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Description

BACKGROUND OF THE INVENTION

[0001] The present-invention relates to an improved
method for electric field poling of ferroelectric materials
and apparatus for carrying out such a method.
[0002] Nonlinear optical devices are proving very use-
ful in the field of optics for converting laser light between
different wavelengths. Examples of conversion include
second harmonic generation in which two photons com-
bine to create a new photon at twice the frequency (half
the wavelength), and optical parametric generation in
which a single photon splits into two photons at longer
wavelengths. In general, such processes must conserve
photon energy and must be phase-matched to achieve
useful efficiencies. The requirement for phase-matching
is that the phase velocities of the interacting waves in the
nonlinear material must be equal. One phase-matching
technique makes-use of birefringence in a crystalline ma-
terial to achieve efficient interaction. An alternative tech-
nique is based on the concept of quasi-phasematching
(QPM) in which the difference in phase velocities of the
interacting waves is compensated by a periodic reversal
of the nonlinear coefficient of the crystal. This periodic
reversal can be achieved by-many techniques, the most
common of which uses an approach known as periodic
poling, in which a high voltage pulse is applied to a fer-
roelectric material using a patterned electrode to create
a corresponding pattern of domain reversals.
[0003] Many published periodic poling methods are
based on that described in US 5,193,023. This method
uses a pair of electrodes formed on opposite major sur-
faces of a ferroelectric substrate, one of which is pat-
terned according to the desired domain reversal pattern,
for application of a DC voltage across the substrate to
create a pattern of domains of opposite polarisation di-
rection. To produce domain inversion, the voltage must
exceed the so-called coercive voltage for the ferroelectric
material being used. Furthermore, for this method, the
voltage is required to be a pre-determined DC voltage or
predetermined voltage pulse.
[0004] To implement this method, it is necessary to
know in advance the voltage that both produces poling
but prevents catastrophic breakdown. This can be diffi-
cult, because the electrical and physical characteristics
of the actual crystal in use are often not known well so
there is a significant element of guess work in determining
the voltage characteristics. Furthermore, when working
with samples cut from a larger wafer, the properties may
vary from sample to sample as composition or thickness
varies across the wafer, making it necessary to change
the voltage for every sample.
[0005] The method is widely used, however, and it is
common practise to set up such voltage controlled poling
by using a voltage programmed source and a large re-
sistor in series with the crystal to be poled. A voltage
somewhat larger than the coercive voltage is applied,

with the resistor acting to limit the current. However, this
technique results in limitation as the large resistor sets
up a large time constant (together with the capacitance
of the sample). Thus-precise control is difficult to achieve,
and the poling proceeds at a rate set by the coercive field
of the sample, the series resistor and the programmed
high voltage.
[0006] A later-developed poling technique uses control
of current rather than voltage. The poling -apparatus uses
feedback to give a desired current shape by dynamic
variation of voltage, which overcomes many drawbacks
of the approach taught in US 5,193,023 as it no longer
requires a guess to be made as to the best poling voltage.
Furthermore, it allows considerable control of the poling
dynamic. Domain switching causes a displacement cur-
rent which equals the current in the external poling circuit;
thus the technique controls the rate of domain switching
directly. The method also helps to recover from electrical
breakdown events by limiting voltage to prevent high cur-
rents, in turn leading to improved yield.
[0007] Current-controlled poling has been described
in many publications, for example US 6,952,307. How-
ever, while disadvantages of the original voltage-control-
led poling method are overcome, the approach of merely
controlling the current does not necessarily lead to good
results.
[0008] A Busacca et al in "Surface periodic poling in
lithium niobate and lithium tantalate" (Fibres and Optical
Passive Components, 2005; Proceedings of 2005
IEEE/LEOS Workshop, June 22-24 2005, pages
126-130) describe a surface periodic poling technique in
which a patterned gel electrode and a uniform gel elec-
trode are applied on Z crystal faces and used to apply
1.5kV square pulses of 500ms on a 10 kV offset to over-
come the coercive field. The technique relies on overpol-
ing.
[0009] F Yazdani et al in "Ferroelectric domain inver-
sion in congruent lithium niobate" (Microwave and Opto-
electronic Conference, 200.3; Proceedings of the 2003
SBMO/IEEE MTT-S International 20-23 September
2003, pages 453-458) describe domain inversion without
a periodic structure produced by a technique that controls
current by current clamping.
[0010] L Myers et al in "Quasi-phase-matched optical
parametric oscillators in bulk periodically poled LiNbO3"
(Journal of the Optical Society of America B, vol. 12, pag-
es 2102-2116, 1 November 1995) describe a poling cir-
cuit consisting of a high voltage source and a series re-
sistor. The current flow is regulated by the value of the
resistor and the driving voltage.

