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SCL CURRENT INJECTION IN A DEEP FAST TRAPPING DIELECTRIC

~

L.Nunes Oliveira, and G.F.Leal Ferreira
Instituto de Fisica e Quimica de Sao Carlos, USP
Departamento de Fisica e Ciéncia dos Materiais
13560 - Sao Carlos, SP, Brasil

The interplay between free and trapped charges greatly complicates the
sotution of the system of partial differential equations governing
the one carrier flow in dielectric materials under injection from an

(1)

ohmic contact. Many and Rakavy derived approximate expressions for
an insulator with slow trapping and for shorter trapping times they

solved numerically the pertinent equations. A situation that alsc seers
to be treatable is that of deep fast trapping, a case already considered

by H. w?ntle(z)

in open circuit. By deep fast trapping we mean traps
that, at each place, are completely filled as long as there is a non
zero value of the density of free charges therein. Currents vs time

curves are obtained including the interesting case in which the current

goes to zero due to the large amount of trapping.

(1} A.Many, and G.Rakavy, Phys.Rev. 126, 1980 (1962).

(2) H.J.Wintle, J.Appl.Phys., 43, 2927 (1972).
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CONDUCTION OF ELECTRICITY IN LIQUID DIELECTRICS

Edson Rodrigues
Departamento de Quimica e Fisica Molecular
Instituto de Fisica e Quimica de Sao Carios
Universidade de Sao Paulo
13560 - Saoc Carlos, SP, Brasil

A theoreticai model for the steady state ionic conduction of electrici-
ty in liquid dielectrics is develloped neglecting diffusion effects.

The electrodes are considered non injecting and no particular generation
mechanism is invoked. A second order non-linear differential equation
is obtained for the field distribution inside the condenser or cell.
Analytical solutions for the case of equal mobilities of the carriers
are shown to be stronghly dependent upon the ratio of the recombination
constant and the mobility. General solutions are expressed in terms of
transcendental functions but reasonable physical arguments and adequate
boundary conditions limit the poscible solutions to simple analytical
expressions. Using branches of particular solutions found one obtains
expressions for the field distribution inside the dielectric medium, in
the middle part of the condenser and near the electrodes. Expressions
are given for the linear extension of the inhomogeneous field distri-
bution, the potential fall near the electrodes, the potential distri-
bution, the current density and carrier distribution as a function of
applied field. The main conclusion reached is that conduction of electrici-
ty in liquid dielectrics occurs in two stages: in the first one, at low
fields, space charge is the controlling factor up to the onset of the

second stage when the external applied field determines conduction.
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(Conduction of electricity...)

It is shown how experimental d.c. conductivity curves ar-e analysed anc
relevant parameters obtained. The fit of experimental pub\ished curves
to the theoretical expression is very good givirg strone support toc the
conduction mechanism used. Extension to the cas: of unequal mobilities

of the carriers s considered using the solutions found.
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EXPERIMENTAL VALIDATICN OF A FUNDAMENTAL THEORY OF
PHOTOCONDUCTIVITY QUANTUM YIELDS
C.L. Braun and R.R.Chance+

Department of Chemistry
Dartmouth College

Hanover, New Hampshire 03755, UtA

The applicability of Onsager's theory of geminate recombination\ to free

carrier generation in solids wili be reviewed, Emphasis will be placed
on photocarrier generation in single crystals of anthracenez_ because
3,4,6,7

the critical experiments which test the theory ars most complete

for that material. A parallel and more extensive deve]opment8 of most

of these same ideas has been carried out by radiation chemists whc have
been interested in the free ion yields produced when ionizing radiation

is absorbed by organic iiquids.

Photoionization of most solids produces hot electrons which, however, do
not escape completely from the coulomb field of the parent positive ion
(hole) before coming to thermal equilibrium with the lattice. As a

result, the mutual diffusion of hole-electron pairs in the field produced
by their own coulombic interaction plus any applied field determines
whether the free carriers will separate to infinity or recombine (geminate
recombination). For an isolated pair, Onsager's recombination theory
treats the above situation exactly and results in an expression which

may be used to understand the implications of the applied field and temper-
ature dependence observed for photoé?ductivity carrier quantum yield53-7.

We have pointed out as did Onsager that low~field values of the slope to

intercept ratio S/ of carrier quantum yield vs. applied field plots

T

k;;_¢;;



(Experimentail validation of a fundamencal...)

provide & sensitive test of the applicability of Onsager theory to carrier

generation. The low-field limit of the slope to intercept value is:

3

S/l = £

2.2
8nssok T

where € is the high frequency dielectric constant and eo(F/cm) is the
permitivity of free space. For anthracene, which has a mean optical
dielectric constant of 3.2 2 0.1,9 the predicted value of S/l at 298K

5 6,7

is (3.4 + 0.1) x 107”7 ecm/V. Our most recent experimental values are

> for electrons and (3.02 + 0.08) x 10-5 cm/V for

(3.21 + 0.12) x 10
holes., Anthracene crystals are dielectrically anisotropic so that this
nearly quantitative agreement with theory is perhaps the best that one

can expect from a theory that assumes an isotropic dielectric constant.
Furthermore, we have experimentally confirmed the predicted T-2 dependence
of S/I.

We are thus convinced that Onsager theory allows fundamental understanding
of free carrier yield experiments in single crystal anthracene. Its
prediction are in spectacularly better agreement with experiment than are

11,12

those of one-dimensic:vnall0 or pseudo-three-dimensional Poole-Frenkel

theory.
In Onsager theory, the temperature dependence and high field dependence
of the free carrier yield are each governed by the separation attained by
the electron-hole pair at the time they come to thermal equilibrium with
the lattice. This thermalization length has been measured for anthracene
13

as a function of photon energy The interesting correlation of thermal-




(Experimental validation of a fundamental...)

ization length with the excitation spectrum for free carriers wiii be
discussed.

Thermalization lengths have also been estimated for the technological’.
significant materials amorphous Se]h and for the photoconducting zc'vy-e~
PVK 15. Experiments by radiation chemists have also estat'isrec a-
interesting correlation of thermalization length with electron mobility
Thus a substantial body of recent experimental work appears to establish
that the Brownian motion problem solved by Onsager in order to interpret
ion collection efficiencies in gas-filled radiation detectors has immedi-

ate and widespread applicability to free carrier generation in ali

materials,

REFERENCES
+ Current address: Materials Research Laboratory, Allied Chemical Company,
Morristown, New Jersey, 07960, USA
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THE COSTA RIBEIRO EFFECT AND THE THERMODIELECTRIC

ELECTRET

A.Dias Tavares

Nicleo de Estudos e Pesquisas Cientificas do Rio de Janeiro
Rua Almirante Alexandrino, 1885 - Santa Tereza
ZC 45 - 20000 - Rio de Janeiro, RJ, Brasil

During a phase change to solid phase a dielectric becomes electrified by
a separation of charges. This is Costa Ribeiro Effect (CRE)(I). The
dielectric forms so an electret with the application of no field called
thermodielectric electret. |If in the solid there is a bulky distribution
of positive charges and another of negative charges in a very thin layer
at the surface gt which phase transition ocurred the substance is called
thermodielectric positive, and negative if the contrary happens. We
collected 21 positive substances and only 4 negative. The CRE has been
neglected and is little known, so there is a number of reported effects
that may be attributed either to the CRE or to allied effects in the
thermodielectric electret. Such are: spontaneous polarization of SO2 at

(2)

, anomalous photo-voltaic effects, discrepancies in

(3)

solidification

resistivity measurements, negative photoconductivity ', and permitivity

anomalies(h). The analysis of the electric potential and field inside
the dielectric due tc a constant distribution of charges in two layers,

one positive and the other negative, shows the existence of two movable

zero field planes inside the layers, its position being dependent of the

age and of the distance of the dielectric to the electrodes. Experiments
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(The Costa Ribeiro effect and...)

(s)

may be made to chow this and explain anomalous facts mentioned above(s\

(1) P.Eyerer, Adv.Colloid Interface Sci. 3, 223 (1972) (review artic’el.

(2} G.A. von Salis, D.M.von BrUning and H.Labhart, Helv.Prys. Acts, L'
1244 (1968).

(3) A.Dias Tavares, Phys,Stat.Soi. (2) 15; 559 (1973).

