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{54) Abstract Title

Low leakage uitrasonic transducer selector using solid-state relays

{57) An ultrasonic distance measurement transducer assembly 4a,4b is selected by solid-state relays each
comprising two series-connected MOS transistors Q1,02 or Q5,Q6. The MOS transistors in each switch are
coupled source-to-source. DC off-state leakage is reduced by eliminating the potential drop across the
transistor coupled to the driver 5 and receiver 6. The potential drop is eliminated by the voltage follower 110
which applies the potential at node 109 to the inter-transistor node in each deselected switch. Low off-state DC
switch leakage allows accurate temperature measurement using a current output temperature sensor in the
selected transducer assembly. Photovoltaic generators may be used to provide gate drive for the switch
transistors. Alternatively, a resistor-capacitor gate drive circuit may be used in which the capacitor couples AC
signals from the source to the gates of the transistors (figures 5 and 6).
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ELECTRONIC SWITCH RELAY

IELD O ION

The present invention relates to switching
circuits, and more particularly to a relay utilizing
electronic switching devices.

BACKGROUND OQF. THE INVENTION

The common assignee of the subject application is
an industry leader in the design and manufacture of
ultrasonic measurement devices. Such ultrasonic measurement
devices measure the distance between an object and a
transducer by sending a high frequency pulse to the object
and capturing echoes reflected by the object. By measuring
the delay between the transmission of the high frequency
pPulse and the reception of the echo(s), the distance
between the object and the transducer is determined.

In many applications, the ultrasonic device will
include several transducers. Multiple ultrasonic
transducers allow multiple distances to be measured at the
same time. The transducers are coupled to a single
electronic control circuit through a series of relays. The
relays function as a multiplexer. A transducer is selected,
i.e. coupled to the electronic circuit, by activating the
asgociated relay, while the other relays serve to isolate
the unselected transducers, thereby preventing cross-talk
or interference between transducers. Conventional relays
are able to switch high currents and voltages as both
alternating current (AC) and direct current (DC) .
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Conventional electromechanical relays also feature a very
high galvanic isolation in the order of 102 Ohms. The high
degree of isolation facilitates multiplexing multiple
transducers without giving rise to significant cross-talk

between transducers.

To improve the performance of thé ultrasonic
measurement devices, a temperature sensing circuit 204 is
included. Temperature changes in air, gas, water, liquid,
etc. will affect the speed of the ultrasonic sound waves,
and the temperature sensing circuit allows the effects of
temperatures to be taken into account. The temperature
sensing circuit measures the . temperature inside the

‘transducers, and generates a current proportional to the

absolute temperature (1 uA/°K). Because the output from the
sensing circuit comprises a current having a typical value
between 233uA for -40°C and 423uA for +150°C, it is critical
that leakage currents from the other transducers be
carefully ‘controlled, otherwise thé temperature readings
will be inaccurate. For many applications, the ultrasonic
measurement device will utilize 10 ultrasonic transducers.
Consequently, in order to accurately read a temperature
sensing circuit the leakage current contribution from all
the transducers must not excéed 0.1uA, otherwise, the
leakage currents ma? begin to affect the reading from the
temperature sensing circuit for the active transducer.

Conventional electromechanical relays utilize
mechanical contacts for switching and isolation. While
electromechanical relays are capable of providing the
required level of isolation between the transducers, the
opéréting life of the relay depends on the mechanical
contacts. - Repetitive switching of an electromechanical

relay causes the contacts to wear. For certain applications
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of the ultrasonic measurement device, such as grain level
monitoring in silos or liquid chemical measurement in a
tank, the contacts are more susceptible to degradation due
to airborne dust particulate or caustic chemical vapours.
In such industrial applications, the chemical vapours will
tend to oxidize oxr ionize the conductive coatings which are
applied to the surfaces of the contacts. As the integrity
of the contacts deteriorates the current is not able to
flow through the relay. As a result, echo and temperature
measurements cannot be read. It has been found. that in an
industrial application with the presence of ammonia vapour,
conventional electromechanical relays need to be replaced
as soon as 2 months for the ultrasonic measurement device
to function properly. Another drawback of electromechanical
relays is the switching noise which accompanies the

actuation of the contacts.

Accordingly, there remains a need for a suitable
replacement for conventional electromechanical relays which
provides the isolation characteristics of electromechanical
devices while at the same time is resistant to the effects

of harsh environments.

BRIEF SUMMARY OF THR INVENTION

The present invention provides an electronic
relay which utilizes semiconductor switching devices, such
as MOSFET's, thereby eiiminating the need for mechanical
relay switches and includes an arrangement which minimizes
leakage currents in the switching devices thereby achieving
a high degree of isolation comparable to existing

electromechanical devices.

‘The present invention is particularly suited for
application in ultrasonic measurement devices designed and
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manufactured by the common assignee of the present
application. Such ultrasonic measurement devices measure
the distance between an object and a transducer by sending
a high frequency pulse to the object and capturing echoes
reflected by the object. By measuring the delay between
the transmission of the high frequency pulse and the
reception of the echo(s), the distance between the object
and the transducer is determined. In many applications, the’
ultrasonic device will include sgeveral transducers
connected to a single electronic control circuit through a
series of relays. The relays function as a multiplexer and
a transducer is selected, i.e. coupled to the electronic

circuit, by activating the associated relay.

An object of the present invention is to provide
an electronic relay which can replace conventional
electromechanical relays and improve durability and
reliability. The electronic relay according to the present
invention exhibits the following features: the capability
to switch high and low voltage altermating current (AC),
and the capability to switch low voltage (negative) direct
current (DC). In the context of an ultrasonic measurement
device, the high AC voltage switching capability is needed
for the ultrasonic transmit functions. The low AC voltage
switching capability is needed for ultrasonic receive
functions and the negative DC switching capability is

needed for the temperature measurement function.

The elec;ronié relay according to the invention
comprises sgemiconductor - (i.e. solid state) switching
devices which eliminate the need for mechanical contacts as
in conventional electromechanical relays. Advantageously,
the elimination of mechanical contacts makes the electronic

relay less sensitive to the effects of harsh operating
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environments, thereby improving the operating life of the
device. Another feature of the electronic relay is the
elimination of the switching noise from the operation of
the mechanical contacts. In addition, the electronic relay
according to the invention does not suffer from contact

bounce and as a result higher scanning speeds are possible.

In a first aspect, the present invention provides
an electronic relay for selectively coupling a transducer
to an electronic circuit, the transducer including an
input/output port for receiving excitation signals from the
electronic control circuit and transmitting echo signals to
the electronic control circuit, said electronic relay
comprising: (a) a solid state switch having a first port
connected to the ihput/output port of the transducer, a
second port coupled to the electronic control circuit, and
means for actuating said switch to electrically connect the
input/output port of the transducer to the electronic
control circuit in an on- state and isolate the input/output
port from the electronic control circuit in an off-state,
said means for actuating being responsive to a control
signal from the electronic control circuit; (b) leakage
current control means coupled to said solid state switch
for controlling leakage current when said solid state
switch is open so that the transducer is electrically

igolated from the electronic control circuit.

In another aspect, the present invention provides
an electronic relay for selectively coupling a transducer
to an electronic circuit, the transducer including an
input/output port for receiving excitation signals from the
electronic control circuit and transmitting echo signals to
the electronic control circuit, Bsaid electronic relay
comprising: (a) a solid state switch having a first port
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connected to the input/output port of the transducer, a
second port coupled to the electronic control circuit, and
means for actuating said switch to electrically connect the
input/output port of the transducer to the electronic
control circuit in an on-state and isolate the input/output
port from the electronic control circuit in an off—ataﬁe,
said means for actuating being responsive to a control
signal from the elect¥onic control circuit{ (b) said means
for actuation comprising a resistor and capacitor network
coupled to said switch and having an input port for
receiving said control signal.

