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half as good as that calculated by (7) and
that there was no significant change in sen-
sitivity with a variety of diodes and bias
conditions.

Since the above treatment establishes
that the radiometer’s sensitivity is independ-
ent of the detector characteristic, (7) should
be identical to the results of the prior au-
thors. The recent comiment by Goldstein!
revising his earlier result, which was the
same as (7) above, is in error. Since Gold-
stein's treatment can be obtiined as a special
case of the present work, it was easy for the
author to establish that his expression for
the autocaorrelation function of v(¢) reduced
to Goldstein's R,(r),
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The autocorrelation of w(f), Ri(r), can be
obtained easily from R,(r). Since
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The second integral on the right vanishes in

the limit. Hence
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RJ(T) = Rz(‘r) (11)

and thus
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‘The contributions to the power spectrum by
the cos 2wer terms lie outside the region of
interest and are omitted. The correct state-
ment for Ri(r), deleted of terms that are
subsequently filtered out, is just one half of
Goldstein’s original expression. Thus Gold-
stein's recent revision is correct but not
complete. In computing the signal-to-noise
ratio, the common factor of one half can-
celed out and the original result of Goldstein
was correct although based upon a slightly
incorrect autocorrelation function.

The use of a rectangular pass band for
the output filter has been criticized by
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Tucker.? Since only the noise bandwidth of
the output filter enters into the computation
of sensitivity, this criticism appears trivial.
On the other hand, the shape of the wmpli-
fier and band-pass response functions do
enter into the problem since the autocor-
relation functionsare computed by evaluat-
ing the Fourier transforms of the signal
leaving these stages. Fortunately, the error
introduced is small and these convenient
approximations can be used.

The author is indebted to a number of
people at the University of Texas. In par-
ticular he would like to thank Drs. Straiton
and Duesterhoeft for their aid and encour-
agement,

LeLanp D. Stroy
Texas Instruments, Inc.
Dallas, Texas

Prediction of Semiconductor Sur-
face Response to Ambients by Use
of Lewis Acid-Base Theory*

During the last few years, changes pro-
duced by ambient atmospheres, or ambients,
in conductivity,!? surface conductance,®f
contact potential® photoconductivity,® and
surface-recombination velocity”#$ of single-
type semiconductors have been reported, as
have the role of ambients in forming inver-
sion layers, or channels, on diodes.®!® Am-
bient-induced effects on reverse currents in
a germanium diode" and on collector-base
reverse saturation current, surface-break-
down voltage, and dc alpha of germanium
alloy-junction transistors? have also been
observed.

With two partial exceptions$* which
may be associated with experimental error,
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Lewis acid-base theory permits predicting
all these ambient-induced changes.!~2 A p-
type surface is considered a Lewis acid (elec-
tron-pair acceptor) and an n-type surface, 3
[.ewis base (electron-pair donor). By their
acceptor action, Lewis-acid ambieats will
decrease surface concentration ol electrons
and increase surface concentration of holes,
Through their donor action, Lewis-base am-
bients will produce the opposite surface
concentration changes. Hence, Lewis-acid
ambients, such as oxygen, will decrease con-
ductivity in an n-type surface and recom-
Lination velocity in a p-type surlace while
increasing conductivity in a p-type surface
and recombination velocity in an n-type
surface. \While they are not Lewis acids,
electroncgative halogen atoms will act in the
same way. On the other hand, Lewis-base
ambients, such as ammonia, will produce
exactly the oppusite surface results. The ex-
tent to which these mechanismsare cbsened
by the onset of ionic-like surface currents
has yet to be determined.

From these considerations and Web-
ster’s data for germanium alloy-junction
transistors,'® the following generalization
can be made: An ambient-induced change
in collector-base reverse saturation current
in alloy-junction transistors, willmoveinthe
same direction as the change made by the
ambient in base surface-recombination ve-
locity and minority-carrier concentration
in the base. In grown-junction transistors,
amibient-induced changes in collector-base
reverse saturation current should be abl
to be predicted from expected changes it
minority-carrier concentration and in sur-
face-recombination velocity in the collector.
In the case of dc alpha in germanium alloy-
junction transistors, cxperimentally ob-
served changes with ambicut!? can be
accounted for by considering the competing
changes produced by ambients in the first
two terms in \Webster's!3 equations for
1/kse. The first of these terms involves sur
face recombination in the base, The second
contains the ratio of minority-carrier con-
centrations in the emitter and in the base.
On applying these 1/hy equations to grown-
junction transistors, it is found that the sec-
ond term will probably be dominant for two
reasons: 1) The trend toward reduction of
surface-recombination in the base and 2)
the fact that minority-carrier concentrations
in both the emitter and base are large enough
to show significant ambient-induced changes
in opposite directions. The principles used
in achieving these correlations should allow
prediction of the change in clectrical proper-
ties produced in any semiconductor surface
by exposure to an ambient. Detailed treat-
ment of the correlations mentioned here wil
be published elsewhere.

C. G. Pgarnii
AND J. R, Macpoxatv
Texas Instruments, Inc.

Dallas 9, Tex.
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