(4) M.V, de Queiroz. An.Acad.Brasil.Ci., 34, X1 (1962).

(5) A.Dias Tavares, Phys.Stat.Sol. (a), 21, 717 (1974).
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ELECTRON BEAMS AS VIRTUAL ELECTRODES

L.Nunes de Oliveira and B.Gross
Departamentc de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quimica de Sac Carlos
Universidade de Sao Paulo
13560 - S3o Carlos, SP , Brasil

Ehrenberg and co-workers and Spear, in a series of papers published be-
tween 1948 and 1968, have investigated the currents induced in dielectrics
irradiated withk electron beams whose range was smaller than the thickness
of the samples. The irradiated dielectrics were sandwiched between thin
(SOOOA) Al electrodes. Currents were measured as a function of electrodes
energy for various values of the electrode bias. It was found that sig-
rificant currents started to flow before the extrapolated electron range
became equal to the sample thickress; a minimum electron range was, how-
ever, found below which no currents could be observed whatever was the
value of the anplied field (up to IO6 V/em). The interpretation of this
threshold has remained controversial. The authors have found that the
theory of space-charge-limited currents can provide a satisfactory in-
terpretation. Following Hirsch, the dielectric is divided into an
irradiated region characterized by a uniform radiation-induced conductivity
and a non-irradiated region whose intrinsic conductivity is zero. The
irradiated region contains a plasma of positive and negative carriers.

The interface between the two regions behaves as an electrode from which
carriers can be spontaneously injected into the non~irradiated region or
pulled into it by the electric field. The current flow in the non-irradi-

ated region is described by the laws of space-charge-limited currents. The




{Electron beams as...)

boundary conditions at the interface are those of an injecting electrode
within a wide interval of voltages. Thus the electron beam can be said
to generate a virtual electrode within the dielectric. For electron

ranges bélow the threshold value the device can be represented oy the

simple circuit diagram which has been found useful in recent measurments

by Dow, Nablo, Sessler, West and Gross. Range straggling of the electrons
and diffusion in the interface region are effects which at a later stage
of the theory will have to be considered. Numerical analysis of Spear's
result by the present theory has nevertheless allowed to obtain values

for radiation-induced conductivity, trap-modulated electron mobility,and
Schubweg which are in overall agreement with values obtained by other

methods.




FUNDAMENTAL LIMITATIONS ON THE SENSITIiVITY OF
PHOTOCONDUCTIV;TY-CONTROLLED IMAGING SYSTEMS

Albert Rose
California Institute of Technalogy - USA

There exists now a large variety of imaging systems which make use of a
photoconductive insulator to modulate a second image-forming process.
Examples are television camera tubes (V?dicons), office copiers (Xero-
graphy, Electrofax), light valves (liquid crystal, ferroelectric,electro-
optic, thermoplastic) and light amplifiers (electroluminescent). A
common aim in all of these systems is to reduce the optical exposure re-
quired to form an image. In general, the required optical exposure,
measured in photons/cmz, is numerically carried to the electric field
across the photoconductor, measured in electron charges/cmz. Hence, a
reduced optical exposure requires a reduced electric field. 1t is then
necessary that both the photochductor and the image forming process be
able to work at the reduced field. A general argument will be outlined
to show that in order for the photoconductor to perform effectively at
the reduced field (or any field), the total number of traps/cm2 in the
thickness of the photoconductive layer and lying near the Fermi level
must not exceed the electrid field, measured in electron charges/cmz.
This is also the criterion for observing space-charge-limited currents

at the field in question. |n order to achieve sensitivities approximating
photographic speeds, the electric field should be inorder of 103 volts/cm
and the trap density near the Fermi level for a 10 micron thick layer
should be less than 10]3/cm3.kT. This represents a challange in the
synthesis of relatively trap-free insulating solids having bandgaps in the

neighborhood of two electron volts.




RECOMBINATION CONTROLLED PKOTOCURRENTS
M.Silver* and K.S. Dy

University of North Carolina, Chapel Hill,
N.C. 27514 - UsSA

In this short note we indicate some of the complications which might
arise in the interpretations of experiments on recombination controlled
photo-currents in low mobility materials where there may be field de-
pendences of the mobility (L) and the recombination coefficient (b). In
low mobility materials, recombination is governed by the rate of encounter
between the charged particles. The field dependence of b is simply

(m

illustrated by using a derivation due to Onsager for a constant dencity

of charge (no) and a point recombination center:

ug. dg.

A

1) b = In J.d8 =7
n

o

b » - - . 3 3

J is the current density, £ is the electric field acting on the carriers,

and the integration is over an absorbing surface A around the recombination
. . N . > . .

center. Diffusion Joes not contribute to J because the density is assumed

(2)

constant. (Other models eg Silver and Jarnagin include diffusion but
the result is the same.) Without applied field, E=e/hner2 and b_=pe/e ,
the Langevin value. An applied field Ea will have no coﬁtribution to b
if 5 uE. dS=<p> I £.d% (or u=constant) since I fa.d§=0. However, if u
is field dependent, then p cannot be taken out of the integral and b will
be field dependent. To illustrate some of the consequences of the field

dependence of b, we study the steady state current (iss) when a high square

wave uniform excitation is applied and the photocurrent is recombination




(Recombination controlled...)

limited. The rise of the carrier density is in this

where g is the generation rate. The steady state value of n with the

excitation on is n, = (g/b)‘/z.

2) i = uen =fea(Bul®) 4172 ¢

sS o] e(!(E)

Studying the rise of the photocurrent gives

y Lo log 1o
t

. +
b i dt 't=o0 n dt
sS o

Equations (2) and (3) together gives

4) a(E) = —¥

'sstb

and ccn be determined experimentally.

The decay of the photocurrent after the excitation is removed, is more
complicated because space charge neutrality is not maintained everywhere.
Consequently the current decay depends upon the build-up of the space
charge layers as well as the decay of the density of carriers due to re-
combination. When the bulk field is reduced to zero (due to the space
charge layers at eachelectrode) the current is no longer determined by the
density of carriers in the bulk but by motion in the space charge layers.

As an example, take the case where one of the carriers is immobile.

this case,

lemo

+

The steady state current is therefore

=[g(E)u(E)ae/e|'/2.

case dn/dt=g-bn2,

In

-




et

" haivres

5 14l 1
i dt 0 n_ dt
o]

1
+
+

dE
dt |ot

0
+ . . . . R
where 0 is a small time a~fter the excitation is removed.

Equation 5 can be rewritten as

g_i- +

) 1 0
- =bn_ [alE) += /  uEdt|
ide lot ©°° L 0

a

and the decay of the photocurrent is faster thans the rise and the photo-
current will be asymmetric (with step function excitation) when a<<!

because the space charge build up may be as rapid as the decay of carriers,

REFERENCES

(1) L.Onsager, Phys.Rev. 54, 554 (1938).

(2) M.Silver and R.C.Jarnagin, J.Mol.Cryst. 3, 461 (1968).




HIGH FIELD ELECTRON AND HOLE TRANSPORT IN AMORPHOUS

GLASSES AND POLYMERS*

R.C. Hughes
Sandia Laboratories - Physics of Organic Solids Division
Albuguerque - New Mexico - 87115 - USA

High mobility electrons in liquid dielectrics have been studied for a
number of years, but it s only recently that we have shown that high
mobility electrons can exist in a disordered glass, pure Sioz. Electron-
hole pairs are generated in thin specimens of amorphous SiO2 by a 3 nsec
pulse of high energy X-rays and the transit times of electrons across
the specimen are measured, at fields up to 7.5x105 V/em. It is found
that the mobility of the electrons is controlled by scattering from FO
phonons, which, in the disordered material, have the characteristics of
the local Si-0 bending and stretching modes. The magnitude and the
temperature dependence of the electron mobility (- 20 cmZ/V~sec at 300°K)
are in good agreement with theory, except at low temperatures where the
mobility appears to be controlled by the disorder. At very high fields
the theory predicts that the mobility will drop with increasing field
(the drift velocity will saturate) due to LO phonon emission. The optic
lattice modes to which the electron is strongly coupled arc very high
energy (~ .1 eV) and thus very high drift velocities are predicted,and |
for the first time, excess electron drift velocities over ]07 cm/sec are
observed in a dielectric medium. Studies of thin oxide films (<lu) up to
fields of hxlD6 V/cm show no impact ionization, which indicates that phonon
emission is still controlling the kinetic energy of the electrons below the
band-gap energy (9 eV). Similar studies of electron transport in Mylar

films up to 3x106 V/cm show that no high mobility electrons exist on the




{

{High field electron and hole ...)

nanosecond time scale, but that a significant field dependence of the

electron mobility appears at the highest fields.