EF_ DESCR ION THE N
Reference will now be made to the accompanying
drawings which show, by way of example, preferred

embodiments of the present invention, and in which:

Fig. 1 is a schematic representation of an

.ultrasonic measurement device with an electronic relay

according to the present invention;

Fig. 2 1is a schematic representation of a

transducer for the ultrasonic measurement device of Fig. 1;

Fig. 3 is a schematic representation of an

implementation of the electronic relay of Fig. 1;

Fig. 4 is a schematic representation of another

implementation of the electronic relay of Fig. 1;

Fig. § is a schematic representation of another

implementation of the eiectronic relay of Fig. 1; and
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Fig. 6 is a schematic representation of another

embodiment of the electronic relay of Fig. 1.

ETAILED DESCRIPTION OF PRE D EMBODIMENTS
Reference is first made to Fig. 1 which shows an
ultrasonic measurement device 1 and an electronic relay
according to the invention. While the electronic relay
will be described in the context of the ultrasonic device
1, it is to be understood that the electronic relay
according to the present invention has wider applicability.

As shown in Fig. 1, the ultrasonic measurement
device 1 comprises a transducer module 2, a controller
module 3, and an electronic relay module 10 according to
the present invention. The ultrasonic measurement device 1
is subject of other patents and a brief overview isg’
provided as it pertains to the electronic relay 10, the
subject of the present invention. The ultrasonic
measurement device 1 provides a means for measuring the
distance between an object and the transducer module 2
(i.e. the device 1). Such a device has wide applicability
in applications as diverse asg grain level measurement in a
silo to water level monitoring in flumes. The transducer'
module 4 comprises a number of transducers 4, shown
ind:widually as 4a, 4b ... 4n in Fig. 1. .Each transducer 4
provides three functions ag a transmitter for high
frequency pulses (i.e. pulses in the ultrasonic frequency
range), as a receiver for detecting echoes of the pulses
from the object and for temperature measurements. The
controller 3 includes an ultrasonic excitation module 5, an
echo measurement module 6, and a temperature measurement
module 7. The ultrasonic excitation module S provides the
excitation source for the transducers 4 to produce the high
frequency pulses. The high frequency pulses are directed
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towards the object and the reflections (i.e. echoes) from
the object are detected by the transducer module 2 angd
converted into electrical signals which are processed by
the echos measurement module 6 in order to determine the

distance between the transducers 4 and the object.

The transducer 4 is shown in‘more detail in Fig.
2, and referring to Fig. 2, the transducer 4 comprises a
crystal 200 and an excitation coil 202. One side 202a of
the excitation coil is coupled to the crystal 200, and the
other side 202b of the ‘coil 202 is coupled to the
excitation module 5 and the echo measurement module 6 in
the controller 3. Because the speed of sound is affected by
temperature changes, i.e. in air, gas, water, etc., each of
the transducers 4 preferably include a temperature sensor
circuit 204. The temperature sensor 204 generates an output
signal indicative of the'temperature at the transducer 4.
The output signal is processed by the temperature
measurement modﬁle 7 for temperature compensation purposes.
The temperature sensor circuit 204 generates a current
proportional to the absolute temperature (1 uA/°K). Because
this éurrent is typically very small, e.g. the current will
vary from 233uA for -40°C up to 423uA for +150°C, the
leakage currents through the switching elements in the
electronic relay need to be cafefully controlled.
Furthermore, in many applications for the wultrasonic
measurement device 1 up to 10 ultrasonic sonic transducers
4 may be utilized. Consequently, when the temperature
sensor 204 in a transducer 4 is read, the leakage currents
associated with the switching devices for the other
transducers must not exceed 0.luA, otherwise the reading
from the temperature sensor 204 may be affected. Therefore,
the leakage current from the switching devices for each
transducer 4 should not exceed 0.01uA for a device 1 with
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ten transducers 4. Based on a current polarization of 10
VDC for the temperature sensors 204, an isolation
resistance of 1GQ (i.e.- 10V/0.01uA) is preferred. 1In
existing devices, electromechanical relay devices were used
to provide this degree of isolation. For further details of
the ultrasonic measurement device 1 reference should be
made to U.S. Patent Nos. 4,596,144 and 4,992,598 owned by
the common assignee of the subject application. In the
present invention, the electronic relay module 10 comprises
a solid state design.

4

Referring back to Fig. 1, the electronic relay

- module 10 comprises a switching module 11 for each of the

transducers 4 and a unity gain amplifier 13. In Fig. 1, the
switching modules 11 are showﬁ individually as 11a, 11b,...
1in. Each.switching MOdule 11 comprisges a first switch 15,
a second switch 17 and a third switch 19. In Fig. 1, the
first, second and third switches are shown individually as
15a, 15b,... 16n, 17a, 17b,... 17n, and 1%9a, 19b,... 19n,
respectively. One terminal of each of the first switches 15
ie coupled to the respective transducer 4. The other
terminal of the first switch 15 is coupled to a terminal of
the second switch 17 and a terminal of the third switch 15.
The input of the unity gain amplifier 13 is coupled to the
other terminal of each of the second switches 17. The input
of the amplifier 13 is also coupled to the output of the
excitation module 5, the input of the echo measurement
module 6 and the input of the temperature measurement
module 7. The output of the urnity gain amplifier 13 is
connected the other terminal of each of the third switches
19. The actuatiod, i.e. opening and closing, of the
switches 15, 17, 19 is controlled by a switch actuator 8 in

a manner as will be described below.
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It is a feature of the present invention that the
switching elements 15, 17, 12 are ' implemented using
semiconductor, i.e. solid state, devices. Semiconductor
switching devices have the advantage of eliminating the
mechanical contacts. However, semiconductor devices are
susceptible to leakage currents which can compromise the
isolation of the inactive transducers 4. For ekample, if
the switching elements 15, 17, 19 are implemented using
MOSFET (Metal Oxide Field Effect Transistors), there will
be a certain current leakage that is proportional to the
drain-source voltage when the transistor is in a non-
conductive state. An equivalent leakage resistor current
is given by the expression Vy/I g For a typical MOSFET
device,v the leakage resistance is often in range 10 MQ to .
40 MQ. Unfortunately, the' leakage reéistance tends to
decrease at high temperatures thereby causing an increase
in the leakage current and a decrease in the isolation

between the sgsource and drain.

For an ultrasonic measurement device 1 having two
transducers 4, it has be_eh found that while the leakage
currents from MOSFET switching devices result in some
compromises, perfo_mance is not ~adversely affected.
However, the benefits of the solid state switchihg devices
are diminished by the increases in the leakage currents as
the number of the transducers 4 is increased. Accordingly,
the electronic relay 10 according to the present invention
includes an arrangement for eliminating or - at least

reducing leakage currents to negligible levels.

According to this aspect of the invention, the
third switches 19 and the unity gain amplifier 13 are
provided to minimize or eliminate the leakage currents
through the second switches 17 which is open to isolate the
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currently inactive transducers 4.V As will now be
described, the third switches 19 and amplifier 13 generate
a null voltage across the open switches 17 in order to
minimize the 1leakage currents. Referring to Fig. 1, if
transducer 4a is activated for excitation or echoes
measurement, then the first 15a and second 17a switches are
closed, while the first 15 and second 17 switches for the
remaining transducers 4b to 4n are open for igolation. To
eliminate the leakage currents through the open second 17a
to 17n switches, the respective third switches.19b to 19n
are closed and the'third switch 19a is open. The unity gain
amplifier 13 amplifies the current without modifying the
voltage. This arrangement of open and closed switches
causes the voltage at the input to the amplifier 13 and at
one terminal of each of the second switches 17b to 17n
(i.e. node 21) to be reproduced at the output of the
amplifier 13 and at the other terminal of each of each of
the second switches 17b to 17n through the fespective
closed third switches 15b to 19n. The result is that a null
voltage is generated across the respective open switches
17b and 17n and the leakage current is zero. Similarly for
the active transducer 4a, a differential voltage of zero is

- produced across the third switch 19a so that the leakage

current of the open switch 19a is also zero.

