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OPTICAL ISOLATION APPARATUS AND
METHOD

FIELD OF THE INVENTION

This invention relates to isolation devices and more
particularly to isolation devices which use an optical channel
to isolate a remote circuit from a source circuit.

BACKGROUND OF THE INVENTION

In certain environments it is necessary to establish sub-
stantial electrical isolation between electrical control and
power circuits. An example of such an environment is an
electric hospital bed. Bed motion control circuits are often
found in side rails, footboards, headboards, and in pendants
connected via an umbilical cord to the motor power circuits.
Metal and other conductive surfaces may be incidentally
contacted by patients, caregivers, and even critical care
equipment. When contact is made, a potential hazard exits if
the conductive surface provides a path for current flow to
earth ground. For this reason, regulatory bodies impose strict
requirements on patient connected equipment and identify
equipment in regard to its insulation abilities.

Having non-isolated electrical control circuitry in
exposed areas such as side rails and footboards, presents a
challenge to design engineers. It is known to provide power
to a remote isolated circuit with an isolated power supply
and send optically isolated control signals from the remote
isolated circuit to the local source circuit which controls
actuators powered by a non-isolated power supply. Signals
generated by the remote isolated circuit are optically trans-
mitted to the local source circuit and power to the remote
isolated circuit is provided through bulk cables from the
isolated power supply. However, isolated power supplies
can be very costly.

SUMMARY OF THE INVENTION

The optical isolation device of the present invention
transmits power from a power supply on a local source
circuit optically along an optical channel to a remote isolated
circuit. Signals generated by the remote isolated circuit are
optically transmitted to a local source circuit which controls
various actuators. Thus the remote isolated circuit is com-
pletely electrically isolated from the local source circuit.

An optical isolation device for transmitting power to and
signals from an isolated electrical device in accordance with
the present invention includes a light source for generating
light, an optical channel having a first end on which the light
impinges and a second end optically coupled to the first end,
and an opto-electrical detector adjacent the second end
producing electrical power to drive the isolated electrical
device when impinged upon by the light. An optical signal
generator generates optical signals in response to input
provided by the isolated electrical device, the optical signals
impinge upon the second end of the optical channel and are
transmitted to an opto-electrical sensor adjacent the first end
of the optical channel that generates electrical signals in
response to the optical signals. The light and optical signals
are both propagated through the optical channel.

Also in accordance with the invention is an opto-electric
device including a first circuit having a first light source, a
second circuit having a second light source, and a photo-
voltaic cell configured to provide energy to at least a portion
of the second circuit. An optical channel couples the first and
second circuits, and light from the first light source is
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transmitted to the photovoltaic cell over the optical channel,
and light from the second light source is transmitted to the
first circuit over the optical channel.

A method of the present invention for electrically isolat-
ing a remote circuit from a source circuit includes the steps
of generating a first light signal in the source circuit,
optically coupling the first light signal to the remote circuit
so that the remote circuit receives the first light signal from
the source circuit, generating power in the remote circuit
from the first light signal received by the remote circuit, and
powering the remote circuit by the generated power.

Additional features and advantages of the present inven-
tion will become apparent to those skilled in the art upon
consideration of the following detailed description of illus-
trated embodiments exemplifying the best mode of carrying
out the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of an optical isolation
device according to the present invention optically coupling
and electrically isolating a local source circuit depicted on
the right of the drawing and a remote isolated circuit
depicted on the left of the drawing showing a light source
and a opto-electrical sensor of the device coupled electri-
cally to local source circuit and optically by an optical
channel to an opto-electrical detector and optical signal
generator which are electrically coupled to the remote
isolated circuit, high intensity light generated by light source
impinges upon a first end of the optical channel and propa-
gates along the channel exiting through a second end of the
optical channel where it impinges upon the opto-electrical
detector, power generated by opto-electrical detector is
stored in a power storage device which supplies power to the
remote isolated circuit and the optical signal generator,
optical signal generator generates an optical signal that is
transmitted along the optical channel so that the opto-
electrical sensor adjacent to the first end is impinged upon by
the optical signal;