*Work supported by the U.S. Energy Research & Development Administration.
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A HIGH PRECISION PERMITTIVITY MEASURING DEVICE
A.Dias Tavares and Otto Albino Kohlrausch

Nlcleo de Estudos e Pesquisas Cientificas do Rio de Janeiro
Pu3 Almirante Alexandrino, 1885 - Sant? Tereza
20000 - Rio de Janeiro, RJ, Brasil

m

Instruments for measuring dielectric constant ¢ consist essentially of

a plane capacitor; one plate is a central circular electrode with guard
ring, the other connected to a micrometer for determining the distance
between them. The accumulate errors limit the precision in e to 1%.

(1)

may have a precision of 0,01%; we developed a

(2)

A capacitance bridge
device for getting this precision The central electrode has a 8mm
diameter with a 38mm guard ring both having 5mm thickness; between them

is a 0,0lmm gap with a resistance greater than 2.000 MQ. The other is a
68mm plate, both are geometrical planes within a few wavelengths. The
central electrode is under the other in horizontal position. Three micro-
meter screws placed at the vertices of an equilateral triangle whose sides
have L45mm may be displaced vertically 0,5mm, for each complete revolution
produced by 30mm diameter plates fixed at the screws. The contact between
the screws and the upper electrode is obtained by observing the displacement
of the pointer of the bridge with its precision, and warrants to obtain the
same thickness of the dielectric when it is removed; by the geometry in-
volved if one screw turns one degree, the upper electrode raises or lowers

about 0,5xl0-3

mm in the central region. After getting the capacitance C of
the capacitor with the dielectric, the superior plate is removed, the
dielectric withdrawn, then the plate 1is again replaced on the screws.

The capacitance Co is measured and ¢ determined. The technique to get

the maximum precision available is easily acquired after some practice,

\O




(A high precision permittivity...)

there are two other methods for getting with this jig.

REFERENCES
(1) See Wayne Kerr Co.Ltd., Durban Road, Bognor Regis Sussex, P0229RL
England.

(2) Pat. regq.
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INDUCE PIEZOLECTRICITY IN AMORPHOUS MATERIALS
R.L.Zimmerman

Departamento de Fisica e Ciéncia dos Materiais
Instituto de Fisica e Quimica de Sao Carlos
Universidade de Sac Paulo

13560 - Sao Carlos, 5P, Brasil

Although materials with high symmetry do not show true piezoelectricity,
the application of a fixad electric field E causes the appearance of a
strain-dependent polarization P indistinguishable from that caused by
true piezoelectricity. We have shown that the complex induced piezo-

electricity strain coefficient

e E—ﬁ = E(E+_d-E-) +-(-J_+_d..P;/d_t_) (o +£Q)
ds ds Ju ds

for a strain S appliec ct a frequency w to a material with resistivity

p and dielectric constant g¢. The constant electric field is E. J=E/p

is the current density, and dP/dt is any polarization or depolarization
current in the sample. Using a differential electrometer we have measur-
ed induced piezoelectricity for synthetic polymers (wpe>1) and for some
natural polymers (wpe<l). Electric field induced piezoelectricity and
current induced piezoelectricity respectively are observed in our data,
and in the latter samples, a relaxation of the depolarization current is
observed. The measurements yield values of some components of de/ds,

dp/dS and dP/dt for comparison with those obtained.by other methods.
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ELECTROSTATIC CCLLECTION OF (n,\) RECCIL PRODUCTS 1IN

AN AZEOTROPIC DIELECTRIC SYSTEM

W.C. Parker

Department of Nuclear Physics, Institute of Physics

University of Sao Paulo, Sao Paulo, Brasil

The possibility of electrostatically collecting nuclear recoil products

in liquid dielectric targets has been previously describedl. However,

this effect has so far been restricted to those compounds of the target
nucleus which can be prepared as a dielectric liquid, eg., methyl iodide.
Obviously, this condition presents a serious restriction in as much that
relatively few elements have liquid-dielectriz compounds. in the work to
be presented here an attempt has been made to load an azeotropic/dielectric
system with a given target nucleus for instance, indium trichloride dis-
solved in isopropanol dissolved in carbon tetrachloride. Experimentally,
the choice of indium as a target nucleus has sebVeral advantages, such as,
the solubility of indium trichloride in isopropanol, the high thermal
neutron cross-section for indium - 116mm, reasonable half-life (t% = S5hmin),
and ease of detection. The above characteristics allow the use of a 100

5

mC Am/Be neutron source having a total neutron emission of 2.5x10” n/sec.

The experimental arrangment consists of a round bottomed Pyrex glass container
of a little over one liter capacity. The metal top of the container supports
the neutron source tube, the conductivity measuring electrodes, pH elec-

trode, stirrer and thermometer. A pair of electrodes, consisting of a

cylinder and center wire, are used for the collection of (n,A) recoil products.
Nuclear recoil product col!ectioﬁ efficiency is measured as a function of
target nuclide concentration, conductivity, and collection voltage in the

range | to 25 kV. The nuclear recoil process of substitution is examined

and some applications of the phenomena suggested.
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STUDY OF THE TRANSITIONS IN KbFe(Cmé'BHZO

Anildo Bristoti and lalo Bonilla

Instituto de Fisica
Universidade Federal do Rio GVande do Sul
90000 - Porto Alegre, RS, Brasil

By measuring Dielectric Constant (e) vs. temperature and by performing
Derivatography it was possible to classify this crystal as
1) Ferroelectric order-disorder crystal in the temperature range
-80°C to -25°C;

2) A non-ferioelectric order-disorder crystal from -25°C to IGSOC.

At IOSOC the following reaction occurs

K“Fe(CN)G.BHZU > K“Fe(CN)é + 34,0

The ¢ vs T curve for anhydrous salt does not show any anomaly in the

temperature range -80°C to 300°C.




CHARGE DISSIPATION AND TRANSPORT MECHANISMS IN INSULATORS
M. M, Perlman and T. J. Sonnonstine

Groupe de recherches sur les semiconducteurs et dialectriques

Collége Militaire Royal de Saint-Jean, Saint-Jean, Quebec, Canada

Charge dissipation and transport mechenisms in insulators are discussec

in general, with particular emphasis on new ideas that have recently
appeared in the literature. Topics treated briefly are the roles played
by dielectric loss due to dipole polarization and/or carrier hopping,space
charge effects, trapping, tunneling, Maxwell-Wagner effects, diffusion,
thermal generation of carriers, and most of all, carrier injection in the
dark. It is felt that injection is a process that has been largely over-
looked in the past, and that it plays a major role in determining, for
example, absorption currents, decay of charged surfaces, etc. We assume

a sample with a high concentration of surface traps, and a weaker concen-

tration in the bulk. These traps might arise from handling, oxidation,

damage during charging, etc. We envision a competition at the surface

between trapping and field or time-dependent charge injection into the
bullk., The surface potential decay curves for polyethylene, corona charged
to high and low initial potentials, cross each other. We have found that
this phenomenon also occurs in Mylar, Teflon, and polystyrene, and we
believe it to be a general one. Heretofore, it has remained unexplained.
Neither field dependent mobilities,nor finite depth of initial charge
penetration, nor any of the above mentioned non-injection processes, can
explain the cross-over phenomenon. We show theoretically that field or
time dependent injection predicts cross-over, and include a weak field de-
pendence of the drift mobility. Comparisons are made between theory and

experimental results on polyethylene.




