
RF ADAPTER FOR FIELD DEVICE WITH LOOP CURRENT BYPASS BACKGROUND OF THE
INVENTION The present invention relates to industrial process control or
monitoring systems. More specifically, the present invention relates to
field devices in such systems which are capable of Radio Frequency (RF)
communication. In industrial settings, control systems are used to monitor
and control inventories of industrial and chemical processes, and the like.
Typically, the control system performs these functions using field devices
distributed at key locations in the industrial process and coupled to the
control circuitry in the control room by a process control loop. The term
"field device" refers to any device that performs a function in a
distributed control or process monitoring system, including all devices
currently known, or yet to be known, used in the measurement, control and
monitoring of industrial processes. Some field devices include a
transducer. A transducer is understood to mean either a device that
generates an output signal based on a physical input or that generates a
physical output based on an input signal. Typically, a transducer
transforms an input into an output having a different form. Types of
transducers include various analytical equipment, pressure sensors,
thermistors, thermocouples, strain gauges, flow transmitters, positioners,
actuators, solenoids, indicator lights, and others. Typically, each field
device also includes communication circuitry that is used for communicating
with a process control room, or other circuitry, over a process control
loop. In some installations, the process control loop is also used to
deliver a regulated current and/or voltage to the field device for powering
the field device. The process control loop also carries data, either in an
analog or digital format. Traditionally, analog field devices have been
connected to the control room by two-wire process control current loops,
with each device connected to the 



control room by a single two-wire control loop. Typically, a voltage
differential ismaintained between the two-wires within a range of voltages
from 12-45 volts for analog mode and 9-50 volts for digital mode. Some
analog field devices transmit a signal to the control room by modulating
the current running through the current loop to a current proportional to
the sensed process variable. Other analog field devices can perform an
action under the control of the control room by controlling the magnitude
of the current through the loop. In addition to, or in the alternative, the
process control loop can carry digital signals used for communication with
field devices. In some installations, wireless technologies have begun to
be used to communicate with field devices. For example, completely wireless
installations are used in which the field device uses a battery, solar
cell, or other technique to obtain power without any sort of wired
connection. However, the majority of field devices are hardwired to a
process control room and do not use wireless communication techniques.
Industrial process plants often contain hundreds or even thousands of field
devices. Many of these field devices contain sophisticated electronics and
are able to provide more data than the traditional analog 4-20 mA
measurements. For a number of reasons, cost among them, many plants do not
take advantage of the extra data that may be provided by such field
devices. This has created a need for a wireless adapter for such field
devices that can attach to the field devices and transmit data back to a
control system or other monitoring or diagnostic system or application via
a wireless network. In some configurations, an RF adapter can be connected
in series with the process control loop. In such a configuration, a loop
current of the process control loop flows through circuitry of the wireless
adapter. Should the circuitry of the wireless adapter fail, an open circuit
may cause the loop current to not have a current path and any field devices
coupled to the two-wire process control loop will no longer be able to
communicate using the process control loop. 



SUMMARY OF THE INVENTIONA wireless adapter for use with a two-wire process
control loop is configured to couple to a process field device in an
industrial process control system. The wireless adapter is coupled to the
two-wire process control loop and provides wireless communication to the
process field device. The adapter includes first and second loop terminals
configured to couple in series with the two-wire process control loop.
Wireless communication circuitry is coupled to the first and second loop
terminals and is adapted to provide wireless communication to the process
field device. Loop current bypass circuitry is electrically connected
between the first and second loop terminals and is configured to provide a
loop current path therebetween in response to an open circuit in wireless
communication circuitry. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a
simplified diagram showing an industrial process control or monitoring
system which includes field devices having wireless adapters. Figure 2 is a
cross-sectional view of a field device of Figure 1 including a wireless
adapter. Figures 3A and 3B are wiring diagrams showing a field device and
wireless adapter coupled to a two-wire process control loop. Figure 4 shows
an example configuration of a wireless adapter including loop current
bypass circuitry. Figure 5A is a simplified diagram showing an example of
the loop current bypass circuitry of Figure 4. Figure 5B shows another
example configuration of loop current bypass circuitry for a wireless
adapter. Figure 6 shows an alternative configuration of loop current bypass
circuitry in accordance with the present invention. Figure 7 is a
simplified circuit diagram of a wireless adapter including a loop current
bypass circuitry.Figure 8 is a simplified schematic diagram showing a more
details 



