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(wt%)

Growth

(wt%)

Starting

(wt%)
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(wt%)

Ca 9.78 9.78 9.78 9.79

Al 13.17 13.18 13.18 13.19

Se 77.05 77.04 77.04 77.02
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Temp.(K) Wavelength(nm) Energy(eV)

293 373.2 3.3219

250 360.5 3.4390

200 348.1 3.5613

150 338.2 3.6658

100 330.8 3.7483

77 328.2 3.7775

50 326.0 3.8034

30 324.9 3.8163

10 324.3 3.8230

EgT   Eg T  

T 

α β
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Temp.(k)

Wavelength Energy

difference

(E1 or E2)

Value

obtained by

Eq. (2)

cr orΔ

soΔ

Fine

Structure(nm) (eV) symbol

293
373.2
367.9
366.9

3.3219
3.3697
3.3788

Ep(293,L)
Ep(293,M)
Ep(293,S)

0.0478
(E1)

-0.0091
(E2)

0.0514

-0.0127

crΔ

soΔ

Γ2(A) → Γ1
(orA∞ excitoon)
Γ3 + Γ4(B) → Γ1
(orB∞ excitoon)
Γ3 + Γ4(C) → Γ1
(orC∞ excitoon)

250
360.5
355.6
354.6

3.4388
3.4867
3.4959

Ep(250,L)
Ep(250,M)
Ep(250,S)

0.0479
(E1)

-0.0092
(E2)

0.0515

-0.0128

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)

200
348.2
343.5
342.7

3.5611
3.6089
3.6180

Ep(200,L)
Ep(200,M)
Ep(200,S)

0.0478
(E1)

-0.0091
(E2)

0.0514

-0.0127

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)

150
338.2
333.9
330.1

3.6656
3.7135
3.7225

Ep(150,L)
Ep(150,M)
Ep(150,S)

0.0479
(E1)

-0.0090
(E2)

0.0515

-0.0126

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)

100
330.8
326.6
325.8

3.7481
3.7958
3.8049

Ep(100,L)
Ep(100,M)
Ep(100,S)

0.0477
(E1)

-0.0091
(E2)

0.0513

-0.0126

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)

77
328.2
341.1
323.3

3.7773
3.8252
3.8343

Ep(77,L)
Ep(77,M)
Ep(77,S)

0.0479
(E1)

-0.0091
(E2)

0.0515

-0.0126

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)

50
326.0
321.9
321.2

3.8032
3.8510
3.8603

Ep(50,L)
Ep(50,M)
Ep(50,M)

0.0478
(E1)

-0.0093
(E2)

0.0514

-0.0129

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)
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Γ3 + Γ4(C) → Γ1
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-0.0091
(E2)

0.0514

-0.0127

crΔ

soΔ

Γ2(A) → Γ1
(or A1 excitoon)
Γ3 + Γ4(B) → Γ1
(or B1 excitoon)
Γ3 + Γ4(C) → Γ1
(orC15 excitoon)
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