PIEZOELECTRICITY AND PYROELECTRICITY IN POLY{(VINYLCHLORIDE

AND A POLY(VINYLIDENEFLUOR!DE-TETRAFLUORDETHYLENE)COPOLYMER

G. Thomas Davis

National Bureau of Standards - Polymers Division
Washington, D.C. 20234 - USA

The piezoelectric.and pyroeléctric response in polymer electrets is ex-
plained using a mode! of frozen-in molecular dipoles aligned during the
poling procedure. Allowing for the mutual interaction of aligned

dipoles ard the surrounding mediumas in the Onsager cavity approach, the
e + 2 Nu

-]

total polarization P is found to be = v <cos 6>, In thi:u
expression, ¢_ is the dielectric constant for immobilized dipoles, Vo

is the number of dipoles with permanent moment M, Per unit volume and

<cos 6>is the average component of the dipole along the original poling
direction. The piezoelectric and pyroelectric coafficients for an
elastically isotropic medium are related to the pressure derivative of P
respectively. The piezoeiectric coefficient dP for a change in hydrostatic

pressure is equal to PB €_/3 where B is the isothermal volume compressibility.

Similarly, the pyroelectric coefficient p is approximately equal to

Pla e /3 + (A¢)2/2T| where o is the volume thermal expansion coefficient,

T is absolute temperature, and A¢ is the RMS angular fluctuation of dipoles
about a mean position. These expressions are compared with experimental
results for a glassy polymer, polyvinylchloride, in which P is a linear
function of the polarizing electric field and found to account well for

the data.




(Piezoelectricity and pyroelectricity in...)

The above expressions are also compared with data obtained for joled
samples of a copotymer of vinyledene fluoride containing 27rpercent tetra-
fluoroethylene. Such a copolymer crystallizes in the nearly all-trans
chain conformation without requiring mechanical alignment of the molecular

chains., When it is assumed that the oriented dipoles lie within the

crystalline regions of the polymer, the results obtained so far can be

accounted for by invoking less than the predicted maximum polarization.




THERMAL STABILITY OF THE PIEZOELECTRIC EFFECT
IN POLAR POLYMERS
P.Th.A. Klaase, G. Roozendaal and J.van Turnhout
Centraal Laboratorium TNO, Delft, The Netherlands
) {
Heterocharged electret foils of the polar polymer PVF2 exhibit marked
piezoelectric properties when unidirectionally stretched before poling.
Other polar polymers, such as PVF, also show this effect, though to a
lesser extent. Since these polymers have a low glass-rubber transition
temperature, it seems doubtful whether their piezo-effect is sufficiently
stable. We have therefore investigated the stability of the effect at
various temperatures, an additional reason being that piezo-electric PVF2
is now commercially applied in head-phones. In this study, which was
mainly aimed at PVFZ’ the piezo-electric strain constant (d3l) was measured
along the draw axis as a function of temperature, by heating the electret
at a constant rate in a thermostated tensile stress meter. The measur-
ments were done under nearly static conditions by means of a procedure
described by Broadhurst. In agreement with the results obtained by Fukada
at medium frequencies, it was found that the d3‘ of PVF2 does not decay to
zero at higher temperatures, but rises temporarily above its original value
at room temperature. In fact, the d3‘ vs T curves were seen to exhibit
two peaks. The thermal stability of piezo-electric PVF2 was also studied
by isothermal measurements at high temperatures. Results on the sensij-
tivity of a PVF2 microphone as a function of temperature will also be
presented. The thermal stability of d31 will further be related to the
stretching and poling conditions of the polymer. Obviously, such a
relation cannot readily be given, because the number of process parameters

involved is too large. We have therefore tried to characterize the state

~ 00
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of the PVF2 film, as provoked by the stretching and poling, by means of

a few relevant state parameters. The charge created by the poling process
could be specified by a TSD current thermogram. The effect of the
stretching process was characterized by measurement of the [R absorption
bands at 510 and 530 cm_!, which give the volume ratio of the two main
crystal forms of PVFZ. We also measured the optical birefringence,which
quantifies the molecular orientation caused by the stretching. It will
finally be shown how the state parameters can be used for choosing the
most favourable conditions for formation of strongly piezo-electric foils.
These parameters may also help to elucidate the molecular origin of the

piezo-effect.
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STUDIES OF CHANGES IN VALENCE ELECTRONIC STRUCTURE

.

DURING REACTIONS FORMING SOLID ORGANIC CHARGE
TRANSFER COMPLEXES
B.H. Schechtman

IBM Research Laboratory - San Jose, California 385193 . USA
The molecule tetrazyanoquinodimethane (TCNQ) is a strong electron acceptor
which when reacted with suitable donor species forms ionic salts that can
be insulating, semiconducting, or metallic organic solids. For example,
the complexes between alkali metal atoms and TCNQ are all semiconducting,
while several recently made complexes of TCNQ with molecuiar donors,such
as N-methylphenazinium (NMP} and tetrathiofulvalinium (TTF) form the first
known organic metals. In all cases the reaction which forms the salt
involves electron transfer from the donor to TCNQ, and the partially
occupied orbitals of the TCNQ anion contribute to the electrical properties
of the resulting complexed solid. Ultraviolet photoelect.on spectroscopy
in the range from the photoemission threshold to 12 eV has been used to
investigate the occupied electronic orbitals of the insulating molecular
solid composed of neutral! TCNQ and to observe how these orbitals are
altered when TCNQ eccepts an electron to form TCNQ. . This was accomplished
by recording the emitted electron kinetic energy distributions for a solid
film of TCNQ prepared in situ in ultra high vacuum, and subsequently
monitoring these electren distributions while the TCNQ film was allowed
to chemically react with cesium vapor to form the semiconducting solid
Cs2 (TCNQ)B. The results indicate that the excess charge on TCNQ in solids
is localized to a molecular scale and that, even for low concentrations of

excess electrons, the anionic charge is not shared among neighboring sites.




(Studies of changes in valence...)

In addition large adjustments (as much as 1 eV or mcre) in the TCNQ
occupied orbital energies take place when the molecule accepts an electron.
The insights obtained from these studies will be used to explain the elec-
tronic structure of the highly conducting organic solid TTF-TCN . and to

discuss the energetics of charge transfer in these systems.




PROPERTIES OF POLYSULFURNITRIDE - THE FIRST SUPER-

CONDUCTING POLYMER
B.H. Schechtman

IBM Research Laboratory - San Jose, California 95193 - USA

Recently it has been possible using slow solid state polymerization to
produce high quality large single crystals of the inorganic polymer of
sulfur nitride, (SN)x' Unlike the cyclic sulfur nitride structures ShNh

and SZNZ’ which form insulating molecular crystals, (SN)x is a metal at

all temperatures below 300°K. As such it represents the first quasi-non-
dimensional system which does not undergo a distortion to an insulating
state upon cooling. Recently, it has been found ihat (SN)x becomes super-
conducting at 0.3%K, which is the first occurrence of this phenomenon in

a polymer or in any material composed of only elements from the '"insulating'
region of the periodic table. Results will be reported on the electrical
conductivity, heat capacity and optical properties of (SN)x’ including
studies of the anysotropy of this solid. The superconducting transition

has been characterized by four-probe conductivity recorded in the Montgomery
configuration, by measurement of the critical magnetic fields parallel and
perpendicular to the polymer chain, and by studies of the influence of
hydrostatic pressure on the transition temperature and width. The unusual
properties of this polymer metal will be discussed and interpreted using

the results of electronic structure calculations based on both an OPW

band model and on cluster models of the molecular chains.

[QM
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XEROGRAPHIC DISCHARGE OF ORTHORHOMBIC SULFUR
SINGLE CRYSTALS™*
s C. Falcony, J.Mendoza,and F. Sanchez Sinencio
Centro de Investigacion del IPN, Mexico, 14, DF and
Escuela Superior de Fisica y Matematicas
+
A.Many and J.S.Helman

Centro de Investigacion del IPN, México 14, D.F. Mexico

The xerographic discharge of orthorhombic sulfur single crystals has been
studied in the 4200-5800 R optical range. Sulfur single crystals were
grown by siow evaporation of C52 solution. Platelets of about one mili-
meter thickness and one square centimeter of area were prepared by ground
and chemical attack in a dilutedsolution of CSZ. On one of the broad

surfaces, a black HgS contact was made by chemical reaction and on the

other surface positive charge was deposited by a corona discharge in air.

