wo 20177208045 A1 | 0000 O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 December 2017 (07.12.2017)

(10) International Publication Number

WO 2017/208045 A1l

WIPO I PCT

(51) International Patent Classification:

Paix, Quebec, G1X3W6 (CA). MIMEAULT, Yvan; 742

GO1S 17/08 (2006.01) GO1S 7/481 (2006.01) Clairmont Street, Quebec City, QC G1V 3C6 (CA).
GO1S 17/10 (2006.01) HO4L 29/06 (2006.01) (74) Agent: KUSHWAHA, Hetal; Marks & Clerk, PO Box
(21) International Application Number: 957, Station B, Ottawa, ON K1P 587 (CA).
PCT/IB2016/001210 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
31 May 2016 (31.05.2016) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(25) Filing Language: Fnelish CA,CH,CL,CN,CO,CR, CU, CZ,DE, DK, DM, DO, DZ,
Hing Language: nels EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
(26) Publication Language: English HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
71) Appli : ABB SCHWEIZ AG [CH/CH]; Affol LG, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
(71) App lczgt-goso B ScHWE [ |, Affoltern- MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
strasse 44, urich (CH). PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE,
(72) Inventors: LAPLANTE, Sylvio; 3400 Rue Pierre-ardouin, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR, TT, TZ,
Quebec, GIP IN7 (CA). GILBERT, Patrick; 42 rue du UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Sablon, Ste-Brlgm-e de Laval, Queb.ec, GOA 3KO (CA). (84) Designated States (unless otherwise indicated, for every
COUTURE, Patrick; 9920 rue Saint Charles, Quebec, , . . . .
GOB 2K9 (CA). MARCEAU. Vi 3412 A del kind of regional protection available): ARIPO (BW, GH,
(CA). » Vincent, vetue defa GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(54) Title: LOOP POWERED DISTANCE TRANSMITTER
Co e 58 10
I S
: Bias :
generator
| 40\ :
I 66 64 62 60 56
| S hY A} S ¢ A N
: Memory < Adder < TDC < Comparator d(le_tig?ttor :
|
4 4 50 52 |
l T % { 3
| o e s
ity ‘ |
46 44 42
: 3 v 9 P |
P Signal ;
] comerter . comverter !
| 14 | m\-14 /“l 2
18 16
9 b
Monitor SPSF;"ST;
Fig.2

(57) Abstract: A distance transmitter for industrial process control systems is provided. The distance transmitter has a laser emitter
that outputs laser pulses that strike a target. The laser pulses are retlected back by the target and are received by a light detector. The
distance of the target from the sensor is determined by the time it takes for the laser pulses to return to the light detector. The distance
transmitter may be mounted to an industrial structure with a flange. The laser emitter and light detector may output and receive laser
light through an opening in the flange.

[Continued on next page]



WO 20177208045 A1 ||}/ 00 A 0 0 00

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2017/208045 PCT/IB2016/001210

LOOP POWERED DISTANCE TRANSMITTER

BACKGROUND

[0001] The presentinventions relate generally to industrial process control
systems, and more particularly, to a transmitter for sensing the distance of process
material.

[0002] Industrial process control systems commonly use a wiring system known
as a loop powered circuit. One type of loop powered circuit that is widely used is a
two wire 4-20 mA current loop. In a two wire 4-20 mA system, the circuit is used for
the dual functions of powering devices on the circuit and transmitting communication
signals between devices on the circuit. That is, sensors and/or transducers draw
power from the circuit in order to operate, and communication signals are also
transmitted over the circuit between the sensors and/or transducers and a monitor or
controller. Thus, a loop powered device is distinguished from conventional electronic
devices in that data is transmitted over the same lines that also power the device.
[0003] One advantage of a 4-20 mA loop system is that the circuit can extend
over long distances without the communication signal degrading. The reason for this
is that the communication signal is based on the electrical current level in the wires
instead of the voltage level. Unlike voltage which drops over longer distances, the
current level stays the same. Thus, in a conventional 4-20 mA system, a current of
4 mA could be identified as a “0” or “off” and a current of 20 mA could be identified
as a “1” or “maximum”. In an analog mode, current levels between 4 mA and 20 mA
can represent any proportional numerical value between “off” and “maximum.”
Alternatively, an analog-to-digital converter could be used to generate signal
increments which can represent proportional or other numerical values. Additionally,
current levels outside of the 4 mA and 20 mA range can be used to activate an alarm
(e.q., the Namur NE43 recommendation).

