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In electrochemical systems the surfaces of
covalent semiconductors such as Si and Ge arelysual
modified by adsorbed H or OH species with covalent
bonding. These different surface states can styongl
influence kinetics and mechanism of surface semsiti
electrochemical reactions. In the case of Si thdrdyen
terminated Si-H surface formed in HF/WHsolutions is
stable in solutions with pH up to about 8 and abb4et
potentials more negative with respect to the opssuit
potential. Under anodic polarization conditionsyiuer,
Si-H surfaces are irreversibly oxidized and pagsivay
Si0,. On the other hand Ge surfaces can be reversibly
modified to Ge-H or Ge-OH by cathodic or anodic
polarization, respectively. In this work the dynamiof
surface states of Ge are investigated.

Advanced pulse techniques allow the
determination of i(t), q(t) and C(t) in a time rangy us <t
< 1 ks [1]. In contrast to common impedance
measurements, multi pulse techniques allow the
determination of capacity in dependence on poteatid
time C(U, t) [2]. Obtained data can be analysedthzy
Mott-Schottky-model [3]. In this paper we presessults
on the kinetics of surface reaction on n-Ge studigd
different pulse techniques.

Different surface states (Ge-OH and Ge-H) were
found on n-Germanium [4]. These two surface tertiona
can be controlled by potential (Ge-H at U < -0.2G&-
OH at U > 0.1 Vin 0.5 M EBQy) (Fig. 1). The surface
reaction Hy « OH,q is reversible and can be described

by:
Ge-H+p o Ge +H' 1)
Ge +H,0 « Ge-OH +H +€ )

Starting from Ge-H, the reversible reactions (1)
and (2) were investigated by anodic pulse experisnen
Fast surface states e.g. radicals were formediativedy
short times (t < 10 ms) due to the breaking of Geeldds
(). Then, OH-groups were generated and a Ge-OH
monolayer was formed at polarization potentiajs~.0.1
V and longer times (t > 10 ms) (2).

The formation of surface states and information
about the potential distribution at the n-Ge/elggte
interface were obtained by fast C(U)-measureme?}s [
and verified by simulations. The Mott-Schottky-arsid
of fast C(U)-data yielded flatband potentialg bletween -
0.39 V (GeH) < W(Bpy) < 0.045 V (GeOH). The
potential drop is defined by (3) witlA@,' = const and

Dy, = 1(Q).

AQ = Agsc + Ay + Ao (3

The shift of flatband potentials vyields a
contribution Ag,, of OH dipoles to the total potential
drop Ag at the interface. The reaction (1) and (2) was als
studied by cathodic pulse experiments starting f@ai
OH.

In a comparison between simulations and fast
C(U)-measurements we obtained an additional patenti
drop in Ge due to existing surface stafdgss The
potential drop in the semiconductor depends on the
number of surface statessdN The total potential drop is
defined by (4) with two time dependend terms.

AQ=A@sc + Ay + Agoip(t) + Agsdt) (4)

We studied the kinetics of the surface reaction as
a function of U and. For 8y = 8oy = 0.5, i.e.A¢pi, =
const., the equilibrium potential (U= 0.01 V, the
exchange current densitys 0.1 pAcnf and the transfer
coefficienta = 0.7 were determined from Tafel-plots.
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Fig. 1: Cyclic voltammogram of n-Ge(111) in 0.5 M
H,SO,
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