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Several analytical, semiempirical models are presented for the complex dielectric function, &(E)= ex(E)+ie2(E), of
crystalline semiconductors. The harmonic oscillator approximation (HOA) model successfully explains the peculiar ex-
perimental & spectra; however, the model cannot be expected @ priori to provide satisfactory fits to the dependence of £
on external perturbations or to the line shape of the dexivatives of €. The standard critical point (SCP) model provides
satisfactory fits to the derivatives of €, but does not yield good fits to £. The model dielectric function (MDF), on the
other hand, results in excellent agreement with experimental data both for £ and its derivatives. The MDF is, thus, con-
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cluded to be more usefu! than the HOA or SCP model.
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Fig.1 (a) Electronic energy-band structure and (b) & spec-
trum (30¢ K) for GaAs.
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Fig.2 Fitted results of HOA model to the experimental &
spectrum for GaAs, The experimental data are faken
from Aspnes ef al.” Individual contributions to & of
the CPs are shown by the light solid lines.
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Table I Parameters for GaAs determined by fitting with

HOA model.
i Eo (eV) A{eY) I (&V)
1 2.921 0.8081 0.0905
2 3.124 1.2899 0.1565
3 3.364 42014 0.4753
4 3.930 23744 0.4792
5 4,500 4.0758 0.3270
6 4,853 4.7893 0.2873
7 7.145 6.0627 0.2472
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Fig.3 J. plotted against photon energy £ for the three-
dimensional {# to d), two-dimensional (e and f} and
one-dimensional CPs {g).
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Fig. 4 Line shapes of the two-dimensional CP (n=0) with
five different phase angles ¢ =0~180° (SCP).
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Fig. 5 Fitted results of SCP model to the experimental &
spectrum for GaAs, The experimental data are taken
from Aspnes et «f.% Individual contributions to & of
the CPs are shown by the light solid lines.
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Table 2 Parameters for GaAs determined by fitting with

SCP model.
eV (CP) n A ¢y TieV)
1.42 (Eo) 1/2 1.5 285 0.01
1.77 (Eo+ Ao) 1/2 0.8 285 0.01
2.90 (E)) 0 2.2 80 0.02
313 (Ei+4A) 0 2.5 0 0.04
4.40 (') —1/2 3.5 —75 0.14
4.83 (£3) —-1/2 1.7 335 0.15

F4 V% Fig 4 j0R 7T, Fig 3 2HARBZET, ¢=
0°, 90°, 180° 3% &, Mo M, MBI CPITHIIE LT
WEZ LG, a=1/2 D3 RILOES, ¢=0°,90°,
180° B X TR 270° 845 &, Mo M, M2 B L TRM:BICP
KT b,

Fig. 5i, SCPEFNMILLD GaAs D74 v FHTH
20, i3 (8) R LA EEBTE Y, BRIL Asp-
nes H SEF—4& (LEh4) ThHH. EEBE, FhE
NDCPINGEDWES %I, Table2 T, SCP 7
A—f—FE i, THED, E/{Eta) Fyrv7
L3 RIECP, EV/(Ei+A) ¥ v L 2RLCP. 2L
TE L EXvy L1 RICCP LRI E, O
DL L, SCPEFNEL, CPOTRAF—PlmTiiR
ETHOREHAFRELTA TS, LL, Rig
SEVMHBRTEDN, e D74 » FELTLE L
P,

3. EFNEERE (MDF) IEER

31 ER
5 OB LTINS MDFERIZ LN, (6 R

8:(E)=j§ﬂ?:sﬁEg
LEXUHLENDY, ZIT, JLE) s FEDCP O
SR EEMTHZ. £ (9 Rl E)RRAL
BEREL SE ERDD, Wi, Zhoe Qb A
A LTHEE el £) 2RD, BB s iz 20T OB
LD, INAMDFUMROBRLTH DS, LT, BB+
A Fr o FRPIC Lo T, ZOEBREDSLEL HR
T3,

Eo/ (EotAg) 2% v ZFRIMITMEBCPTEHED, Jo
(E)oc (E~E)" [0 (Bota)?] L sd, LMo
T, Eof (EvtAg) v o7 b0 e ~DFLEDIL