It will be appreciated that to obtain a perfectly
null voltage and leakage current the amplifier 13 would
theoretically need to have a perfect unitary gain with no
voltage offset. In a practical system, the unity gain
amplifier 13 will comprise an operational amplifier, i.e.
op-amp, having the highest impedance that is possible and
having‘a voltage offset as low as possible. Operational
amplifiers having a 100uV maximum offset or less are
readily available, for example, op-amp model LT1078
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manufactured by Linear Technology. Since the MOSFET
transistors will have at least 10MQ minimum at the high
temperature, the resulting leakage current will be 10 pA
(i.e. 100 uv / 10 MQ),

Better performance can be achieved by utilizing
a chopper stabilized op-amp. Chopper stabilized op-amps
typically have an offset voltage under 1luV. This would
result in a leakage current as low as 0.1lpA which is
comparable to electromechanical relays. Iri both cases,
i.e. 10 pA or 0.1 PA, the leakage current is small enough
that the reading of a transducer is hot affected or the
error from a temperature gensor is not more than 0.1°C based

on a 1luA/°C or 1uA/°K output from the sensor 204.

In the case where the transducer 4 includes an
internal decoupling capacitor 206 (Fig. 2), the unity gain
amplifier 13 should still be able to force a null voltage
across the open switches if the series of first switches
15a to 15n were removed and replaced by short circuits, for
exémple, leaving second switches 17b to 17n and third
switch 19a described above. However, if the transducers 4
exhibit a primarily inductive characteristic, then the
amplifier 13 will not be able to force a DC voltage because
the inductors will act like a short circuit to ground.
Accordingly, the first switches 15 are provided to allow
amplifier 13 to force a null voltage across the second
switches 17. It will be understood that controlling the
leakage currents in the second switches 17 also has the
effect of blocking the leakage currents in the first
switches 15, and therefore it is not necessary to also

generate a null voltage across the first switches 15.



10

15

20

25

30

- 13 -

Having described the electronic relay 10, three
implementations of the electronic relay 10 will now be
described. In the -following description, the
implementations of the electroqic relay are provided for a
ultrasonic measurement device utilizing two transducers. It
will however be understood that the implementations are

suitable for N transducers.

Reference is made to Fig. 3, which shows a first
implementation of an electronic relay 100. The electronic
relay 100 cpmpriseé a'unity gain amplifier stage 110 and
first 120 and second 130 switching elements for each of the
transducers 4. The first switching element 120 is used to
control the tranasducer 4, and the secondrswitching element
130 is used to control the leakage currents in the
switching elements which are isolating one of the
transducers 4. In this implementation, the electronic relay
100 utilizes MOSFET transistors for the switching elements
120, 130. Since a MOSFET can 6nly switch continuous
current, two transistors dre utilized for each éwitching
element to order to handle alternating current.

The first switching element 120 comprises first
Q1 and second Q2 MOSFET (N-channel) transistors, and a
photo-voltaic coupler 121 or PVC coupler. The coupler 121
is used to generate an ﬁsolated voltagé which is applied
across the source and gate terminals of the transistors Q1
and Q2, and provides the voltage to enable the gates of the
MOSFET transistors.

As shown in Fig. 3, the source terminals of the
transistors Q1 and Q2 are tied together, and the gate
terminals. are also tied together. The source terminals of

Q1 and Q2 are connected to the negative output terminal of
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the coupler 121 and the gate terminals of Q1 and Q2 are
connected to the positive output terminal of the coupler
121. One of the control terminals of the coupler 121 is
connected to a switching control output li2 from the switch
actuator 8. The other control terminal of the coupler 121
is connected to signal ground through a resistor R1. The
coupler 121 is used to generate a floating voltage high
enough to drive the gates and turn on the transistors Q1
and Q2. The coupler 121 should be able to provide an output
current of approximately 10uA. Typical PVC type couplers
inélude a JFET (Junction Field Effect Transistor) on the
output which acts to short the gates of the transistors Q1

and Q2 when the coupler 121 is off.

The second switching element 130a comprises first
03 and second Q4 MOSFET (N-channel) transistors and another
PVC coupler 131. As shown in Fig. 3, the source terminals
of the transistors Q3 and Q4 are tied together and
connected to the negative output terminal of the opto-
coupler 131. The gate terminals of transistors Q3 and Q4
are also tied togeﬁher and connected to the positive output
terminal of the of the coupler 131. The control terminal of
the coupler 131 is connected to the positive voltage rail
Vg: and the other control terminal is coupled to the
resistor R1 through a diode D1. With this arrangement, the
transistors Q3 and Q4 are turned on, i.e. switch 130a is
closed, when a signal to turn OFF, i.e. open the switch
120a, is received from the control input 122. Conversely,
the transistors Q3 and Q4 are turned OFF when a gignal to

turn ON the switch 120a is issued on the control input 122.

The first switching element 120b for the second
transducer 4b is arranged in a similar fashion to the first

switching element 120a. The switching element 120b
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comprises first Q5 and second Q6 MOSFET transistors and an
opto-coupler 123. The source terminalsg of the transistors
Q5 and Q6 ére tied together and connected to the negative
output terminal of the coupler 123. The gate terminals of
transistors Q5 and Q6 are tied together and connected to
the positive output terminal of the coupler 123. One
control terminal of the coupler 123 is connected to a
control output 124 from the switch actuator 8. The other
control terminal of the coupler 123 is connected to signal

ground through a resistor R2.

The second switching element 130b for the second
transducer 4b is arranged in a similar fashion to the
switching element 130a and comprises first Q7 and second
Q8 MOSPET transistors and an 6pto-coup1er 132. The Eource
terminals of the transistors Q7 and Q8 are tied together
and connected to the negative output terminal of the opto-
coupler 132. The gate terminals of transistors Q7 and Q8
are also tied together and connected to the positive output
terminal of the coupler 132. The control terminal of the
opto-coupler 132 is connected to the positive voltage rail
Voe and the other control terminal is coupled to the
resistor R2 through a diode D2. With this arrangement, the
transistors Q7 and Q8 are turned on, i.e. switch 130b is
closed, when a signal to turn off, i.e. open the switéh
120b, is received from the contreol input. 124.

In this embodiment, the first switching elements
120 are used to enable the respective transducer 4 for
excitation and echo measurement. The second switching
elements 130, on the other hand, operate together with
unity gain amplifier stage 110 to control the leakage

currents through the transistors in the switching elements.
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As shown in Fig. 3, the amplifier stage 110
comprises a first op-amp 111 and a second op-amp 112. The
first op-amp 111 is configured as a unity gain amplifier.
The positive and negative inputs of the op-amp 111 are
coupled through a resistor R6 to the node formed by the
connection of the outputs of the first and second switching
elements 120a and 120b. The second op-amp 112 is configured
as a voltage follower to supply a low impedance output to
the switching elements 130a and 130b. The positive terminal
of the op-amp 112 is tied to the output of the first op-amp
111. The negative terminal is coupled to a leakage control
node 113 through a feedback resistor R3. The leakage
control node 113 is formed from the connection between the
drain terminals of transistors Q4 and Q8 in the respective
switching elemenﬁs 130. A8 shown in Fig. 3, the negative
and positive input terminals of the op-amp 112 are coupled
through diodes D3 and D4. The output of the op-amp 112 is
coupled to the leakage current control node 113 through a
resistor R4. The resistor R4 functions as protection device

to limit current.

