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Abstract

Photoemission yield of lead zirconate titanate lanthanum
doped ceramic disks, illuminated with 532 and 355 nm ra-
diation, in different experimental configurationsis investi-
gated. A new physical model is used to interpret the differ-
ent behaviours.

1 INTRODUCTION

Lead zirconate titanate lanthanum doped, PLZT, ferro-
electric ceramics showed interesting quantum efficiency
and high non-linearity when illuminated with light ranging
from green to UV [1, 2, 3]. The photoemission behaviour
depends on prepoling [4] and polarisation [5] of the sam-
ple.

We haveinvestigated photoemission from PLZT 8/65/35
(the first number refers to the atomic percentage of lan-
thanum with respect to lead and the other two numbers re-
fer to the relative percentage of zirconium and titanium)
illuminated with 532 (2.32 €V) and 355 nm (3.5 eV) radia-
tion. Our ceramicshave a high defects density of both nand
p type, hence they have the thermodynamical behaviour of
relaxor ferroelectrics[6].

During the prepoling process [4] a fraction of defects
moves to the two surfaces. n-type defects are accumulat-
ed at the negative side of the polarising voltage and p-type
defects at the other side. The emitting surface can be made
either of n-type or of p-type, depending on the direction of
the electric field during the prepoling process.

The second and third harmonics of a Nd:YAG laser are
used because the material has an energy gap of 3.3¢eV,
hence their absorption is much different [7]. In agreement
with what expected, we have measured a 3-photon absorp-
tion process at A = 532nm and a 2-photon process at
A = 335nm.

2 EXPERIMENTAL SETUP

The experimental setup is discussed in apreviouspaper [3].
The anode-to-cathode distanceis 3 mm. The chargeis col-
lected in a coaxia copper anode (Faraday cup) matched to
a 50 cable. The working pressure is maintained at ap-
proximately ~ 3 x 10~° mbar. The accelerating voltage
wasbH kV.
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The cathodes are disks of 16 mm diameter, 0.7 — 1 mm
thickness, coated with a solid metallic film on the rear sur-
face and with a grating interconnected by an external ring
on the emitting surface. The two electrodes are used to set
the polarising field through the sample. In the positive bias
configuration a positive polarity is applied to the emitting
surface electrode (i.e. the front electrode is positive with
respect to the rear electrode) and the polarisation vector of
the sampleisoriented towardsthe rear surface. The polaris-
ing field applied to the sampleswas only 0.8 kV/mm. The
electric field applied through the sample is segregated un-
der the metallic stripes because of the high value (> 1000)
of the dielectric constant e. The cathode-anode accelerat-
ing field does not penetrate into the material because of the
shielding effect of the front grid.

The ceramic dlug is grown with the usual procedure
[7].The dlug is then cut in disks, which, after a polishing
and cleaning treatment, are covered with electrode. The
front grating has a period of 200 um.

We have prepoled our samples so as to create an n-type
region in the emitting surface layer. During the prepoling
process 02~ vacancies (n-type) move towards the emitting
surface and concentrate under the metallic stripes, while
Pb?* vacancies (p-type) move towards the rear elctrode.
The defect concentration under the metal stripes, measured
viathermo-stimul ated charge measurements[ 8], was about
0.5 uC/em?.

3 EXPERIMENTAL RESULTSAND
DISCUSSION

The electron emissions from prepoled samples illuminated
at 532 and 355 nm is shown in Fig. 1 in case of positive
and negative polarisation. Measurementsat A = 532nm
have been performed with laser energies up to 800 ui.J. In
case of 355 nm radiation, the maximum laser energy was
limited to about 250 i.J by the harmonic conversion pro-
cess. The samples show a clear different behaviour at the
two wavelengths: at the same laser energy the emission
yield at A = 355 nim is one order of magnitude larger than
a A =>532nm.

Our emission model is shown in Fig. 2. Oxygen va
cancies (donor defects) are concentrated under the metal
stripes; the polarisation (due to the applied bias) with it-
s strong electric field pushes the electrons of these donor
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Figure 1: Emitted charge from a prepoled sample with pos-
itive (O ) and negative bias ( x): (a) with A = 532 nm and
(b) with A = 350 nm.

defects just against the surface. These electrons partialy
diffuse at the p-njunction created at the border of the stripe
and drop into the p trap band; as aresult the density of the
initial states for photo-excitation is enhanced. The classi-
cal calculation of the diffusion leads to a diffusion layer of
about 100 nm with an electron density of about 1017 cm 3.
The effect isfurther enhanced in positivel y-prepol ed biased
samples, it isinstead reduced in negatively-prepol ed biased
samples.

The different behaviour at the two wavelengths is ex-
plained by the fact that the violet light is well absorbed
within the 100 nm electron rich surface layer, while the
green light penetrates deeper into the material.

Arguing that the polarising electric field is segregated
by the metallic stripes of the grid, a border effect was ex-
pected. For this reason, the emissions from 200 pum and
100 um period grating are compared in Fig. 3. The bare
surface available for the emission is the samein both cases,
but the number of borders per unit areais afactor two high-
er in the case of 100 pm period grid. The emission yield of
the sample with more borders is about a factor two higher
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Figure 2: (8) Scheme of defect and electron density at the
surface dueto prepoling, polarisation and diffusion. (b) En-
ergy band scheme at the junction created by the accumula-
tion and depletion of donorsrespectively under the metallic
stripe and outside. The broken arrows show the diffusion
of electrons through the junction and their falling into the p
band. Theviolet light is absorbed within the thin diffusion
zone, the green light overcomesthat layer.

with violet light and it does not change with greenlight. In
fact, the border effect is effective with violet light because
of the 100 nm penetration length and it is not effective for
green light because of the longer penetration length.

The emission measurements from un-prepoled samples
show that the polarisation does not affect the photoemission
in this case. This result isin agreement with the proposed
model.

We have al so performed tests with samples with reversed
prepoling: the emission was considerably lower than in the
above-mentioned cases and it was not influenced by the
bias.

The action of a polarising bias is explained by the high
electric field created in the surface layer. The ceramics sur-
faces have different properties than the bulk [5, 11, 12].
The surface layer of a thickness estimated around 20 nm
is not in ferroelectric phase (also because of the defect ex-
cess), hence the dielectric constant of the surface layer is
much lower than that of the bulk. Its value can be roughly
assumed around 10 against a value of more than 1000 for
the bulk. Because of this, alargeelectric field is established
in the surface layer.

4 CONCLUSIONS.

The highest electron emission yield has been obtained by
prepoling the sampl e with negative voltage at the front grid
and by applying a positive bias on the same side. Prepoling
and polarisation have a significant influence on the emis-
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Figure 3: Comparison of the emissions of two prepoled
and negatively polarised samples with a 100 um ( O ) and
200 pum ( x ) grid period: (a) with A = 532nm and (b)
with A = 350 nm.

sion properties.

The atomic scale model outlined in the paper for explain-
ing the photo-emission properties of the ceramicsis ableto
enlighten the relation between the experimenta observa-
tions and the material properties.

The measured quantum efficiency, larger than 3 - 107
at arelatively low radiation intensity, indicates that these
ceramics are promising candidates as photoemitters, espe-
cialy considering that the emission seemsto be confined at
the borders of the grid stripes.
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