[0004] However, one disadvantage of loop powered circuits is that the sensors
and/or transducers must operate with a very low power draw from the loop circuit.
Because the sensors and/or transducers are not independently powered, but instead
draw power from the circuit, the sensors and/or transducers must be able to operate
on the low current and voltage typically supplied by the loop circuit. For example, in

a typical 4-20 mA circuit with a 24 V power supply, the current at a sensor can be as
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low as 3 mA and the voltage can be as low as 10 V. Thus, the power available for
the sensor to operate is only 30 mW. Thus, it can be particularly challenging to
develop high performance devices for loop powered systems due to the power

constraints that a device is subject to.

SUMMARY

[0005] A distance transmitter for loop powered circuits is described. The loop
powered distance transmitter may be used to overcome power constraints and
flange opening constraints of conventional distance transmitters. The distance
transmitter preferably operates on a two wire 4-20 mA loop circuit. The distance
transmitter draws power from the loop circuit to power the electrical components of
the sensor. The sensorincludes a laser emitter and a light detector. The laser
emitter outputs pulses of laser light that contact a target and are reflected back to the
sensor. The light detector receives at least some of the reflected light. The sensor
determines the time that the laser pulses take to travel between the laser
emitter/light detector and the target and determines the distance of the target using
the travel time. The sensor may also be provided with a lens body with a lens for the
light detector and a lens for the laser emitter. The lens for the laser emitter may be
located within the circumference of the lens for the light detector and may be an

interruption of the light detector lens.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0006] The invention may be more fully understood by reading the following
description in conjunction with the drawings, in which:

[0007] Figure 1 is a perspective view of a loop powered distance transmitter,;
[0008] Figure 2 is a block diagram of a loop powered system for a distance
transmitter;

[0009] Figure 3 is a chart of analog and digital signals for a reflected laser pulse;
[0010] Figure 4 is a chart of an analog laser pulse and a digital reconstruction of
the laser pulse;

[0011] Figure 5 is a chart of analog laser pulses with different magnitudes and
digital reconstructions of the laser pulses;

[0012] Figure 6 is a schematic view of a flange;
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[0013] Figure 7 is a schematic view of a light detector and a laser emitter in a
side-by-side arrangement;

[0014] Figure 8 is a schematic view of the light detector and the laser emitter in
an angular arrangement;

[0015] Figure 9 is a schematic view of the light detector and the laser emitter in
an overlapping arrangement;

[0016] Figure 10 is a perspective cross-sectional view of a sensor for the distance
transmitter;

[0017] Figure 11 is a cross-sectional view of the sensor;

[0018] Figure 12 is an end perspective view of the sensor, showing circuit boards;
and

[0019] Figure 13 is a side perspective view of a lens body for the sensor.

DETAILED DESCRIPTION

[0020] Referring now to the figures, and particularly Figure 1, a distance
transmitter 10 is shown for loop powered systems. The distance transmitter 10 is
particularly well-suited for two wire 4-20 mA current loops 12. Preferably, the
distance transmitter 10 is provided with an input 20 for the two wires 14 of a 4-20 mA
current loop 12. The transmitter 10 may be provided with a first housing 22 that
houses the electronics for interfacing with the loop powered circuit 12 and a second
housing 24 that houses the sensor 40 components. A display and control interface
26 may also be provided on the first housing 22 for monitoring the status of the
transmitter 10 and changing settings of the transmitter 10. A line bushing 28 may
also be provided between the first and second housings 22, 24. The line bushing 28
allows electrical cables to extend between the first and second housings 22, 24 but
seals the air cavities of the two housings 22, 24 from each other. This can be
important for applications where flammable gases may be present to minimize the
volume of the air cavities and isolate the respective electrical components to reduce
the risk of combustion.

[0021] The second housing 24 is provided with a flange 30 for attaching the
transmitter 10 to an industrial facility, such as a silo, tank or other type of structure
for storing or moving various materials. Preferably, the flange 30 is provided with
standard dimensions that allow the transmitter 10 to be readily mounted to

conventional mounting interfaces used in industrial facilities. For example, a 2”
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standard industrial flange 30 is desirable because of the common usage of 2”
flanges 30 in industrial facilities and their affordability. One example is a 2” nominal
pipe size (NPS) flange 30, although other standard industrial flanges are also used.
The flange 30 is typically provided with a round circumference 32 and a flat mounting
surface 34. The flange 30 may also be provided with four mounting holes 36 for
attaching the flange 30 to a structure with bolts, although other mounting
arrangements are also used. Atthe center of the flange 30, an opening 38 is
provided, which in the case of a 2” NPS flange 30 is a standard 2” opening 38. The
sensor 40, which is described further below, is mounted within the second housing
24 and senses the distance of material through the central opening 38 in the flange
30. Itis understood that the sensed distance may refer to a single or multiple solid
objects or may refer to a level of fluid or loose process materials. If desired, a user
may enter a conversion factor into the transmitter 10 to convert the distance
determined by the sensor 40 to a level in a container, a volume of material, etc.
Thus, the distance (or level) signal that is output by the transmitter 10 may be a
converted distance.

