Copyright
Notice

This paper is made available as an electronic
reprint with permission of the publisher.
One print or electronic copy may be made
for personal use only. Systematic or multiple
reproduction, distribution  to  multiple
locations via electronic or other means,
duplication of any material in this paper for
a fee or for commercial purposes, or
modification of the content of the paper are
prohibited.



Solid-State Electronics Vol. 24, No. 10, pp. 983-984, 1981
Printed in Great Britain,

0038-1101/81/100983-02$02.00/0
1981 Pergamon Press Ltd.

ELECTRIC FIELD DEPENDENCE OF MOBILITY FLUCTUATION
1/f NOISE IN ELEMENTAL SEMICONDUCTORSY

R. P. JINDAL and A. VAN DER ZIEL
E. E. Department, University of Minnesota, Minneapolis, MN 55455, U.S.A.

(Received 27 September 1980; in revised form 17 February 1981)

Abstract—It is shown that Bosman’s empirical formula ¢(E)} = a(0)/[1 + (E/ E.)*] for the field dependence of Hooge’s
parameter can be explained if it is assumed that only the low-field value g, of the acoustical mobility p,.fluctuates and

that pra = ptaco [1+(EIE].

Experimental investigations of the electric field depen-
dence of Hooge's parameter[l1] « have been carried
out[2-4] and a number of empirical formulas have been
quoted in the literature.

Bosman et al.[2] found

()
“O= T wEF ®

where uoE.=s; s is the speed of sound in the medium,
a(0) the low field value of a and wo is the low-field
carrier mobility.

A theoretical justification for these results has not
been given so far. We shall try to put this empirical
formula on a simple theoretical basis.

Let us first look for a justification of eqn (1). If all
measurements are made under open-circuit conditions,
we have

8I=0. )]
Now
I=qunE ?3)
and, therefore, eqn (3) gives
8(uE) =0. @
Experimentally one finds for silicon

_ Ho
k=TT EIE, ®

where woFE. = u. is the critical velocity of the carriers,
which is about 10 times the speed of sound in the
medium. If one assumes that the functional relation

Ec = uc/ I‘-O (6)

also holds for the fluctuations and that u. does not
fluctuate, we obtain for small fluctuations in u,

S.(f) _ Sugd’
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On the other hand, if E. does not fluctuate
*)
305U 1+ Ry, ®

Since eqns (7) and (8) do not agree with eqn (1) this
approach does not work.

Let us, therefore, try the following approach. Let u..
be the mobility due to acoustical mode scattering and .,
the mobility due to optical mode scattering, then

1 1 1
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It has been shown at low fields that u,.,, the low-field
value of p.., can have slow fluctuations[5]. Let us
assume on the other hand, that u,, does not fluctuate. In
that case we may write

# = f(paco, E) (10)
and obtain, if only u,., fluctuates
S.(f) _ 1 ( o )2 (&)2 Staco(f)
v (1 +Ei’;"_)2 Ofaco [ Moo
u dE an
Now writing[5)
Sﬂ'aco a
5= 12
Maco Nf ( )

where N is the number of carriers, f the frequency and
a; a constant, and evaluating du/dE from (5) yields

= (o) () (1 8) 5
7_ B auaco Ho 1 * Ec Nf. (13)
We now write
Bac = Maco E(E) (14)

where g(E) is a function of E that tends to unity for
E-0. Substituting (14) and (9) into (13) gives

(15)
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if it is assumed that E_ does not fluctuate. Here

a(o) = al(#o/”aco)z- (15a)
We note that (15) corresponds to eqn (1) if
g=[1+(EIE)" (16)

where woE.=s, the speed of sound in the medium.
Equation (16) can be justified from the fact that at
sufficiently high fields the carriers gain sufficient energy
to emit optical phonons, even when drifting over rela-
tively short distances. Hence, optical phonon scattering
builds up at the expense of acoustical phonon scattering,
so that g(E) should indeed increase with increasing E.
However, if we write

E:=slpo 17)
and assume that E. fluctuates because u, fluctuates
through u.., we obtain

5.()_e0 1
V2 Nf 1+(E[E)

\n B (—tom ) (EY j (18)

/v"aco + ﬂopo E é‘
1+(EIEL?

The expression between brackets reduces to unity at
low fields and t0 [fopo/(iaco + Hopo)]” for E/EL> 1. Since
Mopo IS probably much larger than .., this factor is
close to unity at all fields, so that eqn (1) will be valid in
good approximation.
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