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A Reconsideration on the Indirect and the Direct Semiconductors
- New Interpretations of the Transition Type of Semiconductors -

Tkunori Takata

Indirect semiconductors are said that they have two kinds of energy gaps (E,, Fqo) and don’t emit bright
light. However, porous silicon or GaP crystal are able to emit light obviously. Also, the junction detector
of the particle energy in a huge accelerator uses much larger F, for the pair-generation energy than indirect
semiconductors’ or direct semiconductors’ Eyg. In this report, the author would review these contradictions
and characteristics of both semiconductor types and propose a new interpretation that could solve them.
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Table 3. HEZERAPEEATOIINNLE RN X — Fry 7 B, Ol (2L X —Hif7:eV).
(1] Ry | Dia. [4H-SiC[3C-SiC| si [ AIP | GaP [ AlAs | Ge [ Alsb |
2 Eo(s.5.d.) 13 7.8 7.8 3.66 | (4.3) | (3.4) | (3.2) | 296 | (2.2)
3 Ego(meas.) 7.4 (6) 6 3.5 4.3 2.9 3.2 0.85 2.2
4 Eupa = Ely /2 6.5 3.9 3.9 1.83 | 2.15 1.7 1.6 1.48 1.1

5 1 energy WERIFEANE A A A A A A A A A
6 | WHEW [Byo:BET+IEF] | A+B | B+A | B+A | A+A | (A+A) | (A+A) | (A+A) | B+B | (A+A)
7 Ego(calc.) 8.67 (5.2) 5.2 3.66 - - 0.99 -

8 | Ego(calc.)/Eg4o(meas.) 1.17 (0.87) 0.87 0.96 - - 1.16 -
9 | XWFAEW B, ET+IES] | B+B B+A | B4B | B+B | B+A | B+A | B+A | C4+B | B+A
10| BupetBupnfBups | 5+5 | g+1 | g+5 |§+3 [ §+1 | g+1 [ §+1 | §+3| §+1
11 Eg4(calc.) 4.3 5.2 2.6 1.22 | 2.87 2.3 2.1 0.65 1.5
12 Eg4(meas.) 5.5 3.3 2.2 1.1 2.45 2.23 2.1 0.66 1.6
13| Egy(cale.)/E,(meas.) 0.79 1.58 1.18 | 1.11 | 1.17 1.03 1.02 1.0 0.92
14 Tave. (pm) 77 97 97 117 118 118 122 122 131
15 Eup. v (cale.) 4.23 2.66 2.66 | 1.83 | 1.80 1.80 1.68 | 1.68 | 1.46
16 | Eup.m(cale)/(Ely/2) 0.65 0.68 0.68 1 0.84 1.05 1.05 | 1.14 | 1.33
17 pe (em?/Vs) (2,200) | 800 800 | 1,500 60 110 200 | 3,800 | 200
18 wn (em?/Vs) 1,600 100 40 450 450 75 100 | 1,900 | 400
19 BiEE [ET /1R (B)/B B’/a B/a B/A a/A a/a a/a C/B a/A

*: Dia.’s e, un: TOF WEM. FERDT BESRO Hall WEEMEIE pe = 660cm>/Vs.

oM % L{IZEFREIE A/B L 5.
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Table 4. HEHEFEBENERTOIEIL-HHBFNREROPEREDO M (2L X —HifieV)

(1] gtk [GaN[ N [GaAs[ WP [ Gasb | InAs [ InSb |
2 Eo(s.j.d.) 8.9 | (1.9 x3)| 4.3 |(1.35 x3) | (0.67 x3) | (0.36) | (0.17)
3 Ego(meas.) 3.4 1.9 1.43 1.35 0.67 0.36 | 0.17
4 Eup.v = Ely /2 4.45 2.85 2.15 2.0 1.0 0.18 | 0.085
5 = energy IR RFEETE A A A A C D
6 | Hi energy M WUER [Rrqre] | 1 1 1 1 1 9 15
7 REFEAE IR DEE T RE B B B B B ¢ D
8 Tave. (pm) 98 107 122 127 131 131 140
9 Eup. m(calc.) 2.57 2.15 1.66 1.53 1.44 0.16 | 0.08
10 Eup i (cale.)/ (Bl /2) 0.58 0.75 0.77 0.75 1.43 0.89 | 0.99
11 pe (em?/Vs) 1,200 | 2,000 | 9,000 | 5,400 4,000 | 40,000 | 78,000
12 pn (em?/Vs) 10 - 400 200 <200 500 850
13 (R [fE /1) B/-| C/- | D/b C/b’ C/b’ O/b | ~Z/B’
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Table 7. ZILREADORERICHE O ELKIEELL & %S