regarding the connection of the wireless adapter to the two wire process
control loop in a field device. DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS The present invention provides a wireless adapter for use with
a field device in an industrial process control or monitoring system. The
wireless adapter couples to the field device and provides the field device
with wireless communication abilities. The adapter also couples to a
two-wire process control loop which is used to connect the remotely located
field device to a local location such as a process control room or the
like. The adapter includes loop current bypass circuitry configured to
provide a current path for a loop current of the twowire process control
loop in response to an open circuit condition in a current path of the
wireless communication circuitry. This allows the two-wire process control
loop to continue to function in the event of a failure of the wireless
communication in circuitry in the wireless adapter. Figure 1 is a
simplified block diagram of a process control and monitoring system 10. In
Figure 1, field device 12 is shown coupled to process piping 14 which
carries a process fluid 16. In this example, the field device 12 is
illustrated as being a process variable transmitter. For example, a process
variable transmitter may measure a process variable of process piping 14
such as pressure, flow rate, temperature, etc. Other types of field devices
include control devices which are used to control operation of industrial
process 10. However, the present invention is not limited to such a device.
Field device 12 is typically located at a remote location, for example in a
field of an industrial process plant and couples to a local location, such
as a control room 20 through a two-wire process control loop 22. Control
room 20 includes a load resistance 2OA and a power source 2OB. The twowire
process control loop 22 can operate in accordance with any appropriate
standard or technique. A typical communications standard includes 4-20 mA
process control loops in which a process variable is represented by a
current level 



flowing through the process control loop. Another example includes
digitalcommunication techniques which may be modulated onto the analog
current level of the two-wire loop, for example HART(r) communication
standard. Other purely digital techniques are also employed including
FieldBus based protocols. Typically, the field device 12 is powered using
power received over the process control loop 22. _ In Figure 1, a wireless
adapter 30 is shown coupled to the field device 12. Wireless adapter 30 can
be used for wireless communications, illustrated by arrows 32 and 34 with
other devices. For example, the adapter 30 can communicate with a handheld
communicator 40 or another field device 42 which includes a wireless
adapter 44. Field device 42 is shown coupled to process piping 46. The
wireless adapter 30 can communicate to other devices or components as
desired and can be in communication with a remote monitoring or diagnostic
system or application. The communication can be in accordance with any
appropriate protocol. One example protocol such as wireless HART(r)
includes the formation of a mesh network in which data is passed between
wireless devices in order to expand and improve the reliability of the
communication system Figure 2 shows a simplified cross-sectional view of
field device 12 and wireless adapter 30 coupled to two-wire process control
loop 22. In the example of a process variable transmitter, field device 12
includes a process variable sensor 50 which is connected to measurement
circuitry 52 configured to measure a process variable. Transmitter
circuitry 54 is configured to receive the process variable and communicate
the process variable onto the two-wire process control loop 22 using known
techniques. The transmitter 12 couples to the two-wire process control loop
through connection block 106. The wireless adapter 30 also couples to
connection block 106 and is mounted to the housing of transmitter 12, for
example, through threaded connections 122 and 109. For example, the
coupling is through an NPT conduit coupling 109. A similar conduit
connection 109 is also used to couple to conduit 1 11 which carries the
two-wire process control loop 22 therethrough. The 