SUMMARY OF THE INVENTION

[0011] Accordingly, a first aspect of the present inven-
tion is directed to a method of inducing a periodic variation
of nonlinearity value in a sample of ferroelectric material,
comprising: arranging a pair of electrodes on opposite
faces of the sample, one electrode defining a desired
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pattern of nonlinearity variation; applying a pre-bias volt-
age across the sample for a predetermined time using
the electrodes, the pre-bias voltage being less than the
coercive field of the ferroelectric material; and after the
predetermined time, applying a current-controlled poling
voltage across the sample using the electrodes and a
programmable voltage source configured to sense cur-
rent flowing through its terminals and adjust its voltage
to deliver a programmed current profile, to produce do-
main inversion in the sample according to the desired
pattern of nonlinearity variation, wherein the poling volt-
age delivers a programmed current profile that controls
a rate of domain inversion and provides a sufficient
amount of charge to produce a required amount of do-
main inversion in the pattern of non-linearity variation.
[0012] The method addresses the problem with con-
ventional controlled voltage poling techniques of needing
to know in advance the characteristics of the particular
sample to determine a pre-known voltage to apply across
the sample, by utilising a controlled current approach. It
then further addresses problems with conventional cur-
rent controlled poling by adding a pre-bias voltage that
is applied to the sample before the poling process. With-
out a pre-bias voltage, the poling quality obtainable by
controlled current techniques is poor. According to the
invention, the pre-bias stabilises the sample at a voltage
close to the coercive field before poling, which reduces
the voltage increase that occurs when the poling current
is initiated and the voltage has to rise to be larger than
the coercive field. The voltage during poling is thereby
much better defined, and the amount of charge delivered
to the sample to produce domain inversion can be accu-
rately controlled, giving greatly improved poling quality.
[0013] Any pre-bias voltage will give some enhance-
ment over no pre-bias voltage, but the closer the pre-bias
voltage is to the coercive field, the better the results.
Therefore, embodiments of the invention propose that
the pre-bias voltage is greater than 75% of the coercive
field of the ferroelectric material, the pre-bias voltage is
greater than 90% of the coercive field of the ferroelectric
material, the pre-bias voltage is greater than 95% of the
coercive field of the ferroelectric material, or the pre-bias
voltage is greater than 99% of the coercive field of the
ferroelectric material.
[0014] The predetermined time for which the pre-bias
voltage is applied may be in the range of 1 to 100 seconds
inclusive.
[0015] The sample may have a thickness perpendicu-
lar to the faces to which the electrodes are applied that
is in the range 150 mm to 10 mm inclusive.
[0016] The voltages may be applied using a current-
controlled high voltage power supply, with a resistor ar-
ranged in parallel to the sample. This is a particularly
simple arrangement for implementing the two voltage ap-
plication steps. The current-controlled high voltage pow-
er supply provides the required control of the current for
application of the poling voltage, and the resistor allows
the pre-bias voltage to be applied across the sample