FIG. 2 is a block diagram of a half-duplex, single channel
fiber optic isolation device in accordance with the present
invention showing a local source circuit optically coupled to
and electrically isolated from a remote isolated circuit by a
single fiber optic filament and also showing controller and
memory elements on a source side and an isolated side of the
device to facilitate half-duplex operation;

FIG. 3 is a block diagram of a full-duplex, dual channel
fiber optic isolation device in accordance with the present
invention showing a local source circuit optically coupled to
and electrically isolated from a remote isolated circuit by a
first fiber optic optical channel through which high intensity
light is transmitted from a light source powered by a local
source circuit to power remote isolated circuit and a second
fiber optic optical channel through which low intensity light
signals are transmitted responsive to electrical signals gen-
erated by the remote isolated circuit to the local source
circuit;

FIG. 4 is a block diagram of a full-duplex, single optical
channel isolation device in accordance with the present
invention showing a local source circuit optically coupled to
and electrically isolated from a remote isolated circuit by a
single optical channel, a high intensity light source on a
source side of the device coupled to an opto-electrical
detector on an isolated side of the device through the optical
medium, and a low intensity light source on the isolated side
of the device optically coupled to an opto-electrical sensor
on the source side of the device through the optical medium;
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FIG. 5§ is a diagrammatic view of the optical channel,
opto-electrical detector, isolated side memory and controller
components, and optical signal generator of the half-duplex,
single channel fiber optic isolation device of FIG. 4 and the
remote isolated circuit showing a photovoltaic cell serving
as an opto-electrical detector for detecting high intensity
light and generating power to be stored in the storage device
for powering the components on the remote isolated circuit
and optical signal generator, a user interface for providing
input to devices on the local source circuit, a clock, an on/off
detector for determining when high intensity light is and is
not being received, a low intensity light source such as an
LED acting as optical signal generator for transmitting
optical signals indicating the state of the user interface based
on state information stored in state registers and shift
registers and converted to electrical signals by an LED
driver;

FIG. 6 is a diagrammatic view of the optical channel, high
intensity light source, source side memory and controller
components, and opto-electrical sensor of the half-duplex,
single channel fiber optic isolation device and the local
source circuit of FIG. 4 showing a power supply powering
the various components of the source side of the device and
the local source circuit and also showing the opto-electrical
sensor receiving the optical signals from the remote isolated
circuit and converting them to electrical signals, a synchro-
nizer for controlling the duty cycle of the high intensity light
source and the opto-electrical sensor, a serial input register
for storing the electrical signals, and a state register for
communicating the stored electrical signals to a controller
controlling devices on the local source circuit; and,

FIG. 7 is a block diagram of a full-duplex, fiber optic
isolation device in accordance with the present invention
showing a light source generating light at a first wavelength
which light is optically transmitted along a fiber optic
filament to be refracted by a lens to impinge upon an
opto-electrical detector sensitive in a bandwidth including
the first frequency, and an optical signal generator producing
optical signals centered about a second frequency which
optical signals are refracted by the lens and optically trans-
mitted along the fiber optic filament to impinge upon an
opto-electrical sensor sensitive in a bandwidth including the
second frequency but not the first frequency.

DETAILED DESCRIPTION OF THE DRAWINGS

An optical isolation device 10 according to the present
invention is illustrated in FIG. 1. Optical isolation device 10
optically couples and electrically isolates various compo-
nents on a local source circuit 36 from components on a
remote isolated circuit 30. Optical isolation device 10
includes a light source 12, an opto-electrical sensor 20, an
optical channel 14, an opto-electrical detector 16, and an
optical signal generator 18 and may also include a lens 46
(shown in phantom lines in FIG. 1) and an electrical energy
storage device 38 such as a capacitor 40 (shown in phantom
lines in FIG. 1). Energy storage device 38 aids in providing
a steady potential difference from which a user interface
circuit 56 and other components of remote isolated circuit 30
may be powered. Other electrical storage devices 38 such as
rechargeable batteries or power cells are also within the
teaching of the invention. Energy storage device 38 is
electrically coupled to opto-electrical detector 16 which in
the illustrated embodiment is a photovoltaic cell 42.