chassis of the wireless adapter 30 couples to an electrical ground
connector 110 of transmitter 12 through wire 108. The transmitter 12
includes a two-wire processcontrol connection block 102 which couples to
connection 112 from the wireless adapter 30. A housing 120 of the wireless
adapter 30 carries an antenna 126 which couples to circuitry of the
wireless adapter 30. An RF transparent end cap 124 can be sealably coupled
to the housing 120 to allow transmission of RF signals therethrough. In
the_arrangements shown in Figure 2, five electrical connections are
provided to the RF adapter which include four loop connections along with
an electrical ground connection. Figure 3A shows a simplified block diagram
150 which illustrates the electrical connections between the control room
20, the field device 12 and the wireless adapter 30. As illustrated in
Figure 3A, the wireless adapter 30 is coupled in series with the process
control loop 22 through the Loop + (also identified herein as L+) and Loop
- (also identified herein as L-) connections and the field device 12 is
also coupled in series with its plus power and minus power connections.
HART(r) communication connection is used by the adapter 30 to communicate
on the process control loop 22. During operation, the adapter 30 operates
using current from the 4-20 mA current flowing through the process control
loop 22. In Figures 3A and 3B, the load resistor 2OA is illustrated. Load
resistor 2OA is used by the process control system to sense the current IL
P flowing through the process control loop 22. For example, a process
control system can convert a measured voltage across the load resistance to
a value which is indicative of the process variable being sensed by a
process variable transmitter. This variable may be related, for example, to
process pressure, temperature, level, flow, or some other measured
parameter. Typically, the load resistance has a value of 250 ohms. When the
process control loop is carrying 4 mA, the voltage across this resistor is
1.0 volts. Similarly, when the process control loop is operating in 20 mA,
the voltage drop across the resistor is 5 volts. 



As illustrated in Figures 3A and 3B, the loop current (IL or ILOOP) flows
through the wireless adapter 30 which is electrically coupled in series
with the process device 12. If the wireless adapter 30 should fail in a
manner which causesan open circuit to occur in the process control loop 22,
the field device 12 will lose power and will not be able to communicate
with the control room 20. Figure 4 is a simplified block diagram showing
the wireless adapter 30 including a redundant loop current path 164 which
is also referred to herein as loop current bypass circuitry. Wireless
adapter 30 includes wireless communication circuitry 155 which is
configured for use in transmitting wireless communication signals based
upon data communicated with the field device as discussed above. Wireless
communication circuitry 155 is coupled in series with the Loop + and Loop -
terminals through resistor 156, an inductor 158, fuse 161 and inductor 163.
Loop current bypass circuitry 164 is coupled in parallel with the Loop +
and Loop -terminals. The various components are shown as examples only.
However, if any one of the series components (inductors 158 and 163,
resistor 156, fuse 161, or the Wireless Communications Circuitry) should
fail during operation of the wireless adapter and cause an open circuit
there will be no current through the wireless adapter. With this open
circuitry condition, the loop current IL would normally not be able to flow
through the field device 12 and therefore the field device 12 would lose
power and not be able to communicate with the control room. However, with
this configuration, the loop current IL will flow through the bypass
circuitry 164. With this configuration, the field device 12 will be able to
continue operation and function normally even though the wireless
communication adapter 30 is no longer operating. Although other components
may be used in the circuitry shown in Figure 4, inductors 158 and 163 may
be present in the adapter 30 to protect the electronics from noise,
electrostatic discharge and transients that may occur on the two-wire
process control loop. The resistance 156 may be present to allow the
circuitry to sense the loop current IL or to enable the electronics to
operate in an intrinsically safe manner. The fuse 161 can be provided in
order to enable the 



