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57 ABSTRACT

A process field device for coupling to a two wire process
control loop includes a field device circuitry and a switching
regulator to power the circuitry. A series regulator provides
aregulated supply voltage to the switching regulator. A noise
filter reduces the amount of noise from the switching regu-

(21) Appl. No.: 10/825,475 lator which enters the two wire process control loop.
'7‘150
e e e e e e e e e T e - - - -
: 170 !

. - 3 ! 122
oy [
B\ U FILTER SERIES BULK swrtcHiNg || price

- crReurmey [ JOLTACE CAPACITOR REGUATOR |1
-- REGULATOR ( LR T\ | crevrmey

\ 158 s \5¢ ‘64 !

|

|



Patent Application Publication Oct. 20,2005 Sheet 1 of 7 US 2005/0231182 A1

/

F

CONTROL
ROOM

[\ 112

100

10

104



Patent Application Publication Oct. 20,2005 Sheet 2 of 7 US 2005/0231182 A1

124

POWER . "
SUPPLY
N
POWER
122
FIELD DEVICE
CIRCUTTRY

TRANSDUCER

Fig. 2



US 2005/0231182 Al

Patent Application Publication Oct. 20,2005 Sheet 3 of 7

ALLININID
EVIEY
yzie]

261~

JOLY NI

21~

INIHOLIMS

val \

JOLIDVAYD
Xing

RN/ gar N
JOLYTINGIY ANLINIYI?
T AN L EINIE]
SII44S
_J
—
4]



Patent Application Publication Oct. 20,2005 Sheet 4 of 7

N
D
N\r\g
A~
— 2
3
=
2 [
w &
—W—gi—b
&
§ 3 41,.
—w—i— 0
s ¥
Q
g $
~zw-"——g\,—b
8

R3
W
100X

R4
100K

220pf| 2

(‘]12

US 2005/0231182 Al



Patent Application Publication Oct. 20,2005 Sheet 5 of 7 US 2005/0231182 A1

fZUZ
& e
<

v Iov

M

20 10K

R3
roox

|

T
LTl

L]]Z




US 2005/0231182 Al

Patent Application Publication Oct. 20,2005 Sheet 6 of 7

.

94 ACQS

TIME

v T L) L] T v
] ' 1 A [] L]
[] [ T T !
' ' U | 1
' ' I 1
lllll v N eeceepeesmcapaceaad
' f ' '
' ' i '
[ 0 1 ]
' [ ' ¢
[ . [ v
0 T ™ ’
llllll P qecerccpacacobaneaod
[ ‘ | ]
' +
] [l 1 ¢
’ [ [l L]
' A '
] : ( '
nnnnnn HE R 2elececcdecnnianaaaaa
' [} | '
' [ ' ]
’ [ ]
' '

[ ] ] '
oooooo 4 I S R ——
' '

] [l [l ’

[ [ 1 '

' . '

' . ' ¢
[ 4 ' '
llllll » e emmdr e e ccacacaboacaaad
' N ' '

[ T T '

' [l [l L]

' [ ] '

' T '

1 [ [l ]
Lovnes r A Attt [ttt res=="9
' 4 '

+ " 1 ]

[ [ ' ‘

' [ i '

' '

] ¥ L [} [ '
SERREEEEEE LR —---- Tz - = - re====d
v T ) 1 [ L]

' + N Y [

1 t [ | '

[ 1 r IW [ | ‘

U Y ] L]
oooooo L P cececdeccccclecccraboenna.ad
1 1 Y " | '
' 4 1 '
4 ' h— e —— ey M M '
[ + T ] ' '

[ ' '
oooooo 100000o‘itlo”—glllJllltlc.lltict.-lnluln
[ [} 1 1 [ ¢
' ' ) R —— J '

' ' ———— f} | '

[ ' i I ' ¢
) ] . ——— 3 [] ] ]

i r N N i
2
Q
~

Fig. 6



US 2005/0231182 Al

Patent Application Publication Oct. 20,2005 Sheet 7 of 7

SAMPLE

Pk I R R R I

R e il i I R il Ll i IR R

B s L R

e . I T S e T L T T Doy Vi A e

ceveredevecerboeverrderrorerdrroocrerdroces -

I R T T T e

LR

R R R

REEEEEE R TR TR R

L S e e I

llllll

llllll

llllll

llllll

llllll

TIME
Fig. 7



US 2005/0231182 Al

PROCESS DEVICE WITH SWITCHING POWER
SUPPLY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to process field
devices of the type used to monitor or control operation of
an industrial process. More specifically, the present inven-
tion relates to process field devices which communicate on
a two wire process control loop and which are completely
powered with power received from the two wire process
control loop.