In operation, when transistors Q1 and Q2 are
turned OFF, i.e. opened, transistors Q3 and Q4 are turned
ON and a voltageris forced on the source of transistor Q2.
Because the ‘gsource of tramsistor Q1 is ét a lower potential
then the drain of transistor Ql, the protection diode in
transistor Q1 will block the current from ground through
the first transducer 4a. Therefore, even if the transducer
4 represents a short circuit to DC (i.e. the transducer 4
does not include a decoupling capacitor), the leakage
current through transistor Q1 is controlled. The protection
diode in the transistor Q1 effectively replaces the first
switch 15 in the arrangement shown in Fig. 1. Since

transistor Q1 becomes a high impedance, a voltage can be
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forced on the source of transistor Q2 to control its
leakage current. Through the operation of the unity gain
amplifier stage 110 the potential difference between the
source and the drain of transistor Q2 becomes zero.
Consequently, the leakage current in transistor Q2 will be

null.

It will be understood that the offset voltage of
the op-amp 111 will affect the precision of the "zero volt"
potential between the source and the drain of . transistor
Q2, which in turn may lead to -some leakage current from
transistor Q2. Since the leakage current is DC, the leakage
current will not affect operation of the transducer 4 and
the echos measurement module 6, which operate using AC
signals. However, if the resulting leakage current is too
high, the operation of the temperature measurement module
7 could be affected since the temperature module 7 responds

to DC signals from the sensor 204 (Fig. 1).

Conversely, when transistors Q1 and Q2 are
closed, i.e. turned ON to communicate with the associated
transducer 4, the transistors Q3 and Q4 are opened or
turned OFF. The first op-amp 111 again inputs the voltage
signal from the transducer signal node 109 and the signal
is reproduced by the second op-amp 112 at the leakage
current control node 113. As described above, the output of
the second op-amp 112 is a low impedance output. With
transistor Q2 turned ON, the resulting potential difference
across the turned OFF transistors Q3 and Q4 is zero, i.e.
the leakage control node 113 is at the same voltage level
as the transducer signal node 109. As a result, the leakage

current in the transistors Q3 and Q4 will be zero.
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Referring to Fig. 3, diodes D5 and D6 are
provided to protect the inputs the first op-amp 111 and the
positive input of the second op-amp 112. During the
excitation, there is a 400 VAC (peak-to-peak) present at
node 109, but this AC voltage is only used to excite the
transducer. During the taking of a reading, a low level AC
voltage is present at the node 10S. The unity gain
amplifier 111 follows the voltage at node 109, but the
ability of the amplifier 111 to null the voltage for all
positive and negative excursions will depend on the
characteristics of the transducer (i.e. if the transducer
includes a decoupling capacitor). During the temperature
reading stage, a negative DC voltage is present at the node
109 and the leakage currents in the MOSFETs are éffeqtively

controlled.

The negative input of the second op-amp 112 is
protected by the resistor R3 and diodes D3 and D4. The
diodes D3 and D4 are coupled to the low impedance output of
the first op-amp 111. As a result stray capacitance at the
inputs of the op-amp 112, the feedback through resistor R3
will be delayed. Typically, a capacitor would be added in
parallel to resistor R3 for compensation. It is however
preferable to not include such a capacitor since resistor
R3 is provided for protection and a capacitor in parallél
would act as a short circuit for high frequency AC signals.
(High frequency AC signals are used for the transducers 4.)
Instead for compensation, the op-amp 112 includes a snubber
circuit comprising a capacitor Cl and resistor R5. As shown
in Fig. 3, the snubber c¢ircuit is coupled to between the
positivé and negative inputs of the op-amp 112. The snubber
circuit’s function is to damp any oscillation between the

inputs of the op-amp 112. The capacitor Cl is selected so
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that it appears as a short circuit at the oscillation

frequency.

As also shown in Fig. 3, a capacitor C, is
provided at the output of each transducer 4a, 4b. The
function of the capacitors C, is filter any noise which
emanates from a transducer 4 which is not currently
selected, i.e. isolated by the associated switching element
120. The stray capacitance between the source and drain of
each MOSFET Q1, Q2 (or Q3 and Q4) in ~the - turned-off
switching element 120 can transmit noise from the
unselected transducer 4 which in turn could corrupt the
output being read from the currently selected transducer 4.
The capacitor C, preferably cdmpriaea a ceramic type

capacitor.

Typical component values for the electronic relay

100 of Fig. 3 are as follows:

D1 to Dé 1N4148

Q1 to Q8 MTP3NSOE

Rl, R2 392 Ohms

R3, R6 300 KOhms

R5 ] 4.02 KOhms

R4 1.88 KOhms

C1 1 uF

PVC’'s PVI1050

Op -amp LT1078

C 220 pF, 500 Volt

Reference is next made to Fig. 4, which shows in
schematic form a second embodiment of an electronic relay
200 according to the invention. The electronic relay 200 is
very similar to the relay 100 described in Fig. 3, except
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that the number of PVC couplers has been reduced by two. It
will be appreciated that eliminating the number of pvc
couplers can result in significant cost savings since the
PVC coupler represents the most expensive component in the
electronic relay. As will be described, the electronic

relay 200 utilizes more cost effective opto-couplers.

In Fig. 4, like reference numerals are used to

indicate like elements in the Fig. 3.

Referring to Fig. 4, the electronic relay 200
comprises a unity gain amplifier stage 210, and first 220
and second 230 switching elements for each of the
transducers 4. The electronic relay 200 shown in Fig. 4 is
configured for two traneducers 4a and 4b -and the
corresponding first switching elements and second ewitchiﬁg
elements are indicated individually as 220a, 220b and 230a,
230b, respectively. The first switching element 220 is used
to control the transducer 4, and the second switching
element 230 is used to control the leakage currents in the
switching element which is isolating one of the transducers
4. The electronic relay 200 also wutilizes MOSFET
ﬁransistors for the switching elements 220, 230. Since a
MOSFET can only switch continuous curfent, two transistors
are utilized for each switching element in order to handle

alternating current.

The first switching element 220 comprises first
Q01 and second Q2 MOSFET transistors, and an opto-coupler
221. A PVC coupler 222 is shared between the pair of
switching elements 220a and 230a. The PVC coupler 222
comprises'a known device, such as the PV11050 manufactured
by International Rectifier. The PV11050 features dual

photo-sensitive output ports (indicated by references 223



10

15

20

25

30

- 21 -

and 224 in Fig. 4) which are activated by a single LEp
source. To turn ON the MOSFET transistors, the PVC coupler
222 needs to provide at least a 10 uA output, which is
within the specification of the PV11050 device. The opto-
coupler 221 comprises a integrated device such as the H11ia1l
which is available from a number of manufacturers. The PVC
coupler 222 and  the opto-coupler 221 are used to generate
an isolated voltage which is applied across the source and

gate terminals of the transistors Q1 and Q2.

As ghown in Fig. 4, the source terminals of the
transistors Q1 and Q2 are tied together, and the gate
terminals of Q1 and Q2 are also tied together. The source
terminals of Q1 and Q2 are connected to the negative output
terminal of the first port 223 on the coupler 222 and the
gate terminals of Q1 and Q2 are connected to the positive
output terminal of the same port 223. The control terminal
of the PVC coupler 222 is coupled through a resistor-R13 to
the control output of an opto-coupler 231 which is
connected to the switching control output 122 from the
switch actuator 8. One input of the opto-coupler 221 is
coupled to the resistor R13 through a protection diode D7
and the other input is tied to the positive supply rail Vg
The output port of the opto- coupler 221 is coupled to the
tied- -together gates and sources of the transistors Q1 and
Q2 as shown. The tied-together sources of transistors Q1
and Q2 are also connected to another terminal on the opto-

coupler 221 through a resistor R11.

