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It will be noted from Fig. 9 that if R is not too great almost all of the
applied potential drop takes place very near the cathode. In the anti-
symmetrical case, the immobile charges are mobilized through recombination
and the resulting curves are exactly the same as those obtained from the
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It will usually be

Jaffé solution % 18 for charges of both signs mobile.
preferable to use either the computer or approximate solutions to calculate
potential distributions in this case because of the inadequate tabulation

of the Jacobian elliptic functions required by the Jaffé results. Finally,
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Fie. 10. Experimental potential-distance curves obtained by Joffé?® for (a) quartz,
(b) calcite.

it is worth pointing out that when R is very large the material is essentially
an insulator. For a value of N of 1020 ecm—2 and R = 105, the equilibrium
charge concentration 7, is only 10-% em~3. Thus, in most cases of interest R
will be considerably less than 1050,

Fig. 10 shows some experimental curves of Joffé 22 for heated quartz
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(10 (a) ) and calcite (10 (b) ). Immediately on applying an external potential
the linear curves were obtained while the others were observed at subse-
quent times as polarization built up. Although these curves were drawn
from only a few measured points and pertain to an incompletely blocking
case since some conduction current was flowing, they show general features
quite similar to the present theoretical curves. Somewhat comparable
results have been obtained by Cohen 24 on fused quartz. Finally polarization
of the present type in photoconductors ” # has recently been inferred by
Kallman and Freeman for photoconducting phosphors.2?

SpACE CHARGE CAPACITANCE

Because of high impedance levels, surface states and surface potentials,
and possible small dimensions of space-charge regions, it is often difficult
to measure potential distributions accurately. Considerable useful informa-
tion can be obtained in such cases by measuring instead the static and
differential capacitances of the system as functions of a D.c. potential bias.?
These capacitances are given by | o/, | and | dg,/di, | for the one-blocking
electrode situation. The quantity g, is the charge on the metallic electrode,
equal to the total distributed space charge ; it may be related to the field
at the electrode through Gauss’s law. One obtains the following expressions
for the two capacitances (per unit area) in the case of charge of only one
sign mobile in the one-electrode case,

e \|E(
e (m—) W e
c ‘"o Do (25)
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where the second equation has been simplified through the use of (4).

Since one would expect both capacitances to reduce to €y, = (¢/4nL,) by
definition of L, in the limit of very small applied D.c. potentials, one can
determine 6 by carrying out such a limit in either (24) or (25). The result
obtained is

8 = [fin(l + RAZ) = [fi(2 — )] (26)
as mentioned earlier. The effective Debye length is, therefore, :

L, = 0Lp, = [ekT|4me*n (2 — for) (27)
Since #, approaches zero as R increases, L, approaches the two-mobile
Debye length Lj, with N replaced by n,, the actual equilibrium charge
concentration for given R. ‘

Fig. 11 shows the dependence of normalized differential capacitance on
D.c. bias potential for various R values. The capacitance finally increases
exponentially on the positive (accumulation-region) side and finally decreases
as | ¢ [ for large negative potentials (depletion-exhaustion region). The
odd behavior for negative i, and appreciable R arises from the mobilization
of fixed charge by recombination. The height of the peaks are given quite “

closely by RV 4/\/ 10, and thus their measurement should afford a convenient
and accurate method of determining E. The static capacitance curves a
similar to the differential ones but the peaks occur at somewhat more nega-
tive potentials.
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In many cases, it may not be possible to form a blocking electrode on a
charge-containing material without providing a charge-free insulating region
between the material and the electrode. Such a region may be especially
necessary for one or both applied polarities when the mobile carriers are
electrons or holes. This region will have a potential-independent capacitance
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Fic. 11. Normalized differential capacitance of material with a single blocking electrode
versus positive and negative applied potential for various R values.

essentially in series with the potential-dependent space-charge capacitance
of the material. The behavior of the combined system is of added interest
in connection with capacitance measurements on barrier-layer rectifiers
and is discussed in detail elsewhere.??

The capacitance situation is considerably more complicated in the two-
blocking-electrode situation. In addition to possible charge-free regions
between the charge-containing material and the electrodes, the capacitances
of both the simultaneously present accumulation and exhaustion regions
must be considered as well as the geometrical capacitance between the
electrodes. These matters are outside the scope of the present work and are
discussed in a further paper.22
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