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Comparison between PHASE DOS calculation and measurements of band gap
narrowing effects in P doped two-dimensional Si layers (N*)
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Abstract : Measurements of band gap narrowing effects in P doped two-dimensional Si
layers(NT) were simulated by first-principles calculation: PHASE. It was noted that the
results of PHASE DOS calculation by OH-Terminated model was consistent with measure-
ments of band gap narrowing effects qualitatively.
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Table 1. Band gap narrowing(meV) of N*(P)
N*(em=3) | 102 | 4-10% [ 102! | 210!
0.5nm Exp. | 18.4 32.5 397.5 63.5
Bulk Sze’07 | 91 119 137 150
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Fig.1. PHASE band of (100)Si4 bulk.
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Fig.2. PHASE DOS of (100)Si4 bulk.

Fig10OOOOO00O0O0O0O0O0O0O0r0o0oo
0X000O0O0O00O0O000O0000000000
00eV)D00000000000S400000
000 Si00000000000000Z000
(0000)000000000000X0000
00ro0o00000000000 (Figla)0OOO
0000000000000r 000000000
00000000 00000000000003D0
00000000000 0Fgl0 X000000
00 00.5903(eV) 000000 3DO000 Si40
PHASE DOSO 0 000 OFig.20 0 00Fig.200
00000D0O000Fig1000000000000
00:0000000000Fig2000 2.5(eV)00
000000000F 0000000Fig20000
00 DFigl0000000000000000:00
00 0DOSO 00000000 00.5862(eV)000 0

000000000000 00 (Table 2)0PHASE
O00O0O00OPHASEDOSOOOOOOS4000O
Ooooooos9eV)OOOOOODOODO

Table 2. Band gap(eV) for (100)Si4 bulk

I pt. | Band Gap | X pt. | DOS BG
E | 2.5696 0.5903 0.7303 | 0.5862
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Fig.3. PHASE Band of (100)Si8 bulk.
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Fig.4. PHASE DOS of (100)Si8 bulk
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Table 3. Band gap narrowing:A E for doping

1 1 1
Bulk 1 64 35

128
PHASE:A E(meV) | 0.0 | 100 | 128 | 186
Sze’07:A E(meV) | 0.0 | 117 | 130 | 144
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Fig.8. PHASE band of (100)Si4-NL4.
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Fig.9. PHASE DOS of (100)Si4-NLA.
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Fig.10. PHASE band of (100)Si8-NL4.
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Fig.11. PHASE DOS of (100)Si8-NLA.
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Fig.12.DOS of NL4. Fig.13.5;. Fig.14.25 P doped.
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Table 4. NL4 band gap narrowing:A E(meV)

NL4 | & |10 (em™3) | 5
PHASE:A E | 0.0 | 258 312
0.5nm 2D-Si | 0.0 57.5
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Fig.15.Band of NL4(H). Fig.16.10H. Fig.17.20H.
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Table 5. NL4 band gap for H,10H,20H model

Band Gap(eV) H 10H 20H
I pt. 2.027 | 1.7299 | 1.4141
X pt. 2.5252 | 2.3731 | 1.9240
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Fig.18. DOS of NL4-10H. Fig.19. 55 P doped.
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Fig.20. DOS of NL4-20H. Fig.21. 3% P doped.
Table 6. NL4 narrowing:A E(meV) for OH model

102 (cm™3) % :1.56 - 102
PHASE H:AE 312
PHASE 10H:AE 81
PHASE 20H:AE 54
0.5nm 2D-Si 397.5
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Fig.22. Band gap narrowing for dopant density.
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Table Al. Band gap narrowing(meV) of P~(B)

P~ (cm—3) 1.2-10*° | 4-10%
0.5nm Exp. 28.8 46.9
Bulk Sze’07 53 75
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Table A2. PHASE CPU time for SCF(N™)
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Fig.A1. DOS of 3% B doped bulk.

Table A3.Band gap narrowing:A E for B-Doping.

Buk | &=z | & | =
PHASE:P A E(meV) | 0.0 | 100 | 128 | 186
Sze’07:A E(meV) 0.0 | 117 | 130 | 144

PHASE:BA E(meV) | 0.0 | 19 | 46 | 101 |
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Fig.A2. Band gap narrowing for dopant density.
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