Ilustratively, local source circuit 36 includes a power
source 50 for driving light source 12 and powering opto-
electrical sensor 20 of optical isolation device 10, a control-
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ler 52 for receiving electrical signals generated by sensor 20
in response to optical signals 32 and generating control
signals for actuators, and actuators 54. Remote isolated
circuit 30 includes a user interface 56 and an electrical signal
generator 58 powered by electricity produced by the opto-
electrical detector 16 of optical isolation device 10. Electri-
cal signal generator 58 produces electrical signals triggered
by user interface 56 and is coupled to the optical signal
generator 18 of device 10 which converts the electrical
signals to optical signals 32. In the illustrated embodiment,
optical signal generator 18 includes light emitting diode
(“LED”) 44. However it should be understood that other
sources for generating optical signals may be used within the
teaching of the invention. Optical signals 32 are propagated
along optical channel 14 between remote isolated circuit 30
and local source circuit 36.

IMustratively, light source 12 and opto-electrical sensor 20
are on a source side 11 of optical isolation device 10 which
is optically coupled by optical channel 14 with isolated side
13 of optical isolation device 10. Illustratively, isolated side
13 of optical isolation device 10 includes lens 46, opto-
electrical detector 16, optical signal generator 18, and stor-
age device 38.

Optical channel 14, such as a fiber optic filament 15,
includes a first end 24 communicating with light source 12
and opto-electrical sensor 20 and a second end 28 commu-
nicating with opto-electrical detector 16 and optical signal
generator 18. Light source 12 is electrically coupled to
power supply 50. Source side 11 and isolated side 13 of
device 10 are isolated electrically from one another by
optical channel 14, yet may transmit optical signals 32 and
light 22 between one another. Optical isolation device 10 is
electrically coupled at source side 11 by power line 25 and
signal line 27 to a local source circuit 36 (See FIG. 1)
including power supply 50, control circuitry 52, and actua-
tors 54. Likewise, optical isolation device 10 is electrically
coupled at isolated side 13 by power line 29 and signal line
31 to remote isolated circuit 30 including power consuming
devices such as user interface 56 and electrical signal
generator 58.

Light 22 generated by light source 12 impinges upon first
end 24 of optical channel 14 and is transmitted in a first
direction 26 along optical channel 14 exiting through second
end 28 of optical channel 14 to impinge upon opto-electrical
detector 16. While the term light may be strictly defined as
visible light having a wavelength in the visible spectrum (i.e.
~0.4 82 m—0.76 um), as used in this application such light
will be referred to as visible light and the term light and
similar terms and prefixes such as optical, opto- and photo-
shall be deemed to include electromagnetic radiation in the
near ultraviolet, visible, and near infrared spectrums. Opto-
electrical detector 16 produces electricity when impinged
upon by light 22.

As shown, for example, in FIG. 1, opto-electrical detector
16 is electrically coupled by power line 29 to remote isolated
circuit 30 which is powered by the electricity generated by
opto-electrical detector 16 in response to being impinged
upon by light 22. Remote isolated circuit 30 is also electri-
cally coupled by signal line 31 to optical signal generator 18
which generates optical signals 32 in response to electrical
signals received from remote isolated circuit 30.

Optical signals 32 impinge upon second end 28 of optical
channel 14 and are transmitted in a second direction 34
along optical channel 14 exiting through first end 24 to
impinge upon opto-electrical sensor 20. Opto-electrical sen-
sor 20 produces electrical signals in response to being