[0022] In general, the transmitter 10 senses the distance of material by emitting
laser pulses out of the central opening 38 and detecting light through the central
opening 38 that is reflected back from the material. However, a high performance
distance transmitter 10 as described suffers from several constraints. For example,
as described, the transmitter 10 must operate with limited power consumption due to
the limited voltage and current available at the transmitter 10. Also, the size of the
central opening 38 limits the cross-sectional area available for outputting the laser
pulses and receiving the reflected light. These two constraints combined limit the
overall performance available in a distance transmitter 10. That is, if power
consumption was not a constraint on the transmitter 10, increased power could be
supplied to the sensor 40 to obtain high performance even with a limit on the size of
the central opening 38. Conversely, if the size of the central opening 38 was
increased, more light could be received through the central opening 38 for improved
performance even without an increase in power being provided. Although some loop
powered devices have sought to overcome these constraints by providing various
types of energy storage on the device, such as capacitors or batteries, power
constraints remain a limiting factor in the performance of existing distance

transmitters. Thus, improvements are desirable for providing a high performance
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distance transmitter 10 in industrial process control systems using a loop powered
circuit 12.

[0023] Turning to Figure 2, a block diagram is shown of a distance transmitter 10
for a loop powered circuit 12. Preferably, two wires 14 of a loop powered circuit 12
are connected to the transmitter 10. The loop powered circuit 12 includes at least a
conventional power supply 16 and conventional industrial monitor 18. Although the
input 20 is not shown in Figure 2, conventional wire connectors 20 can be provided
as an input 20 between the power supply 16/monitor 18 and signal converter
42/power converter 44. The signal converter 42 and the monitor 18 exchange
communication signals over the wires 14 of the current loop 12. One communication
protocol that may be used is the highway addressable remote transducer (HART)
protocol. The HART protocol is able to utilize the standard analog signal (i.e., to

20 mA) and can also overlay a digital signal which enables the exchange of
additional information over the wires 14. Additional digital protocols that may be
used include Foundation Fieldbus and Profibus. The power converter 44 draws
electrical power from the wires 14 and converts the power into one or more voltages
for use by the electrical components of the sensor 40. For the sake of clarity, the
power output of the power converter 44 is shown as a power branch 46, although it
is understood that power is supplied from the power converter 44 to each of the
electrical components of the transmitter 10. Preferably, the signal converter 42 and
the power converter 44 are located within the first housing 22 of the transmitter 10,
while the remaining components of the sensor 40 described below are located in the
second housing 24.

[0024] The sensor 40 is provided with a processor 48 that controls the electrical
components in the sensor 40 (e.qg., the laser driver 50, comparator 60, adder 64 and
memory 66). As described further below, the sensor 40 determines the distance that
a target 54 is from the transmitter 10 (i.e., the laser emitter 52 and the light detector
56). The signal converter 42 receives the distance from the processor 48 and
converts the distance signal into an output signal that is compatible with the
communication protocol of the two wire loop powered circuit 12. It is understood that
while Figure 2 shows the electrical components as standalone devices, the
components could also be multiple components that interact with each other or could

be combined with the various components.
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[0025] In order to obtain a distance measurement of the target 54, the processor
48 directs the laser driver 50 to pulse the laser emitter 52. If desired, a capacitor
may be used to temporarily store power from the loop wires 14 to operate the laser
emitter 52. That is, each time the capacitor is charged, the laser driver 50 pulses the
laser emitter 52 using energy from the capacitor. However, even with the extra
energy storage of a capacitor or other onboard energy storage, the laser emitter 52
will preferably have a duty cycle of less than 1%. The average power consumption
of the laser emitter is also preferably less than 100 pW, but alternatively could be
less than 1 mW. Preferably, a gallium nitride (GaN) field-effect transistor (FET) 50 is
used for the laser driver 50 since the pulse that is generated with a GaN FET 50
rises more sharply than with conventional drivers. One type of GaN FET 50 that
may be used is an EPC2007C made by Efficient Power Conversion Corporation
(EPC). The laser emitter 52 then outputs a pulse of laser light that is directed out of
the central opening 38 of the flange 30 and toward a target 54. The duration of each
pulse may be about 1 ns. One type of laser emitter 52 that may be used is a pulsed
semiconductor laser made by Excelitas Technologies with a wavelength of 905 nm.
When the laser light hits the target 54, the light is reflected back toward the
transmitter 10.

