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Optimal Control of Parameters

Hisashi NARA

Abstract

The optimal determination of parameters introduced into a system is described. The method is based on
minimizing the root-mean-square deviation. The method is applied to the band structures of elemental and
compound semiconductors which reproduce accurately the observed energy spacings in a wide energy range of over
25 eV from the bottom of the valence band. The band structures thus obtained are used, with success, to a variety
of semiconductors to calculate the Compton profiles, the positron annihilation, the phase transitions under pressure,
the 3D momentum densty distributions, the charge density distributions and so on. Applications to the other

problems are also discussed.
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Fig.1l. The variation of the »ms-deviation ¢(Si)

in eV and 6(Ge) in % as functions of the
cut-off radius R, for the several nL+NL
({) EPP’s. The results for the local
fittings #L are indicated by the arrows.
The dashed curves correspond to the
higher minima of ¢ in the parameter
space. For the meaning of the asterisked
results, see text.

Tablel. The empirical pseudopotential parameters, V. (G, A (in Ry/atom) and R: (in a.u) determined for Si and Ge
corresponding to the typical values of & (Si) (in eV) and 6 (Ge) (in %). For the meaning of the asterisked results,
see text.

Vi(3) Vi(8) Vi(11) Vi(16) Ve(19) A A Az R, 8(Si), 3(Ge)

3L* —0.2213 0.0529  0.0763 0:207 eV
4L —0.2082 0.0409  0.0835 0.0189 0.225
5L —0.2066 0.0269  0.1106 0.0247  0.0760 0.223

Si  3L+NL (s) —0.2289 0.0191  0.0676 0.2391 1.75 0.134
3L+NL (») —0.2021 0.0363  0.0769 —0.0604 2.5 0.117
4L+NL (s)  —02631 —0.0262 0.0504  —0.0617 2.233 1.0 0.127
4L+NL (p)  —0.2019 0.0332  0.0797  —0.0134 —0.1385 2.0 0.123
3L* —0.2852 0.0604  0.0173 9.61 %
3L —0.2508 0.0257  0.0441 10.64
4L —0.2555 0.0363  0.0224 0.0627 10.73
5L —0.2440  —0.0139  0.0867 0.0181  0.1131 10.04

Ge 3L+NL (d) —0.2425 0.0253  0.0529 4.892x10  0.02 2.89
3L+NL (d) —0.2422 0.0255  0.0526 83.77 0.98 2.96
4L+NL (d) —0.2437 0.0299  0.0432 0.0261 71.27 1.0 2.95
S5L+NL (d) —0.2407 0.0223  0.0529 0.0140  0.0146 5.956x10% 0.1 3.05
S5L+NL (d) —0.2402 0.0223  0.0520 0.0184  0.0167 79.40 0.98 3.05
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Fig.2. (A) The energy band structure of Si along the principal symmetry directions calculated
with the 3L+ NL(p) EPP at R,=2.5 a.u. given in Table I and (B) of Ge calculated with the
3L+NL(d) EPP at R.=0.98 a.u. The energy is in units of eV.

TableIl. Comparison of the calculated LS’s (in eV) of Si with experiment. In the upper part of the table, the
comparison with the experimental LS’s adopted as the input data for determining the EPP is made. In
the lower part the comparison with the other experimental data available is added.

3L+NL (s) 3L+NL (p) 4L+NL (s) 4L+NL (p)

o o i
@ 1) Eew 3L SL Ro=1.75 R.=25 Ry=1.0 R=20 au.
re-Ig 3.40 3.40 337 3.50 3.46 3.41 347
IF-Ig 420 430 431 413 421 422 419

T OXexy 420 419 4.08 4.09 420 415 420
o‘a L&-LY 345 3.40 3.38 3.34 3.45 3.42 3.46
L§-LY 550 5.22 551 5.40 5.45 5.49 5.46
X5-T% 1.20 116 115 115 1.09 1.20 113
, Ly 26 2.91 2.92 264 257 261 257
XLy 44 432 439 420 423 417 419
Wi-L? 3.0 3.35 3.40 321 331 3.19 319
o [¥-I 76 8.32 763 763 764 7.60 761
5 rg-rg 83 7.76 8.28 8.35 8.35 8.30 8.30
5 (eV) 0207  0.223 0.134 0.117 0.127 0.123
12.4+06
Ia-I? { Lo 1263 12.54 12.47 12.28 12.13 12.22
44502
[2-52 { e 455 4.46 450 470 450 447
[2-We 78 8.19 8.16 7.79 7.92 774 7.84
-1 9.2 1027 1023 9.79 9.91 9.73 9.84
2-W 36 401 3.92 3.94 413 3.93 407
64+0.4
re-Lv { o 736 732 715 734 712 726
6-38 444 425 416 419 427 421 427
Lom-TR 115 1.04 1.00 1.01 0.96 1.06 1.00
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Table III. The same comparison for Ge as in Table II.

- . . SL+NL(d)  4L+NL(d)  5L+NL(d)

G j) Eei 3L sL R,=0.98 R,=10 ,=0.98 a.u,
rs-r 0.99 097 098 0.9 0.99 0.99 0.99
re-rg 323 205 331  2.99 3.24 322 319
~ L&-Ly 234 214 204 208 2.7 226 226
£ LiLy 5.80 489 518 534 5.72 571 571
S xsxy 450 416 394 394 437 435 434
Le-T% 0.84 090 089 0.6 0.85 0.86 0.85
X§-T 1.26 133 121 132 129 128 129
rg-ry 126+03 1220 1214 11.99 12.55 1252 1251
, el 106404 1023 1015 1011 10.47 10.46 1045
& el 77402 711 706 7.02 744 742 741
rg-Lg 14402 124 115 122 142 141 141
TR-X1 20403 283 267 262 3.08 3.07 3.05
LT 43 366 403 412 431 428 429
S 71 854 740  7.07 6.86 6.94 6.94
rs-ry 9.6 721 783 833 9.34 9.60 9.62
5 (%) 961 1064  10.04 2,96 2.95 3.05
538 450 401 394 393 433 132 430
T2 L 1.06 116 113 115 1.08 1.10 107

45402

%52 { .o 397 392 3.83 438 437 436
re-wy 36 349 343 3.36 3.87 385 3.84
TE-W? 86 899 830 830 858 857 8.57
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