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Squaring both sides, and using the definition for v,=L/r=
2nfrL, we obtain after some cancellation

2W /eA L= E2. (N
Recognizing AL as the volume of the specimen, we have finally
U=}el?, (8)

where U is the energy density within the material.

We see, therefore, that Eq. (1) is simply a restatement of the
energy-density conservation law for electrostatic fields, that is,
the maximum clectrostatic energy density which can be sustained
by a material without breakdown is given by (8) in terms of the
material constant e and the diclectric breakdown field E.

The fact that this, perhaps, is an obvious result should not
detract from its implications, since Iq. (1) which is a consequence
of it (as arc the more familiar gain bandwidth relations) is quite
useful in choosing among alternatives for investigation.

1 J. M. Early, IRE Trans. Electron Devices ED-6, 322 (1959).

* J. M. Early, IRE National Convention, Part 3, 60 (1962).

3 J. M. Goldey and P. M. Ryder, International Solid State Circuits Con-
ference, February 1963.

{E. O. Johnson and A. Rose, Proc. IRE, 47, 407 (1959).

5 1. O. Johnson, RCA Rev. 26, 163 (1965).

¢ The derivation, which among other factors involves the computation of the
maximum current that can be $ustained in a transistor, is open to some question
since it assumes that base widening is the controlling factor. In that evaluation,
the collector depletion-layer transit time is set equal to the average transit
time from emitter to collector, which along with some other assumptions is far
from the truth. However, it gives the correct form of the depéndence if nof the
absolute value.

7 B. C. DeLoach, in Advances in Microwaves, Leo Young, Ed. (Academic
Press Inc., New York), in press.
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F16. 1. Charge released from poled ferroelectric samples during the pressure-
induced transition from the ferroelectric state to the antiferroclectric state.
The encapsulated sample (dotted curve) depoled at a lower pressure due to the
pressure-enhancing effect of the encapsulation.

sulating the other sample). In all cases, the encapsulated sample
discharged at lower applied pressures than the unencapsulated
sample.

Although a numerical comparison between theory and experi-
ment is limited by the lack of accurate data concerning the
clastic parameters of the materials, calculations with estimated
values* predict the pressure enhancement should be between 10
and 20%. The Poisson’s ratio of the encapsulating material is the
controlling facter in the calculation of the expected enhancement
[Ref. 1, Eq. (7)], and greater enhancement would have been
encountered in these experiments if an encapsulating material

e

with a low Poisson’s ratio had been used. The fact that a pressure i
enhancement of approximately 159, was observed even with a
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\" Experimental Verification of Pressure Enhancement

’

2

by Encapsulation*
Yo

James A, CORrLL
Sandia Laboratory, Albuguerque, New Mexico
*""(Received 11 Novembe:

In this note we report experimental results which verily the
pressure cnhancement by encapsulation previously suggested!
on theoretical grounds, The experiments consisted of comparing
the occurrence of a pressure-induced change of state in encap-
sulated and unencapsulated samples. The sample material chosen
for this study was a ferroclectric ceramic,® which undergoes a
pressure-incuced transition from the ferroclectric state to the
antiferroelectric state at approximately 40 000 psi.

Two spherical samples were ground [rom a single Dbillet of
the ceramic and electroded to form capacitors. One of the samples
was encapsulated in an epoxy? sphere and the samples mounted
in a hydrostatic pressure chamber for simultaneous testing, The
samples were then poled in the ferroelectric state by the applica-
tion of 1000-V dc, which placed a bound charge of approximately
1 uC on each sample. The fluid pressure in the chamber was then
raised at about 800 psi/sec and the charge released by the pressure-
induced transitions of the samples recorded on a dual-pen auto-
graph. The horizontal axis of the autograph was driven by a trans-
ducer monitoring the pressure in the chamber.

Figure 1 is a reproduction of the data recorded by the auto-
graph during a typical experiment and displays a pressure en-
hancement of approximately 15% due to the encapsulation,
During the experiments, the zero points of the curves were
arbitrarily displaced vertically for clarity and slightly displaced
horizontally by the two-pen arrangement of the autograph. To
verify that the effect observed was due to the encapsulation, sev-

high Poisson’s ratio encapsulating material such as cpoxy, em-
phasizes the potential importance of the effcct to high-pressure
experiments. Encapsulation effects are an inherent part of all
experiments at very high pressures or low temperatures in which
the pressure medium is a solid. Consideration of these effects
should be included during the interpretation of the pressure-
induced phenomena, as well as for an accurate pressure calibra-
tion in such experiments.

The author gratefully acknowledges the technical assistance of
B. Il. Hammons throughout these experiments.

/‘\‘ This work was supported by the U.S.-Atomie-Bnesgy. Commission.

. A. Corll and W. E. Warren, J. Appl. Phys. 36, 3655 (1905), v
2 Pho.wNbo.o: [(ZF550STo. )00 Tio.oi 0,908,
3 The epoxy used was a 100/20 mixture of Hysol 6020 resin and AX hardener,
which cures at room temperature overnight.
4 Using the notation of Ref. 1: N=1; £=0.24; #=0.12; and 0.40<»<0.46.

“These values were estimated from rough measurements on the epoxy and as-

suming the compressibility of the ceramic to be 6.0XX1074/kbar.

Effect of Aluminum Doping on the Fluorescent
Emission of CdS*

Jick I1. YEE asp Georce A. CoNpas
Lawrence Radialion Laboratory, Universily of California, Livermore, California
(Received 5 December 1966; in final form 23 Junuury i967)

This communication deals with an examination of the low-tem-
perature fluorescence of single crystals of CdS that were «loped

with small amounts of aluminum. Phosphors made by relatively
heavy doping of CdS with aluminum, as well as other group 111
metals, have been investigated in the past.! However, doping

-cral variations of this experiment were performed (including
removing the epoxy from the encapsulated sample and encap-
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