electronics to be intrinsically safe and disconnect the electronics if
there is a short circuit. Figure 5A is a simplified block diagram of
adapter 30 showing one example configuration of loop current bypass
circuitry 164. In Figure 5A, loopcurrent bypass circuitry 164 is
illustrated as resistors 170 and 172 arranged in parallel with a precision
shunt regulator 174. The shunt regulator 174 can comprise, for example, a
TLVH431 regulator available from Texas Instruments. Resistors 170 and 172
can be configured to adjust the voltage at which the regulator 174
operates. Typically, this voltage will be selected to be slightly higher
(0.25 volts, for instance) than the operating voltage of the wireless
communication circuitry 155. Therefore, when the electronics of adapter 30
are operating normal, shunt 174 will not conduct any current. However, if
one of the series components such as resistor 156, inductors 158, or 163,
fuse 161, or some other component in wireless communication circuitry 155
is caused to fail and results in an open circuit, then shunt 174 will
become conducting and carry the loop current IL therethrough. The voltage
drop across the shunt 174 is established by the values of shunt 174 along
with resistors 170 and 172. hi the configuration of Figure 5A, it is
possible for the shunt regulator 174 to fail in an open circuit condition.
For example, if the loop current is exceptionally high for a temporary
period, for example 500 mA, due to a failure or miswiring situation, the
shunt regulator 174 may fail in an open condition. When the loop wiring is
corrected, the bypass circuitry 164 will remain in the open condition hi
order to prevent this from happening, additional circuitry shown in Figure
5B can be used hi Figure 5B, the bypass circuitry 164 includes a transistor
165. The transistor 165 can comprise, for example, a PNP transistor, a PNP
Darlington transistor, or P-channel enhancement mode MOSFET. Thus, in a
high current situation, when, for example fuse 161 is opened, regulator 174
begins conducting current. This will continue until the voltage across
resistor 167 exceeds the Vi . of transistor 165 to thereby cause transistor
165 to conduct current. Once transistor 



165 conducts current, it will pass all of the current, except for the bias
current flowing through resistors 167, 170 and 172 and shunt regulator 174.
Thus, the bypass circuitry 164 will be able to pass the amount of current
for which transistor 165 is rated. Transistor 165 may be rated at, for
example, 0.5 amps or higher. On the other hand, shunt regulator 174 may be
rated at only about 80 mA. Note that inthis configuration the voltage
across the Loop + and Loop - terminals is still determined by the values of
resistors 170 and 172 and the reference voltage of regulator 174. Figure 5B
is a simplified schematic diagram of adapter 30 showing another example
configuration of the loop current bypass circuitry 164. In the
configuration of Figure 6, the loop current bypass circuitry 164 includes
series resistors 180, 182 and 184 along with transistors 186 and 188. In
this configuration, resistors 180, 182 and 184 are configured to bias
transistors 186 and 188 so that both transistors are off in normal
operation of the wireless communication adapter 30. However, if resistor
156 or inductor 158 becomes an open circuit, then transistor 188 is biased
off but transistor 186 is biased on as its base voltage is pulled low. In
this configuration, transistor 186 will carry all of the loop current IL
thereby enabling the field device 12 to continue normal operations. On the
other hand, if fuse 161 or inductor 163 experiences an open circuit
condition, transistor 186 will be biased off, however, transistor 188 will
be biased on as its base voltage will be pulled high. Transistor 188 then
passes all of the loop current IL enabling normal operation of field device
12. Typical values of resistors 182 and 184 may be about one kW and
resistor 180 may be about 47 kW. Transistor 186 may be a high gain PNP
transistor, a PNP Darlington transistor or a P channel enhancement mode
MOSFET transistor. Transistor 188 may be a high gain NPN transistor, an NPN
Darlington transistor, or an N channel enhanced MOSFET transistor. One
advantage of the configuration shown in Figure 5A is the voltage drop of
the wireless communications adapter 30 may be lower for this circuitry in
comparison to that shown in Figure 5A. 



Figure 7 is a more detailed block diagram of adapter 30 showing wireless
communication circuitry 155. A capacitor 220 is illustrated and the adapter
30 is configured for HART(r) communication as well as wireless
communication. As illustrated in Figure 7, adapter 30 includes a
microcontroller 240 which also includes a memory and a modem for
communication. The memory is used to store programming instructions,
configuration data, variables, etc. HART(r) analogcircuitry 242 is
configured to couple to the field device 12 through a DC blocking capacitor
246. A radio module 244 is provided to enable adapter 30 to communicate
using RF communication techniques. A regulator 248 is provided which is
configured as a DC to DC converter. A current shunt circuit 250 is
connected in parallel with regulator 248 and includes a bypass transistor
252 controlled by a OP amp 254. OP amp 254 operates based upon a difference
between a reference voltage (Vref) and the voltage applied to the regulator
248. Regulator 248 provides a 2.3 volt output to a low dropout (LDO)
regulator 260. Low dropout (LDO) regulator 260 provides a regulated 2 volt
power supply output to the microprocessor 240, HART analog circuits 242,
reset circuit 282 and ADC 280. The current through bypass transistor 252 is
used to charge the capacitor 220. The voltage across the capacitor 220 is
set using a voltage clamp 270. For example, the voltage clamp can be set to
2.2 volts. Another DC to DC converter 272 is configured as a step up
converter and provides a regulated voltage output of 3 volts to a low
dropout (LDO) regulator 274. The output of low dropout (LDO) regulator 274
is set to 2.8 volts and used to provide regulated power to radio module
244. The microprocessor 240 is connected to a analog to digital converter
280 which is used to monitor the voltage of capacitor 220. Microprocessor
240 is also connected to a reset circuit 282. Microprocessor 240 provides
data to the radio module 244 through a level shifting circuit 284. It is
preferable that the circuitry is able to support the maximum amount 