Similarly, the second switching element 230a
comprises first Q3 and second Q4 MOSFET transistors and the
opto-coupler 231. The source terminals of the transistors
Q3 and Q4 are tied together and connected to the negative
output terminal of the second port 224 on the PVC coupler
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222. The gate terminals of transistors Q3 and Q4 are also
tied together and connected to the positive output terminal
of the second port 224. Ag shown in Fig. 4, the gates and
sources of the transistors Q3 and Q4 are also coupled to

~the output port of the opto-coupler 231. The tied-together

gources of transistors Q3 and Q4 are also coupled to
another terminal of the opto-coupler 231 through a resistor
R12.

The arrangement of the PVC coupler 222 and the
two opto-couplers 221 and 231 toggles the first 220a and
gecond 230a switching elements ON and OFF in response to
the control signal from the switching control output 122 in
the switch actuator 8.

The first switching element 220b for the second
transducer 4b is arranged in a similar fashion to the first
switching element 220a. The switching element 220b
comprises first Q5 and second Q6 transistors, and an opto-
coupler 225. A PVC coupler 226 is shared between the pair
of switching elements 220b and 230b. The transistors QS5 and
Q6 are coupled to the opto-coupler 225 and the PVC coupler
226 with resistors R14 and R16 and diode D8 as described

above for the first switching element 220a.

The second switching element 230b for the second
transducer 4b is also arranged in a similar fashion to the
switching element 230a for the first transducer 4a. The
switching element 230b comprises first Q7 and second Q8
transistors, and an opto-coupler 232. The transistors Q7
and Q8 are coupled to the opto-coupler 232 and the PVC
coupler 226 with resistors R15 and R16 as described above

for the switching element 230a,
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As shown in Fig. 4, the input control terminal of
the opto-coupler 232 is connected to the control output 124
from the switch actuator 8. When the second transducer 4p
is selected, the switch elements 220b and 230b are toggled
ON and OFF in response to the control signal on the switch

control line 124.

The first switching elements 220a, 220b are used
to enable the respective transducer 4 for excitation and
écho measurement. The second switching elements 230a, 230Db,
on the other hand, operate together with the unity gain
amplifier stage 210 to control the leakage currents through
the transistors in the switching elements.

As shown in Fig. 4, the aﬁplifier stage 210
comprises a first op- amp 211 and a second op-amp 212. The
first op-amp 211 is configured as a unity gain amplifier.
The pos;tive and negative inputs of the op-amp 211 are
coupled through a resistor R10 to a node 109 formed by the
connection of the outputs of the first and second switching
elements 220a and 220b. The second op-amp 212 is configured
as a buffer which supplies a low impedance output to the
switching elements 230a and 230b. The positive terminal of
the op-amp 212 is tied to the output of the first op-amp
211. The negative terminal is coupled to a leakage control
node 113 through a feedback resistor R7. The leakage
control node 113 is formed from the connection between the
drain terminals of transistors Q4 and Q8 in the respective
switching elements 230. Ag shown in Fig. 4, the negative
and posgitive input terminals of the op-amp 212 are coupled
through diodes D3 and D4. The output of the op-amp 212 is
coupled to the leakage current control node 113 through a
resistor R8. The resistor R8 functions as a protection

device to limit current.
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The electronic relay 200 shown in Fig. 4 operates
in the same fashion as the electronic relay 100 described
above with reference to Fig. 3. The electronic relay 200 isg
suitable for the following application range: AC voltages
and negative DC voltage levels less than |[-15 vDC]|.

As shown in Fig. 4, the electronic relay 200
includes capacitors C, for filtering noise from the
respective transducers 4 which could be coupled to the
controller 3 through the stray cépacitance between the
source and drain of the MOSFETs Ql1, Q2 ‘or Q5, Q6 as
described above for Fig. 3.

Typical component values for the electronic relay

200 of Fig. 4 are as follows:

D3 to D8 1N4148

Q1 to Q8 MTP3NS0E
R11, R12, R14, R15 100 KOhms
R13, R16 392 Ohms
R7, R10 300 KOhms
RS 4.02 KOhms
Cl 1 uF.

C, 220 pF, 500 Volt
PVC PVI1050
Opto-couplers H11A1
Op-amps LT1078

For the embodiments of the electronic relay 100
and 200 described above, the PVC couplers were utilized to
supply an isolated voltage to enable the gates of the
MOSFET transistors. This arrangement‘enables the MOSFET's
to switch :DC and AC signals. However for the ultrasonic

transducers 4 used in the ultrasonic measurement device,
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the signals encountered for typical operation comprise Ac
signals at a frequency greater than 1 kHertz and DC signals
less than 15 Volts and negative. Another embodiment of an
electronic relay 300 which is tailored for this operating
range is shown in Fig.'s. In the implementation for the
electronic relay 300 of Fig. 5, the opto-coupler devices
(e.g. 121, 131 in Fig. 3 and 221, 222 and 231 in Fig. 4)
and the MOSFET's in the second switching elements (i.e. 130
in Fig 3 and 230 in Fig. 4) have been replaced by a circuit
arrangement which wutilizes bi-polar transistors and
operationél amplifiers. This leads to significant cost
savings since the opto-coupler devices and to a lesser
extent the MOSFET transistors represent a significant
component costs in the eleétronic relay.

The electronic relay 300 in Fig. 5 is shown for
two transducers 4a and 4b, however, it will be understood
that circuit may be extended to N ultrasonic transducers.
Referring to Fig. 5, the electronic relay 300 comprises a
unity gain amplifier stage 310, a switching element 320, a
leakage control circuit 330, and a switching drive circuit
340 for each of the transducers 4. The<switching element
320 is used to control the transducer 4 and the leakage
control ciréuit 330 is used to control the leakage currents
in the switching elements which are isolating a transducer
4 which is not active. The switching drive circuit 340a as
will be described below works together with the control
circuit 330 to eliminéte the need for the PVC couplers by
providing an isolated voltage for switchihg the MOSFET

transistors in the switching elements 320.

The switching element 320a for the first
transducer 4a comprises first Q1 and second Q2 MOSFET (N-
channel) transistors. The drain of the first MOSFET Q1 is
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coupled to the transducer 4a and the drain of the second
MOSFET Q2 is coupled to the node 109. The sources of the
transistors Qi and Q2 are tied together and connected to a
terminal of a capacitor C3 in the switching drive circuit
340a. The other terminal of the capacitor C3 is connected
a resistor R16 in the switching drive c¢ircuit 340a. This
terminal of the resistor R16 is also connected to the gates
of the transistors Q1 and Q2 which are tied together. The
other terminal of the resistor R16 is coupled to the
control output 122 of the switch actuator 8 and also to the

leakage control circuit 330a.

As shown in PFig. 5, the leakage control circuit

330 comprises an op-amp 332 and first Q9 and second Q10 bi-

‘polar transistors. The negative input of the op-amp 332 is

connected to the bptput.of the unity gain amplifier stage
310 at node 309. As shown in Fig. 5, the negative and
positive inputs of the op-amp 332 are connected to a pair
diodes D9 and D10. The diodes DS add D10 are provided to
protect the inputs of the op-amp 332. The output of the op-
amp 332 is coupled to the base of the transistor Q9 through
a resistor R17. The emitter of the transistor QS is
connected to the lower voltage rail V,,, and the collector
of‘Q9 is coupled to the positive input of the op-amp 332
through resistors R18 and R19 and a diode D11. The anode of
the diode D11 is also connected to the tied together
gsources of the MOSFET transistors Q1 and Q2.