[0002] Process devices are used in industrial process con-
trol systems to monitor and/or control industrial processes.
A control device is a process device which is used to control
the process. Example control devices include pumps, valves,
actuators, solenoids, motors, mixers, agitators, breakers,
crushers, rollers, mills, ball millers, kneaders, filters, blend-
ers, cyclones, centrifuges, towers, dryers, conveyors, sepa-
rators, elevators, hoists, heaters, coolers, and other such
equipment. A transmitter is a process device which is used
to sense (or monitor) operation of the process, for example
by monitoring a process variable such as temperature, pres-
sure, flow, etc. The monitored process variable is transmitted
so that it can be used by other equipment in the process, for
example by a central control room. Another example process
device is a process monitor or communicator which is used
to monitor operation of the process, equipment used in the
process such as process transmitters or process controllers,
and control process devices, for example by programming or
sending instructions to the device.

[0003] Two wire process field devices are process devices
which are located at a remote location or otherwise require
electrical power which is received entirely through a con-
nection to a two wire process control loop. A two wire
process control loop refers to a wiring system utilizing two
wires and which is used to carry information related to the
process being monitored or controlled. For example, one
standard type of two wire process control loop uses a 4-20
mA current level to represent a process variable. In such a
configuration, a transmitter can control the current level to
a value, such as 10 mA, which is representative of a sensed
process variable such as pressure. Other process control loop
configurations allow for the transmission of digital signals.
The digital signals can be an alternative to transmission of
an analog current level or can be in combination with
transmission of the analog current level.

[0004] In order to reduce the amount of wiring required to
couple to a process device, many process devices are
entirely powered with power received from the two wire
process control loop. Thus, the total amount of power
available to the process device is limited. For example in a
4-20 mA current loop, the total power available is limited by
the lowest level at which the current level can be set (for
example 3.6 mA) and the maximum voltage drop available
across the device (for example something less than 24 volts)
in an intrinsic safe location. This is less than 0.9 watts
available to power the device.

[0005] Inmany cases, the functionality of a process device
is limited by the amount of power which is available from
the two wire process control loop. For example, additional
functionality may require addition computational capabili-
ties from a microprocessor. This increased computational
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power requires greater electrical power and may exceed the
power budget available from the loop. In order to increase
the amount of power available to circuitry in a process field
device, field devices typically utilize highly efficient power
supplies to convert power received from the two wire
process control loop into a regulated voltage level for use by
internal circuitry. One type of power supply, the switching
regulator has been used in process devices due to its effi-
ciency in providing a regulated supply voltage to compo-
nents in a field device. For example, the use of switching
regulators is described in U.S. Pat. No. 5,535,243, which
issued Jul. 9, 10.996, entitled POWER SUPPLY FOR
FIELD MOUNTED TRANSMITTER and U.S. Pat. No.
5,973,942, which issued Oct. 26, 1999, entitled START UP
CIRCUIT FOR DC POWERED FIELD INSTRUMENT.
However, a switching regulator may introduce noise into the
process control loop which may alter or otherwise detrimen-
tally affect transmission of information on the loop.

SUMMARY

[0006] A process field device for coupling to a two wire
process control loop includes a field device circuitry and a
switching regulator configured to power the field device
circuitry. A bulk capacitance is coupled to an input of the
switching regulator and configured to provide power to the
switching regulator. A series voltage regulator provides a
regulated supply voltage to the bulk capacitance. A noise
filter couples the series voltage regulator to the two wire
process control loop and reduces noise due to the switching
regulator in the two wire process control loop.

