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A MODEL FOR THE SPACE~NONUNIFORM ELECTRIC FIELD IN
A NEMATIC LIQUID CRYSTAL OVER A DIELECTRIC DEFECT

N.I. GRITSENKO, S.I. KUCHEJEV, N.V. MOSHEL
Shevchenko Pedagogical Institute of Chernigov, U.S.S.R.

Abstract. An injection model for the space-nonuni-
fTorm electric field over the dielectric defect is
discussed. The model is based on the investigation

of the orientational electrooptical effect in the ne-
matic liquid crystal with positive dielectric aniso-
tropy at homeotropic initial orientation of the di-
rector relative to the substrate in semiconductor-
dielectric-nematic liquid crystal-metal structure.

Dielectric film defect detection by nematic liquid
crystals (NLC) is based on visualization of space-non~
uniform electric fields in the bulk of the NLC over
the dielectric defect. In this case electrooptical
response of the NLC in layered structure like semicon-
ductor=-dielectric=NLC-metal (S-D-NLC~M), which in-
cludes the film under study, is investigated. The in=-
terpretation of the results of the dielectric film
nondestructive check depends on the completeness of
theoretical models used as the basis for the NLC de=-
fectoscopy method. The physical ground of the NLC de=~
fectoscopy method is NLC electrooptics in the space=-
nonuniform electric field [I], but the nature of the
nonuniform field nearby the defect in S-D-NLC-M struc~
ture still remains to be investigated.
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In this paper it is suggested that the dielectric
defect is only the original cause of the space-nonuni-
form electric field formation and the field itself is
formed by liquid crystal (LC) ion charges. For the in-
vestigations Si-SiOz-NLC-SnO2 gtructure with the de-
fects in SiO2 layer was chosen. The space-nonuniform
electric field configuration and the intensity of the
field depend not only on the defect properties, but on
the NLC electric conduction [2], dielectric anisotropy
sign, power supply mode and sample history as well.
These results cannot be explained by the electrostatic
model of the field.

To obtain the qualitative pattern of nonuniform
electric field distribution along the thickness of the
NLC layer over the dielectric defect the orientational
electrooptical effect in the NLC with positive dielec=-
tric anisotropy (A4€>0Q) at homeotropic initial orien-
tation of the director (splay-bend-S-B effect) was
used, Note, that bend-effect, traditionally used in
the NLC defect detection, showed to be unstable for
experiments on the visualization of nonuniform electric
field local reglons near the substrate for S-D-NLC-M
system, S=-B-effect, having no analogs in uniform elec-
tric field electirooptics [3] allows for applying an
alternating voltage to structures like S~D~NLC~M. In
the case of nonuniform electric field, NLC with posie
tive dielectric anisotropy of A&>0 responds to the
tangential component of the field only.

To clarify the nature of the space-nonuniform e-
lectric field, responsible for the NLC layer deforma-
tion nearby the defect, the following experiments
have been conducted. In the layer with S-B-effect un-
der the constant voltage some oxide defects have been
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visualized. In this case the structure for some period
of time has been kept under the constant voltage with
the negative electrode on silicon. Upon setting the
stationary optical pattern, the upper electrode (Sn02)
was shifted mechanically. If the experiment is repea-
ted at d.c. electric field, these defects can be visu~
alized in the same oxide layer regions. However, at
alternating voltage we can visualize both the real de-
fects of the 3102 layer in the same regions and "pseu=-
dodefects", shifted along the layer with the upper e-
lectrode. "Pseudodefects" correspond to the nonunifom
electric field regions, formed in the LC layer over
the defect before the upper electrode was shifted.
Along with the upper electrode the shift of the nonu-
niform field region occurs, which, evidently, is asso=~
ciated with the shift of the space charge region. This
is shown in Fig. 13 on the left-hand side the real de-
fects of oxide 8102 are illustrated and the right-hand
side shows the space charge regicns, formed by the
leakage current through the defect, It should be noted,
that at positive electrode on silicon "pseudodefects"
do not occur. Apparently, in this case negative charge
carrier injection from SiO2 defect region plays a pro-
minent role,

When veoltage is switched off, "pseudodefect" opti-
cal trace relaxation time is 600-900 s, which coinci=
des with "apparent" Maxwell relaxation time‘F:faa'%/k,
where e@ﬂ' is effective dielectric constant of the LC,
representing abnormally large capacity of double elec-
tric layers (€,,, = 102-10%) [4]. Thus, double electric
layers play an important role in nonuniform electric
field formation nearby the dielectric defect. In this
case abnormally large capacity of double electric
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FIGURE 1 Visualization of oxide defects (left=
hand side) and of space charge regions (right-hand
side) by orientation S-B-effect,

M —
NLC

D 1 p
S 3 —

FIGURE 2 A model for the space nonuniform
electric field over the dielectric defect.
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layer allows for keeping the local charge region near-
by the anode and transfering it along with the shift
of the anode.