while the resulting current flows through the resistor so
that no charge is delivered to the sample that would in-
terfere with the later poling process.
[0017] The resistor may have a resistance of at least
1 MΩ. The size of the resistor can be selected with ref-
erence to the desired level of pre-bias voltage and the
amount of resulting current through the resistor that is
deemed acceptable or appropriate.
[0018] The current profile may be configured to correct
for current flowing through the resistor, so that the resistor
current does not detract from the charge to be delivered
to the sample.
[0019] A second aspect of the invention is directed to
apparatus configured to implement a method according
to the first aspect.
[0020] A third aspect of the present invention is direct-
ed to apparatus for inducing a periodic variation of non-
linearity value in a sample of ferroelectric material, com-
prising: a voltage source operable to apply a pre-bias
voltage across the sample for a predetermined time, us-
ing a pair of electrodes arranged on opposite faces of
sample with one electrode defining a desired pattern of
nonlinearity variation, the pre-bias voltage being less
than the coercive field of the ferroelectric material; and
a programmable voltage source configured to sense cur-
rent flowing through its terminals and adjust its voltage
to deliver a programmed current profile, and programmed
to apply a current-controlled poling voltage across the
sample after the predetermined time, using the elec-
trodes, to produce domain inversion in the sample ac-
cording to the desired pattern of nonlinearity variation,
wherein the poling voltage delivers a programmed cur-
rent profile that controls a rate of domain inversion and
provides a sufficient amount of charge to produce a re-
quired amount of domain inversion in the pattern of non-
linearity variation.
[0021] The pre-bias voltage may be greater than 75%
of the coercive field of the ferroelectric material, or greater
than 90% of the coercive field of the ferroelectric material,
or greater than 95% of the coercive field of the ferroelec-
tric material, or greater than 99% of the coercive field of
the ferroelectric material. The pre-bias voltage may be
applied for a predetermined time in the range of 1 to 100
seconds inclusive.
[0022] In some embodiments, the apparatus may com-
prise a single current-controlled high voltage power sup-
ply operable to apply the pre-bias voltage and the poling
voltage, and programmed to provide currents corre-
sponding to the pre-bias voltage and the poling voltage;
and a resistor arrangable in parallel to the sample. The
resistor may have a resistance of at least 1 MΩ.
[0023] The current profile may be configured to correct
for current flowing through the resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For a better understanding of the invention and
to show how the same may be carried into effect refer-
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ence is now made by way of example -to the accompa-
nying drawings in which:

Figure 1 shows a schematic representation of an ex-
ample arrangement illustrating the general principles
of electric field periodic poling of ferroelectric sub-
strates;
Figure 2 shows a schematic representation of an ide-
alised controlled voltage technique for periodic pol-
ing;
Figure 3 shows a schematic representation of a con-
trolled voltage technique for periodic poling using a
series resistor according to the prior art;
Figure 4 shows a schematic representation of a con-
trolled current technique for periodic poling accord-
ing to the prior art; and
Figure 5 shows a schematic representation of a pe-
riodic poling technique according to an embodiment
of the present invention.

DETAILED DESCRIPTION

[0025] Figure 1 is a simplified schematic-representa-
tion of a ferroelectric substrate or wafer that has under-
gone periodic poling by application of an electric field, to
illustrate the general principle of the technique. The sub-
strate 1 has an electrode 2 continuously covering its lower
face, and a patterned electrode 3 on its upper face. The
patterned electrode 3 is configured as a plurality of par-
allel bands or stripes having widths and a mark-to-space
ratio that correspond to the desired domain inversion
spacing for the final poled crystal. A layer of insulating
material 4 (liquid, gas, vacuum or photoresist, for exam-
ple) overlays the patterned electrode to protect the sub-
strate between the electrode stripes. A voltage V is ap-
plied across the substrate 1 using the electrodes 2, 3.
Reversal of the ferroelectric domains occurs when the
applied electric field exceeds the so-called coercive field
for that ferroelectric material (being a property of the ma-
terial). The patterning of the upper electrode 3 means
that reversal only occurs under the electrode stripes, and
not under the insulated region, giving a periodic domain
reversal or variation of the nonlinearity coefficient across
the substrate. In Figure 1, this is indicated by the arrows
in the substrate, which has been poled sufficiently to
achieve 180° domains extending through the full depth
of the substrate. The degree of poling achieved depends
on the amount of charge delivered by the current flowing
as a result of the applied electric field, so it is necessary
to determine how much charge needs to be provided to
produce the desired quality of poling. For a given sample,
the required charge is related to the conductive area de-
fined by the patterned electrode. The amount of charge
can be varied by adjustment of the applied voltage, the
current, or both. Good control of the charge is important
for achieving good quality poled material.
[0026] Alternative techniques may used to provide the
electrodes. In particular, the pattern may be fabricated

