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H3BecTHBI OKCHEPUMEHTAJIIBHBIC CHEKTPhI 3€PKAJIBHOI'O OTPa)KCHUS

rekcaroHanbHbIX (lh) u creknooOpasHbIX (@)

MOJHUPOBAaHHBIX 00Pa3IOB, TOHKHX CJIOCB Heu3BecTHOU cTpyKTyphI (f) B obmactu 0-25 3B, a takxke rekcaronansHoro GeO, (2h) B
obnactu 5—12 3B. Ha ux ocHOBe paccyMTaiy CIIEKTPbI YEThIPEX IOJHBIX KOMIUICKCOB (YHIAMCHTAIbHBIX ONTHYSCKUX (pyHKIHM, a
CIIEKTPBI & ® —Ime ' pasioxwiM Ha dIeMEHTApHBIC IONEPEdHbIe M IPOLOJIBHBIE KOMIIOHEHTBI M ONPENCIMIA MX OCHOBHBIC
mapaMeTpbl (9HEPrud MaKCHMyMOB IIOJIOC IEPEXO/O0B, MX IUIOM@AM M CHJIbl OCHMIUIITOPOB M [1p.), @ TaKKe BBIIOIHEH

TEOPETHUUECKUI aHAIIU3.

The experimental GeO, reflectivity spectra are ad-
versed, the model of the photoemission spectra similarity
between GeO, and SiO, are unknown and the results of
the many known theoretical energy structure calculations
are very unfull. The experimental reflectivity GeO, spec-
tra are known for the hexagonal polycrystalline (1h) and
glassy (a) polished samples, and thin films unknown struc-
ture (f) in the energy range 5 to 25 eV [1], and the hex-
agonal GeO,; (2h) in the range 5 to 12 eV [2].

We calculate the spectra of the four optical functions
complexes using these experimental spectra, and further
the & and —Ime"' were decomposed into the elemental

transverse and longitudinal components and their main
parameters were obtained (E;, H;, I;, S;, f;, tables 1-4)
using the calculation methods [3].

Spectra of &, contain 14 (1h), 6 (2h), 12 (f) and 8 (a)
components. The most intense components Nos. 2,5, 8-
12 are in the all four groups of samples with the dis-
placements AE < 0.1 eV. The maxima of the decomposed
&, and —Ime ' spectra of crystals are caused by the direct
interband transitions or metastable excitons. The energy
of the theoretically possible transitions and their localiza-

tion are obtained from the known theoretical bands [4]
(table 3).

Table 1. Energy (eV) maxima of the optical functions (n, €, €,), calculated using the R(E) of the 1h, f, a[1] and 2h [2]

samples GeO,
R N € &

N

lh f 2h a 1h f | 2h 1h f 2h a 1h f 2h a
1 [(5.75)| 5.80 - - |(5.75)|553| - (5.57)| 543 | - - 6.14 | 593 | - -
2 | 664 | 693 | 684 | 6.67 | 6.54 |6.73] 6.64 | 6.17 | 6.54 | 6.63 | 6.84 | 6.25 | 6.84 | 6.93 | 6.94 | 6.77
3 [(7.70)| (8.3) | 8.14 | (7.4) [(7.60)|(8.3)| 7.94 | (7.4) |(7.60)| (8.3) | 7.84 | (7.4) | 8.14 | (8.9) | 834 | 7.8
4 110.80| 11.08 [10.84| 10.77 |10.43|10.23]10.14| 9.6 [10.30| 9.83 |10.04| 9.27 |10.90 | 11.13 {10.74|10.77
5 (11.901(1243)| - |(11.65)|(11.5)(12.0) - |(11.3)[(11.6)|(12.0)| — |(11.2)|11.90|(12.1)| - -
6 ((13.4)| - - 1 (13.2) |{(12.9)| - - - - - - 1(13.0)| - - -
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Table 2. Energy (eV) maxima of the optical functions GeO, (k, p, —Img™!, Ezsz), calculated using the R(E) of the 1h, f, a
[1] and 2h [2] samples GeO,

k u —Img™’ E’e,
N 1h f 2h 1h 1h 1h 1h a 1h f 2h a 1h f |2h a
11614 | 603 | — | 6.14 | 6.14 | 6.14 | 6.14 - 6.14 | 6.03 | - - 6.14 [6.03| — -
2] 684 | 7.03 [694] 694 | 694 | 694 | 694 | 6.77 | 7.14 | 7.63 |7.14| 7.07 | 6.94 |7.03 |6.94| 6.77
3] 824 [(8.85)]834| 824 | 824 | 824 | 824 | (79) | 844 | (8.9) |8.54] 8.0 | 8.24 |(8.9)|8.34| (7.8)
41(11.2)| 11.1 [ 11.5](10.9)|(10.9)|(10.9) | (10.9)| 10.87 | (11.2) | (11.5)| — [(11.2)|(10.9)|11.0 |11.2|(11.9)
501220 123 | - [(12.0)](12.0)](12.0)|(12.0)| (11.9) | (12.4) | (2.6)| — |(13.7)](12.0)]124| — | 13.1
61370 | - — — — — — 13.3 — — — — — - | - —

Table 3. Energy (eV) of the maxima E; and halfwidths H;, oscillators strength f; and areas S; of the band components
decomposed ¢, spectra of the GeO, 1h, 2h, f and a samples, theoretical energy E, (eV), and localization (k) of
the interband transitions [4].