The formation mechanism of this charge region can
be explained as follows. A nonuniform electric field
region is generated between the negative homocharge,
formed nearby the point cathode (defect) by the in-
jected charge carriers, and the plane anode. The field
nearby the defect is screened by the homocharge, but
in proximity to the anode, as seen from the equation
of current continuity, the electric field increases.
Thus, there occurs the possibility for positive ion
injection from the anode region over the dielectric
defect, Therefore in the course of time the configu=~
ration of the space-nonuniform electric field over
the defect is transformed due to the injection of po-
sitive ions from the diffusion region of double elec~
tric layer, going into a NLC toc a depth of Debye’s
shielding distance # = (€&, D/G)V‘?‘. Heterocharges,
generated at the polarization of NLC by its own car=-
riers, which can be seen at the visualization of di-
electric defects in constant electric fields, also
play a particular role in the formation of the space
nonuniform electric field configuration in the NLC
over the dielectric defect [5]. Consequently, in the
external electric field in the bulk of the NLC over
the dielectric defect the dynamic process of formaticn
of the space charge region occurs due toothe interde-
pendable homocharge and heterocharge generation proce-
sses, Therefore space nonuniform electric field which
can be visualized by the nematic, is generated between
the negative homocharge nearby the cathode and the po-
sitive homocharge nearby the anode as an optical trace
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of the dielectric defect (Fig. 2). The latter diffuses
to relatively large areas as compared to its own de-
fect size. For example, at the defect size of the or-
der O.B)um and the thickness of the NLC layer of ZQyn;
the size of the diffusion region of the defect optical
trace region amounts to 100 - 200 um. Along with the
anode shifting also the positive homocharge is shif-
ted, which can be visualized in the alternating elec-
tric field in the form of the coptical trace, shown in
the right-hand side of Fig. 1.

The direct experiment results have shown the in=-
creased ion concentration nearby the anode over the
defect, In these experiments a splii in 8102 layer
(linear cathode) as the source of injected ions was
chosen to increase the optical pattern contrast. As
in the above experiments, the structure was kept un-
der a d.c. voltage for some time with the negative e-~
lectrode on silicon. Upon shifting of the upper elec~
trode in alternating electric field both the split
itself and its "imprint" in the form of the diffusion
region can be visualized (Fig. 3,8). Then, the condi-
tions of the experiment has been meodified: instead of
applying external alternating voltage the structure
was gradually heated. In diffusion regions just be-
fore the NLC~isotropic substance phase transition,
which occurs at temperature lower than that of the
remaining area of the sample, homeotropy-planar tran=
sition takes place (Fig. 3, b). Similar experiments
are easily duplicated for point defects. In the nema-
tic mesophase directly preceding NLC-isotropic sub=-
stance phase transition, interaction between mesogenic
molecules is lower than that of the molecules with the
substrate, i.e. there is some increase of cohesive
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energy of the NLC with the substrate, which is the cause
of the homeoctropy-planar transition. The investigations
showed that this effect can be applied for the visuali-
zation c¢f icn charge accumulation areas in the NLC over
integrated circuits. The above experimental results in=-
dicate the increased concentration of ions nearby the
ancde over the defect, which like any other impurities
lower the phase transition temperature.

FIGURE 3 Visualization of the oxide Si0, split

( the upper optic trace) and space charge Fegion
(double line) by Frederiks®’® transition (a)j visua-
lization of space charge region by homeotropy-pla-
nar transition (b).
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Similar experiments with the observation of the pecu-
liar optical hysteresis, associated with the space
charges and double electric layers also easily dupli-
cated in the case of more complex structures such as
integrated circuit components and another thin film
devices,

Hence, the basic physical principle of non-destruc—
tive check method, using the NLC, can be formulated as
follows: liquid crystal ion charges generate the space=-
nonuniform electric field regiors in the bulk of a NLC
over the defects or thin film components and the NLC
propoerly visuallizes these fields through its electroogpti-
cal response,
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