using insulating photoresist. This may be done by spin-
ning photoresist onto the substrate surface, exposing the
photoresist using a mask to define the desired pattern
and developing the photoresist to leave the unexposed
parts. Hence, -an insulating pattern is defined on the sub-
strate, in place of the conducting pattern of the previous
example. The conductive electrical contact is then pro-
vided over the insulating pattern, using for example a gel
or liquid electrode or a metal layer, and similarly for the
opposite face of the crystal. Many different techniques
for providing suitable-electrodes for poling are know; any
may be used to implement the present invention.
[0027] The upper and lower faces defined for electrical
contact will depend on the crystallographic structure of
the ferroelectric material being used, and also on the
electrode type. For example, materials such as lithium
niobate and lithium tantalate will be poled via their z faces,
with the -z face typically having the patterned electrode
if a liquid or gel electrode is used, and the +z face typically
having the patterned electrode for metallic electrodes.
[0028] To illustrate the present invention and its ad-
vantages, a number of conventional poling techniques
will now be described.
[0029] Figure 2 shows a simplified schematic diagram
of a first poling arrangement. A sample 10 of ferroelectric
material, in the form of a thin wafer or substrate suitable
for optical device fabrication, is provided. The material
may optionally be doped with materials such as zinc,
magnesium oxide or hafnium to reduce photorefractive
damage in the eventual optical device. Furthermore, the
wafer material may be of a composition which is congru-
ent or stoichiometric.
[0030] The sample 10 is typically a z-cut sample in the
form of a plate, with a thickness of around 500 mm. Thin-
ner or thicker substrates may be used, however, with
thicknesses up to a few millimetres. The lateral size of
the sample is chosen to prevent electrical breakdown
occurring around the sample. This may typically require
it to be at least 5 mm larger than the desired poled area.
[0031] A patterned insulating structure 20 is defined
by photolithography on the upper face of the sample 10.
It may simply comprise a series of openings in a layer of
photoresist. A conductive electrode structure 30 is
brought into contact with the patterned structure 20. It
may be a deposited metal, or simply a liquid conductor
such as lithium chloride solution or a gel conductor, and
contacts the sample through the gaps in the insulating
pattern. A second, continuous, electrode 50 is arranged
over the lower face of the sample 10, typically having the
same composition (i.e. metal, gel or liquid) as the upper
electrode 30. When using gel electrodes, better results
are obtained when the patterned electrode 30 is arranged
on the -z face of the sample.
[0032] A high voltage source 40 is connected across
the electrodes 30, 50 for application of a predetermined
poling voltage pulse across the sample, where the poling
voltage exceeds the coercive field of the ferroelectric ma-
terial. The voltage source 40 is programmable, and can
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be programmed by some external device such as a com-
puter or signal generator (not shown). In this example,
the voltage source 40 is an ideal "stiff" voltage source.
[0033] This poling apparatus is idealised, both in being
difficult to build (as it requires a power supply that can
give a particular voltage regardless of load), but also be-
cause in use it would be necessary to know the exact
voltage which gives the optimal poling. This voltage is a
complex (and generally unknowable) function of factors
including wafer thickness, previous wafer history, elec-
trode material and electrode pattern. In use, the arrange-
ment of Figure 2 would involve demanding a particular
high voltage waveform from the voltage controlled supply
40 appropriate to achieve a particular poling result.
[0034] In contrast to this idealised situation, in conven-
tional controlled voltage poling apparatus it is common
to add a series resistor (typically of a few mega-Ohms)
to the circuit.
[0035] Figure 3 shows the apparatus of Figure 2 mod-
ified in this way. A resistor 60 is included in series with
the sample 10.
[0036] In practise a real voltage source 40 will have a
finite output impedance, and so a certain small resistance
equivalent to the series resistor 60 would effectively exist.
However, for conventional poling using apparatus such
as that of Figure 3, the resistor 60 is chosen to have a
much larger value than the intrinsic output impedance of
the supply, typically between 100 kΩ and 10 MΩ. The
poling operation now works as follows. A voltage wave-
form is demanded from the voltage supply 40, which
causes its output voltage to go to a desired voltage (say
12 kV) which exceeds the likely coercive field-of the sam-
ple 10 (which might be 10.5 kV). The remaining 1.5 kV
is then dropped across-the resistor 60. If the resistance
of the resistor 60 is 10 MΩ, for example, the current
through the resistor 60 is determined as usual by V/R,
which in this case is 1.5 kV/10 MΩ, or 150 mA. Thus the
poling current delivering the charge required for domain
inversion is 150 mA.
[0037] A drawback of this approach is that the current
for poling is determined by the difference in the pre-
scribed voltage and the coercive field. The coercive field
is only approximately known for .any ferroelectric mate-
rial, so the current is poorly specified. Furthermore, the
large resistance of the resistor R adds a large RC time
constant to the circuit, which makes detailed control dif-
ficult.
[0038] Figure 4 shows apparatus for an alternative ap-
proach that uses a controlled current in place of the con-
trolled voltage of the apparatus in Figure 3. In this current
controlled poling arrangement, the high voltage source
40 is replaced by a programmable current source 70.
Such a source is capable of producing a high voltage
output, but is configured to sense the current flowing out
of (or back into) its terminals. The source can thus be
programmed to give a particular current waveform, and
will adjust its voltage appropriately to deliver this current
for the attached load. Thus the current through the sam-

