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cm ' peak can be well accounted for without the
need for symmetry-breaking mechanisms. Al-
though the phonons originating from the Lo branch
at k =0 are strictly forbidden from first-order
scattering in the present model, the large spatial
extent of the nonzero V„(ln)'s has resulted in
large contributions from A, projections of pho-
nons arising from the LQ branch away from 0 = 0.
Qur results offer strong evidence that the diffuse
nature of the higher-lying excited states and the
consequent contribution to the scattering by the
vibrations of a large number of ions play an im-
portant role in determining the evolution of the
line shape of the one-phonon resonant Haman
spectra of I' centers in KCl as one tunes the inci-
dent photon energy through the optical absorption
bands.

We are grateful to Dr. D. Pan for the use of un-
published experimental data (Fig. I, 4"t65 A), and
to Professor F. Luty and Professor H. Bilz, as
well as to Dr. Pan, for numerous helpful discus-
s lons,
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Determination of Spatial Distribution of Charges in Thin Dielectrics
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We describe a high-resolution method to determine the spatial distribution of trapped
charged or of a permanent dipole polarization in dielectrics. The method is capable of
a resolution of 1 p. m in a 25-pm-thick film.

Several techniques are available to measure the
mean depth of charge distributions in a dielec-
tric' '; however, it has only been possible to de-
termine the actual charge distribution in thin
films by heat-pulse-propagation experiments in a
nonunique manner' or by pressure-pulse experi-
ments with a resolution of only about 100 p. m.'
In this Letter, we describe a technique capable of
of a resolution of about 1 LL(. m in a, 25-p, m-thick
film for determining the spatial distribution of
trapped charges or of a permanent dipole polari. -
zation in dielectries.

The present method depends on measurements
of the charges released from an electrode on one
side of a two-sided metallized dielectric while a

virtual electrode generated by a particle beam is
swept through the sample. The basic setup for
the experiment is shown in Fig. 1. The particle
beam, assumed to be a monoenergetic electron
beam in the present case, is incident through the
front electrode under short-circuit conditions
(front and rear electrodes connected by a low-

impedance measuring setup). It generates a ra-
diation-induced conductivity' to a depth deter-
mined by the maximum electron penetration which
corresponds approximately to the c.s.d.a. (contin-
uous slowing-down approximation) range. Thus
a virtual electrode is created at the plane of max-
imum penetration. Since the electron range de-
pends on particle energy, the virtual electrode
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FIG. 1. Schematic diagram of the setup for measure-
ment of the charge distribution in a dielectric.

p~(x) = -dP, /dx (2)

represents the contribution of the permanent di-
pole polarization P~. Under short-circuit condi-
tions an induction charge per unit area

q = —s 'J, (s -x)p(x)dx (3)

resides on the rear electrode, where x =8 marks
the location of the virtual electrode.

Differentiating qs from Eq. (3) twice with re-
spect to s yields, according to I eibniz's theo-
renl ~

f, p(x) dx = —d(qs)/ds,

p(s) = —d'(qs)/ds'.

The charge density at any location in the dielec-
tric can thus be found by sweeping the virtual
electrode through the dielectric and determining
the second derivative of qs with respect to s.

If the virtual electrode is moved through the
dielectric in equidistant steps As rather than con-
tinuously, the differential in Eq. (4) can be re-
placed by a difference quotient. Assuming that
the electrode locations are s„s„.. . , s„and that
the corresponding electrode charge densities are

can be swept through the dielectric by increasing
the energy of the electrons.

It is assumed that the dielectric carries a vol-
ume-charge distribution p(x) characterized by

p(x) =p„(x)+p&( ),
where p„(x) is the volume density of the real
charges while

given by q„q„.. ., q„one has from Eq. (4) the
approximation

p(s„)=- (ss) '[q„,s„,—2q„s„+q„,s„„],
where„„=s„+kb, s. Substitution into Eq. (5) yields,
with. kq„=q„~ —q„~

b, sp(s„)=- (s„„/bs)(sq„-aq„„)—Mq„.

The charge density p(s„) at x =s„may thus be de-
termined by measuring the electrode charges 4q„
and Aq„„released upon moving the virtual elec-
trode from x =s„,to s„and from x = s„ to s„+„
respectively.

Without further measures, the method does de-
pend on a complete transfer of the virtual elec-
trode from x =s„, to x =s„. This means that the
entire original charge within s„&x &s„,as well
as the charge supplied by the beam has to leave
the dielectric or be otherwise compensated, and
that an induction charge

q'~ = —s Jo xp(x) dx ~

corresponding to the original charge still resid-
ing in the volume 0 &x & s„, is deposited at the
virtual electrode. Such a complete transfer can-
not be expected in general"' for dielectrics de-
scribed here. [See Eq. (8), Ref. 3.]

This problem can be solved by utilizing a cali-
bration run with an initially uncharged sample.
The calibration consists of the irradiation of the
virgin sample with the same beam energies under
the same conditions. To make the calibration
run and the actual run comparable, the irradia-
tion at each energy has to be maintained for a
time period long enough so that the fields in the
irradiated part of the two samples are exactly
identical. This is possible' by maintaning the
irradiation for a time period of t, »t =as, /gs„, '
where e is the dielectric constant andy is the
prompt conductivity. The virtual electrode is
then located' at the plane x =s„where the local
time constant 7 (s„)=e/g(s„) equals t,.