E; H Si
N lh | 2h f a lh | 2h f a | lh | 2h f a En K
1 |[6.14] - 5.9 - 08| - 070 - 1078 - 212 | - 59,T
1" 1666 | — - - 1020 - - | -1016| - - - 6.4, T
2 [16841692] 69 | 6.8 [050[0.60|080|1.6]1.46]229]3.64]|5.15 6.7,T
3 720 - 7.4 - 1030 - [060] —]1037] — ]055| - 7.0,I'X;73,T
4 1760 - - - 1060 - - | -1074| - - - 7.6,
5 181 184181 |79 (100 1.1 | 1.0 10.8]2.12]2.65]|1.66 091 8.0,1;84,IX,TZ
6 | 89 - 89 193 (070 - 1.0 |12/080| — |152]2.17 93,1Z;9.5,TX
7 101 ] - 9.9 - 1083 - 066 —]102] - ]091| - 10.0,'M
8§ 11091108109 ]10.7]140| 2.0 | 1.6 |1.8]4.23]9.50 | 4.80 | 4.56 113, ITX, I'Z
9 [ 119]125]123|11.7]1.00] 2.0 | 1.6 |1.6] 1.68 |5.08 |3.14 | 241 11.8,TM, X; 12.3,TZ
10 1133 ] - |133]134] 2.0 - [080]1.8]6.00] — 099 |3.26 134,TZ,M; 13.8, T'X
100 — | 150|146 | — - 40 | 13 | - | — |11.0]258] - 14.6,1Z,154,X
11 1163 — |164 158 4.0 - 1.5 |30 11.1 | — |252]489 16.0, X
12 121.8]1206)186]199]| 50 | 40 | 1.6 |3.3]9.535.92|2.20]3.70 -
13 1288 - - - 6.0 - - | - 1664 - - - -

Table 4. Energy (eV) of the maxima E; and halfwidths H;, areas S; of the band components decomposed —Ime ' spectra
of the GeO, 1h, 2h, f, a samples.

E; H; Si
N 1h 2h f a 1h 2h f a 1h 2h f a
1 6.13 — 6.11 — 0.70 — 0.60 — 0.4 — 0.16 —
2 6.82 7.1 7.23 7.14 0.30 0.60 0.80 1.2 0.05 0.17 0.24 0.41
3 7.15 — 7.66 — 0.30 — 0.60 — 0.04 — 0.21 —
4 7.60 — - — 0.60 — — — 0.11 — - —
5 8.5 8.6 8.4 8.0 1.00 1.1 1.0 0.8 0.26 0.27 0.34 0.21
6 9.6 — 9.1 9.2 0.80 — 1.0 1.2 0.09 — 0.29 0.36
7 10.5 10.8 9.9 — 0.7 2.0 0.66 — 0.12 0.39 0.15 —
8 11.5 — 10.9 10.7 1.00 — 1.4 1.5 0.17 — 0.49 0.50
9 12.5 12.7 12.0 11.7 1.5 2.0 1.2 1.6 0.34 0.60 0.53 0.60
10 — — 13.3 13.6 - — 1.5 1.8 — — 091 1.03
10’ 15.2 15.0 14.6 — 3.0 3.0 1.8 — 1.46 1.64 1.36 -
11 - — 16.4 15.8 - — 2.0 33 — — 2.00 3.06
11’ - 17.3 18.6 — - 3.0 2.0 — - 2.23 2.13 -
12 20.3 21.0 21.6 19.2 4.0 4.0 4.0 33 2.07 4.74 6.53 3.25
13’ 26.8 259 — 23.0 9.0 6.0 — 5.0 9.34 14.9 — 8.1
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Fig.1.R (1),n(2), &, 3) (a, a') and ner (1), &£ (2), —Img! (3),

talline (a', b') GeO,

All the 8 &,(E) components or a—GeO, are nearly co-
incided by energy with the most intensive c—GeO, com-
ponents. This effect is the significant argument for their
general identical nature in the model of the small radius
excitons. The analogical model we propose earlier for the
€&, components of c— and a—SiO,.

Therefore it is interesting to compare the decomposed
€, parameters oh the crystalline SiO, and GeO,. It follows
from the analysis of their E; spectra that all the compo-
nents maxima of SiO, are shifted relatively GeO, in the
higher energy range by the same value AE=(3.620.1) eV,
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—Im(1+€)"' (4) (b, b) spectra of the glassy (a, b) and crys-

which energy possibly to the energy difference between
the E, of both relationship compounds. This very signifi-
cant peculiarities were established also for the glassy SiO,
and GeO,. It was supposed in [5] that the longwavelength
&(E) of GeO, is caused by the impurities and AE, be-
tween SiO, and GeO, is equal to ~1-1.5 eV. But this
model is strongly contradict to the experimental known
high absorption (u>10°cm™" for E>5.2 ¢V) and big jump
of n(E) for the E>3 eV, which characterized the beginning
of the edge absorption.
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