ple 10 can be precisely specified. The programming can
be external, by a PC or a signal generator, for example.
The integral of the current curve or profile gives the de-
livered charge, which in turn determines the amount of
poling and the poled area. Optimisation of the current
profile can therefore be employed to achieve the best
poling quality.
[0039] At the start of the current profile, the current will
necessarily be zero. However, as soon as current is de-
manded, the voltage must rise very rapidly to be just
slightly higher than the coercive field of the crystal, to
allow current to flow through the sample 10. Typically,
therefore, the current controlled apparatus of Figure 4
will give a very_rapid rise in voltage immediately upon
the demand for current (i.e. when the poling current pro-
file is initiated). Consequently, the voltage in a current
controlled poling technique is poorly defined. This is in
contrast with the controlled voltage approach of Figures
2 and 3, in which the current is poorly defined. With either
arrangement, though, precise control of the poling proc-
ess is difficult, potentially leading to poor poling quality.
[0040] The present invention proposes a technique to
address these difficulties. As with the approach illustrated
in Figure 4, the poling process is current controlled, so
that a specified current profile is programmed from a cur-
rent source which adjusts the applied-voltage according-
ly to provide this current. Additionally, however, a voltage
is applied prior to poling which is set to be less than, but
close to, the coercive field of the ferroelectric material.
This avoids the rapid rise in voltage that occurs on the
demand for current under the conventional controlled
current technique. Hence, the voltage is much better de-
fined during the poling process (when the poling current
is flowing), and better-control of the poling process and
a consequent higher poling quality is achieved. Also, the
advantages of current controlled poling over voltage con-
trolled poling are retained, such as the avoidance of the
need to be able to predetermine the appropriate voltage.
[0041] Any voltage applied across the sample which
is less than the coercive field will provide a zero poling
current through the sample. This is equivalent to the zero
voltage applied before the poling current profile of con-
ventional current controlled poling. However, the present
invention proposes to apply a pre-bias voltage that is
close to, but lower than, the coercive field value, so that
only a small increase in voltage to above the coercive
field is needed to commence the poling current supply.
This gives greater voltage stability and hence improved
control over the poling process, so that the required
amount of charge can be provided more exactly. In the
foregoing discussion it is recognised that some capaci-
tative currents will flow whenever the voltage across-the
crystal is altered. Such current is merely capacitative and
does not contribute to the poling process.
[0042] Any arrangement that can apply the pre-bias
voltage across the sample for an appropriate length of
time can be used. According to one attractively simple
embodiment, a resistor is provided in parallel to the-sam-
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ple, and the pre-bias voltage and the poling current/poling
voltage are both supplied from a controlled current high
voltage power supply.
[0043] Figure 5 shows apparatus according to this em-
bodiment. The apparatus is the same as that shown in
Figure 4 for a conventional controlled current poling tech-
nique, except for the addition of a resistor 80 arranged
in paralleI with the sample 10.
[0044] The controlled current source 70 is pro-
grammed or otherwise instructed to provide first a bias
current that results in the desired pre-bias voltage being
applied across sample for a predetermined time period,
and then a poling current profile as for conventional con-
trolled current poling. The source can be controlled by a
PC, an industrial controller or a programmable=signal
generator, for example.
[0045] At the start of this process, the programmed cur-
rent demands a bias current which is set to be I = V/R,
where R is the size of the parallel resistor 80 and V is the
desired pre-bias voltage, being slightly lower than the
anticipated coercive field. The programmed current sup-
ply will now increase in voltage to cause this bias current
to flow. The voltage across the sample rises to V, but
because V is less than the coercive field, substantially
all the current flows through the resistor and not through
the sample. Therefore, poling does not yet begin, but the
voltage across the sample is able to stabilise close to the
coercive field. The current program then increases to de-
mand a poling current (plus the bias current) which will
result in successful poling by supply of sufficient charge.
The compensation of the bias current (i.e. correction to
allow for the current flowing through the resistor 80) may
readily be made in software; allowing very precise control
of the overall charge. Optimisation of the pre-bias voltage
may be made by altering the pre-bias current, and the
current controlled poling may be similarly optimised. Fur-
thermore, it is possible to deliberately increase or de-
crease the amount of charge (given by the integral of the
programmed current) to slightly overpole or underpole
the sample. For example, by slightly overpoling it is pos-
sible to increase the uniformity of poling across a large
sample.
[0046] In summary, therefore, the present invention
proposes to carry out periodic poling of ferroelectrics by
application of a pre-bias voltage that is close to but lower
than the coercive field of the ferroelectric material, fol-
lowed by supply of a current controlled poling curve with
an integrated charge designed to match the desired fer-
roelectric domain pattern.
[0047] The pre-bias voltage is applied for a predeter-
mined period of time. An optimum time may be selected
in accordance with the results of experimental trials. Suit-
able pre-bias parameters will depend on factors including
the composition, thickness and type of ferroelectric ma-
terial used. In the experimental trials a range of times
may be tried, and the resulting poled-structures reviewed
for poling quality, from which a suitable time can be cho-
sen. The time will typically be in the range of 1 second