of wireless communication activity while dropping a minimum amount of
voltage in the loop 22. Therefore, the adapter 30 is preferably configured
to use power from the loop 22 in a very efficient manner. In one specific
configuration, this can be achieved by using a low power microcontroller
240, for example, Atmel ATmegal281 and by using low power analog circuit
components. These components can be powered by a low supply voltage to also
minimize the total circuit power consumption. Further, the microcontroller
240 can be configuredto enter a "sleep" mode if desired when certain
functions are not needed, for example communication functions. A separate
modem can also be utilized if desired. It is also preferable to provide the
radio module 244 with a large amount - of power. This allows more fr equent
communication and increased reliability. The additional power can be used
to publish information from the transmitter 12, allow the adapter 30 to be
used as a router for other process transmitters, for example in a mesh
network and allow higher transmit power to be used. This can result in a
more reliable mesh network, as the path from another wireless device
through the adapter 30 to a host may be more reliable than the path which
is directly from the device to the host. In the embodiment of Figure 7, the
radio module 244 is powered by capacitor 220. Therefore, in order to
increase the power which is provided to the radio module 244, it is
preferable to increase the power stored by capacitor 220. In the
configuration of Figure 7, this is achieved by arranging the capacitor 220
as a shunt element for the regulator 248 which regulates the voltage drop
across the terminals which couple to loop 22 in conjunction with OPamp 254
and shunt transistor 252. In Figure 7, the voltage across the loop
terminals which couple to the process control loop 22 is regulated to one
volt. This is achieved by adjusting the current going to the capacitor
using OPamp 254 and shunt transistor 252. In this configuration, regulator
248 operates in series with the loop 22 and is in the feedback loop formed
by OPamp 254. In a less efficient 



configuration, a separate one volt shunt regulator and capacitor charging
circuit may be implemented. However, this requires additional components
and additional power to operate. In contrast, in the configuration set
forth in Figure 7, any loop current which is not used by the circuitry of
adapter 30 is directed into shunt capacitor 220 for increased efficiency.
This results in the maximum amount of power being available for radio
module 244. The voltage clamp 270 determines the voltage to which capacitor
220 is charged. Once the capacitor220 reaches the voltage set by the
voltage clamp 270, the excess current flows through clamp 270 rather than
into capacitor 220. DC to DC converter 248 is configured as a low power
"step up" switching regulator that operates with an input voltage of 1
volt. Regulator 248 increases the 1 volt input voltage to a sufficiently
high voltage to power the remaining circuitry. In the example of Figure 7,
this is 2.3 volts. The converter can be a switched capacitor type
converter, an inductor based boost converter, a transformer based converter
or other appropriate configuration. The LDO regulator 260 regulates the 2.3
volt output from regulator 248 to 2.0 volts and removes any switching noise
from the regulator 248. The output from the LDO regulator 260 is used to
power the microprocessor 240, HART(r) analog circuits 242, memory, reset
circuitry 282, and analog to digital converter 280. HART(r) analog circuit
block 242 can comprise, for example, a carrier detect circuit, a receive
circuit and a transmit circuit. Preferably, these circuits are configured
to have low power requirements while maintaining acceptable communications
integrity. The memory in microprocessor 240 can be used to store
programming code and temporary variables. Timers which are internal to
microprocessor 240 can optionally be used to provide a "software" modem
functionality. The memory of the microprocessor 240 may include internal
flash memory, RAM as well as EEPROM or other non volatile memory. The
microcontroller 240 can be configured to monitor the voltage access
capacitor 220 using analog to digital converter 280 which provides a
digital output to 



