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FIG. 1. Lines: Real ;) and imaginary é,) part of the dielectric function
of SGC99-0.75mm Ge on Si, corrected for a 10 A native oxide layer. The
data of Ref. 13 for bulk Gé111% are shown for comparisord),(n).

FIG. 2. Numerically calculated second derivativegp{d) ande, (n) for
Ge on Si. The lines give the best fit to EG! with the parameters in Table
I. The E§ region~2.75-3.35 eVwas multiplied by 10 to make it visible on
this scale.

Ge on Si grown at 400 °C, the RHEED pattern at the
completion of growth was similar in features and intensity to(El E,+D,), a shoulder near 3 eVE), and a third peak

that of commercially available Ge substrates. The RHEED g5 4.2 eV E,). These peaks are interband critical points
suggested that island formation was partially suppressed atpg arising from direct band-to-band transitions at various

low growth temperatures, and that as growth proceeds isggions in the Brillouin zon&’ For a further analysis of these
lands may coalesce to form single crystal Ge with few de-pg e calculate numerically the second derivativee of
fects. We speculate that the low growth rates employed herg;, respect to photon energghown by the symbols in Fig.
encourage the formation of reduced defect single crystal G81 and perform a line shape analysis. Following ¥&t al,”
over multicrystalline Ge, but further study will be necessary,q qescribe the CPs using a mixture of a 2D minimum and a

to confirm this. _ _ - _ saddle point represented by
To find the surface dislocation densities, we used an io-

dine etcR HF:HNO;:CH;COOH:I ~20 ml:40 ml:44 ml:120 e-vI=C—A In-\v—E,—iGlexpifl, -1l

mg! for 1 s tomeasure the etch pit densitgPD! of the Ge

layers. For SGC909, it appeared constant and uniform acrosghere\v is the photon energyk, the energy of the CP,

the entire area and was consistent between samples and efghts broadeningA its amplitude-~oscillator strength and

times. The average EPD wax40* cm 2, a factor of five ~ F the phase angle describing the amount of mixing. The

lower than the results of Maltat al? The EPDs of thinner parameters obtained from the line shape analysis are given in

layers (<0.3 mm! and those of samples grown at higher Table | in comparison with parameters of bulk samples from

temperatures¥500 °Q could not be determined, since the Vina and co-worker$’ First, we note that our bulk param-

EPD was not uniform or the complete Ge layer was removeeters are, within the error bars, identical to those of Ref. 17

by the etch. The EPD of bulk Ge was less thart &2,  with one exception: Via and co-workers used a fixed spin-

consistent with data supplied by Eagle Picher. The pit shapegrbit splitting D;=187 meV determined from low-

for SGC99 and bulk Ge differed. For the bulk Ge, most pitstemperature measurements. In our analysis, we tréafexs

were circular, about I'm in diameter. For SGC99, the pits

were squares, approximately-B mm on each side. TABLE |. Critical point~CP! parameters for bulk Ge and Ge on Si: ampli-
After growth, the dielectric functiondDFd ¢ in the 1.5  tude-Al, energy-E!, broadening ¢), and excitonic phase) see Eq-114.

to 5.5 eV photon-energy range were measweraituwith a

spectroscopic ellipsometét The spectra were corrected for 3 jﬂ f\/, i d'z g

a native oxide layer. The thickness of the oxide was deter= i i '

mined by matching, at its peak near 4.2 eV with the data of Bulk Ge -this work

Ref. 13. The lines in Fig. 1 show the rea{ and imaginary g, 5.5-3! 211421 0.0582! 864!

(e,) parts ofe for sample SGC99, assuming an oxide thick-E,+D, 4.1-6! 2.3142! 0.0766! same

ness of 10 A. Other Ge epilayers grown on Si at the samé&8 3.26! 3.052! 0.202! —2912

temperaturenot shown in the figurehad similare. For com-  E2 &1 4.371 0.1071! —19311

parison, we also measureel for a commercial bulk Ge Bulk Ge-from Ref. 1

"00% sample~Eagle Pichdr The DF of SGC99 and that of E; 2.11%3! 0.061! 714!

the bulk sample were indistinguishable, except below 1.8 eVE1+ D1 2.2983! 0.072! same

where the accuracy of our instrument decreases. In Fig. 1 j;élsm 0.1099!

also show the data of Ref. &l!, ~n! for bulk "11% Ge. 2 Ge on Si-SGCY9, this work

The agreement is good, except fey in the range below 2

eV.-~Similar discrepancies were found in Ref. 16he DF of ~ E: 6.24! 2.1162! 0.0632! 8a-4l

SGC99 resembles that of bulk Ge much more than that oEng g;g: gg;z,zl 8'212?! _3‘25‘:;

thin Ge films enclosed between Si barri&td? E, g1l 437211 0.1096! 19661
The spectra show a double-peak structure above 2 e¥
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