to 100 seconds, but times outside this range may also
be appropriate.
[0048] The sample of ferroelectric material may be any
thickness for which an adequate poling result can be
achieved. However, good results are obtained for sam-
ples with thicknesses in the range of 150 mm to 10 mm.
[0049] As with conventional electric field poling tech-
niques, the present invention is applicable to ferroelectric
materials in general. Examples of suitable materials in-
clude congruent lithium niobate, congruent lithium tanta-
late, stoichiometric lithium niobate, stoichiometric lithium
tantalate, magnesium oxide-doped lithium niobate, mag-
nesium oxide-doped lithium tantalate, any other doped
ferroelectric, KTiOPO4 (KTP), RTiOAsO4 (RTA),
KTiOAsO4 (KTA), RTiOPO4 (RTP), mixed rubidium/po-
tassium arsenates and phosphates, BaMgF2, and va-
pour phase equilibrated lithium niobate.
[0050] As an example, lithium tantalate wafers have
been poled using the proposed method. The wafers were
patterned with aluminium electrodes overlaying photore-
sist with a period of 6 mm. Poling was carried out using
a range of pre-bias voltages and times. A pre-bias voltage
of 9.5 kV was applied for -60 seconds, compared to a
coercive field of 10.5 kV. This gave fairly poor domain
fidelity, with defects including missing domains, domains
terminating mideway across the sample, and- large over-
poled areas. In contrast, a pre-bias voltage of 10.02 kV
for 60 seconds gave good quality uniform domains. Thus,
a pre-bias voltage closer to the coercive field value gives
improved results. This is to be expected from the fact that
the pre-bias voltage aims to reduce the sudden voltage
increase to above the coercive field value arising when
the poling current begins.
[0051] Any value of pre-bias voltage will produce some
improvement over the conventional controlled current
poling approach. However, the closer the pre-bias volt-
age is to the coercive field, the better the improvement.
Therefore, values of pre-bias voltage that are at least
75% of the coercive field are recommended. More ad-
vantageously, however, the pre-bias voltage-may be at
least 90%, at least 95%, or at least 99% of the coercive
field.
[0052] It might appear that the issue of applying a pre-
bias voltage requires a prior knowledge of the coercive
field, to set a pre-bias voltage appropriately close. In prac-
tice, the pre-bias voltage only need be defined to within
a few hundred volts of the coercive field. Typically the
uncertainty in the coercive field is a few tens to a hundred
volts, and so the issue of accurately setting a pre-bias
voltage is not too critical, and certainly is much less critical
than trying to pre-determine the actual poling voltage re-
quired for conventional controlled voltage poling.
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Claims