As shown in Fig. 5, the op-amp 332 also includes
a snubber circuit cdmprising a capacitor C5 and a resistor
R20 for compensation. The snubber circuit is coupled
between the positive and negative inputs of the op-amp 332,

and functions to damp any oscillation between the inputs of
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the op-amp 332. The capacitor C5 is selected sgo that it

appears as a short circuit at the oscillation frequency.

The collector of the 8econd transistor Q10 is
connected to the base of the first transistor Q9, and the
emitter of Q10 is connected to the low voltage rail Vaa- The
base of the transistor Q10 is éoupled through a resistor
R21 to the control oﬁtput 122. The base of Q10 ig also
coupled to the lower voltage rail v,, through a resistor
R22. The pPrimary function of the transistor Q10 is to
enable/disable transistor Q9.

For the s8econd tranaducer 4b, the sgecond
switching element 320b, the leakage current control
circuit, and the switching drive circuit 340b are arranged
in a similar fashion. The switching element 320b comprises
first Q5 and second Q6 MOSFET trangistors. The drain of the
first MOSFET Q5 is coupled to the transducer 4b and the
drain of the second MOSFET Q6 is coupled to the node 109.
The sources of the transistors Q5 and Q6 are tied together
and connected to a terminal of a capacitor C4 in the
switching drive circuit 340b. The other terminal of the
capacitor C4 is connected a resistor R23 in the switching
drive circuit 340b.. This terminal of the resistor R23 is
also connected to the gates of the transistors Q5 and Qs
which are tied together. The other terminal of the registor
R23 1is coupled to the control output 124 of the switch
actuator 8 and also to the leakage control circuit 330b.

As shown in Fig. 5, the leakage control circuit
330b comprises an Ob-amp 333 and first Q11 and second Q12
bi-polar transistors. The negative .input of the op-amp 333
is also connected to the output of the unity gain amplifier
stage 310 at node 309. For protection, a pair of diodes D12
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and D13 are provided across the negative and positive
inputs of the op-amp 333 as shown in Fig. 5. The output of
the op-amp 333 is coupléd-to the base of the transistor Q11
through a resistor R24. The emitter of the transistor Q11
is connected to the lower voltage rail V,, and the
collector of Q11 is coupled to the positive input of the
op-amp 333 through resistors R25 and R26 and a diode D14.
The anode of the diode D14 is also connected to the tied
together sources of the MOSFET transistors Q5 and Q6.

The op-amp 333 also includes a snubber circuit
for compensation comprising a capacitor Cé6 and a resistor
R27 as shown in Fig. 5. The capacitor C6 is selected so
that it appears as a short circuit at the oscillation

frequency.

The collector of the second transistor Q12 is
connected to the base of the first transistor Q11, and the
emitter of Q12 is connected to the low voltage rail V,,. The
base of the transistor Q12 is coupled through a resistor
R29 to the control output 124. The base of Q12 is also
coupled to the lower voltage rail Vga through a resistor

R29.

For the operation of the electronic relay 300, a
command signal of -12 Volts is outputted by the awitch
actuatér 8 on the control lines 122, 124 to turn OFF a
switch element 320 (i.e. isolate a transducer 4) and a
command signal of +12 Volts is outputted to turn ON a
switch element 320 (i.e. select a transducer 4 for
excitation and reading, or to input the temperature

compensation signal).
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Referring to Fig 5 and, in particular, to the
first switching element 320a and the switching drive
circuit 340a, when the command gignal on the control output
122 is negative, i.e. -12 Volts, the capacitor C3 in the
switching control circuit 340a is charged at a negative
voltage relative to the sources of the MOSFET transistors
Ql, Q2. Even if a high voltage signal is applied by the
ultrasonic excitation module 5, the MOSFET transistors Q1
and Q2 will stay off because the capacitor C3 will maintain
a more negative voltage on the gates than on the sourceé of
the MOSFET’s. Similarly, the MOSFET's Q1 and Q2 in this OFF
state wili block an AC output signal from the transducer
4a. If the temperature compensation module 8 attempts to
read the output signal from the tem@erature circuit 204
(Fig. 2), then the sources of the MOSFET’s Q1 and Q2 are
pulled down to -11.4 Volts (i.e. -12 Volts plus the drop
across the protection diode for Q2). Consequently, the
transistor Ql does not conduct if a negative continuous
voltage is applied on the drain with respect to the source
of the transistor Q1. = '

When a +12 Volt command signal is applied from
the control output 122 the protective diode for transistor
Q1 forces the voltage at the sources of transistors Q1 and
Q2 to approximately 0.6 Volts (i.e. before transistor Q1
conducts) . This in turn causes the transistors Q1 and Q2 to
conduct. In the conduction state, the voltage drop across
Eransistors Q1 and Q2 is virtually zero and the "On-state
impedance" for the switching element 320a will be two times
the resistance R,, for the transistor Q1 or Q2 (where
transistors Ql and Q2 are matched). For the transistor type
utilized for Q1 and Q2 in the switching element 320a, the
on-state impedance is 1less than six Ohms. This low
impedance is maintained as long as the sources of the
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MOSFET transistors Q1, Q2 have a voltage which is less than
0 Volts DC. When the voltage level for a DC signal rises
aone 8 Volts, the MOSFET’'s Q1 and Q2 will not conduct.
However, this does not present a significant problem
because the DC signal of interest for the ultrasonic
measurement device is the output signal from the
temperature sensor 204 (Fig. 2) and this signal is
typically -12V to 0V. The differential voltage between the
gates and sources of MOSFETs Q1 and Q2 will be between 5 to
17 Volts. For the AC signals outputted to and inpﬁtted
from the transducer 4a, the capacitor C3 is continuously
charged and keeps the transistors Q1 and Q2 ON or in

conduction.

Because the temperature reading' from the
temperature sensor 204 (Fig. 2) is critical to the.
operation of the ultrasonic measurement device 1, the
leakage currents frﬁm the transducers 4 which are not
selected must be minimized or eliminated. For the
electronic relay 300 of Fig. S,'the function of the bi-
polar transistor Q9 igs to maintain a null potential
difference between the source and the drain of the MOSFET
02 when transistor Q2 is in a non-conduction state. A null
voltage across the non-conductive MOSFET Q2 or Q6 means
that the leakage current is also null. Accordingly, a
transducer 4 which is not selected will not introduce an
error in the temperature reading because of leakage current

from the MOSFET transistor Q2 or Q6.

In operation, a -12 Volt command signal is
applied on the control outputs 122, 124 to disable a
transducer 4 and a +12 Volt command signal is applied to
enable a transducer 4, i.e. the MOSFET's Ql and Q2 in the

switching element 320 are turned ON. Therefore, to disable
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the first transducer 4a and select the second transducer
4b, a -12 Volt command signal is applied to the switching
drive circuit 340a for the first switching element 320a and
a +12 Volt command signal is applied to the switching drive
circuit 340b for the second switching element 320b. When
the -12 Volt command signal is applied, the transistor Qio
is turned OFF, and the voltage at node 109 is applied to
the anode of ‘diode D11 via the unity gain amplifier 310,
the amplifier 332 and the transistor Q9. The output from
the op-amp 332 controls the transistor Q9 to produce a
voltage at the anode of diode D11 edqual to the output of
the unity gain amplifier 310. The resistor R19 provides
feedback of the voltage at the anode of diode D11. When
the anode voltage of diode D11 equals the voltage at node
109, the leakage for the MOSFET Q2 will be null. This
results in a null leakage current flowing from the MOSFET
Q2. Since transistor Q9 is a bipolar transistor it cannot
handle AC voltages. It will however be understood that the
leakage needs to be controlled the temperature readings are
being taken, i.e. a low negative DC voltage level between
0 to -12V. The diode D11 is provided to disable the
transistor Q9 when'the voltage level falls below -12V. The
leakage control circuit 330b for the second switching
element operates in a similar fashion when the second

transducer 4b is disabled.