[0026] At least some of the reflected light passes back through the central
opening 38 in the flange 30 and is received by the light detector 56. In the preferred
embodiment, the light detector 56 is a single photon detector. Examples of single
photon detectors may include Multi Pixel Photon Counters (MPPC), Single Photon
Avalanche Diode (SPAD) arrays, and Silicon PhotoMultipliers (SiPM). One type of
silicon photomultiplier that may be used is an M-series or C-Series fast silicon
photomultiplier sensor made by SensL. A single photon detector is advantageous
because it provides a high gain for the light detected while minimizing signal noise.
This is particularly important in the described distance transmitter 10 because of the
low power consumption requirement. For example, the laser emitter 52 operates on
a charge of only between 10 A-ns and 40 A-ns. Thus, the reflected laser light can be
considered relatively weak and would be difficult to pick up with a conventional light
detector. The single photon detector preferably has an actual gain in use (as
distinguished from advertised data based on optimized use) of at least 10*, and more

preferably has a gain of between 10* and 10°, although a gain of as much as 6x10°
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may be possible. A bias generator 58 is provided to supply the light detector 56 with
a bias voltage of between 15V and 40 V.

[0027] The light detector 56 outputs an analog signal that represents a laser light
pulse to the voltage comparator 60. The voltage comparator 60 converts the analog
signal to a digital signal to provide a discrete distinction between when the light
detector 56 is detecting a pulse and when the light detector 56 is not detecting a
pulse. The digital signal from the voltage comparator 60 is then used to calculate the
time between when a laser pulse was output from the laser emitter 52 and when the
reflected laser pulse was received by the light detector 56. However, as shown in
Figure 3, the analog signal 68, 70 from the light detector 56 can vary in magnitude
for different target distances and reflectivities. In the example of Figure 3, the larger
pulse 68 and the smaller pulse 70 both represent a target 54 at the same distance
but with different reflectivities. That is, the larger pulse 68 is larger because the
target 54 was more reflective and reflected more light back to the light detector 56,
whereas the smaller pulse 70 represents a target 54 that was less reflective and
reflected less light back to the light detector 56. The digital output 72 of the voltage
comparator 60 using the smaller pulse 70 is shown immediately below the analog
signals 68, 70, and the digital output 74 of the voltage comparator 60 using the larger
pulse 68 is shown at the bottom. As shown, when the analog signal 68, 70 is above
the threshold voltage 76, the digital output 72, 74 indicates that a pulse has been
received, and when the analog signal 68, 70 is below the threshold voltage 76, the
digital output 72, 74 indicates that no pulse has been received. In this example, the
threshold voltage 76 used by the voltage comparator 60 is fixed for both pulses. As
shown, the larger pulse 68 crosses the threshold voltage 76 before the smaller pulse
70 so that the digital output 74 for the larger pulse 68 starts before the digital output
72 for the smaller pulse 70. This can create an undesirable inaccuracy in the
distance measurement since the distance measurement relies upon a precise
measurement of the time between the laser pulse being emitted and detected.
[0028] In order to overcome differences in pulse amplitudes from the light
detector 56 due to different reflectivities of the target 54, the threshold voltage 76 of
the voltage comparator 60 can be adjusted over a series of pulses to compensate for
different pulse amplitudes. For example, as shown in Figure 4, a series of analog
laser pulses 78 like the one shown at the top can pass through the voltage

comparator 60, and the threshold voltage 76a-e can be adjusted for each pulse 78.
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The digital output 80a-e of each pulse 78 with different threshold voltages 76a-e is
shown for five pulses 80a-e below the analog signal 78. The individual outputs
80a-e can then be added together by the processor 48 to digitally reconstruct 82 the
analog pulses 78 as shown at the bottom of Figure 4. Although the threshold 76
adjustments can be linear as shown, it may be preferable to adjust the threshold 76
exponentially. For example, the threshold voltage 76 can be adjusted according to
X3, where X is incremented for each pulse or a factor thereof. As shown, in Figure 5,
analog pulses 84a-c with different magnitudes can thus be represented digitally 86a-
¢ as shown under the analog signals 84a-c. Using the digital reconstructions 86a-c,
the processor 48 can then be used to determine the timing of the pulses while
compensating for different amplitudes. Since the rising edge of the laser driver 50 is
used to determine when the laser pulses are emitted, it is desirable to use the rising
edge of the reflected pulse to determine when the laser pulses are received.
Preferably, the processor 48 uses a function related to the height of the digitally
reconstructed pulses 86a-c to determine the corrected rising edge of the pulses. For
example, the time that the reflected laser pulses are received could be determined
by multiplying the actual time of receipt by the height of the digital pulses 86a-c and
by a constant and adding the height of the digital pulse 86a-c multiplied by a
constant. Other techniques, such as a center of mass calculation or filtering, could
also be used.

