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Comments are short papers which criticize or correct papers of other authors previously publisfégysital Review B. Each
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for regular articles is followed, and page proofs are sent to authors.
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In his paper[Phys. Rev. B51, 13660 (1995], Brodie gives a very interesting and simple method of
calculation of work function of planar surfaces. However, he makes a few errors in derivation of the formula
for the Schottky effect, which are discussed and verified in this Comment. The corrected procedures of
calculation of the Schottky effect according to Brodie’s idea are given.

Brodie’s' novel approach to the work functiaiVF) cal- Xo X0
culation without use of thab initio methods was used by e<P':J’ chx+f Fedx. 1)
numerous researchérand it was substantially improved d 0
most recently’ His concept is based on the image force cal-image force is integrated tey, which is the distance from
culations for an electron leaving a surface of spherical geomthe surface of a sphere to the point whife|=|Fg|.
etry. Real surface is represented by an array of spheroids. The error made by Brodie is that tifg force should not
Integration of the image force acting on an electron is perbe integrated from 0. It was one of the foundations of Bro-
formed to obtain WF. Integration limits ar® and infinity,  die’s approach that the electron at distances from the surface
whered is a certain distance from the surface, calculatedsmaller thand are subjected to “continuous decoherence
from uncertainty principle. from quantum states at the first boundary to classical states at
In his paper, Brodiedemonstrates the applicability of his the second”(Ref. 1), where “the second” boundary id.
approach by calculation of the magnitude of lowering of theAccording to this point of view, the electron below a dis-
work function in presence of external electric field of app-tanced from the surface of the sphere may not be described
riopriate direction, recognized as the Schottky effette by classical methods, as it is done in form(a. The appli-
derived the following equations for the image forég,, and  cation of the uncertainty principle is proposed by Brodie for
electric field forceFg, acting on an electron in the vicinity planar surfaces in the absence of electric fields and should be
of the sphere of radiuB: used consequently in presence of external fields. Therefore,
the corrected formulél) should be

- e? R(R+X)
c— ’ X X
4meo [(R+x)%—R?)? e<p'=fd°chx+ deFde. @)
R2
Fe=eEp——, The Schottky lowering of WF is given by Brodie as
(R+x)?

o X X

whereegg is vacuum permittivity X is distance from the sur- A(e¢)=f chx—f 0chx—f oFde

face, andg, is the electric field at the surface of the sphere. d d 0

One should keep in mind that the signs of acting forces are w Xo

opposite. To find the WF of a planar surface in absence of =f chx—j Fedx.
Xo 0

external fields one should integrate the image field force,

ep=JFcdx and find the limit of obtained expression for By integration of the above erroneous formula, Brodie ob-

R—c. In presence of an external electric field, there is atains his formula13) for Schottky lowering,
certain distancexy>d, at which the sum of the two forces,

acting in opposite directions, equals zero. This distance may e?
be found by solving théFc|=|Fg| equation. Brodie pro- Alep)= 71— P
poses to solve this equation assuming tRat-co, which 0 (R+X0)"~R 3
radically simplifies the calculation and yields a valuexgf ©)
=1.\elmeoE,. In the presence of an external field Brodie and commits three mistakes. First, the correct value of
proposes to calculate WF as ffOFCdx is

e&Rzl— !
R R+Xg
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e? R
87e0 (R+x0)?2—R?’

being half of the value in Brodie's formul@3). The “+"”

sign should be taken instead of+*’ before the second term,
because the forcds: andF¢ act in opposite directions. Bro-

die states also that “aR tends to infinity, the first ternhof ApleV]
the above formulhtends to the conventional Schottky rela- e
tion ... and the second term tends to zero, as expected.’ LT 74 1107
This is not the case. The second term, namely, ~

2 10°

1 4 10°
2 — 6 s
eEoR R R+xpl Electricﬁeld[%]
tends toe Egx, instead of zero, aR tends to infinity. Taking Lo1o¥
into account the three errors listed above, the corrected cal- FiG. 1. Plot of the Schottky lowerineV) calculated according
culations forR—o are to formula(4) for an electric field varying from 1 to #&V/m and
a sphere radius varying from 0.5 to 15 A.
A e R RZ[ 1
ep= e 5 . .
¥” 8me, (R+Xxg)%2—R? SRR R+Xo The correct solution foR— o is
92 1 n EO XO e2
= e — _
87eg 2x,+ X2/R 1+X%0/R Aeop= T6megx, +eEy(xo—d).
eZ
T 16w xXn +eEgXo- For planar surfaces we may substitute Brodie’s solution,
070 Xo=3\elmeoE,, in the equation above and find the
By substituting, after Brodie, Schottky lowering as follows:

1/ e
4 N megE, Aeg \/47780 eEyd.

we obtain
The traditional Schottky relation predicts a slightly larger
Aeo— \/ ek \/ ek \/ ek value. Penetration of electrons, extending beyond the geo-
16mey Y 16me, d7eg metric surface, seems to be successfully described by in-

cluding thed value into calculations. Obtaining values of
Schottky lowering for any is possible only ifX, is obtained
by numerical solving offF¢|=|Fg| equation. Results ob-
tained by use of formul&4) are shown in Fig. 1.

It has to be noted that the main concept of WF introduced
by Brodie is very interesting. The necessary correction of
errors allows us to demonstrate the general applicability of
the Brodie’s approach.

which is a conventional Schottky relation, valid for very
large R values andxy>d. To obtain the real values of
Schottky lowering for spherical geometry by use of Brodie’s
approach one should) calculatex, by solving equation
|Fc|=|Fg|, rejecting the complex solutions and choosing
this one of the two real solutions which is larger tidhrand
(i) calculateAe¢ by use of the correct formul@) from this
Comment instead of Brodie’s formuld2):
. %o Thanks are due Dr. Stan Halas for discus_sions on t_his
Aecp=f chX—j Fedx. (4) Comment. T.D. was supported by the Foundation for Polish

Xo Science, Warsaw, Poland.
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