[0007] A method of providing power to a circuitry of a
field device in a two wire process control loop including
receiving power from the two wire process control loop and
preregulating the received power to a regulated voltage
level. Noise from the switching regulator is filtered from
entering the two wire process control loop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a simplified diagram showing a process
control or monitoring system including a process device
coupled to a two wire process control loop.

[0009] FIG. 2 is a simplified block diagram of circuitry in
a field device including a power supply for providing power
to the device.

[0010] FIG. 3 is a simplified block diagram of power
supply circuitry in the field device.

[0011] FIG. 4 is a schematic diagram showing one
example embodiment of the power supply circuitry of the
present invention.

[0012] FIG. 5 is a schematic diagram showing another
example embodiment of the power supply circuitry of the
present invention.

[0013] FIG. 6 is a graph illustrating signal noise versus
time which shows the signal noise injected into a two wire
process control loop.

[0014] FIG. 7 is a graph of signal noise versus time
similar to FIG. 6 which illustrates the reduced signal noise
due to the configuration of the present invention.

DETAILED DESCRIPTION

[0015] As discussed in the Background section, some
types of process field devices are completely powered using
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power received from the same two wire process control loop
which is used to transmit information related to the process.
FIG. 1 is a simplified diagram of an industrial process
control or monitoring system 100 in which one type of two
wire process field device, a process transmitter 102, couples
to an industrial process, specifically process piping 104.
Transmitter 102 also couples to a two wire process control
loop 110 which connects to a control room 112. The process
control loop 110 is illustrated as carrying a current I and may
operate in accordance with any technique including indus-
trial standards such as the HART® communication standard,
a Fieldbus or Profibus standard, etc. Although a process
transmitter 102 is described, the present invention can be
implemented in any type of process device in which efficient
power conversion is desired. Control room 112 can comprise
a remote location for use by operators or other service
personnel, or can comprise any termination or location along
the process control loop 110 or other location.

[0016] FIG. 2 is a simplified block diagram of the trans-
mitter 102 shown in FIG. 1. Transmitter 102 includes a
transducer 120 for coupling to a process. For example, the
transducer 120 can be a sensor such as a pressure, tempera-
ture or other sensor for measuring a process variable. In a
field device which is capable of controlling the process, the
transducer can comprise, for example, a valve, heating
element, etc. Field device circuitry 122 couples to the
transducer 120 and is used, for example, to calibrate or
compensate process variable measurements, calculate pro-
cess variables, perform diagnostics, or any other function
which may be performed in a field device. In general,
additional functionality in the field device circuitry 122 will
increase the power requirements of the circuitry 122. A
power supply and I/O circuit 124 is shown coupling to field
device circuitry 122 and to the two wire process control loop
110. Circuitry 124 is used for communication over the two
wire process control loop 110, for example to transmit a
measured or calculated process variable over loop 110 to the
control room 112 shown in FIG. 1. Circuitry 124 also
provides a power output for providing all electrical power
required by circuitry within the transmitter 102.

[0017] As discussed in the Background section, process
field devices which are completely powered with power
received from a process control loop may require a highly
efficient voltage regulator in order to meet their power
requirements. Typically, this means that a switching regu-
lator is used to power the field device. One drawback of a
switching regulator is that it requires a relatively large
capacitors in order to operate without introducing noise into
the system. This can be particularly problematic in environ-
ments in which large capacitance values cannot be used. For
example, in order to meet intrinsic safety requirements, the
amount of energy which a field device may store is limited.
This makes it difficult to meet the requirements of having
limited noise introduced into the two wire communication
link, low power draw from the two wire communication
loop along with maintaining the low capacitance necessary
for intrinsic safety requirements.

[0018] FIG. 3 is a simplified block diagram showing
power supply circuitry 150 in greater detail. Power supply
circuitry 150 couples to two wire process control loop 110
and provides power to field device circuitry 122. The power
supply circuitry 150 includes a switching regulator 152
which provides the power supply output to the field device
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122. A bulk capacitor 154 provides an input to the switching
regulator 152 and is powered by series voltage regulator
156. The series voltage regulator 156 is powered from the
two wire process control loop 110 through filter circuitry
158. In accordance with the present invention, the configu-
ration shown in FIG. 3 substantially reduces the amount of
noise generated by the switching regulator 152 which is
injected back into two wire process control loop 110.