The above concept of determining charge distri-
bution was applied to previously charged polyQu-
oroethylenepropylene (FEP) samples. The exper-
iments were performed with a, scanning-electron
microscope providing a monoenergetic, diffuse
beam whose energy can be adjusted in the range
5 to 55 keV. As indicated in I ig. 1, the front
electrode of the sample was connected to an elec-
trometer to monitor the irradiation current while
the rear electrode was connected to a high-capac-
itance charge-measuring setup to determine the
hq values needed to calculate p(x) with Eq. (6).
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FIG. 3. Charge distribution in a 25-pm FEP film,
charged by injection of a 20-keU electron beam through
its front surface and annealed for 1 h at 100 C prior to
measurement.
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FIG. 2. Electron range (c.s.d.a. range) and location
of virtual electrode (equivalent to 1% transmission
range) in FEP.

The sample was irradiated in steps with elec-
trons having energies between V.6 and 30 keV.
Current densities between 2.3 and 7.4 &(10 "Aj
cm', adjusted for constant g (s„), and intermis-
sion periods of 5 min were used for the virgin
and charged samples.

For the above parameters, the location of the
virtual electrode corresponds' to a transmission
coefficient of the primary electrons of approxi-
mately 10 '. The electrode location was thus
found by measuring the energy for which 1% trans-
mission was obtained on samples of different
thickness. The location of the virtual electrode
so determined is compared in Fig. 2 with the
c.s.d.a. range. " For the above initial energy, a
step size of 1 p. m is obtained.

The charge distribution in a 25- p, m FEP sam-
ple originally metallized on its rear side, charged
by injection of a 20-keV electron beam, annealed
for 1 h at 100 C, thereafter metallized on its
front side, and then subjected to the charge dis-
tribution measurements, is shown in Fig. 3. The
distribution has maxima at depths of 1 and 5 j(Lm

from the front surface. During the original
charging of this sample, a virtual electrode at a
depth of 5 pm was formed (see Fig. 2) and the
charge is expected to accumulate there because
of the prevailing field direction in the one-sided
metallized sample. The maximum at 1 p,m is

probably due to the (weak) field in the front part
of the foil caused by secondary emission during
charging, as observed by Collins. ' Since the re-
sulting positive charges stay on the surface, a
negative depletion layer forms close to the sur-
face. Upon metallization, the positive surface
charges disappear while the depletion layer re-
mains. The relative charge content of this layer
(about 30/o of the total) corresponds to the rela-
tive amount of positive charge found by Collins. '

The method is destructive in the sense that a
sample is discharged after the interrogation.
This is, however, no serious limitation since
most electrets can be formed reproducibly in any
desired number of species or can be made large
enough to allow measurements over a small sec-
tion of their area.

The method described in this paper is the first
procedure capable of providing unique informa-
tion about charge distributions in dielectrics with
a resolution of the order of 1 pm. It is therefore
capable of detecting a wealth of data about thin-
film electrets previously not amenable to experi-
mental studies. It can similarly be used to in-
vestigate charge distributions in metal oxides,
photoconductors, or other materials which could
previously only be investigated with respect to
charge-centroid location. This is particularly
important in view of the great current interest in
charge distributions and charge dynamics in such
materials. " '3

The authors are grateful to Professor B. Gross
and Professor M. M. Perlman for helpful sugges-
tions and to Mr. R. Kubli for technical assistance.
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We show that a soft mode arises when the vibrational modes of double-helical DNA are
perturbed by increasing the electrostatic or Van der Waals interactions between atoms.
We believe this soft mode drives the 8' to A. conformation change which is observed when
DNA has water of hydration removed from it.

We have applied the method of vibrational mode
softening to investigate conformation changes
(i.e. , changes in three-dimensional structure) in
double -helical DNA. Conformation changes of
these macromolecules are analogous to displac-
ive phase changes in crystalline solids. We have
calculated a mode softening which would drive
the double helix from its B conformation to its A.

conformation. The mode is not softened by tem-
perature change, but rather by changes in the
macromolecular environment which mimics the
conditions which cause the conformation change
experimentally. .

The DNA double helix can take on several con-
formations. ' When dissolved in water or in gels
at high humidity (much water of hydration) it is
found in the 8 conformation. Upon drying the gel
in an atmosphere of less than 92% relative humid-
ity, it converts to the A conformation. RNA on
the other hand is found only in A-type conforma-
tions. It has been suggested that DNA switches
to A conformation locally when transcribing RNA
in vivo and that this conformation change is an
important switching mechanism in the biological
function of nucleic acid. '

We have carried on extensive theoretical inves-
tigations of the lattice dynamics of DNA and RNA
helices. ' These calculations were made using va-
lence and Urey-Bradley force fields which mere

obtained, by various authors, by refinement from
the observed spectra of the constituent parts of
nucleic acid. The calculations were done for arti-
ficial homopolymer DNA in which all the base
units in a single helix were the same. Two such
double-helical DNA compounds exist poly(dA) ~

poly(dT) and poly(dG) poly(dC) —where the bases
are adenine, thymine, guanine, and cytosine, re-
spectively. These homopolymer duplexes are
available and a considerable amount of experi-
mental ir and Raman analysis has been done for
all the occurring conformations. A comparison
of our theoretical lines with those observed shows
quite good agreement for those regions of the
spectrum where data exist. ' In our calculations
for both poly(dG) poly(dC) and poly(dA) poly(dT)
the lowest-lying optical mode is one in which the
two single helices move up and domn relative to
each other along the double-helix axis. It is this
mode which softens in our calculations.

The eigenvector of the mode that softens agrees
very well with the description of the B to A con-
formation change. The B conformation has the
bases of the helix perpendicular to the helix axes.
In the A conformation, the bases are tilted from
the perpendicular. The soft mode in which the
two helices displace relative to each other along
the axis does lead to such a tilting of the bases.

In doing our calculations for the soft mode, we