The samples prepared as described above were dischargdby a beam of mono-

chromatic light coming from a 1000 watts Xe-lamp through a prism mono-

g
)

chromator and 100 R band pass interference filters. The light was focused

on the charged surface of the sample. The charge on the surface was measur-
ed in the dark and during illumination by means of a vibrating electrode

using a modified Kelvin null method'. During the illumination time t the

't/TD.

charge decayed as e The decay time 1, as @ function of the wavelength

D

X was fitted to the theoretical relation

o _ lalFuyptn, a)

™o

E(ea(k)L -1
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(Xerographic discharge of...)

derived on the assumption that T is proportional to the resistance and
capacitarce of the sample. Here F is the photon flux, nh the quantum

efficiency for hole generationz, u_ is the hole drift mobility and Th is

h
the bole lifetime. L is the sample thickness, @ is the absorption
coefficient3 and g is the electron charge. The fitting produced the value

-6

10 cmZ/V. The electron contribution to the conductivity is

hh=™
neglected since uerene(k)<<uh1hnh(l) in the studied range of wavelengthsB.

*Work partialiy supported by CONACyT (Mexico) and Research Corporation (USA).

* Permanent address: The Racah Institute of Physics, The Hebrew University,

Jerusalem, Israel.

1. R.Williams and A.Willis, J.Appl.Phys. 39, 3731 (1968).
2. R.Williams and F.Sanchez Sinencio, J.of Chem.Phys. 52, 3216 (1970).
3. W.E.Spear and A.R.Adams, Elementary Sulfur, Interscience Pub. N.Y.

1965, Ed. by B.Meyer, Chap. 10.
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DISSCCIATION OF MgO FiLMS UNDER HEAT AND ELECTROMN

BOMBARDOMENT AND ITS EFFECTS ON SECONDARY EMISSION

J.Dresner and B. Goldstein

RCA Laboratories - Princeton, New Jersey 08540 - USA

The dissociation of Mg0 films produced by heat and 1000 eV electrons

was studied with a quadrupole mass spectrometer. The films were prepared
by oxidation of 1000 R thick Mg films at 400°c using the isotope 0]8.

The measurements were made at a background pressure of 10-9 torr and
refer to the reproducible properties of films cleaned by a combination of
Ar sputter-etching and heating in high vacuum. |In the temperature range
230 to SOGOC, the thermal dissociation of Mg0 is non-congruent, the
evaporation rate of 0 being much greater than that of Mg. However, elec-
tron bombardment strongly enhances the evaporation of Mg, while leaving
the evaporation of 0 unchanged. The bombardment-induced evaporation of Mg
increases as the square of the current density, until it ultimately
saturates at a value close toc that for oxygen. Oxygen evaporates mostly
as the monomer, with the ratio 036/018 = 0.1. 1In ail cases, the Mg and 0
atoms are detected as neutrals. We have correlated changes in secondary

emission under electron bombardment or under heating alone with changes

in surface stoichiometry.
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RADIATION INDUCED CHARGE STORAGE !N METAL-CXIDE-
SEMICONDUCTOR DEVICES
Barrie S.H. Royce

Materials Laboratory - Princeton University

Princeton, N.J. 08540 - USA

Oxides used as the insulating element of Metal-Oxide-Semiconducting
Structures will store positive charge when exposed to ionizing radiation.
This charge interacts with the free carriers in the semiconcductor and
alters the operating characteristics of the MOS device. In order to
circumvent this problem technigques such as implantation with m”T ions are
employed. Oxides treated in this manner are found to exhibit smaller
shifts in their operating characteristics when operated at room temper-
ature under positive gate bias conditions but still to be radiation
sensitive at liquid nitrogen temperatures. The techniques of thermally
stimulated current, photoinjection and photodepopulation have been used

to determine the electronic trap structure of both implanted and un-
implanted Si02. Thermal annealing experiments have been performed to
study the stability of these traps and the effect of their removal con the
radiation sensitivity of &n M0S device. A simple model has been developed
to explain the equilibrium charge storage observed at both room temperature

and liquid nitrogen temperature under both positive and negative gate bias.




SPECTRAL ANALYSIS OF POLYMER ELECTRETS

M. Latour

Laboratoire de Physique Moleculaire
Université des Sciences et Technigues du Languedoc

34060 - Montpellier-cedex - France

Results obtained by a spectroscopic study of polyvinylidene fluoride
thermoelectrets will be described and discussed. Raman and infra-red

and copolymer PVF, -teflon

spectroscopy study has been carried out on PVF2 2

thermoelectrets. The two crystalline forms ( and ) of PVF2 are considered
as well as the effect of stretching. Polarizing fields used vary between

200 and 1600 Kv/cm formation temperature of thermoelectrets is 80°c.
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STUDIES OF BAND STRUCTURE, EXCITONIC PROCESSES AND TRAP
DISTRIBUTIONS IN MOLECULAR CRYSTALS*
A.Many, Z.Burshtein, J.Gonzales Basurto+ and J.Levinsonx

The Racah Institute of Physics, The Hebrew University,

Jerusalem 91000~ tsrael

Two experimental methods of determining the band structure of molecular
crystals are reviewed. One involves photoemission from metal contacts

into the sample under study. The other consists of first filling up bulk
traps by carrier injection through an ohmic contact and then measuring

the spectral yield of the photocurrent resulting from optical excitation

out of the traps into conducting states of the crystal. Both methods can
serve, at least in principle, as a spectrometer for monitoring the
density-of-states variation in the conduction or valence band. In molecular
crystals, however, the second method proved more feasible and so far useful
information has been derived by its use on the band structure of anthracene.

In this paper we report on recent results obtained for pyrene. The bottom

" of the conduction band is found to consist of a series of narrow (<0.1 ev)

conducting sub-bands. The energy separation between adjacent sub-bands

is 0.1 - 0.2 eV, as expected for splittings of a narrow, tight-binding

band by molecular vibrations. This is followed by a broad, free-electron
band, starting about 0.45 eV above the lowest sub-band. The derivation

of these characteristics was made possible by the fact that only one
discrete set of traps contributes to the spectral yield of the photocurrent
in the range of interest {(near threshoid). At higher photon energies,
other sets of traps become also involved. Here, de-trapping is mainly due
to the interaction of the trapped electrons with photo-generated triplet

excitons. The rate constants for this process, as well as the cross—
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(Studies of band structure,...)

section for direct optical excitation, were determined. The observation
of electroluminescence in pyrene as obtained by double injection is also
reported. The recombination radiation is characterized by a very low
quantum yield (4 x 10-3 photons per injected hole-electron pair). The
electroluminescence spectrum differs substantially from the fluorescence
spectrum (excimer emission). Possible reasons for this rather unexpected

observation are discussed.

*This work was carried out within the framework of the Scientific Joint
Program between the Mexican Council for Science and Technology and The

Israel National Council for Research and Development.

+ Permanent address: Escuela de Fisica, Instituto Politécnico Nacional,

Mexico City, D.F. Mexico.

x Present address: Soreq Nuclear Centre, Yavne, Israel.




LIGHT INDUCED I[ONIC POLARIZATION (N
Po OOPED ALKALI HALIDES
Rosanna Capelletti, Fernando Fermi, Fabrizio Leoni

Istituto di Fisica cell'Universita, Parma - ltaly

Gruppo Naziona e di Struttura della Materia
and
E. Okuno

Instituto de Fisica - Universidade de Sao Paulo, Brasil

Fundacao de Amparo a Pesquisa do Estado de Sao Paule

The reorientation of ionic dipoles in their ground electronic state {(g.e.s.),
for instance Impurity-Vacancy dipoles in alkali halides, was extensively
studied by means of various dielectric techniques. Recently reorientation
was found, even at very low temperatures, when the 1.V. dipoles have

absorbed light, i.e., when they are in the excited electronic state

(1

(e.e.s.) This phenomenon is well known for a few anisotropic color

centers, possessing an identifiable symmetry axis, such as FA’ M and Vk
centers, which change their lattice orientation after illumination with

polarized light. According to Dreyfus(z)

, the light induced reorientation
of FA center is due to the lowering of the reorientation energy wall in

the e.e.s. (diffusion model). This scheme hols also for permanent dipoles,
like 1.V. dipoles which absorb light; 1TC is a suitable technique to
detect either a photostimulated disorientation {a) or orientation (b). At

such low temperatures, when the relaxation time in the g.e.s. =t exp

o
f% is practically infinite in the e.e.s., it is possible either to
randomize a fraction of previously frozen in polarization (a) or to induce

polarization in a sample not previously polarized. In this work we have

studied the heterogeneous phase present in supersaturated solutions of Pb

|
|
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(light induced ionic...)

in KC1, a "Suzuki~-like" phase, with stoichiometry 6KCI.PbC12 and

(3)

containing 2 large fraction of cation vacancies We were able to
observe down to 78 K both orientation and disorientation phenomena induced
by light absorption in the u.v. region. The ionic polarization in the
g.e.s. relaxes only at relatively high temperature (278 K) and shows an
orientation activation energy of 0.7 eV. The photostimulated orientation
and disorientation turned out ) to be a function of the absorbed light
dose; 2) to be thermally activated, as expected if a diffusion model holds

3) to be induced with the highest yield in the spectrum range of A absorption

band of Pb in KCY.

