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[57] ABSTRACT

An optical modulator comprises a crystal {15) of material
exhibiting the pyroelectric effect, and chargc-dissipating
means for dissipating any charge built up on the optical faces
of the prism. The charge-dissipating means may comprise
point electrodes (30) positioned adjacent to the optical faces
{(21) of the crystal and connected to an alternating-current
mgh-voltage power supply {31). The clectrodes produce
charged ions which ncutralize any charge on the optical
faces of the crystal. The crystal may be used as the Q-switch
in a laser.

11 Claims, 3 Drawing Sheets
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1
OPTICAL MODULATORS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions 5
made by reissue.

Optical modulators are known which comprise crystals
of a suitable material whose optical properties may be varied
by the application of an clectric field across the crystal
perpendicular to the optical axis of the crystal. The appli- 10
cation of such a field affects the polarisation of optical
[iation]} radiarion passing through the crystal. One of the
most common applications of such an optical modulator is
in the so-called Q-switch laser, in which the modulator
crystal 15 used to vary the optical conditions within the laser 15
cavity so that [laseraction] laser action may be either
prevenied or induced as required. Optimum laser perfor-
mance requires the Q-switch to change phase modulation of
the optical radiation between two distinct and clearly-de-
fined polarisation states. Anything which causes these twe 20
states 1o be less clearly defined will adversely affect the
performance of the laser.

A commonly-used material for a laser Q-switch is a
crystal of Lithium Niobate. This material exhibits the pyro-
electric effect, as a result of which changes in the tempera- 25
ture of the crystal result in the development of static electric
charges of opposite polarity at the opposite ends of the
crystal. If this charge is allowed to collect on the faces of the
crystal then the performance of the laser will be affected. In
normal atmospheres some leakage of the charpe will occur. 30
However, Q-swiitched lasers of the type described above are
often sealed into an enclosure with an extremely dry atmo-
sphere, and this prevents charge leaking.

It is possible simply to conduct the charge away from the
Jace. This requires the formation on the end face of an 35
optically-transparent but elecirically-conducting layer
which is connected to ground. FIG. 3 shows such an
arrangemeni. The main problem with this technigue is that
the conducting layer 60 interferes with the passage of
optical radiation through the end faces of the crystal. 40
Equally, it may be damaged by the power of the optical
radiation passing through it.

It 1s an object of he invention to provide an optical
modulator in which the adverse results of the pyroelectric
effect are eliminated, A5

According to the present invention there is provided and
optical modulator which includes a crystal of a material
exhibiting the pyroelectric effect and means for dissipating
any electnic charge built up on the optical faces of the
crysial, 50

The invention will now be described with reference to
the accompanying drawings, in which:

FIG. 1 1s a schematic diagram of a common form of
(Q-switched laser, incorporating an optical modulator;

FIG. 2 1s a perspective view of an optical modulator 33
crystal; [and]

FIG. 3 diagrammatically tllustrates a prior art method,
as above described, of dissipating accumulated charge on
the faces; and

FIGS. [3] 4 to 7 are schematic diagrams illustrating 60
different embodiments of the invention.

Referring now to FIG. 1, [as] a common form of
Q-switched laser includes a rod 10 of laser active maierial,
such as Neodymium-YAG together with an associated flash
tube 11 for optically pumping the active material. Two porro 65
prisms 12 and 13 define the optical cavity of the laser which
also includes a polariser 14 and a Q-switch 15. The Q-switch
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18 a crystal of a material such as Lithium Niobate and is
provided with two electrodes 16 connected to a modulating
power supply 17. The optical components are arranged
along an optical axis 18, with the electrodes 16 on the crystal
15 arranged on opposite sides of the optical axis.

The Q-switch 15 comprises a crystal of matcrial formed
into a block and fastened in an electrically insulating hous-
ing 20 as shown in FIG. 2. The end faces 21 are those
through which the laser radiation passes. It is on these faces
in particular that a static electric charge may build up due to
the pyroelectric eflect. Removal of this static electric charge
may be achieved basically in two ways., One involves
neutralising the charge in some way, whilst the other
involves conducting the charge away from the faces of the
crystal. The polarity of the charge depends upon whether the
temperature of the crystal is increasing or decreasing.

FIG. [3] 4 illustrates one technique which may be used
to neutralise any static charge on the end faces of the crystal.
A sourcc of ions is provided adjacent to each face by
crission from point elecirodes 38 adjacent to each face but
away from the path of any optical radiation. A high-voltage
power supply 31 is connected to the electrodes. When the
supply 31 is energised a stream of ions is emitted by each
electrode 30 and these ions of opposite charge to that on the
adjacent face of the crystal will be attracted to that face to
neutralise the charge caused by the pyroelectric effect. Since
the polarity of the charge on a face may vary the power
supply 31 should preferably be a high voltage alternating
current supply.

As an alternative to the arrangement of FIG. [3] 4 the
neutralising ions may be produced by a spark discharge. This
may use the arrangement shown in FIG. [4] 5 in which a pair
of electrodes 40 is provided, forming a spark gap adjacent to
each face, again well clear of the path of optical radiation.
One electrode of cach pair will be, conveniently, connected
lo ground. The high voltage power supply 31, which may be
a dircct-current supply, may be triggered to produce a spark
between each pair of electrodes. This produces a cloud of
both positive and negative ions, the appropriate ones of
which will ncutralise the charge on the face of the crystal.