[0019] The configuration illustrated in FIG. 3 provides a
preregulator circuit 170 to the switching regulator 152 which
generates a regulated input voltage on connection 164 for
use by the switching regulator 152. For examples if the
current drawn by the field device circuitry 122 suddenly
increases, the switching regulator 152 draws power from
bulk capacitor 154 and may not be able to respond fast
enough to this current spike. If the switching regulator 158
is able to draw current directly from the process control loop
110, this current spike will introduce noise into loop 110.
However, with the present invention, filter circuitry 158
reduces the response time of the regulator 156 such that the
peak current draws from switching regulator 152 are forced
to be fulfilled with energy from bulk capacitor 154 rather
than from loop 110. The circuitry can be configured so that
any noise which is introduced into the loop 110 is outside of
the frequency range used for communication on loop 110.
For example, higher frequency noise on loop 110 has a
reduced effect on readings obtained in the control room 112.
Therefore, if the preregulator circuitry 170 provides a low
pass filter, the majority of the noise from the switching
regulator 152 can be blocked from the two wire process
control loop 110. However, the filter circuitry 158 should be
implemented without the use of a large capacitance in order
to meet intrinsic safety requirements. This means that tra-
ditional capacitive filtering techniques cannot be used in
such an implementation.

[0020] With the present invention, the filter circuitry 158
of the series preregulator 170 is configured to utilize capaci-
tors which are sufficiently small to meet intrinsic safety
requirements while still providing sufficient filtering to
prevent current variations from entering loop 110 due to the
switching regulator 152. The filter circuitry 158 includes at
least one active component to increase the filtering capa-
bilities of the circuit. The active component can be, for
example, a transistor such as a field effect transistor, a three
terminal device, a non-linear device, or other component.

[0021] FIG. 4 is a schematic diagram of one implemen-
tation of power supply circuitry 200 in accordance with the
present invention. Power supply circuitry 200 is illustrated
as being coupled through process control loop 110 to control
room 112. The control room circuitry 112 is modeled as a 24
volt source in series with a 500 ohm resistance. The switch-
ing regulator is modeled as an A/C current source 202 which
represents the noise introduced by the switching regulator
into the circuitry. The bulk capacitor 154 is formed by
capacitors C4, C5 and C6 along with intrinsic safety resis-
tors R10 and R11. The voltage pre-regulator 156 includes an
opamp configured to provide a regulated 10 volt output to
the switching regulators. The opamp is configured with
negative feedback with capacitor C3 and has its inverting
input set to a voltage level by resistors R§ and R9. The
non-inverting input is coupled to a voltage reference V2,
such as a zener diode. In one embodiment, the operational
amplifier comprises a TLC27L4 available from Texas
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Instruments. Resistor R4 is configured to provide a start up
voltage to boot strap operation of regulator 156. Filter
circuitry 158 includes an N-type depletion mode field effect
transistor Q1 and provides an active element as discussed
above. A small capacitor C2 is connected across the gate and
drain of transistor Q1. During operation any noise present at
the 10 volt power supply rail due to operation of the
switching regulator 152 will be filtered by capacitor C2 and
resistor R3. Capacitor C2 and Resistor R3 enable increased
filtering capabilities of Q1. This substantially decreases the
amount of noise signal which enters the two wire process
control loop.

[0022] FIG. 5 is a circuit diagram of power supply cir-
cuitry 220 which represents another implementation in
accordance with the present invention. However, in the
configuration of FIG. 5, filter circuitry 158 includes two
active elements formed by transistors Q1 and Q2, an addi-
tional capacitor C1 of 47 pF and additional resistor R2. This
configuration provides two stages of filtering to further
increase the filtering capabilities of the capacitors.

[0023] The particular switching regulator used with the
circuitry can be selected as desired. In one configuration,
two switching regulators are used to generate two voltages.
For example, a LTC1771 from Linear Technology can be
used to generate a 5.2 volt supply voltage and an LTC1474
can be used to generate a 3.0 volt supply voltage.