[0029] The time-to-digital converter (TDC) 62 then determines the time between
the rising edge of pulses as they are output from the laser emitter 52 and received by
the light detector 56. The time is further converted to a distance of the target 54 from
the laser emitter 52 and the light detector 56. In order to determine the time between
pulses, the processor 48 and TDC 62 will typically use an adder 64 and memory 66.
In order to minimize the power consumption of the sensor 40, it may be possible to
reduce the number of laser pulses that are needed to make each distance
determination. For example, it may be desirable to determine the distance of the
target 54 with 500 laser pulses or fewer. As described above, after the sensor 40
determines the distance of the target 54 from the laser emitter 52 and the light
detector 56, the distance is output to the signal converter 42, which then outputs a
signal representing the distance that is compatible with the loop powered circuit 12.
For example, the output signal could be an analog signal where a current level of 4

mMA represents a minimum distance and 20 mA represents a maximum distance, or
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vice versa, with current levels therebetween representing different distances
between the minimum and maximum distances.

[0030] Turning to Figure 6-9, it has been described above that the transmitter 10
is also limited by the size of the central opening 38 and the amount of light that can
be transmitted therethrough. A standard industrial NPS flange 30 is shown in

Figure 6, which illustrates the central opening 38, outer circumference 32, mounting
holes 36 and mounting surface 34. As noted, the central opening 38 is preferably a
2” standard opening 38. As shown in Figure 7, the lenses 88, 90 for the light
detector 56 and the laser emitter 52 could be positioned side-by-side with the light
detector 56 and laser emitter 52 laterally spaced from each other. However, as
shown in this arrangement, a substantial portion of the central opening 38 is unused
by the light detector 56 and laser emitter 52 and their respective lenses 88, 90. As
shown in Figure 8, a single lens 88, 90 could be used to cover the entire central
opening 38. An angled mirror 92 could then be positioned under the lens 88, 90, and
the laser emitter 52 could be positioned at a corresponding angle so that the laser
emitter 52 utilizes the central portion 90 of the lens 88, 90. The remaining annular
portion 88 of the lens 88, 90 could then direct incoming light to the light detector 56.
Although this arrangement utilizes the entire area of the central opening 38, the use
of an angular mirror 92 and angular position of the laser emitter 52 makes this
arrangement complicated and expensive.

[0031] As shown in Figure 9, another alternative is to provide the light detector 56
with one lens 88 that covers the entire central opening 38 (i.e., follows the
circumference of the central opening 38), and provide the laser emitter 52 with a
different lens 90 that is within the circumference of the light detector lens 88 but
offset therefrom. Thus, as shown and described below, the laser emitter lens 90 is a
second lens 90 that is an interruption 90 in the light detector lens 88.
Advantageously, this arrangement allows the entire central opening 38 to be used to
transmit light while not requiring an angled mirror 92 and angular position of the laser
emitter 52.

[0032] Turning to Figures 10-13, the sensor 40 is provided with a light detector
lens 88 that is focused on the light detector 56 and transmits reflected laser pulse
light to the light detector 56. Preferably, the light detector lens 88 is centrally
positioned with respect to the central opening 38 of the flange 30 and covers the

majority of the area of the central opening 38. As shown Figure 10, the light detector
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lens 88 may be on the outside surface of the lens body 94 facing away from the light
detector 56. The light detector lens 88 may also be a convex Fresnel lens 88. The
laser emitter lens 90 is focused on the laser emitter 52 and transmits laser pulse light
from the laser emitter 52. Preferably, the laser emitter lens 90 is offset with respect
to the light detector 56 and the light detector lens 88. The laser emitter lens 90
preferably covers a minority of the light detector lens 88. As shown in Figure 11, the
laser emitter lens 90 may be a convex smoothly curved lens surface 90 on the
outside surface of the lens body 94.

[0033] As shownin Figure 11, the inside surface of the lens body 94 facing the
light detector 56 and laser emitter 52 is preferably flat without a lens surface. The
inside surface may also have one flat surface 96 corresponding to the light detector
lens 88 and a different flat surface 98 for the laser emitter lens 90. For example, as
illustrated, the flat surface 98 of the laser emitter lens 90 may be a stepped-in recess
relative to the light detector lens flat surface 96. The recessed flat surface 98 of the
laser emitter lens 90 may provide a mounting surface for a shroud 100 that extends
between the laser emitter 52 and the laser emitter lens 90. Thus, as shown in
Figure 11, the enlarged end 102 of the shroud 100 fits into the stepped recess 98 to
mount the shroud 100 into the step 98 and adjacent the laser emitter lens 90. The
smaller end 104 of the shroud 100 may be located close to the laser emitter 52 and a
small gap 106 may be present between the smaller end 104 of the shroud 100 and
the laser emitter 52. The smaller end 104 of the shroud 100 may also have lateral
arms 108 that extend from the shroud 100 to the side wall 110 of the lens body 94.
Arms 108 are anchored to the side wall 110 to secure the shroud 100 to the lens
body 94. The shroud 100 is preferably cone-shaped and hollow.