1) R.Capelletti, R.Fieschi, E.Okuno Reports of International Conference
of Color Centers, Sendai, August 1974, page G 136.

2) R.W.0reyfus  Phys.Rev. B, 1, 4826 (1970).

3) The X-ray determination of the lattice parameters of the precipitated

phase was done by dr. C.Ghezzi.




TRIVALENT EURCPIUM
Rosanna Capelletti, Fernando Fermi and Rcberto Schiavi

Istituto di Fisica dell'Universitd ~ Parma - italy

Gruppo Nazionale di Struttura della Materia

The capability shown by trivzlent rare-carth (R.E.) doped CdF2 to te

) . , (n
convertec from an insulator tu n-type samiconductor hes made the study
of tne electrical properties of this compourd attractive. From the point
cf view of the structure and ~f the lattice disarder, it is very similar

Hewwvor, wher (nyeor ias ioprs were carvied out to ascertsin if
also CdF, exhibits the typical dipolar defects induced by the trivalent

R.E. in Caf i.e. Rare-Farth-Fluorine interstitial dipoles (RE-Fi), the

results showcd surprisirgly that this greperty is rectricied te a given

R.E., such as Eu , ard uoes not huld for other trivatent iens, such

3+ 3+ 3+ (32) 3+ ) . 2) .
as G¢” , La” , In” 3 and Y~ . In the previous work( our attention
was focused on the identificaticn of R.E.-F.|. dipole relaxetion by mears

of 17TC technigue and on the ceternination ¢f its reorientation parameters

in CdFZ:eu. in the presert work we have studied the whele set of [TC

peaks which cccur in the low terperature range {1L0-220K) very close to

rhe R.E.-F.1. peak at 152.5 K. The complexity of the pesk resembles more

2+ (5)
closely that of SerEu

depends both on the origin of the sample and on its history. The role of

trman the simpler situation of CaFZ, and

the nature of contact {(blocking ejectrodes or nct) on the intensity of

. . . . 2+
observed peaks is not so irportant s i the case of G4 doped samples,
where the use of blocking electredes involves the suppresion of 1TC peaks.

The relationship between peak height and polarizing electric field Ep is

linear for all peaks: for the peak at 1868 %X linearity was checked over four

1>
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{lonic thermoconductivity in...)

4

orders of magnitude of Ep up to ~ 3.8 x 10" V/cm. Furthermore the relative

weight of various components of the complex ITC spectrum has been studied

3+ and in samples

both in samplies with different concentrations of Eu
submitted to different thermal treatments in order to check if solution
and precipitation of impurity affect the ITC spectrum and to clarify the

nature of the components.

1) J.D.Kingsley, J.Prener, Phys.Rev.Lett. 8, 315 (1962).

2) R.Capelletti, F.Fermi, E.Okuno, J. de Phys. 34, C9-63 (1973).

3) 1.Kunze, P.MUller, Phys.Stat.Sol.(a) 13, 197 (1972).

4) A.Kessler, J.Phys. C 6, 1594 (1973).

5) J.Wagner, S.Mascarenhas Electrets, Charge Storage and Transport in

Dielectrics. Ed. by M.M.Periman p.54 (1973).
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OFF-CENTER Cu’ 10NS IN RbC1 AND RbBr
STUDIED WITH iONIC THERMOCURRENTS

M. Siu and M. de Souza

Departamento de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quimica de Sao Carlos ‘
Universidade de Sao Paulo

13560 -~ Sao Carlos, SP, Brasil

It had been concluded, through several techniques, that substitutional
(1,2,3,4)
t ]

cut ions occupy off-center positions in potassium halides so
they present electric dipole properties. We-have used the ITC (lonic
Thermocurrents) technique to detect the electric dipele and to study the
temperature dependence of their relaxation in rubidium halides. A

modified 1iquid helium cryostat from Janis was used to reach lower temper-
ature than LNT. From the integrated ITC bands we found the activation

energy for reorientation of the cut dipole to be 230 meV and 310 meV with
maximum peak of the ITC band at 67°k and'9|°K in RbC1 and RbBr.respectively.We
also found that the relaxation time for dipole reorientation follows the
classical Arrhenius rate theory. With these results we are attempting to
analyse the behavior of the potential barrier as a function of the lattice

parameter and in this way, to obtain a critical lattice parameter between

the off-center position and the on-center position.

1) Optical Absorption: E.Krdtzig, T.Timusk, and W.Martienssen, Phys.Stat.

Sol. 9, 411 (1966). K.Fussgdnger, Phys.Stat.Sol. 34, 157 (1969).

Id. 36, 645 (1969).
2) Electro-Optical Effect: R.Sittig, Phys.Stat.Sol. 34, K 189 (1969). '
3) Elasto-Optical Effect: W.Dultz, Proc.Int.Conf. on Phonons Ed.

Flammarion, p. 337 (1971;.

4) ITC: M.Siu, M. de Souza and F.Luty, Phys.Rev. B7, 4677 (1973).




EFFECT OF GAMMA RADIATION ON THE THERMOELECTRET
STATE OF Bel*
A.R.Blak**, R.Muccillo and S.Watanabe

Instituto de Energia Atomica - C.P. 11049 - Pinheiros

Sao Paulo, SP - Brasil

The thermoelect-et state of Beryllium Oxide (Brush Thermalox 995) crystals
exposed to gamma radiation have been studied by the thermal depclarization
current technique. The gamma exposures have been performed either before
polarizing the samples or after the formation of the thermoelectret state.

It was found no qualitative change in the thermal depolarization spectra

of irradiated or unirradiated samples, but there is an enhancement of the
induced polarization of pre-irradiated specimens relatively to the un-
irradiated ones. Moreover a proportionality is found between gamma radiation
exposures and released charge densities. The possibilities of using Be0 as

as thermoelectret gamma radiation dosimeter will be considéred.

* Supported by Comissdo Nacional dz Energia Nuclear

** Also at the Instituto de Fisica of the University of Sao Paulo
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DIPOLAR POINT-DEFECTS IN IONIC CRYSTALS STUDIED BY
MEANS OF 1ONIC THERMOCONDUCTIVITY

R. Capelletti and R. Fieschi
Istituto de Fisica dell'Universita, Parma
1 Gruppo Nazionale di Struttura della Materia del C. N. R,

Laboratorio MASPEC del CNR, PARMA

Vacancies, interstitials and aliovalent impurity ions, having an effective
electric charge, interact in ionic crystals mainly through the long range
Coulomb force. As a result one has complex defects, such as vacancy pairs
and impurity-vacancy pairs which act as electric dipoles. The dipolar
polarization due to this kind of imperfection was studied in the last few
years by means of the ionic thermoconductivity methéd (17C). The method
consists in the measurement of the displacement current which flows when
heating the crystal, previously polarized by cooling from a suitable temper-
ature with an applied field. The current arises from the tberma]ly activated
reorientation of a set of partially aligned dipoles, to reach the random
distribution. The crystal behaves as a weak thermoelectret. The anlysis
of the ITC diagram allows a straightforwardg determination of the kinetic
parameters of the dipolar orientation and of the dipole concentration. For
the more compiex case of dipoles of different nature, the analysis has been
discussed by Gross. The results obtained so far in many laboratories can

be diQided in two groups: 1) study of diffarent dipoles in various ionic

matrices, with the aim of determining the nature of the dipole, the

activation energles for reorientation and the frequency factor; in recent
years much attention has been devoted to ionic crystals where the nature
of the dipolar imperfections is not as well known as in the traditional e
alkali halides. 2) Study of the change in dipole concentration, when the

crystal undergoes significant physical treatment, such as radiation damage,
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(Dipolar point-defects in ionic...)

optical excitation, thermal ageing and quenching. Thanks to its high
sensitivity the |TC method allows the measurement of small changes of
concentration, down to very low concentrations; through the study of the
effect of thermal treatments, a substantial contribution was brought to the
understanding of solution and precipitation phenomena also, in the initial

stage of the process.
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THE 1TC SPECTRUM AND OTHER TECHNIQUES IN THE STUDY

OF DEFECT IN IONIC SOLIDS

Milton de Souza
Departamento de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quinica de Sao Carlos, USP

13560 - Sao Carlos - SP

The lonic Thermal Current technique has been used to study
several kinds of defects in alkali halides such as impurity vacancy
dipoles due to divalent ions as Ca++, Sr++, Pb++, Mn++ etc., and off
center jons such as Cu'’. The use of other techniques than the [TC
has also been used to study the same class of defects. These techniques
“ave been applied in order to know the surroundings of the i.v.