BRRNE |BBHROT

i a jcalciac-a| A
ERERIIENR
GaN |16 3 i-14|4:2: 2 |-34
GaAs| 16 2 i-04|4:4: 0 |-04
GaSb|1.6:1.9:-0.3|4:5: -1 |0.7
InN_| 1.7 3 i=1.3|5:2: 3 1-4.3
InP_|1.7:21:-04|5:3; 2 |-24
InAs | 1.7 2 :-0.3/5:4: 1 |-1.3
InSb | 1.7:1.9:-0.2|]5i5: 0 [-0.2
EEBBREK
SiC |1.8:25:-0.713:2: 1 |-1.7
AP [15:21:-06]3:.3: 0 |-0.6
AlAs | 1.5 2 -05]3:4: -1 |05
AlSb | 1.5:1.9.-04|3:5.:2.]1.6
GaP | 16:21:-05]4:3: 1_|-1.5
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FREGE X D) S REEMETH 2 2 LM 5, G,
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£ 232, GaAs DERBEMEEL 1.6 £ 2.0 TH 5,

T oLy SRS O ARG (A), (B) 3. KNOMTRTE
% BETH (4 & W% BT 5 5I10) MFECR 3 hE T T ICH
9 (b7&AIT, diamond BEETIZRICAZ X HIcTNnd), 2
LT, (A) & (B) BEWICEARKEL ZfEE L Tw5 (B
WIZR LT 60° ARPREEL Z2MiE L DT 2 2). (A) HE VI
(B) 1) 03 A 1A & 2H WiiGEIC R > T, (-A-B-A-B-..) &
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Table 8. F: 72 [HIELER TG DRI T D F 1, 0 & b G,

[ Bk ] Dia. [4H-siC [3C-siC] si

| AIP | GaP [AlAs] Ge [AlSsb | sn |

re & 1o XLEY CA ZHERT AT C & A

% IV | IV-IV | IV-IV | IV |-V | IV | IV | IV |-V || IV
il 2 342 342 3 | 343 | 443 | 344 | 4 | 345 5
b dia. | Wurt. 7Z.B. |dia.| Z.B. | Z.B. | Z.B. | dia. | Z.B. || Wurt.
re (pm) 77 117 117 | 117 | 126 | 126 | 126 | 122 | 126 140
ra (pm) - 7 77 - 110 | 110 | 118 | - 136 -
Tave. (pm) | 77 97 97 117 | 118 | 118 | 122 | 122 | 131 140
#il: dia.=diamond ¥, Z.B.=Zinc Blend (BIHHENEK) T, Wurt.=Wurtzite(7 VY §K) .

DIGREEHLET, ZDTFHMED rove. THS.

Table 9. T REEERTFEA ORI T O AW, 58 &S,

[ FiEfF [ GaN [ InN [Ca

As [ InP [ GaSb | InAs | InSb |

Ji3 II1-v | III-V | III-V | III-V | III-V | III-V | III-V

J 39 4+2 5+2 | 444 | 543 | 445 | 544 | 545

il Wurt. | Wurt. | Z.B. | Z.B. | Z.B. | Z.B. | Z.B.

re (pm) 126 144 126 144 126 144 144

rq (pm) 70 70 11

8 110 136 118 136

Tave. (PM) 98 107 122 127 131 131 140

fiiilZ: dia.=diamond /¥, Z.B.=Zinc Blend (PJHii#H#E) 12, Wurt.=Wurtzite(7 )LV L) .
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