[0024] FIG. 6 is a graph of signal amplitude versus time
and illustrates the noise signal applied to a process control
loop when no additional filtering is used. This loop noise is
measured across a 500 Ohm resistive load. On the other
hand, FIG. 7 is the same graph showing the noise signal
using the circuit configuration illustrated in FIG. 5.

[0025] Although the present invention has been described
with reference to preferred embodiments, workers skilled in
the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention. The present invention can be used with all types
of field devices, although it is particularly applicable to those
devices which are completely powered with power received
from a two wire process control loop. However, the inven-
tion can be utilized with other process field devices in which
there is a relatively tight power budget. Although particular
circuitry and configurations are illustrated herein, the inven-
tion is not limited to these configurations.

What is claimed is:
1. A process field device for coupling to a two wire
process control loop, comprising:

a field device circuitry;

a switching regulator configured to power the field device
circuitry;

a bulk capacitance coupled to an input of the switching
regulator configured to provide power to the switching
regulator;

a series voltage regulator configured to provide a regu-
lated supply voltage to the bulk capacitance; and

a noise filter configured to couple the series voltage
regulator to the two wire process control loop to power
the series voltage regulator with power from two wire
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process control loop and to block noise from the
switching regulator from entering the two wire process
control loop.

2. The apparatus of claim 1 wherein the noise filter
includes a capacitor.

3. The apparatus of claim 2 wherein the noise filter
includes an active component configured to increase the
effective capacitance of the capacitor.

4. The apparatus of claim 3 wherein the active component
includes three terminals.

5. The apparatus of claim 4 wherein a first terminal of the
active component couples to the two wire process control
loop, a second terminal of the component couples to the bulk
capacitance and a third terminal of the component couples to
the series voltage regulator.

6. The apparatus of claim 5 wherein the active component
comprises a field effect transistor and third terminal com-
prises a gate of the field effect transistor.

7. The apparatus of claim 4 wherein a first terminal of the
component couples to the two wire process control loop, a
second terminal of the component couples to one side of the
capacitor and a third terminal couples to another side of the
capacitor.

8. The apparatus of claim 1 wherein the noise filter
includes a field effect transistor.

9. The apparatus of claim 1 wherein the noise filter
includes two field effect transistors and two capacitors.

10. The apparatus of claim 1 wherein the series voltage
regulator includes an operational amplifier.

11. The apparatus of claim 10 wherein the series voltage
regulator includes a capacitor configured to provide negative
feedback to the operational amplifier.

12. A method of providing power to a circuitry of a field
device in a two wire process control loop, comprising:

receiving power from the two wire process control loop;

preregulating the received power to a regulated voltage
level;

charging a bulk capacitance with the regulated voltage
level;

providing power to the circuitry of the field device with a
switching regulator coupled to the bulk capacitance;
and

filtering noise from the switching regulator from entering

the two wire process control loop.

13. The method of claim 12 wherein filtering noise from
the switching regulator includes actively filtering noise.

14. The method of claim 13 wherein actively filtering
noise includes using a three terminal active component.

15. The method of claim 14 wherein a first terminal of the
active component couples to the two wire process control
loop, a second terminal of the component couples to the bulk
capacitance and a third terminal of the component couples to
a series voltage regulator.

16. The method of claim 13 wherein the active component
comprises a field effect transistor and third terminal com-
prises a gate of the field effect transistor.

17. The method of claim 12 wherein filtering noise
includes using a capacitor.

18. The method of claim 17 wherein filtering noise
includes using an active component configured to increase
the effective capacitance of the capacitor.
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19. The method of claim 18 wherein the active component
includes three terminals.

20. The method of claim 19 wherein a first terminal of the
component couples to the two wire process control loop, a
second terminal of the component couples to one side of the
capacitor and a third terminal couples to another side of the
capacitor.

21. The method of claim 12 wherein filtering noise
includes using a field effect transistor.
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22. The method of claim 12 wherein filtering noise
includes using two field effect transistors and two capacitors.

23. The method of claim 12 wherein the preregulating
includes using operational amplifier.

24. The method of claim 23 wherein preregulating further
includes providing negative feedback to the operational
amplifier through a capacitor.
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