As shown in Fig. 5, the electronic relay 300
includes capacitors C, for filtering noise from the
respective transducers 4 which could be coupled to the
controiler 3 through the stray capacitance between the
source and drain of the MOSFETs Ql, Q2 or Q5, Q6 as

described above for Fig. 3.
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Typical component values for the electronic relay

300 of Fig. 5 are as follows:

D11, D1l4 BYD77G

Ds, D10, D12, D13 1N4148

Q1, Q2, Q5, Q6 MTP3N50E
Q9, Q11 : MPSA42
Q10, Q12 2N4401

R8 1.88 KOhms
R16, R23 . 10 MOhms
R19, R26, R30 300 KOhms
R18, R25 ' 1.88 KOhms
R21, R22, R28, R29 200 KOhms
R17, R24 10 KOhms
R20, R27 4.02 KOhms
Ccs, C6 ' 1 uF

c3, C4 | 1 nF

c, 220 pF, 500 Volt
Op-amps LT1078

Reference is next made to Fig. 6 which shows
another embodiment of an electronic relay 400 according to
the invention. The electronic relay 400 is particularly
suited for an application comprising two transducers 4a and
4b. For such an arrangement, one of the transducers 4 will
be active, and therefore, it is necessary to only eliminate
the effect of the other switch in order to input a clean

reading from the associated transducer.

Referring to Fig. 6, the electronic relay 400
comprises first 420a and second 420b switching elements.
Each. of the switching elements 420 includes a respective

isolation circuit 430a and 430b. The first switching
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element 420a comprises first Qla and second Q2a (N-channel)
MOSFET transistors. As shown in Fig. 6, the source
terminals of transistors Qla and Q2a are tied together, and
the gate terminals of transistors Qla and Q2a are also tied
together. The drain terminal of transistor Qla is coupled
to the transducer 4a, while the drain terminal of
transistor Q2a is coupled to the input/output line of the
controller 3. Similarly, the second switching element 420b
comprises first Qlb and second Q2b MOSFET transistors. The
source terminals of transistors Qlb and Q2b are tied
together, and the gate terminals of transistors Qlb and Q2b
are also tied together. The drain terminal of transistor
Qlb is coupled to the transducer 4b, while the drain
terminal of transistor Q2b is coupled to the input/output

line of the controller 3.

As shown in Fig. 6, the isolation circuit 430a
for the first switching element 420a'comprises a capacitor
C7 and a resistor R31. The capacitor C7 is coupled across
the tied-together source and tied-together gate terminals
for the transistors Qla and Q2a. One terminal of the
resistor R31 is connected to the tied-together gate
terminals of transistors Qla and Q2a, and the other
terminal of the resistor R31 is connected to the control
output 122 from the switch actuator 8. Similarly, the
isolation circuit 430b for the second switching element
420b comprises a capacitor C8 and a resistor R32. The
capacitor C8 is coupled across the tied-together source and
tied-together gate terminals for the transistors Qlb and
02b. One terminal of the resistor R32 is connected to the
tied-together gate terminals of transistors Qlb and Q2b,
and the other terminal of the resistor R32 is connected to

the control output 124 from the switch actuator 8.
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The electronic relay 400 shown in Fig. 6 allows
an AC voltage or a low negative voltage (i.e. in the range
0 to -15VDC) to be switched from the transducer 4. To
provide the ability to switch an AC voltage, the drive or
control voltage for the MOSFET’s Q1 and Q2 needs to be
isolated. For the embodiments described 'above, isolation
was provided through the use of opto-couplers and the like.
For the electronic relay 400 shown in Fig. 6, isolation is
provided by the resistors R31 and R32 in the ‘respective
isolation circuits 430a and 430b. The value for the
registors R31 and R32 is high, typically 10 MOhms.. While
the resistors R31 and R32 do not provide perfect galvanic
isolation, i.e. there-will be some AC leakage, leakage
during the reading of the DC temperature signal ie the most
critical. During the reading of the DC temperature signal,
the capacitors C7, €8 and the gates of the MOSFET’s Q1, Q2
prevent leakage currents and possible corruption of the DC
signal level being inputted from the selected transducer 4.

During AC operation, i.e. for |ultrasonic
excitation and echo measurement of a transducer 4, the
average voltage across the MOSFET’s Ql, Q2 will be zero.
To excite and read the first transducer 4a, the switch
actuator 8 generates a +S5VDC signal on control output 122
and a -12VDC signal on control output 124. The +5VDC on
control output 122 turns on the MOSFET’s Qla and Q2a, and
the -12VDC on control output 124 turns off the MOSFET's Qlb
and 02b in the second switching element 420b. If an AC
voltage appears at the drain of either MOSFET Qla or Q2a,
the MOSFET Qla or Q2a will stay on because the capacitor C7
maintains a +SVDC voltage across the gate and source

terminals of the MOSFET's Qla and Q2a.



10

15

20

25

30

- 35 -

To keep the MOSFET’s Q1 and Q2 turned ON for the
transmigsgsion of any AC signal (i.e. excitation signal to
transducer 4 or echo measurement gignal from the transducer
4), the RC constant for resistor R31 and capacitor C7 (and
resistor R32 and capacitor'ce) should be at least 10 times
greater than the period of the lowest frequency AC signal
applied to the transducer 4. To provide an additional
measure of protection, the values for the resistors R31,
R32 énd capacitors C7, C8 are selected to give a RC
constant of at least 100 to 1000 times the period of the
lowest frequency AC signal. It will be understood that a
small RC constant will allow the capacitor C7 or C8 to
rapidly overcharge and lead to high voltage being applied
to the gates of the MOSFET's Q1, Q2 which could damage the
MOSFET's.

During DC operation, i.e. for reading the DC
temperature signal from the transducer 4, the maximum DC
voltage applied to the gate terminale of the MOSFET’s Q1
and Q2 needs to be carefully controlled. For the selected
MOSFET devices, the voltage between the gate and  source
terminals should. not exceed i+ 20VDC. For example, if a
+5VDC voltage is aéplied on control line 122 or 124 to turn
on the respective MOSFET pair Qla and Q2a or Qlb and Q2b,
then the voltage across the source and drain terminals
cannot be brought lower than ;15VDC, otherwise the gate
could be damaged. If a voltage greater than +1 VDC (i.e.
+5 VDC minus the threshold gate voltage for the MOSFET,
typically 4 VDC), then both MOSFET transistors Q1 and Q2
would turn off and the switching element 420 would be
inoperable. Accordingly for DC operation, the control
voltage for-activating the MOSFET's Q1 and Q2 4is 1in the
range 0 to -12 VDC.
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As shown in Fig. 6, the electronic relay 400
includes capacitors C, for filtering noise from the
respective transducers 4 which could be coupled to the
controller 3 through the stray capacitance between the
source and drain of the MOSFETs Qla, Q2a or Qlb, Q2b as
described above for Fig. 3.

The present invention may be embodied in other
specific forms without departing from the spirit or
esgential chéracteristics thereof. While the subject
invention has been described with reference to an
ultragonic measurement device, certain adaptations and
modifications of the invention will be obvious to those
skilled in the art, for other applications in which
conventional electromechanical relays have been utilized.
Therefore, the presently discussed embodiments are
considered to be illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than the foregoing description, and all
changes which come within the meaning and range of

equivalency of the claims are therefore intended to be

embraced therein.
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WHAT IS CLAIMED IS:

1. An electronic relay for selectively coupling a
transducer to an electronic circuit, the transducer
including an input/output port for receiving excitation
signals from the electronic control circuit and
transmitting echo signals to the electronic control
circuit, said electronic relay comprising:

(a) a solid state switch having a first port
connected to the input/output port of the transducer, a
second port coupled to the electronic control circuit, and
means for actuating said switch to electrically connect the
input/output port of the transducer to the electronic
control circuit in an on-state and isolate the input/output
port from the electronic control circuit in an off-state,
said means for actuating being responsive to a control
signal from the electronic control circuit;

‘ (b) leakage current control means coupled to
said solid state switch for controlling leakage current
when said solid state switch is open so that the transducer
is electrically isclated from the electronic control

circuit.