[0034] The purpose of the shroud 100 is to separate the light from the laser
emitter 52 from the reflected light being received by the light detector 56. That is, the
laser emitter 52 outputs laser light which travels through the shroud 100 toward the
laser emitter lens 90. After passing through the laser emitter lens 90, which
collimates the laser light, the laser light contacts a target 54 and is reflected back
from the target 54 to the sensor 40 (shown in Figure 2). At least some of the
reflected laser light passes back through the light detector lens 88, which condenses
the light and directs the light centrally toward the light detector 56. Thus, the shroud
100 ensures that the laser light passes through the laser emitter lens 90 and leaves

the lens body 94 as it travels toward the target 54. Without the shroud 100, laser
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light from the laser emitter 90 would reflect within the lens body 94 and overwhelm
the light detector 56, making it difficult or impossible for the light detector 56 to sense
light that is reflected back from the target 54. Although there may be a small gap
106 between the smaller end 104 of the shroud 100 and the laser emitter 52, the
small amount of laser light leakage that may occur at that end is unlikely to
significantly impact the light detector 56. Even so, it is expected that some laser light
will be reflected back toward the light detector 56 at each of the various interfaces of
the optics system (e.g., the shroud 100 to lens body 94 interface). Itis possible to
use the internal reflections as a baseline to improve the accuracy of the distance
determinations further. For example, the internal reflections could be treated as a
distance determination of zero distance and any additional laser light received by the
light detector 56 as representing a distance greater than zero.

[0035] Any type of material that prevents laser light from passing through the
walls of the shroud 100 may be used, and preferably, an opaque plastic is used.
Preferably, the lenses 88, 90 for the light detector 56 and the laser emitter 52 are
integrally molded together with each other. Even more preferably, the side wall 110
extending from the lenses 88, 90 toward the light detector 56 and the laser emitter
52 is also integrally molded with the lenses 88, 90. The lens body 94 may be made
of various materials that transmit light. For example, a Poly(methyl methacrylate)
(PMMA) material may be used. As shown in Figure 11, the light detector 56 and the
laser emitter 52 are mounted onto the opposite end of the sidewall 110 from the
lenses 88, 90. The interior space of the lens body 94 and the interior space of the
shroud 100 may be filled with ambient air if desired.

[0036] As shown in Figures 11-12, the light detector 56 and the laser emitter 52
may be mounted onto two separate circuit boards 112, 114. As described below,
this is particularly advantageous for separately aligning the axes of the light detector
56 and the laser emitter 52 with their respective lenses 88, 90. Specifically, the laser
emitter 52 may be mounted on the inside of the inner circuit board 112. The light
detector 56 may be mounted on the inside of the outer circuit board 114. As shown
in Figure 10, a hole 116 may be provided through the inner circuit board 112 to allow
light to pass through the inner circuit board 112 to the light detector 56. The light
detector 56 is thus aligned with the opening 116 to receive light through the opening
116. Preferably, a light filter 118 covers the opening 116 to only allow light with a
frequency matching the laser light to pass to the light detector 56. Thus, the filter

11
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118 prevents ambient light from being received by the light detector 56. For
example, where the laser emitter 52 has a frequency of 500 nm to 1,550 nm, and
more particularly 905 nm, the filter 118 is designed to allow light with a frequency of
870 nm to 940 nm to pass therethrough. As shown in Figure 11, the filter 118 may
be mounted to the outside of the inner circuit board 112.

[0037] As shown in Figures 11-12, the circuit boards 112, 114 are preferably
longitudinally separated from each other and are each separately mounted to the
side wall 110 of the lens body 94. As shown in Figure 13, the sidewall 110 of the
lens body 94 may be provided with stepped recesses 120, 122 and raised surfaces
124 along the end opposite from the lenses 88, 90. The lower stepped recess 120
may be used to receive and mount arms 108 of the shroud 100. The higher stepped
recesses 122 may be used to receive and mount outwardly extending tabs 126 of
the inner circuit board 112. The stepped recesses 122 serve to generally locate and
retain the inner circuit board 112 during assembly and provide a longitudinally offset
mounting surface relative to the outer circuit board 114. The raised surfaces 124 on
opposite sides of the recesses 122 may be used to mount the outer circuit board
114. In order to generally locate and retain the outer circuit board 114 during
assembly, the raised surfaces 124 may be provided with upwardly extending
protrusions 128, and the outer circuit board 114 may be provided with loosely fitting
slots 130 or holes 130.