microcontroller 240 representative of the capacitive voltage. If desired,
the microcontroller 240 can be used to determine whether the capacitor has
a sufficient voltage to support radio transmission. Reset circuit 282 can
be used to ensure that microcontroller 240 does not operate when the
voltage is insufficient. For example, the reset circuit 282 can be
configured to reset, or turn on, the microcontroller 240 when the supply
voltage from LDO regulator 260 reaches a sufficient voltage level. The
circuitry can also be used to reset the microcontroller 240 if a power
"glitch" occurs.Radio module 244 operates on a stable voltage of 2.8 volts
provided by LDO regulator 274. As discussed above, if the capacitor 220 is
charged to 2.2 volts, the DC to DC converter regulator 272 steps up the
voltage to 3 volts. During use, the voltage on the capacitor will decrease
and the step up converter is needed. The LDO regulator 274 is used to
provide a stable 2.8 volts to the radio module 244. Preferably, regulator
272 is configured to operate off a minimum voltage of about 1 volt up to a
maximum voltage of about 2.2 volts. In some configurations, microcontroller
240 is configured to turn off circuitry of radio module 244 if the voltage
on the capacitor 220 is less than 1 volt. Microcontroller 240 can be
configured to transmit information wirelessly using the radio module 244 by
communicating over digital communication lines between the radio module 244
and the microcontroller 240. As the microcontroller operates from a two
volt power supply while the radio operates from a 2.8 power supply, the
digital communication lines between the two components must be level
shifted using level shifting circuitry 284. For example, this can be
performed using very low power level translator circuits such as Texas
Instruments SN74LVC2T45DCU. hi one configuration, the voltage drop across
the loop terminals which couple to loop 22 can be adjusted by adjusting
VREF coupled to the inverting input of OPamp 254 of the shunt circuitry
250. In such a configuration, additional power may be made available to the
radio by increasing the loop 



voltage drop under appropriate conditions. Similarly, if the impact on the
process control loop of the circuitry of adapter 30 needs to be reduced,
the voltage drop can be decreased. However, this will provide less power to
the radio module and other circuitry of adapter 30 and may degrade
performance. Also shown in Figure 7 is the arrangement of loop current
bypass circuitry 164 which is coupled between the Loop + and the Loop -
connections to process control loop 22. Loop current bypass circuitry 164
operates in the manner discussed above. Note that Figure 7 does not
explicitly show resistor 156, inductors 158,163 and fuse 161 illustrated in
previous figures. However, these componentsare located as individual items
and not shown in Figure 7, or are contained in the various circuit blocks
shown in Figure 7. Figure 8 is a more detailed schematic diagram showing
the connections between the wireless adapter and the process control loop
22. As illustrated in Figure 7, the HART terminal and the Loop-terminal of
the adapter 30 are coupled to the + Power and - Power terminals of the
field device 12. Therefore, there is a possibility that a component failure
in the adapter 30 may cause a short circuit of the supply voltage provided
to the field device 12. If this occurs, communication of the process
variable being measured by the field device will be interrupted and the
field device 12 will not be able to communicate to the process control room
20. The circuitry shown in Figure 8 addresses these concerns. In Figure 8,
diodes 300, 302 and 304 are provided for transient protection. They are
configured to protect the adapter 30 from high voltage transients that may
be induced in the process control loop 22. These diodes limit the voltage
transients to low voltage levels that can be tolerated by the adapter
electronics. Diodes 302 and 304 are electrically connected directly across
the power terminals of the field device. Note that if only a single
transient protection diode was employed, and that diode failed in a short
circuit condition, it would short the power provided to the field device
12. In the configured shown in Figure 8, a redundant diode is provided to
help prevent such a failure. 