The techniques described above with reference to FIGS.
[3 and 4] 4 and 5 might best be used before the laser is
activated since the ions produced by the electric discharges
may interact with the modulating electrodes on the sides of
the Q-switching crystal.

A technique which does not require a high-voltage power
supply to produce neutralising ions is shown schematically
in FIG. [5.] 6. This involves placing near to each end face
of the Q-switching crystal a small radioactive source 50.
Each of these sources will emit ionising radiation towards
the adjacent face of the crystal. Such radiation will be
arrested both by the atmosphere in front of the end faces and
by the faces themselves, with the generation of ion pairs,
some of which will neutralise the static charge. This process
1§ continuous as it is not practically possible to control the
ermssion of alpha particles from the source.

As an alternative to producing ions to neutralise any
charge built up on the end faces of the crystal, [it is possible
simply to conduct the charge away from the face. This
requires the formation on the end face of an opticaliy-
transparent but electrically-conducting layer which is con-
nected o ground. FIG. 6 shows such an arrangement. The
main probiem with this technique is that the conducting
layer 60 must not interfere with the passage of optical
radiation through the end faces of the crystal. Equally, it
must not be damaged by the power of the optical radiation
passing through it}
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[As an alternative to providing a conducting layer on
each face of the crystal] it is possible to remove the
accumulated charge intermittently by wiping the face with
an clectrically-conducting material. FIG. 7 1llustrates an
arrangement using an electrically conducting blade 70 con-
nected to ground and wiped over the face 21 of the crysial
by a motor 71. Other mechanical arrangements could be
used.

The optical components of a Q-switched laser are some-
times enclosed in a sealed container so that the atmosphere
may be controlled, particularly to prevent misting of optical
surfaces during conditions where condensation might occur.
Any of the charge-removal techniques described above may
be used inside such a sealed container. The techmques may
also be used on Q-switching crystals of other materials than
Lithium Niobate which exhibit the pyroelectric effect.

The optical modulator may be used in other applications
than Q-swilched lasers, and all the techniques described
above are applicable to such applications.

We claim:
1. An optical modulator of the Q-switch type comprising:

an optical path;

a crystal of a material which exhibits the pyroelectric
effect [and) disposed on said optical path, said crystal
having two opposed optical faces through which laser
radiation may pass along [a] said optical paih;

means to apply an electric ficld to the crystal [ransverse]
transverse 10 said path in order to switch said modu-
lator; and

charge-dissipating mecans for dissipating any static elec-

tric charge built up on the two opposed optical faces ol
the crystal due to the pyroelectric effect, said charge
dissipating means being disposed adjacent to said
optical faces but being disposed so as normally 10 lie
outside of said path.

2. A modulator as claimed in claim 1 which includes
ionising means located adjacent 1o the optical faces of the
crystal and operable o generate ions of opposite polarity 1o
the charge on said optical face.

3. A modulator as claimed in claim 2 in which the ionising
means comprise a poinl electrode connected to a high-
voltage power supply.

4. A modulator as claimed in claim 3 in which the
high-voltage power supply generates an alternating voltage
for application to the point electrodes.

5. A modulator as claimed in claim 2 in which the 10nising
means comprise a spark gap.

6. A modulator as claimed in claim 2 in which the 10nising
means comprise a radioactive source capable of emitting
ionising radiation towards said optical faces.
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[7. A modulator as claimed in claim 1 in which the optcal
faces of the crystal are provided with a layer of electrically-
conducting material connected to the ground.]

8. A modulator as claimed in claim 1 in which each optical
end face is provided with an electrically-conductive wiper
movable across the said face and connected to ground.

9. A modulator as claimed in claim 1 which forms the
Q-switch of a Q-switched laser.

10. An optical modulator of the Q-swilch type comprising:

a crystal of a material which exhibits the pyroelectric
effect and having two opposed optical faces through
which laser radiation may pass along a path,

means to apply an electric field to the crystal transverse
to said path in order to switch said modulator;

charge-dissipating means for dissipating any staiic elec-
tric charge built up on the two opposed optical faces of
the crystal due to the pyroelectric effect; and

a radioactive source located adjacent to the optical faces,
said radio active source being capable of emituing
ionising radiation towards said optical faces to gener-
ate ions of opposite polarity to any static charge
thereon whereby to dissipate the static charge.

11. An optical modulator of the Q-switch type comprising:

a crystal of a material which exhibits the pyroelectric
effect and having two opposed optical faces through
which laser radiation may pass along a path;, means 10
apply an electric field to the crystal transverse to said
path in order to switch said modulator; and

charge-dissipating means for dissipating any static elec-
tric charge built up on the two opposed optical faces of
the crystal due 1o the pyroelectric effect, which includes
ionising means located adjacent to the optical faces of
the crystal and operable to generate tons of opposite
polarity to the charge on said optical face.

12. An optical modulator of the Q-switch type comprising:

a crystal of a material which exhibits the pyroelectric
effect and having two opposed optical faces through

which laser radiation may pass along a path; means to
apply an electric field to the crystal transverse to said
path in order to switch said modulator; and

charge-dissipating means for dissipating any static elec-
tric charge built up on the two opposed optical faces of
the crystal due to the pyroelectric effect, which includes
ionising means located adjacent to the optical faces of
the crystal and operable to generate ions of opposite
polarity to the charge on said optical face, in which the
ionising means comprise a radioactive source capable
of emitting ionising radiation towards said optical
faces.
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