[0038] As noted, the circuit boards 112, 114 may be separately mounted to the
lens body 94 and aligned with the lenses 88, 90. For example, the inner circuit
board 112 may be placed into the stepped recesses 122 and laterally positioned so
that the laser emitter 52 is precisely aligned with the laser emitter lens 90. If desired,
the inner circuit board 112 may rest on mounting pads 132. Some of the mounting
pads 132 may be provided with upwardly extending pins 134. The pins 134 extend
through openings 136 in the circuit board 112, but are oversized to allow the circuit
board 112 to be laterally moved even with the pins 134 extending through the
openings 136. In order to secure the circuit board 112 to the lens body 94, a UV
cured adhesive may be applied to the interface between the pins 134 and the
openings 136. After the inner board 112 has been laterally positioned to ensure
alignment of the laser emitter 52 with the laser emitter lens 90, a UV light can be
exposed to the pins 134 and openings 136 to cure the adhesive and secure the

circuit board 112 to the side wall 110. After the inner circuit board 112 has been
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aligned and secured, a similar process can be used to align the light detector 56 with
the light detector lens 88 and secure the outer circuit board 114 to the raised
surfaces 124 of the lens body 94. Notably, the aligning and securing steps for the
two circuit boards 112, 114 are done separately from each other so that the light
detector 56 and laser emitter 52 can be separately aligned with their respective
lenses 88, 90. The two circuit boards 112, 114 may be electrically connected
together with a flexible cable 138 to allow the desired lateral adjustment between the
circuit boards 112, 114 during assembly.

[0039] As described, distance transmitters 10 for loop powered systems 12 are
constrained by the limited power consumption allowed and the size of the flange
opening 38. However, the described distance transmitter 10 may operate on less
than 30 mW of electrical power drawn from the loop wires 14 by the power converter
44. Alternatively, the transmitter 10 may operate on less than 150 mW or less than
800 mW in some arrangements. The distance transmitter 10 may also have a
resolution of at least 2 cm for a distance of 30 m from a target 54 in an industrial
process control setting. Thus, the described distance transmitter 10 overcomes
conventional constraints and provides a distance transmitter 10 with improved
performance. Although the preferred embodiment is envisioned as a loop powered
distance transmitter 10 for 4-20 mA current loops, it is also possible that the distance
transmitter 10 could be used in other industrial process control systems, such as 4-
wire systems. Like the transmitter 10 described above, a transmitter 10 used in
other control systems would be powered by an external power supply.

[0040] While preferred embodiments of the inventions have been described, it
should be understood that the inventions are not so limited, and modifications may
be made without departing from the inventions herein. While each embodiment
described herein may refer only to certain features and may not specifically refer to
every feature described with respect to other embodiments, it should be recognized
that the features described herein are interchangeable unless described otherwise,
even where no reference is made to a specific feature. It should also be understood
that the advantages described above are not necessarily the only advantages of the
inventions, and it is not necessarily expected that all of the described advantages will
be achieved with every embodiment of the inventions. As used herein, the term
“‘coupled” is intended to include direct and indirect connections unless specifically

limited. The term “structured” is intended to include electrical circuity designed to
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operate without the need for programmed instructions as well as non-transitory
instructions executed by a programmable processor. The scope of the inventions is
defined by the appended claims, and all devices and methods that come within the
meaning of the claims, either literally or by equivalence, are intended to be

embraced therein.
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CLAIMS:

1. A loop powered distance transmitter, comprising:

a laser emitter structured to output laser light toward a target;

a light detector structured to receive the laser light reflected from the target,
the light detector comprising a single photon detector;

a processor coupled to the light detector and structured to output a first signal
representing a distance of the target from the laser emitter and the light detector,

a power converter structured to receive electrical power from a two wire loop
powered circuit, the power converter being coupled to the laser emitter, the light
detector and the processor, and the power converter being structured to provide
power to the laser emitter, the light detector and the processor; and

a signal converter coupled to the processor and structured to receive the first
signal from the processor, the signal converter being structured to output a second
signal to the two wire loop powered circuit, the second signal representing the
distance of the target from the laser emitter and the light detector, and the second
signal being compatible with a communication protocol of the two wire loop powered

circuit.

2. The loop powered distance transmitter according to claim 1, wherein

the two wire loop powered circuit is a 4-20 mA current loop.