1. A method of inducing a periodic variation of nonlin-
earity value in a sample of ferroelectric material (10),
comprising:

arranging a pair of electrodes (30, 50) on oppo-
site faces of the sample, one electrode (30) de-
fining a desired pattern of nonlinearity variation;
applying a pre-bias voltage across the sample
for a predetermined time using the electrodes,
characterized by the pre-bias voltage being
less than the coercive field of the ferroelectric
material; and
after the predetermined time, applying a current-
controlled poling voltage across the sample us-
ing the electrodes and a programmable voltage
source (70) configured to sense current flowing
through its terminals and adjust its voltage to
deliver a programmed current profile, to produce
domain inversion in the sample according to the
desired pattern of nonlinearity variation, wherein
the poling voltage delivers a programmed cur-
rent profile that controls a rate of domain inver-
sion and provides a sufficient amount of charge
to produce a required amount of domain inver-
sion in the pattern of nonlinearity variation.

2. A method according to claim 1, in which the pre-bias
voltage is greater than 75% of the coercive field of
the ferroelectric material.

3. A method according to claim 1 or claim 2, in which
the predetermined time for which the pre-bias volt-
age is applied is in the range of 1 to 100 seconds
inclusive.

4. A method according to any one of claims 1 to 3, in
which the sample has a thickness perpendicular to
the faces to which the electrodes are applied in the
range 150 mm to 10 mm inclusive.

5. A method according to any one of claims 1 to 4, in
which the voltages are applied using a current-con-
trolled high voltage power supply (70), and a resistor
(80) is arranged in parallel to the sample.

6. A method according to claim 5, in which the resistor
has a resistance of at least 1 MΩ.

7. A method according to claim 1, in which the current
profile is configured to correct for current flowing
through the resistor.

Patentansprüche

1. Verfahren zum Induzieren einer periodischen Vari-
ation eines Nichtlinearitätswerts in einer Probe aus
ferroelektrischem Material (10), das Folgendes um-
fasst:

Anordnen eines Paars von Elektroden (30, 50)
auf gegenüberliegenden Flächen der Probe,
wobei eine Elektrode (30) ein gewünschtes
Muster einer Nichtlinearitätsvariation definiert;
Anlegen einer Vorbiasspannung an die Probe
für eine vorbestimmte Zeit unter Verwendung
der Elektroden, dadurch gekennzeichnet,
dass die Vorbiasspannung kleiner ist als die Ko-
erzitivfeldstärke des ferroelektrischen Materi-
als; und
nach der vorbestimmten Zeit, Anlegen einer
stromgesteuerten Polungsspannung an die
Probe unter Verwendung der Elektroden und ei-
ner programmierbaren Spannungsquelle (70),
die konfiguriert ist zum Erfassen eines durch ihre
Anschlüsse fließenden Stroms und Verstellen
ihrer Spannung, um ein programmiertes Strom-
profil zu liefern, um eine Domänenumkehr in der
Probe gemäß dem gewünschten Muster der
Nichtlinearitätsvariation zu erzeugen, wobei die
Polungsspannung ein programmiertes Strom-
profil liefert, das eine Rate der Domäneninver-
sion steuert und eine ausreichende Ladungs-
menge liefert, um ein erforderliches Ausmaß an
Domäneninversion in dem Muster der Nichtline-
aritätsvariation zu erzeugen.

