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The techrique of Fourier analysis ellipscmetry has been appiied te pure and hea-
vily doped n- and p-type Ge and Si {(doping up to =102% cm %) to obtairn accurarte

spectrs of £

1 and £5e We have stuodied the shift and broadening of the E1 (3.4

e¥ in 51, 2.1 - 2.3 eV in Ge) and E, (v4.3 eV in both) with doping. All these
peeks snift to lower photon energief and broaden with deping. These shifts

amount to w0.05 eV for dopings of 1020 cm 3.

The results are discussed in terms

of the perturbation preduced by the ioniscd impurities.

The effects of temperature on the fundamental
electronic spectra of semiconductors have been

profusely studied.[1,2] Sirngularities (critical

pcints] in these spectra shift and broaden with
inereasing temperature. The disorder intro-
duced by doping with "nydrogenic" impurities
produces similar effects. These effects, how-
ever, are smaller. They have been much less
studied [3-6] than those of temperature: the
range of doping possible is severely limitsd by

tne solubllity of the imparities {$1%). We pre-

sent here the optical constants of pure and
heaviiy doped Ge and 51 as determined with an
automatic rotating analyzer ellipsometer.] 7]

The peositicn of the E]. and E2 critical points

and their broadening have been determined from
the second derivative spectra. They all shift
to lower energies with doping.|3]

The real (£,} and imaginary (£.) parts of the
dielectric Constant of pure ani p-type {B-
doped, 4 x 1%° holes/em®) 5i are shown in

Fig. . The samples were polished with Sytor
and a Br-methancl solution.[8] They were
etched in the N -flushed measurement chamber.
foliowing the pfescription in Ref, 8., This
procedure was repeated until the highest va-
lues of ¢, at E, (Fig. 1) were obtained. The
treatment was found to be reproducible to with-
in &e., = *Z at the E, peak. The red shift aof
E Wl%h deping, and its broadening, is clearly
seen in Fig. 1, also the broaderning of E,. In
order te see the red shift of the critical fre-
quency E we must lock at the second derivative
gpectrum of £_ in Fig. 2. We recognize by
sgight a red s?uft of E, of wD.05 ev. A lipe
width analysis of this critical point yields

& Lorentzian kroadening parameter I' = 0.06 eV
for the pure material and 9.0% eV for the hea-
vily doped cne. Simflar analysiz yields a red
snift of 0.05 eV £or E,,. The lorentzian broa-
dernings are .05 eV a.né 0.065 eV in the pure
and neavily doped case, respectively. The
spectra of £, and e, Ior a pure and a heavily
doped Ge sample, tréated as discussed in [ B],
are shown in Fig, 3, The red shifts for the

neavily doped sample .0.04 eV for El' 0.03 gV
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for E, + 4, angd ©.04 eV for E.) are seen in
Fig. 4. Tneir :Gr*esponding "*roadenirlg Da-
rameters are [ {E r (E -~ & J = 3.0483 eV,
]"(E2; = 0.10 eV %ur pure Ge, anﬁ _{El} =

P(El + L-l) = 0.08 eV, ‘-."(Ez) = Q.11 eV for the

heavily doped sample.
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The critical energies El' E]. + ;ll and E2 founa

from measurements {ior many samples are shown
in Figs., & and £, These shifts agree with the
early results of | 3] and withn similar results
for Gads.l5)
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Figure 2 Second derivative spectra of the

£, in Fig. 1. The derivatives were
calculated with a mesh of 0.01 ev.
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Figure 3 : E, and s for urdoped and heavily
Soped {1020 holes = cmh3} germanium

at room temperature.
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Ficure 4 Second derivative specrra of the
samples in Fig. 3. The derivatives
were calculated with a mesh of
G,02 ev.
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Figure 5 : Energies of the E, and E, critical

points of 51 at room temperature
vs. doping. The dashed line is a
linear fit while the solid line
represents a fit « N% 3, The data
for both n- and p-type samples were
fitted simultanecusly,
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Fiqure & Eriergies of the E , E, + & , and
E, critical points ol Ge at room
temperature vs. doping. Tre
dashed line is a linear fit while
the solid lipe is= a fit o NI

Tne lowest crder contributions to the shifts of
rigs. 5 and & arise from the change in the “wir-
tual orystal" potential (first crder perturba-
tion) and from second order Terms inwelving a
virtual intermediate state.l9] The former, pro-
portional to lmparity concentration N, , has
been estimated by pseudopoetential cal}“.ul.-.‘.lcns
using icr the perturbsation poterntial the anti-
symmeiric potential of Gals.[10] We find it to
be an order of magnitude smailler than the d=ti=
ci Figs. 3 and &. Note that this contribution
shouid change sign in going Sram ni- o the b-
type case. There is no evidenoe fcr that in
Figs. 5 and & where data for n- and p-iyoe ma-
terial have been plctted tegether vs=. N We
are in tre proccess of caloulating the s8cond
crder terms which are als=c respensible for the
increase in 'L The contributicons ct these
terms to the encrgy shifts can be roaghly divi-

ded intc two calegories: Lerms WiLhL large §-
trarsfar to the intermediate stite 2735 with
smzll g-transfer. The {ormer yic: il
proporticral <o KNy, the latier a N
tiga (at low Llemperatures =¢ that TRT .

I

caunse of =creening by L}u: froo garriers.

Lave thus fitted Figs. 5.and & with cur
: B} .

portional to N__ and toc ¥ Tre fit

egaaliy goos if both -:aséi:.. In the =
more hDesvily dopsd samples dun, in part,
sclubility of the impurities, the type of delen
Geace cn N, mast te clarafied through calzul a—

tiors.  Our dz=tz alse agree, within
the N, dependence oL Lhe E_ g2p &oF
remcving the Burstein-Moss ¥
present in our case.{ll]

Error, witn

Ganz altex

which 1s not

We have not seen the broadening
of As-doped 51 reporied iu L€] n3E .
L x 107 . our results ook the same, un to Lhis
concentraticn, ilor As for ¥ oor B.
tre results of |&] sre duc to
the luon imp-antaticn.
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