In Figure 8, the HART analog electronics 242 shown in Figure 7 are
illustrated as three separate components, HART transmit circuitry 242A,
HART carrier detect circuitry 242B and HART receive circuitry 242C. These
circuits operate at a very low DC voltage relative to the Loop - terminal.
If the node shown in Figure 8 identified as NODE 1 is shorted to the HART
terminal due to a component failure, the field device 12 would receive a
very low DC voltage across it and would probably not be able to operate
correctly. Therefore, redundant capacitors 310 and 312 are provided to
connect the HART communications circuits 242A,B,C to the HART terminal. If
one of these capacitors fails in a shorted condition, the voltage provided
to the field device 12 will not be effectedand the HART communications
circuitry in the adapter 30 will also continue to function correctly.
Capacitors 320, 322, 324, 326, 328 and 330 along with inductors 158, 163
and 332 are used to provide RPI protection to electronics of the adapter
30. All of these capacitors should have an AC connection to earth ground
through the chassis of the adapter 30 in order to create a current path to
earth ground for the radio frequency interference. However, in some
instances, the process control loop is also connected to earth ground for
safety reasons. It is common for a 4-20 mA current loop to be earth
grounded at the minus terminal of the power supply 2OA. A redundant
capacitor to connect the RFI protection capacitors to the chassis of the
adapter 30 is also illustrated in Figure 8 at element 336. Capacitor 336
reduces the possibility of shorting out the power to the field device 12 in
the event of a failure of one of the RFI protection capacitors. Note that
if capacitor 320 is connected directly to the chassis of the adapter 30 and
therefore connected to earth ground, and the capacitor failed in a shorted
condition, current would flow from the power source 2OA to the Loop +
terminal of the adapter 30 through the shorted capacitor 320 and to earth
ground and then return to the power supply minus connection of power supply
2OA. Thus, there would be no current flow through the adapter electronics
or the field device 12 for this component failure. However, with the
capacitor 336 in place, the flow of DC current through 



the adapter 30 and the field device 12 will not be affected by a short of
capacitor 320. A short of capacitor 324 would cause a similar type of
failure. A short in capacitors 322 or 326 will result in the flow of
current through the adapter, but the current would return to the minus
connection of the power supply 2OA and bypass the field device if capacitor
336 was not present. Similarly, without capacitor 336 in place, and if the
plus terminal of power source 2OA is earth grounded, should capacitors 328
or 330 fail in a shorted condition, current would flow from the plus output
of the power supply 2OA through the shorted capacitor 328 or 330 and back
to resistor 2OB through the HART terminal. Thus, no current would flow
through the adapter electronics 30 or the field device 12 if capacitors 328
and 330 were shorted without the addition of the redundant capacitor
336.Thus, in the configuration of Figure 8, the wireless adapter 30 has
been designed such that no single component failure can cause a failure of
the current flow to the field device. A redundant bypass circuit protects
the device against the failure of any series component in the electronics
of adapter 30. Several redundant components are also employed to protect
against current flowing around the field device. The term "field device" as
used herein can be any device which is used in a process controller
monitoring system and does not necessarily require placement in the
"field." The device can be located anywhere in the process control system
including in a control room or control circuitry. The terminals used to
connect to the process control loop refer to any electrical connection and
may not comprise physical or discrete terminals. Any appropriate radio
frequency communication circuitry can be used as desired as can any
appropriate communication protocol, frequency or communication technique.
The power supply circuitry is configured as desired and is not limited to
the configurations set forth herein. In some embodiments, the field device
includes an address which can be included in any RF transmissions such that
the device can be identified. Similarly, such an address can be used to
determine if a 