5
dipole. Between these techniques are the dielectric loss, [.R. and

~
u.v. spectroscopy, ultrasonic attenuation, etc. The information
obtained from the ITC spectra and other techniques allows the under-
standing of several phenomena in ionic solids. The possibility of the

use of ITC technique to understand phase transformations and other

techniques as modulated |TC currents will be discussed.
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DIELECTRIC RELAXATION OF POLAR LIQUIDS
R. Lobo

Departamento de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quimica de Sao Carlos
Universidade de Sao Paulo

13560 - Sao Carlos, 3P, Brasil’

The dielectric response of polar liquids is discussed in the low frequency
limit based on Langevin's equation. The Onsager-Kinkwood-Debye theory is
reviewed. By the use of sum rules high frequency limits of the transport
equation the high frequency behaviour of the dielectric function is
predicted. An interpolation procedure is introduced for the dielectric

function and relaxation for intermediate frequencies. A collective dipolar

mode is thus predicted and the damping of this oscillation is calculated,
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THE ROLE OF DIELECTRIC CONSTANT AND VISCOSITY IN THE
THEORY OF ELECTROLYTIC SOLUTIONS
Raymond M. Fuoss

Yale University, New Haven, Connecticut 06520 - USA

Equivalent conductance A initially decreases as concentration s.of elec-
trolyte increases from zero. The decrease is a combination of two funda-
mentally different physical processes: first, short range forces cause the
formation of nor-conducting entities (paired ions, which in some cases may
rearrange to neutral molecules) whose relative concentration increases with
increasing stoichiometric concentration; and second, long range electrostatic
and hydrodynamic volume forces retard the drift of the unpaired ions in an
external electric field. Empirically, it can be shown that three parameters
are necessary and sufficient to construct a function A(g) which reproduces
observations within the experimental precision of #0.02%. The macroscopic
dielectric constant D and viscosity n may be used in the theoretical
calculation of the volume forces, which requires the solutiop cf a fourth
degree differential equation, and hence requires four boundary conditions,
which, however, must not involve any short range molecular parameters. The
following model permits the theoretical calculation of the desired three
parameter function A(c;Ao, 5A’ ﬁ): all ions are surrounded by spheres of
diameter R, outside of which the macroscopic values of D and n describe the
medium. When an anionic and a cationic sphere overlap, the two ions are
counted as a non-conducting pair. For all unpaired ions, the integral of the
surrounding space chaﬁge from r=R to r=~ equals the balancing charge re-
quired by electroneutrality. The other boundary conditions are continuity
of all function at r=R, vanishing of field at r= and no singularities at
zero concentration. This model replaces the former unrealistic primitive
model (rigid charged spheres of diameter a in & continuum described by the

macroscopic D and n for r3a) and permits treatment of short range (a¢r¢R)

)
- b,‘
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(The role of dielectric constant...)

processes by molecular rate theory. The unsolvable problem of the meaning
of dielectric constant and viscosity at distances of the order of molecular

diameters is therby eliminated.
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THERMOELECTRET PROPERTIES OF BeO*
R.Mucé¢illo, A.R.Blak** and S.Watanabe

Instituto de Energia Atomica
C.P. 11049 - Pinheiros, S.Paulo, SP, Brasil

Thermoelectret properties of Beryllium Oxide have been studied in the temper-
ature range 20C - 600 C. Depolarization currents detected during thermal
<destruction of the thermoelectret state have been measured under different
polarization conditions yielding the following main results: i) the charge
densities thermally released from the Be0 samples are found to be compdrable
to the ones obtained in other inorganic thermoelectrets (10.9 Goul/cmz), ii)
two peaks of depolarization current have been detected and their related
activation energies determined (0.47 eV and 0.65 eV) and iii) the induced
polarization is uniform. These results will be discussed a;d a model based
on thermal reorientation of impurity~vacancy dipoles will be proposed to ex-
plain the observed thermal depolarization current spectra.

- .
* Supported by Comissao Nacional de Energia Nuclear

** Also at the Instituto de Fisica of the University of Sao Paulo.
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ANOMALY N THE PERMITIVITY DUE TO THE THERMO-
DIELECTRIC SPACE CHARGE
A.Dias Tavares and Otto Albino Kohlrausch

Ndcleo de Estudos e Pesquisas Cientificas do Rio de Janeiro
Rua Almirante Alexandrino, 1885 - Santa Tereza - ZC 45
20000 - Rio de Janeiro, RJ, Brasil

{1,2)

The dielectric tensor eij has been determined in anthracene and naph-

(3)

thalene , the component normal to the a,b plane of naphthalene mono-

crystals was Eotet = 3,2120,07, previous determination is very discrepant:

(5)

4,2. Yet the possible influence, the Costa Ribeiro Effect space charge

(6)

may have, was ignored, although de Queiroz had shown that capacitors

with dielectric of polycrystalline plates of naphthalene impurified with

D .,

8- naphthol could show capacitance variations of 45%, and da Fonseca
posing previously the crystals to light to eliminate the space charge deter-

mined ¢ _, = 3,27. Nevertheless no study has been made of the evolution of

c'c!
Ecig with time and following a techqique similar to those u;ed in references
(1,2,3). We have done this using an Autobalance Precision Bridge B331 and
a specially constructed device for this measurement, both having 0.01%
precision. The bisublimed naphthalene crystals showing specular surfaces
parallel to the a,b plane were kept inside plastic vessels with excess naph-
thalene and repolished whem measurements were made during three months. In
the first month crystals show a little increase (maximum 0,40%) in €ciet 0

then a decrease (maximum 0,80%) during the rest of the period. The evolution

was rapid if the crystals were submitted to light.
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(Anomaly in the.permitivity due to...)

The permitivity value depended on the impurity content, age and def@ects
of the structure. The maximum initial value relatively to air, at 25°C, of
one crystal, was: 3,2634%0,0009 whick in 18 days lowered to 3,2518%0,0012,
and the minimum, of another, 3,2388%£0;0014 which lowered to 3,1986+0,0015

in 8 days, both submitted to sunlight, the latter a very long time.

1) N.Karl et al. Phys.Stat.Sol.(a) &, 105 (1971).

2) R.W.Munn et al., J.Chem.Phys. 58, 3828 (1973).

3) R.W.Munn et al., J.Chem.Phys. 59, 1742 (1973).

4) D.H.Spielberg et al., Phys.Rev. B3, 2012 (1971).

5) P.Eyerer, Adv. Colloi Interface Sci. 3, 223 (1972). (Review Article).
6) M.V. de Queiroz, An.Acad.Brasil. Ci. 34 XI1 (1962).

7) H.M. da Fonseca, An.Acad.Brasil.Ci. 34, XIII (1962).
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DISCHARGE CF THE SCL CURRENT CHARGE DISTRIBUTICN

WITH SHORTED AND OPEN ELECTRODES

P.C. é%argo “~ .
Universidade Federal de Sao Carlos
Departamento de Ciencias Fisicas e Matematicas
13560 - Sao Carlos, SP, Brasil

and
G.F. Leal Ferreira

Departamento de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quimica de Sao Carlos
Universidade de Sao Paulo

13560 - Sao Carlos, SP, Brasil

The problem of one carrier free space charge motion under an applied voltage

m

has recently been solved by transforming it in a system of two ordinary
differential equations from whose solution the total current can easily be

derived. A very interesting case to be studied is that of the discharge

of the SCL current charge distribution whose results are pregented. A )
general theorem can be stablished saying that the total amount of charge
circulating in the external circuit is independent of the mobility of the
free carriers. Results are also presented for the case when, after complete
charge, the circuit is open, the voltage decaying due to the motion of the

charges in presence of the existing field.