2. The electronic relay as claimed in claim 1,
wherein said leakage current control means comprises a
circuit coupled to said solid state switch and having means
for generating a null Qoltage drop across said solid state

switch when said switch is open.

3. . The electronic relay as claimed in claim 2,
wherein said sgolid state switch comprises first and second

MOSFET transistors each having respective source, drain and
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gate terminals, the source terminals being connected
together and the gate terminals being connected together,
and the drain of said first transistor forming said second
port for coupling to the electronic control circuit, and
the drain of said second transistor forming said first port
for coupling to the input/output port of the transducer,
and said gate terminals providing an input for said control

signal.

4. The electronic relay as claimed in claim 3,
wherein said means for actuating includes means for
generating an isolated voltage signal in response to said
control signal, said isolated voltage signal being applied
across the gate and source terminals of said firét and
second MOSFET transistors.

5. The electronic relay as claimed in claim 4,
wherein said means for generating an isolated voltage
signal comprises a capacitor having one terminal connected
to said éource terminals and a second terminal connected to
said gate terminals, and a resistor having one terminal
connected to said gate terminals and another terminal

forming an input for said control signal.

6. The electronic relay as claimed in claim 4,
wherein said means for generating an isolated voltage
signal comprises a photo-voltaic device having first and
second output terminals, a control terminal, and photo-
voltaic means for generating an output signal on said
output terminals in response to an input signal on said

control terminal, said first output terminal being
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connected to said source terminals and said second output
terminal being connected to said gate terminals, and said

control terminal forming an input for said control signal.

7. The electronic relay as claimed in claim 2,
wherein said leakage current control means comprises a
unity gain amplifier stage and a switching element, sgaid
amplifier having an input and an output, and said switching
element having a sw;tch input, a switch output and a

switching control meéeans for switching said switch input to-
said switch output, said amplifier input being coupled to
the second port of said solid state switch, said amplifier
output being coupled to said switch input and said switch
output being coupled between the input/output port of the
transducer and the first port of said solid state switch,

and said switching control means being responsive to said
control signal in an inverted state for coupling said
amplifier output to the first port of said solid state

switch so that the'voltage drop across said solid state

switch is null.

8. The electronic relay as claimed in claim 7,
wherein said solid state switch comprigses first and second
MOSFET transistors each having respective source, drain and
gate terminals, the source terminals being connected.
together and the gate termingls being connected together,
and the drain of said first transistor forming said second
port for coupling to the eléctronic control circuit, and
the drain of said second transistor forming said first port
for coupling to the input/output port of the transducer,
and said gate terminals providing an input for said control

signal, and the output from said switching element being
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coupled to the source terminals of said first and second
transistors and the input from said unity gain amplifier

being coupled to the drain of said first transistor.

9. The electronic relay as claimed in claim 8,
wherein said switch element comprises third and fourth
MOSFET transistors each having respective source, drain and
gate terminals, the source terminals being connected
together and the gate terminals being connected together,
and the drain of said third transistor forming said switch
output, and the drain of said fourthAtraﬁsistor forming
séid switch input for coupling to said amplifier output,
and said gate terminals providing an input for said
inverted control signal, and said switch output being
coupled to the source terminale of gaid first and second
transistors and said amplifier input being coupled to the
drain of said first transistor.

10. The electronic relay as claimed in claim 9,
wherein said switching control means comprises a photo-
voltaic device having first and second output terminals, a
control terminal, and photo-voltaic means for geherating an
output signal on said output terminals in response to said
inverted contrxol signal, said first output terminal being
connected to said source terminals and said second output
terminal being connected to said gate terminals, and said

control terminal forming an input for said control signal.

11. The electronic relay as claimed in claim 5,
wherein said leakage current control means comprises first

and second bi-polar transistors and an amplifier stage,
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each of said bi-polar transistors having respective
emitter, base, and collector terminals, and said amplifier
stage having an input and an output, the collector of said
first bi-polar transistor being coupled to the source
terminals of said first and second MOSFET transistors and
the base of said first bi-polar transistor being connected
to the collector of said second bi-polar transistor and
coupled to the output of said amplifier stage, the base of
said second bi-polar transistor being coupled to the input
terminal of said resistor, said emitter terminals of said
first and second bi-polar transistora being connected, and
the input of said amplifier stage being connected to the
drain of said first MOSFET transistor, said second bi-polar
transistor including means respbnsive to said control
8ignal for disabling said first bi-polar transistor when
said solid state switch is in the on-state, and said first
bi-polar transistor including means responsive to the
amplifier output when said solid state switch is in the
off-state for turning on said first bi-polar transistor and
when turned on said first bi-polar transistor coupling the
voltage level at the drain of the second MOSFET transistor
to the source of said first MOSFET transistor so that the
voltage drop across said first MOSFET transistor is null.

12. An electronic relay for selectively coupling a
transducer to an electronic circuit, the transducer
including an input/output port for receiving excitation
signals from the electronic control circuit and
transmitting echo signals to the electronic control
circuit, said electronic relay comprising:

(a) 'a solid state switch having a first port
connected to the input/output port of the transducer, a

second port coupled to the electronic control circuit, and
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means for actuating said switch to electrically connect the
input/output port of the transducer to the electronic
control circuit in an on-state and isolate the input/output
port from the electronic control circuit in an off-state,
said means for actuating being responsive to a control
signal from the electronic control circuit;

(b)' said means for actuation comprising a
resistor and capacitor network coupled to said switch and

having an input port for receiving said control 8ignal.

13. The electronic relay as claimed in claim 12,
wherein said solid state switch comprises first and second
MOSFET transistors each having respecﬁive gource, drain and
gate terminals,” the source terminals being connected
together and the gate terminals being connected together,
and the drain of said first transistor forming said second
port for coupling to the electronic control circuit, and
the drain of said second transistor forming said first port
for coupling to the input/output port of the transducer,
and said gate terminals being connected to one terminal of
the capacitor in said network and said source terminals
being connected to the other terminal of the capacitor and
to one terminal of said resistor, and the other terminal of

said resistor providing an input for said control signal.

14. The electronic relay as claimed in claim 13,
wherein said resistor and said capacitor have a RC time
constant at least 100 times the period of the 1lowest

frequency AC signal switched by said relay.



C)Z?b £/ ) ) Wellw iyl
b ce e

INVESTOR IN PEOPLE

Application No: GB 9908420.4 Examiner: K. Sylvan
Claims searched: 1-14 Date of search: 25 June 1999

Patents Act 1977
Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK CI (Ed.Q): H3P (PCCE,PCCG,PDGS,PLF,PCCA)
Int Cl (Ed.6): HO3K (17/16,17/687,17/693,17/785)

Other:

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims
X EP0468650 Al Illinois Tool Works. See R1,R3,C1,C2 in figure 2. 12
A EP0435600 A2 Xerox. See the abstract. 2
X US4808859 American Electronic Laboratories. See the figures. 12
X US4719374 Ampex. See figure 3. I
X US4316101 Licentia Patent Verwaltungs. See Rv and C2. 12
X  Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art.
Y  Document indicating lack of inventive step if combined P Document published on or afler the declared priority date but before
with one or more other documents of same category. the filing date of this invention.
E Patent document published on or after, but with priority date earlicr
&  Member of the same patent family than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