3. The loop powered distance transmitter according to claim 2, wherein
the second signal is an analog signal, a current level of 4 mA representing one of a
minimum or maximum distance and 20 mA representing the other of the minimum or

maximum distance.

15



WO 2017/208045 PCT/IB2016/001210

4, The loop powered distance transmitter according to claim 1, wherein
the communication protocol of the two wire loop powered circuit is a highway

addressable remote transducer (HART) protocol, Foundation Fieldbus or Profibus.

5. The loop powered distance transmitter according to claim 1, wherein
the distance transmitter is adapted to be mounted to a standard industrial flange with

a 2” opening.

6. The loop powered distance transmitter according to claim 1, wherein

the single photon detector is a silicon photomultiplier.

7. The loop powered distance transmitter according to claim 6, wherein

the silicon photomultiplier has a gain of at least 10* in actual use.

8. The loop powered distance transmitter according to claim 1, wherein
the processor uses a time-to-digital converter (TDC) to determine time between the
laser light being output from the laser emitter and the laser light being received by

the light detector.

9. The loop powered distance transmitter according to claim 1, wherein

the laser emitter has a duty cycle of less than 1%.

10.  The loop powered distance transmitter according to claim 1, wherein

the laser is driven by a gallium nitride (GaN) field-effect transistor (FET).
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11.  The loop powered distance transmitter according to claim 1, further
comprising a voltage comparator coupled between the light detector and the
processor, the voltage comparator structured to output a first signal when a pulse is
received from the light detector and output a second signal when no pulse is
received from the light detector, the voltage comparator using a threshold voltage to
distinguish between a pulse and no pulse, wherein the threshold voltage is adjusted
over a series of pulses to compensate for pulses of different amplitudes in response

to different reflectivities of different targets.

12.  The loop powered distance transmitter according to claim 1, wherein

the silicon photomultiplier operates on a bias voltage of between 15V and 40 V.

13.  The loop powered distance transmitter according to claim 1, wherein

an average power consumption of the laser emitter is less than 1 mW.

14.  The loop powered distance transmitter according to claim 1, wherein
the electrical power received by the power converter to operate the distance

transmitter is less than 150 mW.

15.  The loop powered distance transmitter according to claim 1, wherein a
series of pulses are output by the laser emitter and received by the light detector for
each determination of the distance of the target, the series of pulses being 500 or

fewer pulses.
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16.  The loop powered distance transmitter according to claim 1, wherein
the distance transmitter has a resolution of at least 2 cm where the distance of the

target is 30 m for industrial process control.

17.  The loop powered distance transmitter according to claim 1, further
comprising a first lens structured and disposed to collimate and transmit the laser
light output from the laser emitter, and a second lens structured and disposed to
focus and transmit the reflected laser light to the light detector, wherein the first lens

comprises an interruption within the circumference of the second lens.

18.  The loop powered distance transmitter according to claim 1, wherein
the two wire loop powered circuit is a 4-20 mA current loop, the single photon
detector has a gain of at least 10* in actual use, and a series of pulses are output by
the laser emitter and received by the light detector for each determination of the

distance of the target, the series of pulses being 500 or fewer pulses.

19.  The loop powered distance transmitter according to claim 15, wherein
the single photon detector operates on a bias voltage of between 15V and 40V, the
electrical power received by the power converter to operate the distance transmitter
is less than 150 mW, the distance transmitter is adapted to be mounted to a
standard industrial flange with a 2” opening, and an average power consumption of
the laser emitter is less than 1 mW and the laser emitter has a duty cycle of less than

1%.
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20.  The loop powered distance transmitter according to claim 17, wherein
single photon detector is a silicon photomultiplier, the processor uses a time-to-
digital converter (TDC) to determine time between the laser light being output from
the laser emitter and the laser light being received by the light detector, the laser is
driven by a gallium nitride (GaN) field-effect transistor (FET), and the distance
transmitter has a resolution of at least 2 cm where the distance of the target is 30 m
for industrial process control, further comprising a voltage comparator coupled
between the light detector and the processor, the voltage comparator structured to
output a first signal when a pulse is received from the light detector and output a
second signal when no pulse is received from the light detector, the voltage
comparator using a threshold voltage to distinguish between a pulse and no pulse,
wherein the threshold voltage is adjusted over a series of pulses to compensate for
pulses of different amplitudes in response to different reflectivities of different targets,
further comprising a first lens structured and disposed to focus and transmit the laser
light output from the laser emitter, and a second lens structured and disposed to
focus and transmit the reflected laser light to the light detector, wherein the first lens
comprises an interruption within the circumference of the second lens, and wherein
the communication protocol of the two wire loop powered circuit is a highway

addressable remote transducer (HART) protocol, Foundation Fieldbus or Profibus.
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