1} Yet unpublished work; see also ''One Carrier Free Space Charge Motion
under Applied Voltage'!, L.E.Carrano de Almeida, G.F. Leal Ferreira,

submitted for publication to the Revista Brasileira de Fisica.
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NEW BONE FORMATION BY ELECTRETSS

G.KBberle
Departamento de Ortopedia
: Faculdade de Medicina
3 Universidade de Campinas - CAMPINAS - SP
and
S.Mascarenhas
Instituto de Fisica e Quimica de Sao Carlos
Universidade de Sao Paulo

13560 - Sao Carlos - SP

It has been shown that electric micro-currents stimulate
fracture healing when the negative pole of a circuit is put in
the fracture. On the other hand, Fukada and col. were able to
produce new bone formation wrapping sheets of tefion electrets

around the femurs of dogs.

in the present work negatively and positively charged pieces

rabbits and dogs. These cylindrical pieces hacd longitudinal siots
cut in the periphery allowing the bone to grow into those slots.
Preliminary results seem to indicate that the ingrowth of bone into
the slots is enhanced by the negative charge of the plkstic electret
cylinders. It seems reasonable to assume the possibility of

stimulating bone growth by the electric fields of charged implants.

§ Work supported by CNPg-NSF (Harvard-S3o Carlos grant)
FAPESP

I of plastic material were implanted in the cortex of the femur of




\/ A 34

ELECTRETS IN BIOPHYSICS AND BIOENGINEERING
Sergio Mascarenhas

Departamento de Fisica e Ciencia dos Materiais
Instituto de Fisica e Quimica de Sao Carlos
Universidade de Sac Paulo

13560 ~ Sao Carlos, SP, Brasil

The author discusses the applications of the electret in the interdisciplinary
fields of biophysics, medical physics and bioengineering. Applications in
medic;i physics and bioengineering range from the use of electretized anti-
thrombogenic surfaces to the use of very sensitive dosimeters used in radiation
therapy or health physics. The presence of the electret effect in several
biomaterials like bones, keratin, and various tissues is also described. |In
the more fundamental field of biophysics the electret effect for the under-
standing of basic phenomena such as charge and polarization storage in bio-
polymers like proteins, polysacharides and polynucleotides. Theoretical models
for the interpretation‘of important biophysical phenomena 1ike neural action,
membrane potentials are also discussed. In particular the electret behaviour
of enzymes is discussed and its possible relation with the Frohlich Model

in which a metastable ferroelectric state is induced in enzymes. However, one
of the most importént results in the area is the electret behaviour of bound-
water in proteins and polysacharides. The electret behaviour of this phase is
used to investigate its possible structure and organization in an ice-like
phase around the biopolymer. The experimental behaviour of bound-water in

cases of enzymes, hemoglobin, collagen and gelatin are described.
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THERMALLY~-STIMULATED CURRENT STUDIES OF CARRIER
TRAPPING AND MOBILITY
G.M.Sessler

Technical University of Darmstadt

Darmstadt, W-Germany

A study of carrier trapping and carrier mobility utilizing open-circuit

and short-circuit thermally-stimulated current (TSC) techniques is reported.
The experimental results were obtained on 25 um Teflon films charged by
injection of 10 to 40 ke electrons or by application of corona or

breakdown methods. Among the parameters investigated are the trap-modulated
mobility in the virgin material as a function of temperature for the different
trapping levels, the retrapping process, the spatial charge depth, the time-
dependence of the radiation-induced conductivity, and the trapping characte-
ristics of secondarv carriers generated by irradiation. Recent experimental

results and their analysis will be discussed.
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FOIL-ELECTRETS AND THEIR APPLICATION

J.E. West

Bell Laboratories - Murray Hill, New Jersey 07974 - USA

The application of foil-electrets to electroacoustic and electromechanical
transducer design and performance will be emphasized. The experimental

use of foil electrets in electrophotography, air filtering, radiation

’ dosimetry, and blood compatibility studies will also be presented. Foil-
- electret transducers incorporating 5 to 25 um polyfluoroethylenepropylene
l (Teflon FEP) or related materials carrying a charge from 10 to 20 nC/cm2 have

excellent frequency response, low distortion, small vibration-sensitivity and

8 a.

have been used over a frequency range extending from 10-3 to 4x10
Electret transducers are presently being produced as microphones with vardous
directivity patterns for use in amateur and studio applications, tape recorders,
sound measuring instruments, operator's headsets, hearing aids, acoustic graphic
tablets. Such transducers are also being made as transmitters in earphones,and
as electro-mechanical transducers in phonograph pick-ups. More than 10 million
such electret systems are being manufactured annually by Japan, the United States
and Europe. Foil electret transducers areyalso used for experimental and
research applications in such widely different fields as gas analysis, aero-
nautics, atmospheric studies, telephony, ultrasonics, acoustic imagéing, data

transmissions, leak detection, hydrophones and intrusion monitors.
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THERMOSTIMULATED CURRENTS FROM POLY (CHLORO-
TRIFLUORETHYLENE) ELECTRETS
P.M. Murphy
Thermo Electron S.A., Barcelona, Spain
and
M. Latour

Université du Languedoc, Montpellier, France

Thermostimulated current profiles were obtained for electrets of poly(chloro-
fluorethylene) poled under various conditions of field strength, temperature
electrode contact. The principal current peak was located at 145°C for
electrets poled at elevated temperature (100°C to 178°C) and at 125° for
electrets poled at room ambient (20°C). Increase in the poling field from

3 to 300 KV/cm produced continuous variations in the discharge current profile
consistent with a transition from heterocharge to homocharge. B8oth hstero-

charge and homocharge appeared to be released simultaneously at the principal

Similar curves were obtained for samples poled between metal

electrodes or corona charged.
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COMPUTER-AIDED DESIGN OF ULTRASONIC TRANSDUCERS
Rubens A. Sigelmann and Arvind Caprihan

COPPE/UFRJ - 20000 - Rio de Janeiro, RJ - Brasil

(1)

This paper presents a method developed by Martin.and Sigelmann to analise
the characteristics of ultrasonic transducers which operate on a single-mode
vibration of a piezoelectric material (ceramic and crystals). The transducer,
considered as a three-port linear device (one electrical and two mechanical),

(2)

is characterized by well known linear equations. From these equations a
computer program was developed to calculate the input impedance of any port

when the two remainder ports are loaded with arbitrary impedances. Also a
computer program was developed to characterize any port as a Thevenin equivalent
source, when one of the remainder ports is driven (by an electrical source

if an electrical port or mechanical source if a mechanical port) and the other

arbitrarily loaded. These computer programs are useful in problems of

transmission and reception of ultrasonic signals, matching of transducers to

- loads, in obtaining dielectric, mechanical and piezoelectric constitutive

constants though measurements of the transducer characteristics.

1) R.W.Martin and R.A.Sigeimann '"Force and Electrical Thevenin Equivalent
Circuits and Simulations for Thickness Mode Piezoelectric Transducers'
Submitted to the Journal of the Acoustic Society.

2) B.A.Auld 'Acoustic Fields and Waves in Solids" Vol. | Wiley Inter-

science, p. 333
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ULTRASONIC ATTENUATION IN FERROELECTRIC OR FERRODI!STORTIVE
PHASE TRANSITIONS. APPLICATION TO SrTiO3
Constantino Tsallis
Departamento de Fisica - Universidade de Brasilia

Brasilia, DF - Brasil r

<

nct
The ultrasonic attenuation of ¢ is calculated above To assuming: a) a non-
resonant interaction between ultrasonic and critical phonons; b) a lorentzian

shape for the central peak; c) a quite general form for its width

n
= d i ; .
Yp=at iillbilkil where a»0 if T->To 5
d) a first-order procedure to calculate ¢. There are two distinct regimes,
9>>a, and Q<<a and the x- and n-exponents (oaQx a-“) are determined in both
regimes as a function of the dimensionality d and exponents {ni}. Anisotropy
in z-space is shown to be irrelevant. Comparison is made with available

experimental results for SrTiO,.

3
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