[P (B IS (E) (93

EZ
+ % (E —Eo— Ao} H (E —EU—AO)] (10}

8{E)= [(E —Ey) ' HA{E —Eo)

THEZ LA, 22 CTHE 12, 20T 1, 2<0T

— 10—



% &
FODAT vy 7EETHE D, (10) XOrF<—RA -7
uzw BERP L, UTEABLRS,

£ (E) =AEs"? [f(xa. n}—%—( Eu‘i’ ™ )mf(xm,n)] (11}
g

50, n=E /Eq {12a)

¥so v =E / (Eo+ Ao (12b)

fey=x 22— {1+ x) 2 — (1—x)'"] {12¢)

ThbH, BEBLRIT, FA7HALh - FTr—F=
DEEELTRTE, LiL, (10, (1) Rkizh
BEBENTORY, 220, SREESBNATET
InEERTHL

i ,;l‘,,. WEE...,.... 32
o (B) =AET f (10) +5{ ) fo| G
Xo=(E+iF)/Eu (14 a}
Ko™ (E+ir/(Eo+ Ao (14 b}

b, (1) &E (13) ROBEWE xe & pd B0
oo n & 3o & DEY, THhbB, E=E+HD OF
SWEBRENTWAEHTHE, ZOBEBIKEYD
(13) RidEHRE LAY, EHde, BEY 2525
iz,

(13) RAOHEFE Fig6 7. MY, Dok
EL BT ES (BEotAd Fv» 7Oy Py UBRRr
TRBZ B3, £, I—0ev T, (13) AT
ORI e (10) ROMELEBRIC—HTS. 7 TF7v—
Aoy ORERGLOTERBTHS,

Fig 3R LT L, CPRECEEIZL-TLO
TBRBRERD, B/ E+A)F Yy » PR3 RTEM BTH
B, ARMERICKELREFESRER DS, .8
ATy FHRETIRO 2 R MBCIERTE 3, 2RT
MEICP O e ~DREMT, ROE/EvtAd Fv v
FOBE LR T HETCHRD b, BN

e (arb. units)

=21, !

12 15
Photon energy (eV)

Fig. 6 Line shape of the Fo/(Fo+ Ao)-gap contribution to e,

i 673
e(E)Y=—BixiIn(1—yi) —Bayb n(1—xE  (15)
LHEZBND, ZZT
= (E+ilM/E (16 a)
xu={E +i/ (E:+ A1) (16 b)

E S A OEIRAX—Xy v 7L, T T
SPEMA2REM BCP TESBHEND, 2k
M CP D g ~OFEDE

= c:
¢ )= T EN —ITE a7
LEZBLND,
BRI, - HEEERTHERCHSE-E

AHPLRLBEHTFTHB, IEEMBEBLUT2RT
MoE CPICRIIDFRT-O e ~OFEMX £4

T T T N T T T

GaAs

Mo
o1
T

!

Aspnes et al.

25r 4
«  Aspnasetal ¢
20 — MDF
™ 15-
w
10r
5F
| EolEq+ Ag)
L - ! =
e
PHOTON ENERGY (eV)
Fig.7 Fitted results of MDF calculation to the experimental

€ spectrum for GaAs. The experimental data are taken
from Aspnes et g1 % Individual contributions to ¢ of
the CPs are shown by the light solid lines.



674 HERE F1E FUE

Table 3 Parameters for GaAs determined by fitting with

MDF.
Parameter Value
Eo/(Eot A/T (eV) 1.42/1.75/0.025
A (eV¥) 3.6
EErt+ AT (V) 2.91/3.14/0.12
B./B: 4,0/2.0
FP/FP (V) 1.10/0.55
Ed /C/T (5V) 4,40/3.52/0.44
EA/C/T (V) 4.80/6.39/0.53
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Fig. 8 Fitted resuits of MDF calculation to the experimental
d*./dE? spectrum (300 K} in the E,—E: region of
ZnTe. Individual contributions to d%:/dE? of the CPs
are also shown in the lower part {a to ¢).
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Fig. 9 Experimental reflectance (R ) thermoreflectance (AR /
R) spectra for GaP (300 K). The solid line in the
lower part fepresents the fitted result of MDF calcula-
tion.
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of 0.1.
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