2. Verfahren nach Anspruch 1, bei dem die Vorbiass-
pannung größer ist als 75% der Koerzitivfeldstärke
des ferroelektrischen Materials.

3. Verfahren nach Anspruch 1 oder 2, bei dem die vor-
bestimmte Zeit, während der die Vorbiasspannung
angelegt wird, im Bereich von einschließlich 1 bis
einschließlich 100 Sekunden liegt.

4. Verfahren nach einem der Ansprüche 1 bis 3, bei
dem die Probe eine Dicke senkrecht zu den Flächen,
an denen die Elektroden angebracht werden, im Be-
reich von einschließlich 150 mm bis einschließlich
10 mm besitzt.

5. Verfahren nach einem der Ansprüche 1 bis 4, bei
dem die Spannungen unter Verwendung einer
stromgesteuerten Hochspannungsstromversor-
gung (70) angelegt werden und ein Widerstand (80)
parallel zur Probe angeordnet ist.

6. Verfahren nach Anspruch 5, bei dem der Widerstand
einen Widerstandswert von mindestens 1 MΩ be-
sitzt.
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7. Verfahren nach Anspruch 1, bei dem das Stromprofil
konfiguriert ist zum Korrigieren eines durch den Wi-
derstand fließenden Stroms.

Revendications

1. Procédé d’induction d’une variation périodique d’une
valeur de non-linéarité dans un échantillon de ma-
tériau ferroélectrique (10), comprenant :

la disposition d’une paire d’électrodes (30, 50)
sur des faces opposées de l’échantillon, une
électrode (30) définissant un modèle souhaité
de variation de non-linéarité ;
l’application d’une tension de pré-polarisation
en travers de l’échantillon pendant une durée
prédéterminée au moyen des électrodes, ca-
ractérisé par le fait que la tension de pré-po-
larisation est inférieure au champ coercitif du
matériau ferroélectrique ; et
après la durée prédéterminée, l’application
d’une tension de polarisation régulée en courant
en travers de l’échantillon au moyen des élec-
trodes et une source de tension programmable
(70) étant configurée pour détecter un courant
passant par ses bornes et régler sa tension pour
produire un profil de courant programmé, afin
de produire une inversion de domaine dans
l’échantillon en fonction du modèle souhaité de
variation de non-linéarité, dans lequel la tension
de polarisation produit un profil de courant pro-
grammé qui régule un taux d’inversion de do-
maine et fournit une quantité de charge suffisan-
te pour produire une quantité requise d’inversion
de domaine dans le modèle de variation de non-
linéarité.

2. Procédé selon la revendication 1, dans lequel la ten-
sion de pré-polarisation est supérieure à 75% du
champ coercitif du matériau ferroélectrique.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel la durée prédéterminée d’application
de la tension de pré-polarisation est comprise dans
la plage de 1 à 100 secondes incluses.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel l’échantillon a une épaisseur per-
pendiculaire aux faces sur lesquelles les électrodes
sont appliquées dans la plage de 150 mm à 10 mm
inclus.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel les tensions sont appliquées en
utilisant une alimentation électrique à haute tension
régulée en courant (70), et une résistance (80) est
disposée parallèlement à l’échantillon.

6. Procédé selon la revendication 5, dans lequel la ré-
sistance a une résistance d’au moins 1 MΩ.

7. Procédé selon la revendication 1, dans lequel le pro-
fil de courant est configuré pour corriger le courant
passant à travers la résistance.
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