received signal is intended for that particular device. However, in other
embodiments, no address is utilized and data is simply transmitted from the
wireless communication circuitry without any addressing information. In
such a configuration, if receipt of data is desired, any received data may
not include addressing information. In some embodiments, this may be
acceptable. In others, other addressing techniques or identification
techniques can be used such as assigning a particular frequency or
communication protocol to a particular device, assigning a particular time
slot or period to a particular device or other techniques. Any appropriate
communication protocol and/or networking technique can be employed
including token-based techniques in which a token is handed off between
devices to thereby allow transmission or reception for the particular
device.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. As used herein, Radio Frequency (RF) can
comprise electro-magnetic transmissions of any frequency and is not limited
to a particular group of frequencies, range of frequencies or any other
limitation. Any communication protocol can be used, as desired, including
IEEE 802.11b, 802.15.4, or other protocols, including proprietary
communication protocols. In the discussion above, the wireless adapter
provides a digital signal communication connection for coupling to the two
wire process control loop and, in some embodiments, communicating in
accordance with the HART(r) communication protocol. The adapter can be
configured to mount externally to a process control transmitter, for
example, through a threaded coupling to NPT fittings in the transmitter
housing. 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.WHAT IS CLAIMED IS: 



1. A wireless adapter for use in a two-wire process control loop configured
to couple to a process field device in an industrial process control system
which is coupled to the two-wire process control loop and provide wireless
communication to the process field device, comprising: first and second
loop terminals configured to couple in series with the two-wire process
control loop; wireless communication circuitry coupled to the first and
second loop terminals adapted to provide wireless communication to the
process field device; and loop current bypass circuitry electrically
connected between the first and second loop terminals configured to provide
a loop current path therebetween in response to an open circuit in a
current path of the wireless communication circuitry between the first and
second loop terminals. 2. The apparatus of claim 1 wherein the loop current
bypass circuitry includes a precision shunt regulator. 3. The apparatus of
claim 2 wherein the precision shunt regulator is configured to conduct
electricity, conduct the loop current in response to the open circuit. 4.
The apparatus of claim 1 wherein the loop current bypass circuitry includes
a transistor. 5. The apparatus of claim 4 wherein the transistor is
configured to conduct the loop current in response to the open circuit. 6.
The apparatus of claim 4 including a second transistor. 7. The apparatus of
claim 4 having a base biased whereby the transistor is not conducting when
electrical current is flowing through the wirelesscommunication circuitry
and biased to be conducting when electrical current is blocked from the
wireless communication circuitry. 8. The apparatus of claim 1 including a
third connection configured to 



electrically couple to the field device. 9. The apparatus of claim 8
including communication circuitry configured to communicate to the field
device through the third connection. 10. The apparatus of claim 4 wherein
the transistor comprises a PNP transistor. 11. The apparatus of claim 4
wherein the transistor comprises a Darlington transistor. 12. The apparatus
of claim 4 wherein the transistor comprises a MOSFET. 13. The apparatus of
claim 4 wherein the transistor comprises an NPN transistor. 14. The
apparatus of claim 1 including redundant components to provide power to the
field device in the event of a failure of circuitry in the adapter 15. The
apparatus of claim 1 wherein the two-wire process control loop comprises a
4-20 mA current loop. 16. The apparatus of claim 1 wherein the two-wire
process control loop carries digital communication in accordance with the
HART(r) communication protocol. 17. A method of providing wireless
communication to a process field device coupled to a two-wire process
control loop using a wireless adapter, comprising: coupling first and
second loop terminals of the wireless adapter to the two-wire process
control loop; providing power to wireless communication circuitry from the
two-wire process control loop through the first and second loop terminals;
providing wireless communication to the process field device using wireless
communication circuitry powered with power received from the two-wire
process control loops; electrically bypassing the wireless communication
circuitry by providing a current path between the first and second loop 



terminals in response to an open circuit in a current path through the
wireless communication circuitry. 18. The method of claim 17 wherein
electrically bypassing includes activating a precision shunt regulator. 19.
The method of claim 17 wherein electrically bypassing includes activating a
transistor. 20. The method of claim 17 including communicating with the
field device through the third connection. 21. The method of claim 17
wherein the two-wire process control loop carries digital communication in
accordance with the HART(r) communication protocol. 22. The method of claim
17 wherein one of the first and second loop terminals directly couples to
the process field device and further including coupling a communication
terminal to the process field device for use in communicating with the
process field device. 


