvatEl & LASkAL )AL, spinorbit
splitting ol4=] Aso®] =787k 0.1188eV <A Shay &
[14] ®3238F 0.11evitdt 7o A8k St} ol 10
KollAl g0l Aot Asoe] A3 Ax2 Hol o
o FAA Wo| YAl of dojuh= MelEHE & A
28kl At

Varshni¢] EyT) &4 (D25 1 KLuje] oyx] o
7HA E(10)74[11]S Table 1014 2.3398eVe]ir, Table
204 10KY ©l Ex(10L) =2.3397 eV ©|E22 E,(10) =
Eq+ Ep(10,L) = B + 23397 eVoll ] E., = 2.3398 - 2.3397
=0.0001 evelt}. I8 E2 free excition binding energy
Erx=0.0001 eVolt}. Table 1914, 10K wl, E/(10) =
2.3398eVo|al Table 20014 10K W EL(10L)=23397
eV oJth. Ey(10) = E(10) + Epg(10L) ©|EZ E,(10) =
E,(10) — Epp(10,L) = 2.3398 — 2.3397 = 0.0001 eV = E,/
1°=0.0001 eVelt}. En(10)= En /1%t Ux|3it}. whpa
10K w FAF B9 Fupdoie] oA Ex(10.L)
& n=1d u 7EEAARI T, (2004 A=) Ty(9= =49
A1 Apexciton B-9-golth. E (10, M) v 7ol
stk Ef(10, M) =[Ey(10) +{E,(10, M) - E,(10, L)]
—ExCloA 2zl ES tiYshd, 25036 eV =2.3398
eV +(2.5036 — 2.3397) eV —E, 7} ®th. Z#iA] En =
0.0001 eV = 0.0001 eV/1%0]o34  E(10, M) -%el&
[g(x) 7HAR el A Zd27F Ty(s) A=A o= o
UX]7F 0.0001eV 7H42 n=191 A== 51 47 B,-
exciton 5-%-2]°|t}h. E(10, M) E(10, L)9] olqA] 7+
Aol AR719] 01639 eV7} oFJaL (2)20] wiet crysta
field splitting Acr3l 0.1906 evelth. E,(10, S) &-9-2&
TRt 7ro] it EL(10, S) =[E,(10) +{EL10, S)-
E,(10, M)]-EnolM  Eq=0.0001eV =0.1638 eV/41°
oledr] E(10, S) B-FEle Ty(y) 7FiAIelM KAt
() A=) ®oz 01638eV ko] e n=4191
A== 5w A7 Cy-exciton B-F-2l°lth. E,(10, M)z
EJ(10, S) Atele] oA 7HA4L ZAr7]9] 0.0.0921eV
7} ol spin orbit splitting Aso?! 0.1188 eVolt},

50K wl Table 1914 Ey(50) = 2.3328 eVoltt. o] &
=Y u Table 24 Ex50,L) =2.3326eVo|th. E,(50)
= E(50) — Ep(50,L) = 0.0002 eVo| 2L Epy(b)/2°= 0.0002
eV = 0.0002/2% ¢} A3}, weEbr] Ep(50,L)S n=2Y
] Ty(2) 7PAAI oA 27 Ty(s) A== 51 AYz]
A-exciton 52| o]t}.

E(50M)= n=2d ul Ty(x) 7FIARReIA A7
Iy(s) A== 9 7] B,-exciton 5-9-2]°]t}.

Ex(50,9= n=2d u] T'y(x) 7FIARNoA 2R Ty(9)
A=tz £ 471 C,exciton B-9-2]o]t},

100KY = Table 1014 E,(100) = 2.3150 eVoltt. ©]
25wl Table 204 Ep(100,L) = 2.3148 eVoltt.
Erx(100) = E(100) — Epe(100,L) = 0.0002 eV = Ery(b)/2°=
0.0001 eveledr] UXgHE & = AUtk Wb Eg(100L)
2 n=2a © I(2) 7FARERA A=} Ty(s) AEti=
£ A7 A excitonz-$-2lo|th VA2 Ex(100,M)
£ n=2d 0 Iy(x) 7FaARRelA [Ax7F Ty(s) A=dh
2 51 A7 B,exciton B-5-z]o]t}.

Ex(100,S5= n=2U u] Ty(x) 7FdAelA A7k
I(s) A== 1 A7 C,exciton 5-5-2]°]T}.

old Who =z Ad)sle] Table 29| Fine structure]17-
1915 Fa3lth. 53] 293K dwf Table 1°] E(293)
Table 2°] E(293.L)3 737, 22011 eVoleid MgGaSe,
E HNLVIE S3E vieA 24 A o] 7H4o)
22011 evel A3 Fold wheA|dS ERISIITE Ey299)
Z Epp(293,L)  Exx(293) = E,(293) — Epp(293,L) =0 =
Endn©lodd],  Ej (293} Ep(203L)& n=okl A.-
exciton B-9-2lo1H Varshnie] E(T)l &4 (1) 2=
wWale] gl A T4 A=d L= =
w A7l A_-exciton B-$-2] = A-exciton E-$-zjo|t}.
WA Epp(293M)= n=o}l B_-exciton 592 B-
exciton B-9-z]o|t}. T3 E(293,9% n=ol C.-
exciton ¥-9-2] C-exciton E-$-zjo|t}.

4.4 B

MgGa,Se, 274 S HWE Wiloz A7A 7T
XA 3d =24 A3}, MgGa,Se, v (11e)HoE A
2 A weEle o & T HE 4 20
713e] %71 400°C, Sl 2571 610°CY wol3d
3L, HA AAzANM AE MgGaSe, ©HAA HpuEke]
F5T spectra® FE 73 ol|A] 0] ] E(T)= Varshni
equation®] Ey(T) = E,0) — (T7/T +B)ellA Ej0) =234
eV, 0=881x10"eV/K, B=251K[1NH}. EyT)=
7R el ofgk 7Rz e T,(z) 919 M=
o Ty(9) Akele] ez 7HAAS &t 10K 3
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F spectrum@tS Hamilton matrixell €18 -3+ crystal
field splitting Acrgt2 190.6 mevolH, o] e 7pA}
o depglell ogk 7PdARe] Ty(x) £919F A=l Ty(9)
Arolell EA)Eldtt. T3k spin-orbit splitting Aso #+
118.8 meVolH, o3k 7Rdxb Zepglel ¢k 7hdat
ol 7EzRe] To(y) =19 A=) Ty(s) Atelell EA)s)
Atk 10KY W FHF B-92E n=199 A, B9}
C,-exciton B-5-2]9-& &Skt
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